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PRE F AC E 

ThP curre ut tssue i s o ne of four i s sut•s o f the Manual of Hydrolo~ic"a l 

F o r ecas ting, prr parcd b y th,~ Centra l Fo r ecasting lns t•tutc. Th<' fa r s t 
thrt"e is s uf's Malt with the fo r ttcasting of the ('lt>ments o f thf' '-'':lter rf'gl m t• 
of r ivf" r s . lesut• 1 - s ho rt-range fo recast ing o f • •at .. r dis,· harges ;".nd 
ata gcs: ls8ue 2 - long · range fo recasting of lowland- rh·r r!l r uno ff : lssut- 3 
- fo r eca s ting o f r unoff of mountain r ive r s. 

Thia iasue df'ala with the forecastine: of i ce phenome n:1 on rtve r!l and 
etor a1e rf'ae rvo ira. In indiv tdual problema lakes are considered toa~ther 
with wate r rrservoirs . 

Like the previous one s , this 11 a practic al handbook for lectur~r• and 
s tudt•nts studylnt h~droloaical fo recastinc and may b£" used to soh·P oth~ r 
hydrolo g1cal probl~ms. 

In accordance vdth the main purpose or this book , theor etic:'\) problem• 
are conside red htore only to thto t-xtt-nt to -. hic:h this as neceasttry ror the 
undt~rstanding and masterina or ita content. 

Both m<>thodA of for~caatinc and calculation, wh ich c an b~ dtr~ctly ua~d 

when preparinl forecas ts are liven in th., book. Th€' -.·a.ya for worklftl out 
r e la tionehipa by the methode d.,acribed are indicated . Spec ial a t tention le 
paid t o m t" thoda which have been teated and used in pr a ctice. The accuracy 
of these methods ar~tiafies th<" requiremrnta of the Inst ruct ions o r the 
F orPc asllnc s~rvi<~ (St'c tlon 3. P a rt I, 1962). An account of s ome ftf'w 

suageshona rtnd lmprnvemtonte which arose durtnc the • ·ork on the M anual 
are also liven. 

Thr c alculation ond for~caatinc m~thoda ducrtbed In th~ book are 
Uluatrated by numerical examples aDd 1rapha. Howt-ver, in thf' caaf' of the 
almple st methode, • •hoae use ia clear . numerical c alculation t-aamplf'a are 
not givf'n. 

The var ious forec asting mPthods ha\·e not bee n trr ated rvenly ; fo r e. 
c a s h ng iC't' pheno m C'na i n mountain rh•erR h as not bf"e n d tscu! st.•d . 

TI1e s<"i l"nc r o f hydrological fo r ecastings (wi t h partic u lar re fe r e ru: t• to 
ic.f:" phcnom~na) i s ~till in the m a.k1n1 . Th~rt"fo re, '' ve r\' new r .-sult in this 
fie ld obtain~d afte r public ation of the Manual is likely to lmpro\•t' the 
fo r ('casting mf"thoda . 

Apart from books listed i n the babliography, tht·· a utho r s u sf'd th•~ \•a s t 
e xpe r ience of the hydrologi sts wo rking at lhe Hydro m r tl'o r olo g1cal Fo r t· ­
c asting Scrvic~ of the USSR. 

Th is Manual ha s bc «-n \l' r tttc n b.)' tht• fo llo \l•in-r s c tentuu s : I.\'. Ba la~hova, 

S. N. B u\atov, N . F . VinojiErado\•a. B. M . GinzburQ, V . \'. P1o t rov ac-h. ;lfld 
L . G . Shuly akovskli, i n JOint coop<> ratio n -.·,th B. P . 1\onf'\•od...,,·, \' . Ya. 
AminPva, G.,\ . Andriano\'a, \ '. M. Bu&urina , F.\' . Drme nt' t.o\' a, ~-D. 
Efre mova, L. V. 1\ozhanko,·a, L. D. Polt'Zh3eva. K. ~ - l'ol~·ako,·a, T. 1' . 
C he k 1rda , G \ '. C histyako\·a and oUu:~ rs . 

Scif'nt ific c dthn R: has bN•n ca rried out by L . G . ~hul~·akovsk11 . 
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Clrup/er I 

f'ORf.CIISTISG THF. APPEARANCE OF FLO.<\TU>G 
IC.:E U.V fUI'ER!> 

,\ n l:-:UITirl:>IS FOil TilE BEGI1'0XIXG l)F !Ct: 
FIIIDIA rf()X 

lnlt,•p••nd••ntly nf wh~"thf· r s urfaC'e or anc ho r 1c•· p r•'\ ~.u ltt nn th t rl\' •' r 
~ •r• • trh ur"t.~ r run~•d• .... rr~twn. I C•"' fo r ma tion h• • ~eut~ nn th,. r,,,. ,. flu rf.tct• 

1\ -. 1~ knn•An, ac•· fu r·zn"" un wr.t·•r "urf..e. C"•' Nh••n th•• i'l' lrf.•r •• lt·tnp••r .•tUr'" 
r•·,u."h••to th•• lrmpc r.-t•lrt' o f -.•atf"r crysta Jlu .. .,tuJn 'A h1c h fo r ru· •· r~ -.~nrt fr•"·~h· 

wat••r h t'dW!I '"' praeuc: ,•l l~· O"'C. 
It 1.1' a lso kn•l••n th .. t at th(' m omrnt o f u:~ fo r m,Hion n n tt1•• ~urf:u:e, th,. 

htnp••raturo• ~·1'''* tht• watl"r surfact• as p(l~ tl l\''" · It \"arar.c • •ath rl\t'rtt and 
-''••t·· r btl•ill'to F o r on :and th~ ~::ur•· rl \'t• r ttt r• tch. o r 1n thtt fi,tm•• r• ' ltl'ln n( 

,, .., ,,,, r ~tv. 11 \3rtt ~ 5ltRht:~· from ~···•r C'l ~···ar 
\ \ 'hat •• r, th,. rt\ndtttn n s .... turh ccont ro1 tht• temp4•r;, tu r •• an thf" ·~t~it f' r bndy 

,,, tht• n .onwnt \ht-n IC(" forms on ats !'u rfact"'-. 
n \r nntt\\•f'r tO lh18 QUt ' !t110 n C olon be nbtaanf" d by l" liC:imtniMC thP hf"a t 

bal~P\C't" o f th t.• .a.·ate r tl'u rfo~oct• 

t.N thr ... 4 uauo n of tht• hrat balanc•· a t tlu-- w~au.•r surfo~ort.• tw an the fo rm 

A+B-0. II II 

.... h •·• ,. A '" th• twa t n ow hetw.·rn tht- v.·vh-r bc~tt~ and tht· .. ... tr r-a ar tntttrf .. r r . 
d 11•n thrl w ,Ht• r cOO)Iil nff If I!' thl' h~at flux lrtl!n UW <o\atr r hudv to lht• Wdlt'r• 

oil I lnh · rf.H ••• B I !C th•• h .. a t nux f .lt t h o, .... u ... r ,..u r r ... r · ·l , ... ul fl~n&: fr•lfn 
r .. edt ... n t ht •oll ··xchdn,w (R). t.' \·apot·atwn, t il' comt•·n:-.•l tt•n CL£) . .&1\d hr"'nt 

o"(l hoH\1.!• ~l th tht" Ai r CP). a~t '0\'t•ll ..tS frf'lll thP ""'P' ' c:"l f lt h•' ·'' 111flt.1" ' o r 
f •Uttlc"'~\\ {p••r unt t ~ urr.~~t.· flt1d u111t t: mr} t·onlwc tt•d wt th th •• Ot'Pu r· r••rw r• of 
pr•·•· •ruwtaon o n tht• rl\•(•r -.u ,·fnrt• (M) 

12 II 

ftll' h l•..&t flow• t~ .1"':-lUOH.'t.l tO l:w puFill\'~ If d lf'(' C h •d 10 th t• o\' olh' r l~UI rr. t·~ 

a nll nt.•.:·''"'' ' ' thr,·ctf'd " ' t he air 
Ot•• tuoa l Oo-..• bt•t••,•rn thf' w•urr bod\~ ;and lht• 4A .. Ir r.a l r UUt•rf.u: r rn.tv l>-• 

rt'p1•'1Ct' 111 l"d " " • • 

A = e(t-t.,), 13 I ) 

•h••t' '' Cl '"' th• rw•ff~t•Jt •nt flf h (•at tr •• n ... r .. ·r f r•-:n th•· -. • .t• r u O<(J~ '" t h ·· 
Wolt•· r · at r uH••tl.tto• o r th\• ,-.., .-., ....... hn f'ot ho•t A'nrd~ lht ,-,-. , tf1r1f•tU oof h•"·'' 
t:.'XCholl1~• ' 1, • 1 .. th • :1\' •'r,tt:••tf Aoll t•r I • Ul JJ• I ohlr• f •\• r tl11• r t t l'~ <co•t'llttfl u r 

dt_•plh. t., t !\ t h,• tf'mJwraturt'• o f th•• 'A.th~ r ~u rfa<: r• 
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In Hu~ case Uh' hcat-ba1anrf' equation (I I ) will assume th(.' fo rm 

•1•-•.J+B-o. (4 I) 

rtt•• lt'n lp(·ratu rt• J.!rath"nt and rh(' valuP &..,, 1n n than surface tayt· r vary 
'A' t t h 8 whd ro CflUiH &c n (4 I ) rC"ma1ns c nrr t•c t Whc.-n the surface tl·mp(•ratun" 
0 .. , rlr•1pq to fr, 'f'71n~ po1nt, a furtlw r mc n •asf' Hl a cannot be compe nsated 
ro ,. hy •.• lil'Cn·asr m 0 .. , and by •In i ncrc>as(' in the tempe rature gradient. 
In 11 11 -. c.&!-'t' 1c~ fo rmatiOn be~1ns o n th•" surface. 

rhus. I C«~ fo rms on lht' surfiicc o f a nver n r a water body when the 
su rfiic .-· h·rnpt· r o•tu r c drop s to (r(•ezing poi nt, and the h<'at r e lease a t the­
w~tt· r c;ou rf:u::~ cxr.,.ed~ the hPat mflo w from the wa t e r mass 

T.1kmg t .. ,-o at the bf>a:innang o f tce f(lrmO:ttio n and dC"'noting the values of 
a. Oand 8 for thas momr·nt by a ... 0. and B .. . r't;>RpPc tively, we ob ta1n wi th 
e qua t ao n f4.l ) th t> following c onditio n fo r the bc gmning o f ice formation: 

•.•.<-B •. 
or 

(o I) 

•<-~-. .. (6 ll 

l nequal11y (6 I ) shows that IC£' form ation on wate r ~urface becomes 
po"sihle wh .... n the watPr tempPrature ave r·f g f' d ovtor c r oss section or dep th 

1s to -.r.·tor than, o r equal to -~. .. 
B FOllECASTINC OF IC E PHENOMENA US!NC 
·,yt; ,, TilER FORECASTS 

F o n•casts of the appea ranc<' of floating ICf' w1th a fo r ('wa rninR pf"riod of 
s,..v,.·ral days are bas,.d on the use of the air tc mpc rntu r r fo r £>casl, In ttus 
Ct1S(', lhf' fo r cwarrung period o f the .lppearanc e of icc rt-prc•!i'!Jnt s thl' 
number o f days for which it is possible to obta in a ndiable fo r.-.cast or 1he 
n1 r lf'mp C'ratu r e. A s IS shown in practice, the ror~warnang penod IS 4 to 
5 days on the average 

The prediction o f ice appearance USing the ai r temperature fo recast can 
b,~ pr,.parcd· (a} by c alculation, and (b) by empir ical (physical and 
!Hat ist1ca1) r('l ah o nshfps. 

fo""o r rl\'f"r stre tc hes for which there are no long-te rm data of obser\'a­
tao ns o n ICt:' phcno mrna e mpiric al relatiOns hips cannot be obtaine-d. Tile 
pr·f'dlc h on o f th" t1n1e• o f iCf' a ppcaranc,. on nvers after lh~ cons truction 
o f d:tms and ,· rratJOn o f stora~e r e-servoi rs unde-r conditions of 
bac k ·Natl'r and runoff control, using r e lationships which weore eost01blish ed for 
a l(lvE'n riv<'r stt·ctch from o bse rvations on thi s etretch In years prece-ding 
the runoff control, is 1mposstble. For such river atre- tchea forecasts can 
be prepared only by calculahon . 

I . Calcu lation o f theo Oilppearanceo O( noatinl ice on rivfrs 

As was f'hown above. the condi t ion for the- beginninr of ice formation on 

a particular wate r surface ls (in<•qua h ty (6 .1)) 

•<-~· . .. 
h r obaballty of thP ht' Jr:i nnm~ o t ,,..,. 

Thus. '" o rdt:! r to dcte rmmc t c p ~ssarv to kno..-.• for this m o m ••nt · {.t.) 
formation at a IPven m oment, '~~~sth":: ross ~{>cti on ('I f depth , &._ , (b) th t' 
wat t" r t e mpe ratu r e avera~ed 0 r 8 . and (C) the coPffiCil'Ol o f 

If c hc .. t transfer of tht> water sur ace-, • · 
spec 1 o thf! weatcr-;ur i:HPrf:tc f' ._ 
heat trans fe r from the .. ·ate,: 1 

t • . cJ o f the li - t h time mterval c an hP 
The water te mpe rature v .. at t It! < n 

r e prese nted as a func tion of tts dete r muHng fac to rs· 

ot i'[t,(.-f•-•1•_.-f•-HII•)J+ •• - .,--+ •• + ,. + ., t<f .:-: 

where 

.. +1•+•1! <•-·--), + ••+l•+•ll'l 

l•t + I• + tl JC!I I 
·- l•+i).... • 

f -·· +t, + f , .. 

(> ll 

. t l r P • IS tht• base o f the natu ral 
whe r e Oe is the antual '4'a te r te~~~~a,:lf P ;...• o:a l s lm:mb..- r· of day~ I frn.m th•• 
loga ri thms , ll ts the numbP r o f \ t " fo r whtch 0. w a't tdkt n ), ' ll'l th,. 
beJllnmng of tl1e calculatio~ ((o r ·t~e d tm1,. fr·om the bcR"innulC: o f th e r alcul:l­
se r i al number o f the hme tntena ( ayf I I fro m tht> 'N::& t e r· to \tt l' 'Aater-::n r 

. ff' tent o r transfe r 0 tea ) 
t ion, a t s thE' coe ;> ~c . i ts the co efficient o f tu•at ,•xcha nge (s(•e ( 1 R I) . 
1ntc rfac e o r the n'~rse. , air temp ratu rt> l'qual to thf" wah : t· -
d i ~ the spec thc he~t exc ha~~t.' sa~~~fic tnfl~·"' o f undc rl!round watPr. h IS 

surfact> te mperature, y IS t pftc hea t of th (' wnt<'r, p t s th, ... d•·rtsaty C'lf 
t h e a\·e ragt> d e pth .. C IS "th: spe~ar·s) 8. ~~ t llf' mean :nt• l('!np('r·aturf'> d l!r'l f\U 

wn te r . t tS thf' umt lim' <-:4 ho . . 1 I ·\ q 1S th P s;rec tfJc C'han·t£"1 b t:>a t 
thl' i- th t ime lntPn·a l (dunng the I -t t ~ a) . I ' b·d q . ~~ th(' sp••c lfu" l tt'',l t ·r heat anflo\\1 from t lt ~.. • • 
tn flow. tlb ~~ the spcc t IC , . q IS th~ ~p••c t flr hE'at tnf lt)w du•• to tn flo•N f rom the undC' rground 'AatE' r, c 

enf' l'~' dt SSipntio n f .a (G I) th C' C'Pndi t i on fo 1· th~ 
I nserting f r om (7 ll the \'alue o v,. utto . 

beginning of tee fo rmatto'' bi'COmt_--:;; 

.. ~[ ( -••- •t•_,-t•-•+ll•)j+ • --+ 7 '• t o' ot + I• + t) l<P ,!'f 
..t+l• + •l• (1_, ... )<;- !·. + ot + I• + tlJtp • 

IR II 

- bl to c ..t. lc-ulat•· th .. • ta mf' o f tht• twt!Htntll2 
\Vtth Hh'' qu.ahty (~ . Jl ll ~~~:~:o. lt•~a;a nct" t'l( flOah ll li!: ICt.• OU t h t.• rt \ ' 1 !•) 

o r ice fo r:nauon (a ' . . o ft .. PP_ ·d O\' C"r th(· .... •ho l• .... p <." n <'d o f c .• Jcu! •• tt •n 
I( thl' • .tar te mpe rature :s a\ rra.J: ~ t (' t•x r •·s::aC'n fu t· •• wall bv 

(during II hmt.• ltltt.· n ·a ls o r" da~~ ). t l . p 

-.. .ar +•4+ fo+tlf(l _ ,-.. ), 
•. = ·~ + •• + l•+•lt<f 

~~ I ) 
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l n .. t o •tJ n f 10f't l l lflh ly fn Jl I I I,.C thrn J)OI'Mhle 10 US(' 

to'!- .. -I- otl+ .. +f•+t)f(J- -.. a, 
·• + l• +t)J'f , )<; - -.;- . (10. 1) 

AIWr•• e I.S Ill" m••atl ;ur h•mperatur~ du nng lhr pt.•raoci v f c a JcuhHi.on 
L ... ud tly llu n nu l hf> lh•rif~l of ~alculahon (s••vPral days he for -. tl · 

~· l!~tUHr,'t.: u f U' (' fo r rnatwn) lh•• w..t t P r tt·mpc raturt"' 10 a ~mall 0~ ~:•tJium . 
' .z' ' t\• r ts cons adPr .Jb ly low(•• lh~•n th~ te mpe rature of tht• undt" r~ ·ruund 

tK.Itt r Jra tha !i<~ r~• ilt', Slllt' f' thf' !olh .u ·f' n f Uw hea t t n flo w f r'f'lm l ht• und :o , tJ 
~ ·· : · · r m ttw lwat balancr of th~ rtvC' r as r .-.Ja tin•ly ~<rnall du r 111g the ;;~;~~m 
um ' r con~•d·· •·· • llf'l'l, 11 18 po t:11' ihlc to U8~ th•• fullowwu fOi m It' 
f" ·•k ul.- tlvn foa mula~· 1!0• P r 

u•u(.,•lll y~oh,•u t h2~4 ,.n r t t' rn pc rat .. r,.. 18 .wr- r agcd O\ e r m dJYUh.hd h nw Ulter\'al~ 
• • \'t'r lt"lU I A, . 

~-· .. + I fe,(c- ••-•1.,_ ,-c•-• + ""' )J + ·-· +(f+ ·~.t •)(1 - c-... )c;--!;-. (11 . 1) 

lot 
... - "'<'"'•""'+'""•"''~,..,-; 

wlt••n tht> ;u r l f'm p·· r.&turf• is "''• ·r ·1 t~rd o, "'r ·1nn · d 1 1 • • -. ._- 1\' t ua 1 mt• ani r n •als, 

~-"'+ l:(t,(e-••-•lo. _,-c• -•+•1.,))+ 

·-· + '~' (1-e-... )c;-~. . 
I t 

o. :a:s 7i'i; i 

(13. 1) 

1.., ;;o ,~~~;~ ..... h·" lh• ' ..t l r h•nttwt·aturt• is ,.t\•(.•ragc d o ver th~ whnle ca lcul~tl<m 

114.1) 

It ~ ~ otJ\ IOUS th.•t Uw h• '!l tlnuu:: o t tC• ... , , , , n rtltton • n r l \''" 1'4 r.£n l,.r> 
r .alcul •• t•••f frnto (1:1 I) .r tAfl r nrvh ttHn" .• r .. f 1.11 l · ·d 1 •• 11t•· f:n • ._., ' ••· 1''- ,.., 

nut U"V In"' dlld (b t t h•• N.- tt•r I • nqt• r .. n u • 1~ n u1 h t ~ll , t ar ll'! \ ' t• • ·• ' • u ,. , I''" 

J." n cxJ cnm5>o.~r,...d Nllh tht• t• rnp•· r •l ~&r t u l lh•• u n d· r~r"f • 1ntt A..ol• r l rt "~"'" r 
t o WH" (1 4 1\, o.t 1l11rd C'«•ndt Unn rt111 'i1 1,)' fu 1ft1 1•' tl (t' l - It m 1 .. \ b • 't''"'~thl •' I I 

a .... ,,, ~ f' ttw a 1r h •n tp••r· .. 1u r •· n .. ·nr lh~· rv ru.<.~I 1"U p•· n o d •••tthnut J,, , ~· 
, rn1 r~ h••tnt:. tn tnKhn.•·•J ·n,. fu1 h lm• u t u f th• 1::, ..- t <"'H1d i '"" :o , • , " 

n ~S~.,t 1•y f•J r th•• us•• tJf fu n nuJ ,, -c (1 0 " olfld (12 1\ 
CtH~f'k .alcu1 •• uun~; ,:.:hnN .. ·d th.-l 1111' 3~CU I'oiC\' u r l'ollc~ lattnlq '

1h••rl u ... t• ll 
(IJ n. (\ 1 1l antf (13 It I f-: .. i moiCt t h t• !ltttn•· In 9o~. n f th•· co. ... $ th·· c: ... lt lll .tf ll fU 

t•rro r \k)t S UUl t'"CCt t•d : 1 tJ,t~ antJ 10 9tl,.. n ( \hi' c;ao;o·C th<' •~ r .., tr tiP• C. "\t tl 

t.' 'Ct'~"t'd • 2 d. ay~ rt~•· hr f'u ro•·v " f c .dt•u l .t\1"11 h\' IJ f1 I t. (1:? I .111d (1 4 I ~~ 
.t ~t-t• •. tlrnt>sl th• ,..,,m••. \)fl t 1w O lltt r h •• ntl, tll• •• c cur.ac y o f r •.• lt.• · ' ' ' '''11" ,,, 
U~">tnl! Llw \ ;:etlt I' " ''' 'IU·• h t wl'f 11"1 moch IO-"• r lhUTI thU I uiH~htt•d Alth t\1•' r,r ... \ 
thn·t• t.· ~pn~SSIOilto (IIW prol>..&btllty t h .tt th•• t•rr o r·:o: \ t tl n•H t '(t' ••• ·rl • 1 .utd 
:: :! ri tty~ t R2 •. u n l !:11<1" t't•sp•~CU \'•~ 1~ ) JlnA •'\ "• ' r, 1h 1~ •• r c •ar._u·\' ' "' '~ll ffu' l! 'll t 
I t"' u sr• til t. C"~, ,cu l .ttiOI\ Hl sh~u-· t • r~'lRI' (urt.•c.t!C1Hll! n f tr •• a pp•'·' ra nr•". 

Equ.tt1o n q; (t(J 1). (1 2.1) anri U4 1), 1n winc h tn• o.JI I' t Pmp•· ratu t•· I ~ 
•• , ... r .tJ!t'd O\ • r th•• Ah ll tt• r~ lcu!auon pt· rtOcl, m.•y Ill':• ri~t· to {'t"'l1 .. 1d• r.tbl• 
t• r·r o rs Ah"n tht• •• t r t ••Oipt! r .. tL:'"cF ,Jt 1ht• bo ltlnmnq ,,nd ,.nd u f th·· r •• l r.u \ •• ttn n 

po· t t\.Ki c·ons~tler~,bl~· dtfft-r. p 3t' 11CUhtt ly w t\h fli"'Sitl\' t' .nr 1••mp• r:.tur•~ .u 

th,• b .. ·~wmttl! ,.r thf' pt• z t••d . 
Tim~. Ol t d tO• ·~• II fiO·A• \ ••10Ci t\' ell ttw h":ril'l)fnt· t r t r' C.· ''!I IIC "'II ' ' h t .:ht r than 

0 3 m/ ~t'C' C.Jleu t.&ttons rHJy tw C.,tr rwd .. ,~, u..,u 'l {1 "'·I\ 1f ~·(" ('l)rdt•t &t t C'I th• 
A l ' oltrh: r f n r f•CoiS \ , th~r··• >At 11 b• n o l ' !o.lU"'"Id• I ,,b ! •· th 11•• r • "1' • ~ bt ' \ • t•n th• o.J I 
h mp,• r.,tu r··~ .- t 1lw b · LH'IIII 'I~ o1 r11i • ru : u f u u• p•-- n u l r l r c- ... ,( .t .• ti'"' h t I to 

Utl p o rt. t· tt th:tt lht• •.• Jr tt·mp e r .uu r•• IS n..-,t f*l'~ l ll,., •. 11 th·· tr• a;:1 n nt n .:t "'' tt .t• 
po• r1ud) I£, ('Ill thC' Ot.h••r h .1nJ, the A' t',:.lolh(' t fO r('Col.;:t rl"'r• "" ' •'~ l (•tm~:tf• I ~•h I ' 

~o.hirt r f"tlCt.' bt. t"''-'~tl the ~•• r h·mpt•r .turt:s a t th"' b•~emnanc .t n d •"to ••t lh •• 
c .• tcu1.- u lln pt•rt ('ltl fpd r tlcutd rl~· 1f .. plllioatl \'•' tron1p••r·.tt•ar·· ts p r Pth c ··rl f•n· 
ttw h••g ttmt rllt t11 tu•~ P\' f'l<"'th, 11 l.!ii t' •""COnlntt..'l\dt•d 111 · :~·· • 't.II~HIOI\ f1 ~ 1\ 

t\ :i 14 :\ '1: l O(JiC,I h .•tl d;l)4.f\' t', h •r• r1\'t!r8 \ \l' h ~t \ er\ ~O 'A f1n ,'l. \ ••1•"<"1 1\ n ,o;. 

.. tt\•t s •• h l o• to u s .. • (ll I ) o r (12 I I, 1 ••. , " ' t h (lUt anY·''' r .. l! tn~ •' r .-.nh 
,, , •• ,...,qi u l! "r tht• .ur· h•ntp• ~ t atun· O\' l' f th• c ... lcu l.ollnn P"' ' IOd. t:tlo.PIIt &n t H 

oACf'OU rlt t i S \ d r l . i liUO lill r tll l! l hf' C,l h:u \.ttl( ·f\ p••ru...S. 
\V1wn ltH' at r trmp.~ rdturt· abo,·~ th• rt\'•' r ~ ~ n· !~•lln·ly hu:h d tt rt 'l\! u 

1~1 \IISH)(• r•nblt• p ..t t't Of tiH' c .. JcUl.ttiOn p,~ rutd {ll~u.d l ,\ ,H h •" '!IIIIHilC: \, fp r·m u \ ,t 
(A I) O l' ( lO. Jl m.,y ~,, u ,!;••d , ~uC'h r~HU'S ~,,.,. mo~t ilkt ly •dtf'n thl' c.d ('Ul.lflon 

p••nod Hi ton~t (fin n lr• r &!•' rl\' •'r n.nr' ~"" t h ... n!) '" t+ •to.~-. .; ) , 
In c .l i\' Ul.llll'llq; f "r' ·o~~n.tl l rl\• ' r~ "'- m .ay u o:•• t lu F llllpl • r· f•' I I'OUI.t (1 4 I) 
Til t ' d .•h' f1"1 r .... tuc h 11.·· !tr2ot d t· ·t kP·i! 11! tht p r " h ... r•thty ()( tr • . .. • 11 r·· ' I{"• 

•~ n1ade ts chCl• ••n FO •• -.to nt.n11n1.~·· lh•• •• :n<'~ur l .. , --.uct; t· :t~l\ ·' c .• h: tsl .. \1 " ''~ 
m .•d t ... u nul a l '<''"ltl\i' r •·~u t t u~ t •ht.•llt··d . If th • l&r o;: t r ,, ,("u l,ll l''" ~~~· ·• ~ th·· 
prob.tht hty n t ftt"'l I• • "' CU I'I • C• HI 1h• I , .,,.._, II foi l ' h •• !lf""

1
\, oht

1
t l'\' • f th• 

br""i,!llll'lttH! o1f It' ' ' f10rtn tliPtl I tt 1h 1 p r•• ('••c.hn-: ( l .t ,\ ' '" tl It• •· •11 1 .. , t t, ••' ld "*" 
on u nt il ~1 th '!·' " ' ' ' r·· "''·' t '' o ht.u n• d fu.; , l~>rnl. l l1 1''\ ' "~ :'1, •:- ... d tt• ' 

If. llll'Cit'.ut n f I'Li h'tt ! .t~ t nt lh •· tn n•• f•f ·•PP•' ••• ·•Ito' • ('It ! l•• l it It' 11 • ' .n n t' l \ •' II 

p ldc t•. v. t .. ltol\••• to tlo•tt• r mu.-.• l h t..• J,Jl.& t •' 11t 1 1~ tllp•· .tr.orv·• (HI"' p l. tt • '' ' hto;t 
t t ' t ' fPrtt•a! tc,n ) .._,. u~·, tn~1· ,,rt " ' (1 :! P t t l"' f, oj ,. .., , IH! • ' :•r • or ... ,, .n 

-~- r-~ c· ::u 
/
1

-=- - C• + :: 'w' 1n •· • tt :! , n 
··- f -7-'·.~:·· 
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In th••s .. fo rmu la8, 4 as the das tanc:~ f rvm the uutml c ross section lof the 
•ct•· f r,.•• ravf"rl to thf' croas flf"Ch on whe r f' 1cr fo rmatio n h<'clns 0 is the 
.J\•er .. qt' flow \•e locaty alnnl{ river s tretch 11 The r est of the n~tationa a r t" 
as M fort!, Calc u lation as ca rried out by lluce:~••ive approxlmaUo n . 

S 2 IJdt• r man.atto n o f lht· pa r a mt·te r • necessa ry to calc u late 
Uw b••l!•nn•nc o f 1ce fonnatlon 

:.) f ht• an • t •a l wat e r t c mp eratur,. (t.l as takt.•nfrom o ncofthe 
upst ream 1.!3 f{11llf llih.'A 'Ud~t t c mpt• raturf' is tukt.·n fo r a datr whlcll 
pre('~df'I J4 by hnv· fill). ,.qual to thf' tim(' n f now from th~ lmhal to 
th•" r ul('ulatw n lfotaan~t S1te , thr drJtc fo r wh1ch the pos sibi lity o f 1ce 
appt•aranr~ 011 the iCIVt' O ~aring 111\ t' has bt'vn c nlcuhth-..d . \V(' wilt UJIC the 
t~"'rm c:a lc--u1au o n a:ugang st te fo r the pglh5: sfte ft'J r which the ice 
app~a raru" l"' 18 ca lculrated • 

If th t• particula r r h •e r stretc h has t ributaries whose water d i sc hargf' in 
the i mt iat c r oss .PtPCh On is not lt!Stt than 20 to JQ<IJ. o f thP total 
d ls<'ha rc.:· '." the anit1a l c rostt sections, .. is dct~rmtncd as the we i.-htetl 
av~racc (with n •s pect to th t> discharct"a ) of the wate r te mpt>r.illturea in the 
•n•taa l c r o8s s ec ton o f the ma1n r iver and 1n the tributary cruse sec tion,_ 
wh ach correspond wtth resp~ct to thl now ttme . 

1>1 Th~ 11m " o f fl ow• (Ycl from th" ini tia l to th~ ~alculatlon g:~11tn( 
!'i tc• can bto dl•tcrm•nt•d as foJlow" . As a rule, from a S('rics o f y~ars the 
correspondanc water s ta~r a t the 1ni tta l und calculatio n ~tagtnr s itrs art­
c hos,·n ;.nd fo r each pa1 r o f sta1e• the lim•· of n o w (In d..ty s) i l found 
Se lt·ctinn 18 made from the wate r tttar \!s an thf" summer-autumn pe raod The 
,·aluc s thus obtained do not uAually c lvc a clr a r corre lation wi:h thr wa.trr 
sta le~ .. Therefo re, for ~ach stace chosen, the averace of the m e an n o w 
velOCitie s, II, at the hydromNric 1•!1'1n1 s ites situated on the stretch Is 
foun<l as a function of the wat~r sta11e, H. from the crapt-a relatin(J the 
m ean flow veloc ity to the wate r ll!vel, drawn separately for each hydro­
m e tr.c ea~lng aile, Tilen, from all t I~ thus found valut!..! of the time of no 
• c. and of the now \'('lO<:ity, v . the m ean v .. luea Tc and • are determine-d w, 
Fr'lm th<• &raph •-f(Hl the mean flow veloc1ty in thr llv<'n calculation 
p<•riod !Ol is determine d. The time or now ror the l iVI!n calculation I 
determ1n~d by • 

(15.11 

c) A vt! r&(J e d ep th . Carto1raph1c data for rive ra with dl!pth d.ata 
suf~acittnt fo r de t e-rmanan1 the avera1e d t>pth on the at re tch are not al ' 
&\·a1lab lt> _. In addhion. thf' dNermination of the a\•e ra1c d;pth of a riv::Y• 
s tretc h hundreds o f kilomt"tl•ra lone u aint cartoaraphic data. where data 

• ( AI • .,.,., ,. "' flu ¥ of concc•u•••a.t_. f•JI um,- elf U m f" o f ue~t. J 

or U••plh mt-t~.sun·m\.'nts a r(t rcp r'-'f\•~nt•·d an th •• fo rm n f t f'Ob~•ths, i 'l m ost 

laboraoos 
n w avP r a gc depth o f .. rl vf" r dunn~ d 5ttvrn c.- lcut ... wn p•·nod 111 (durutc 

lh(• l tme o f now~ rrom HI'-' ant hal (tnfao w) to t ht~ c .. 1cu laho n ~ugti11J ~·tt·l 

can bfo tJ~tf'"rnnn .. d f rom the follo• .. anc formula ••thout us anc dat.a. o f depth 
m easurem ents on the s tret ch· 

(16 I ) 

wh••re cr IS th r m (•:,n " -'tt-r d f8Ch3r1Ji' On thf" flt r t' tCh d~lr10'! tht• C';Aif:ulatlf"n 
p f" ri Ofi, F is tht• wa ter surfact' '- r ('a on thr s trNch fro m thP fn ataa l U) tht" 

c-a lcu lation ga1 111J stu • (ancludin~ tht" :l r t'a n f tht• rt\' ~" r a rm~l. 
nl(• \'l htP O f Q Ca n bfO dCt -""rmliU:1d 35 tht" arllhnWtH: m\ ... t 0 t'( fh i' Wfttf•r 

du~char~C Qa riurina tht• far~t days a.(tl'r the Ftart Of Onw f rh ln th• 101113 1 
Ratrinl SltC" on thf• hrs t li''&:mr•ut unc.J o f tht" wMc r dt Pcha r~<· 0. du nn&. thf' 
ldRt days Of fiO'A1 n n th~ 8f' l:mf'nt llt'•• rf'St 10 thr C'3kulnttun J:~t~ tna ~ll ~' 

tr on thf' nv<- r s t r <" tch between th•· tnltl a l and the f'oJ h:ul:t.Uo n c r~""'" 
~··rtion the r e arf' laru·· tnbut.tri,•A, to. k t•n anto 3rcount an lht• dr- tt· ruun:.tuua 
of .. (se~ (a)), then lh•• d1sch.• rg~ Q, should a lso u :clud•· th" d1 s~h"rlt'S o'Jf 
tnhuta rica a t a d tst.mcc from thr c alculatiOn <" ros~ t'\·ct inn corr('~pnnd1 n~ 
to a tim e of n ow 1'c, a nd t h" \aluc ofF sht"lu !d a lRo anc:ludi" tht art"a o f tht" 
"·a H•r surface of th~ trllntta r 1t'5 on"' st retch corrrspond1nQ to t h t::' hme o f 
flO'A' up to the calc u lauo n cross s~~. ... u o n 

For r l \'t' rll whost.• .wau~r surfact• are:-• \-a ri··~ C'or.stdc rab~~· dur.n~t the 
pe riod uruh~r corHJid t" r~• Uon. dut' tO \' ara ... ta4:"'np1 1n UH .. w;:al~ r !c\'cl, th(• va lul' 
o f F should be det~ rmltwd fro m the gra ph F-f(H). Thll< graph ~an h•· 
obta an..-d by detf' rmtmna tht.- va tuct~ o r F fo r ill'\·e ra l ht~a ghl!l H o f the .,.•at,.r 

sta~:c 

d ) T h tt aar t e m p r rat ure du r•na eachday Js t3 k~n frnmobsPn•:-t­
t aons at the mcF•orol«:'gu~~al s tauon n~u r••f( t to th .._• ~1\'• n r l\·.:- r s trPtc h 
dut•tng tht• gavcn d oiy, 1f n('C:t•t-s .&ry , t t 18 d•• tf'Tman•·tl hy mt•·rJ.--.nl •• u un 
l).•tv. cen the h.·mp'-' r3tu r •·s ~~ rlt' tf;!hnt~ra n~t 0(\ah o .nf( 

It may happe n that ttu"' s tre t c he s of Ute 1arJtC8t trltn.tc.t·I•' S t~•k ' u 1111<1 
ac c ount an the calculatio n (fll:ce (a) autt (c) I are loc:ah •d ~o fa r fro m t ht~ 
corr~spondang s1rct ch ... s o f the m n. an rh·cr. an t t:' rms o f u .. -.. time of fl t-..w. 'hdl 
tht" ai r t<•mpc ratu re in U1c r r.gion of Ole trabut:.•ry d1Ht:'rs cunsJd(•e·a h tv fn·'m 
·he ~t r h .•m pcratur, .. 10 ttw r c- N:ion or the rntu n rl\'lf'r I n 11us casr til" ..1 1r 
h ' m f'<' rature dunng tht• cu rrt~spondtng day10 as ' '"'k••:1 o.~s thC' wv uzht•·t.l mra n 
(~ a th respect to the surfac t"• .... r ea l of met ••o •·oto~Jcal data '<' luch cha rac- t•' r'l~ · · 
lh •· l"tre tc hes und~r collfttdc rauon o r t hf"' maa n ra\ ,.r a nd o f the tr1t)1at;• rl• '"' 

(' ) S p i"c 1 f1 c h e.• t t.•x c h an,:c c , 4, ·''an air te mp r rn tur •) 
t' f1Ua} t O th e tl"mp e ratur(' o r th f' '4' D t t• r ~urfa C(', o\110 t hP 
c o e f riete nt, t. o r hea t c x ch ~ng e . Thl' valut•6 of~ and t ar•· 

( 17 l ) 

and 

(l A I) 

v.•h t:• r (' Q lfl th• .. flux or ,:;n l-.r rad aanl t\I'.H :\b:otf\ rlw rl 1
J 'I. lh•· .. . 1 1f't . L£ · ~ 'hr 

cvapor311\''" h\·ott c-urrt·nt f rom ' '"' " ';,tt· r ~urf.u· ·•. LE' , ~ tl e ~ .• nw M .• n 
3ir t cmp t•rat 'Jrt· equal to thr A'3 t«'r ~urf.t c-t • tt ·mp••raturf', / ,. t~ th• .tiff• ,-.·ewr 
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67 14 61 S2 31 24 
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IS t2 77 62 46 34 

64 t7 82 87 S2 40 
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51113911369SII 
60 Ill 104 II 75 62 
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57 133 Ill IOJ 89 77 
se 131 12a 1oe 94 n 

sa ICJ 121 113 " t7 

II 
IS 
19 
24 
21 
32 
37 
41 
46 
~ 

5S 
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10 2 -6 - 13 -21 -79 -36 -13 -19 
14 6 -2 -10 -18 -:111 -34 -41 -18 
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:H IS -1 -9 -17 - 2S -J1 -31 
28 20 II 3 -1 - 1' -20 _, -J4 

33 24 16 0 - 8 -16 -23 -79 
31 79 20 I Z -3 - II -lA -:H -29 -32 -JS 

42 33 :H 16 -7 -14 -20 -2S -~ -32 
41 37 79 21 12 -3 -10 -16 -22 -211 -28 
so 42 33 2S 17 I -6 -13 -II -22 -211 
!i4 46 31 30 21 12 -2 -9 - IS -19 -23 
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39 21 19 10 I -8 -16 -211 -J4 -42 -so 
14 34 14 16 6 -2 -10 -20 -21 -37 -44 
50 40 30 21 12 -6 -15 -24 -J2 - --~~ -49 ~ 
se 4S JS 211 16 o - 1o -20 -21 -JS -e1 -cs -c9 
61 SO 60 32 22 IJ 4 -6 - 16 -24 -ll -37 -II -
66 se 46 37 21 11 9 -2 -11 -20 -27 -JJ -JI -c2 
72 60 so 42 32 24 14 -6 - 16 -23 -21 -J4 -
76 81 66 46 37 21 It -2 -12 -19 -25 -30 -35 
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s -s -15 -25 -34 -42 -s1 -» ~ -10 
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69 IOJ I.J 64 46 31 17 
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61 148 130 112 115 79 IS 52 311 27 17 6 -1 - 14 -23 -JI -JI 
Ill 154 136 Ill IO'l M 72 59 46 24 23 12 2 _. -17 -25 -33 

·' !0 



I 

3 ·a: !if ~ -....... · m•>~m.rdt a.L tJ •. 26 < - -

• ••. _ .a • '"c. • . 
F.~: .. _. . . . -

1 '•41 " " 

.. 

60 142 124 I~ 89 73 ~ 43 30 17 4 -8 -19 1-lOJ~-48!-57 ~-69 -73 -1 -811- 85 
59 148 130 112 95 79 114 4G J6 23 10 -2 -13 -24,- 34_..3,- S 1-69 - 73-11 -11 
5S 155 137 119 102 S6 71 5S 4J 'l9 17 5 -7 -19-19 - 37-4 - 55 - - 6SI-69-7J-78 
57 161 143 1?5 108 92 77 62 49 J6 23 II -· -r·--..·:~ -~--!01_ .• _ .. 5S IM 150 132 liS gg 84 ~9 5S 42 30 17 6 -t-IS - 27 -3 -45-51 -56,-61 -66-71 
55 174 156 IJ8 121 105 90 75 62 48 J6 23 12 -2 -12 -??1-3 -4 - • 6 - 52 -57~ -67 
54 181 163 145 128 112 97 12 69 55 43 30 18 4 _ -16 -21-3S -41 1-47I-5B-~7,-6? 
5J 181 170 152 135 119 104 19 76 62 50 37 75 1 -1oj- 21 -19

1
-3' - 41 -47 ~1-5! 

52 196 177 160 "2 126 Ill 97 83 ,76 56 43 31 17 6 - 5-15 _ ,. - 30 -)6 -4 -48-53 .. 51 203 184 167 149 133 Ill 104 90 1i 63 50 • " ·~ 'I' -·'-t"1~•-50 210 191 174 156 140 12S Ill 91 84 70 57 44 • , ~· 1 -13,- 20 -26r l3 -»i-44 

Torc o!IOil VIII 
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tan"' ' " '"r"..tl 
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,., ,~ th· ... a tu t·:. tn•a pri'~ .. " ' '• httl htwr ~, t'lf •t.• "' ~H· · r '·'~"-" r •• t Jh•~ 

t• · t·npt•r~•tur,. ,.r th•~ v. ..oti'r ... ~rf .. c••. 
,.;_ ,,. th•• prf'o;: ... tu· ·· fna.ha .. lr~l o f tit ~~. •• tt I' ' ·'P •• 1n tt-•· ... ,r ;u .. t · ·~ s:•, ~ "' 

2 00 e m fo r &:.•I. 
~:at IC lh•· -AiOd \t•1f'4" 1 ' ' ;1'1f• t ' ..... t "'H:ht I ~tV\, •• 

1'1w \alut• ... o f oT• toT;_ a'ld oT.•,l ~r«' d• t r• r n a•1• 0 f r • 1 l .•h. • fo 

• 



-

... 
:· 

1 
i.. 

·-. . ,. 
' ,I 
~ ~ 
l , .. 
'i' ~ , ' I 

' . . ' r '·~ l · 1.' 

Artll ~. f· •J l 'tWh r A •s .. 1 ''' t oollf1 of o~u numuh n 

,_ Ill~ 0' 
A . . . 0.46 

I''' II .... ··I ..... , 

0 661 
I (171 
2 WI 
J 6!Ml 
I 700 
~ 710 
6 720 
7 732 
8 742 
9 7~2 

10 763 
I I 773 
12 714 
13 7!)(; 
14 111'6 
15 818 
16 8:!9 
17 141 
IR IIS2 
19 16.~ 
70 877 
21 888 
22 901 
2l 91J 
24 9 26 
2S 937 

... 
l •'T' .. I J· 

' •• • 

0 661 
- I li.SI 
- 2 642 

6J2 
- 4 672 
- s 613 
- 6 ro; 
- 7 ~'16 

O.S I 0 1.~ 2 .0 4 .0 li .O I 0 
0 .62 0 .68 0 . 71 0 .73 0 . 77 0 .10 0 .12 

.. I .. I •• ·-·I ... .. I ~· ... 

6'>~ fli2 664 E6S {o6.S 667 66, 670 
671 67? 672 674 674 675 677 677 
6SI 611 lil2 684 6115 68S 687 688 
691 691 693 691 694 696 697 6911 
701 701 703 704 106 ifl6 707 70S 
711 711 713 71ft 714 716 717 718 
721 72J 723. 724 726 727 i'l9 i'l9 
731 HJ 734 i37 7~7 737 7l9 710 
743 743 744 746 746 717 149 750 
7~1 754 7;1 7;6 757 759 760 ~ 
76; 765 "'iii 768 769 769 770 772 
775 ilti 7;6 778 719 780 780 712 
786 718 788 719 790 792 793 793 
795 798 799 SOl !101 S02 8()4 80S 
1!01 109 8119 811 812 814 815 115 
819 821 121 872 821 82S 826 126 
Ill 132 832 ll4 113!> 8-17 838 838 
141 ... 144 845 147 145 aso aso 
·~ as..~ 557 858 858 1'60 Slil llli2 
167 861 1!61 870 871 87J ~74 874 
118 1110 180 611 8SJ 611 886 886 
190 ~91 19J 894 896 896 197 898 
90J 904 904 !lCl6 907 !109 910 910 
914 916 917 919 9'}0 9'}0 m 923 
977 929 929 9JO 93'l 93l 9l4 934 
9J9 940 942 943 945 945 946 948 

..... ....... ..... .. I~· - 01 
_ .. -·· -··· 

660 6liO 658 557 657 li5S 654 654 
649 649 648 641 646 filS 645 644 
641 641 639 liJ& 636 636 635 liJ4 
fiJ I fiJI M9 6:'8 628 626 625 624 
671 671 619 619 617 616 616 615 
6 12 612 610 610 609 6118 8()4 li06 
6()J 600 602 602 600 599 599 :.98 
!>IICi :.95 S9l 592 ~90 ;go ~9 * 

~fl 

10 0 

0.1.1 

.. 
670 
671 
681 -701 
718 
7JCI 
710 
750 
762 
772 
7Sl 
795 
1!05 
8115 
128 
840 
551 
1164 
116 
617 
900 
912 
924 
93S 
949 

..... 

652 
644 
lilt 
124 
filS 
li06 
:.98 

* 

I A8i l '• · r ., ' . 

A ' ><n ·I fto."'' ~l •• • •• .. \·· \·· I ~ · \ .. \·· 1-" I ~· 1-U 

I :.s:. 58.> !)t.l ~!U <.12 ,;«a :o511 ~·9 ~:9 
~ ~56 

~16 ~H ~71 ~:J ; ; J !>i1 ;;o ~fO -· ~71 ~16 >G1 
:.69 !lt7 ('->7 :#:> .)(-6 :M [1\.l ~Ill ~m 

- 10 ~·r. !.;A [:;'ll !>'' !,' .;) 
- I I !~iO !>\~ ~~'l ~v· ;~; 

!,if, S.l~ ; H ~1 
11 !',~, :..!J! ~·.~ !'.;II Y ll :,.,. 

!,.l( :.37 
IJ !JH !-11 ~. n !rtl 541 ~0 .\ ... 1..,\!1 

••• 'S 
~31 !,}. , ; )J ~I ;J(J 530 518 

·- II 516 ~-1 
~11 [ ,1') ~10 

- I~ ~11 ;:'f, ;26 !J2.& 'l? ' !i2l !J! I 
513 ~IJ ; : ! ~t i !J ' j) ~Hi ~\6 Sll 511 

- ·~ 
;I~ 

~ ~~ :.00 :.00 
-l i 511 !olft 5111 :,()6 ~ 5(17 

.. ,--,@ 4:•7 I !I:> 4'Ji 1:'9 
- Iii !.02 !oOI :..o1 W I ;,()') 

4QO ~~ ·~ -· l q .. f .. :; 
.,; 494 ·~'! 4!'7 1"'2 ••• 481 4~1 

•187 ~~ II; ·~ 482 482 
- 1" .... I S7 47~ 4i 4 4; 1 
-~1 4:9 -' i S 471i 47$ 177 47~ ··~ 4(-Jj, 466 469 46? 469 46• 456 
-<') 4i} 4n 4il 4M 

-161 461 461 46Z 461 461 461 1 '·9 
-1J -16'> , ;,:, 4'>5 4;1 1 '>2 4~} 4'•1 4!11 
- 11 I !>! 4!6 4-'-6 .. 5 .. 4 416 416 446 4-45 
- 15 449 « 9 .. , liS 

4l'J 4.)8 IJ& <JA 
- ~ 

\ ·HI 
141 411 441 411 441 

430 419 
4:» 411 U2 437 432 

- 17 136 4\; 43> 
41J I . ?3 4?S 1:'6 1:'6 4:'6 425 423 

- 28 ~~ 4:".1 416 415 
42ll 4:'0 419 Ill 41 8 411 

- 1\1 4'?2 12\l 

1 Cl It , ·n I h • \ ,1 I• I 

J 1 , . 111~ •• t . ; ,· •• n ... t·· r · ··wrl n·t•·nt, 
I h f Ill f f I(" I n t fl r l i t' ~· t t' .• ,, .... f I 

1
\ t ' .: I 1 h l \ 1 • I'· .l I r I I\ lt-.. :· l . t1'' 1' 

Cl, 1:-' ol• •t• · J' Oltltt rl J,, ' II•' I P I''U' I\.1 

, = (IHSo + IOG..,)cp r-•1/con' t:' l\ 



, ... ~­
• 

.. ..-. r th.- rn~f'r8 of thf' ETS a.nd o f w .. 8 t SabPraa. f .: can M t~ken e-qua l to 
30--tScal/cmJ d:t.y • . a nd thoP BP«'Clftc chann~l he;u tn Oow • ~uat to S0-
70cal/c m 2 day 

I Alii r 1, ArJ'f .... Uf:.U t' \ .-lwt l 01 lbf' •fhl ~IC f'IUt n~h.tn~; fb ('/ lht' W.ttf'f '- lift 1hf' VAIN • 
klllf) t.w-uuv.m•· )). 

A \t:U .. r ttsof lfW' A H -f'*1\;l O• ptb. l lw' 
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• At C'NJtftlC to A P lu.tt .. ~·•luJ. 

\'a lt~t•s o f \' fo r a number of ,. , ,.:rs o( the E:·rs • •er,. found to var> 
·•Pfl ~~ n1~ 1•·1y f rom 3 to f C'm/d.•~ 

It tfi, c-f rour~.-·. ust:> fu l to corr• ct. •s mueh as poss1ble, lht.' llf" ,·alu••s by 
d.oc.- r •"ff" n lnll to t h t" pa rtu:ul .. r ri\Pr llt rt•tch for r~.htch tht> tanh o f IC'f" 

"" ~'P"-'r~nct- 18 t'dlcu Ja te-d Fo r mf'Unt.un .,.,ncJ footh all rl\'~'" r~ '" 'h p.- r h c u tar 
~nmnd -. .. . .. ,.. no" C'Ondlh OO<i th{' 100\ '' '•III\' f'n \'alurs:. Obt~unt~d fnr }OI.L L~H1d 
ra\•·r~. c: ... nnot n f C'-'urst· be r ccommt'thJl"d 

In prancaplt•, 10 c -.!cul ... tanl: ttw hm• .. or th i' bcl;!lnnl n~ or IC f' fffrmatln n on 
,.,, •• • , .. .I)( o ttwr n ' f::l o ns It aq ncceJOrs.try ana11B1ly to ln\' f>S11Jt..&h' tlh• \ o1 lues of 
q., fnr tht>Rt• r r &taons I t s hould, ho "'-' f'\'C' r , be txwrw m m and that , fo r 
'' '<••mJ'Il••. fo r th •• rl\''• r s of £ .. ,s t . &UPraa f'Umt~ O\'l• r('~hmataou u r unde r · 
•'Cl'l n\ •• t ll n o f th•• \Uhtt·~ o f 4.:, s hou ld nu t usu.t lly c .1ust> An addltlfm.d <• rro r 
l'l d' 't't n.ans n~ uu bt '!lnn&ne uf ac .. l form.uaon. Tht· poant 1~ thai the a t)()\ l ' 
' "' •J• ... u f q ~o luc h a r1• prob..t.JJ ... und t• r Lh£'8(' rondtt1o nc a r r ... mall coms,ar,..d 
~o .u 11 .. \.. "'c f lhf• ht•at lr.l nlltft.•r rhn•ui:h the o p t'n (fre-e, •u rf.,~,. . '4h1ch 
.. ,. uh rno I f1t r t• 10 tht" pPriud d rrt-cc1y prec edang tht> begtnnt ntt or acr 
f tru .• t;'''' 

•i.M I I; 
0

1" I f' ~ I• • • ' II ~ .,.f'f l" ofoU "'N I ·" t' f' l • • Y •I (.II • fiJ t ~ f'l Cto,', • • lt.M' t 4 hi t t>C' ·r~l 
II '• I t •lot I rro·t • 1 ~_. .611~ f.W t~ l'•.a ' " ' " I .. mt' l tk.ooh l'l lklt'tm ttunt( th "~>..tlun I fit • r.J N y 

I, •• ., ... , • 1\ • ~,.. , f' I'G• 1 n •ct••l '""' ""',. r • , .. . , ~· • ..:u·ulo" • ''~lot.untl itflt '.t~ ll 
1' • ,.. 111 1 • ' 1 ' ft : ••"..,,. 1•11 tn:tln( on '''"""· l••f' l ,.,.d '"" " l e t ltrwt~·tU), Lh.tF"!!rr II, t fi -

• ,,., .. ~ • • • " • 1 .. 1'1 

The valuf' o r . e t:an be r:•ucu!ated from 

··-~· 
where p ts thl' .t~a t••r dt-nsuy. o ts th,. m,.nn flo..,. v•1floCaty, AI 1 'ht• a\••")r ... RP 
Un ·.., d~>pth, i 1s lhf' s lnp•• n f the 'A'•ll•• r surr •• r • , I '"' tht.• zn~' •'h.mac•l 
(•quaval,.nt o f he-At, ••qual to o "2i k~m/c.•l f4 2 , 700 lt("m/ ra tt 
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f iGl iU • Notn(O)t•.t rn fc-t ttK 'hlumu.•••~· • L£+' C•1• • t ~ .. , II •• • 
rnW:Ill .. lft'm t • • rotu t wn .-NJbor.tl ('t.Ct.artt'• • •UJ Ur •1111.,. .. .. .,.,.", 1f.t • 
ll'mf"'UI\Hf al • 

Forth~ usuo~ l cC"mhtt •ns flf to .. d .. n-1 r ., ·•r .. t h• "'••.::Ht h l·f· • f H1; h··~u • 
1nOow dut• to lh" thoc~ip~nnn ,,f ~hr strf":tm ~·· • • u • 1 ~' t~ '1 c 11:1 '•Y 11\.-.1 
tiO A'c\.·~r. 1na l\ t• t !f ••Ul-'t.u:h::c M \"d•VIt \ P·•• Ura! .. r ' vfr r l.• r c• tlo pH ... 
;\Md Slflpt.,~ . q, I!> (t,~!CUf•• r,,h. l' 

\\'hera c.alt ui.•IPH! lht m • ·' " \.'" '·' f qr fttl 1' •• f ' p • ' h •h rtnl.,• It•• 
(' ,t lcu l atH•n p•· r tna It u• " ' ",-....,.;,l t ~ h tn .. ,• t 1 "' f .. 'r 11 t tH n ·· •u' uu• • " ' If 

lt. I Ovl'r tht• 0 U'4 path t hl tan~ lh._-. C" •'tul •• q,ou P• •• ·•d 
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t '•r1p' ut (' o.~ , · a 1~ttlll11 Of q, ..;ippuso u -tO<h·mf ..... r h -
• r.nnt Ill ollld i -n nooo~ h.o\' f" hf't• tl d•~h~ r·nunt ..J . Subslltutnl~t thf'SI~ ~·~dut •o;: '" 
I:!G n \t" obtam 

q = l · lO!I · I!IS:.~500 - 000004 = 4 o • ,d/o• rn1 . d ." 

,,, I h. 1't ,. ,. I I rI C' h,. ... I I I d n ~ I' r B. (1 r I .. (' It ol '. , . q II ,- I ·' ..... 

·l•·t,. t llHII"U ~• ~ l fH' !iourn o t lht" h•··•' Ht" ''' r , .. .,.ulun~ f rnm \' \'otpor~• lu•n LE 
111 1 h•llf'Ul t' "Ct' h•lfU(I' P .and t•fft I. I I\-, f'oltfl .tll"l1 / , 

· 'II 

0 

t il• I ,'o,t\'l'o .. 

B. = LE+P+J . . l.! i I 

·I$·· 

llo• \,tlol•· .. t.•f LE, P,/, , .,,11 b• d•tt•rttUtl• d lro m lr~turfq 4 ,1nd 5. nr· 
' ·• • ••'·'' ' d '•_\' t " r mu!.J c:; (20 11. (2 :! I .tnd f2 ·l 1\ 

' 1 

\. • tl l f ·! t • I I.-! u ... , -tku l.t l!' tlw d~•t•' O( hr~t rr t• .tppt•,1r· .. 111c r (fl•-,.t l lll '! 
1• ' .. , ' II• L t:tl.l n , ... ,. ,. , t ...,_,, ._.p 11 1n 1 to4f, (h••for..• th,· c n•.&ttcut o f sto r .t l:t' 
r• '-' M t•l r-;; •tt11IH• fo\ ,lfl\,1 1{ 1,,.,. , 

\I ( .lt•u t.•t•· 11~1'11.1 r..-~~~ t l.t (II I ) 

~~~-· .. +.I 1&.(~- ··-o~ .. _ ~-··- ;· .... )] + 
f e l 

+(~+ l· ~:~ ') (t - .. -• .. J...; - ~ .. . 

----------------------------------------------· 

' ~ th• uul~<& l l"·•~Uif.! .., 1•• <A' • l ,tkt.• th•• p , r nl' "'''' ''"n '' ' n!!,_rl 4 .!tl otrn 
up:..tn·uJI'\ fr(m . <.;, r .tpu t fl·s ~ur<> ld lht m •·un ll:n• •·f ' '""' 1 ., 11 ·~·• l '••rn1' 
lO S.tr -.~pul IS d •-. tt•r rnHlt ... d from th•· re,..pr>C l1\'C K.JI~r s t .lt:t' fii . at 1~ f'4u .• l 1' 
4 . ~ do~ys <•~P ' 2h1 

... "'' 

11 " .ar f t ';• K.- n• .t,,, , t• Pt-n, ld "" .. , wl '"" ' "'", "- • ' 

'"' \ ·~ n ... 1 ... ""'" tJ 

l- rom tht• ~r .• ph .. v-fCH) ,, 11 d•·t· r :nnt•' th• :r~, . , ,, t lP 'A' 1. ··!•..._ tt• ... v ~~ P • 

hvdru:ra•tn ~.· ,;.It,:-- n { p, rm'. J_,, ..., ,. , "-u1 \ ~1 . ( ,._,, .uut ..;,,raou l.• 
C~JI r~'Sj)C' '\•It 'tt:: t<' • ~C' \\._. tt.•r t • '\' t~1 U .. t•d f:•r t1tt• h •t. •t'm l n at, to ' t nf ~ '\:, ' 1. 
A'(' c.1lruH~h· Uh .J\'•' r- • g:• n f v f:ntn •• , •. ..,, '" ·' ''""" · "'' nht~Pt 0- n 'l1m / 1"• <" 

rtu•t •• t ('hOhnt ,,,.,.,, l ·' "' ''' r"'''''t.l l ,nrr •'·•~ t'"" fr •nt 1•• fltln ,c:n ·• ' 1' •- t·nt' to 
I H!',OOO ~nt ' .u ~._.,,,pul, 1 ••. hy 12 ~.. I -' ' l .t tl!• .. t lr l k lt.t r\' "" lh •· t: ·' ' n 
"lt'•' h ' h o f th•• h.•:n .l u,,, r· rs tht• ;-:1\,, u , , ,. , \\lth ,, ',,. tl:n••nt ,,,. , ,, • f 
o&~tJOkm' t hiS, ... cut!v:! ti - t•f th•• (" t h . hnll''l ' ,,,,,, ot .._,tr:~pr l J•td 23 .. o f l' • 

F o r tlh ' '-•' t .. · u\.• 11· •fl .,,. u' ' th• " 'HJ.t l J~•t·• llfl U • -u r t••n lp• r ttur•• Til• 
US•-. 1( t h (• f O I ,'I.' , I C t ,q J l• t: i jh lotlU r • ~loo•~ II' I 1'11 1"t"J I • o•<et._,•,t~ t.ll t·h,tltC• ' 11'1 

l h (' ('ol o\:'UI,t \1 ("\tl lo I h1U4 U • 

• lho l"to .l n l l• '" ' •l•"'ll< t o.an ~ .- -· to,,., ,, ,,,,,,..J II' II J u n ,. • t \ J h tl• t l 

., 
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The our temperature dropped co negatlv•• value!' In the second t(·n·d:l.y 
peraod o r October ln 19 46 At the m eteo rological atatu>ns ;;ntuatcd a long the 
rtver from P e rnl 1 to Sarapul lhe mean·diurnal air temperature had the 
followtng values (Ta ble 8). 

TAll.£ I, Mun-•,hurn&l air te:mp~ratan . C'r:lokr 114,, 

Datr 
Mt1rorolottJul nauon 

II I IS I .. .. .. .. " .. .. • 
flr:rm• .. -I. 

~:! 
32 -0. -2 ,_ .. ; -0.4 ~. -$.2 -7.5 

Ollhanok -~:~ 3.4 :::; -·:r·· -0.1 :i: -4.1 -··· ~. 0. 3 .6 :::.:::: 0 . -4.1 i-12.3 
S.rapul 2. I. 3.3 -0.1 0 .4 -4.1 ...... 5 

We bc 1m with the calcu lat ion o f the p robab1llty of ice a ppearance at 
~arapul on 19 October. The mPan now ve -,city (D'l for lh~ abovt.•-ind1cated 
ga1•nc sttes In the pe riod of 1946 u~j~er C" toide r atton Ia 0 . 49 m /sec . By 
(I S.l ) we fi nd for the lime o ! fl<~w ~< 

"' . 0.51 •c- --;-- 4.S"A"-4.1 days. 

During the tlm e of flow. the discharae 1ncreaa:ed from 990 m 1 / t:.rc: on 
14 Octobt!r at Perm 1 to t 200mJ/scc on 19 Octobe r at Sarapul. The mcreas~ 
i n the discha rge a mounted to 2 1 ~. Howeve r , as can~ ; udged from th~ 
natur~ of the ~trowth of th~ catc tvnent area , the tnc re a&e in the d 1scharge 18 

not untform. tn this case, we calculate for tht" initial water tempe rature, 
water diiJcharges and m o rpho mctrtc data only fo r the t\ama RJVeor. 

Since the water temperature is measured only a t 8 a nd 20 hours, in the 
c alculauon by the usual m~an·d1urnal a1r tempe ratures e, can be taken 
etthe r from the f'vcn1nr obsen •atlons on the day befo r e the fi rat days of the 
ealc.ulat1on o r from the morni nll( o b aervationa on the firat days of tho 
calculation . For hi&her accuracy. the mean air temperatures , calculated 
fo r 2 4 · hou r inte rvals f ro m the hour o f the water -tempe rature meaaure m ent 
may be r - :.:u lated. But in calculatinl a forec&at such an accuracy ia not 
n(."cr ... ..tar-y. 

We begin t he calculation by checkinc the probability of Ooatlnc ice 
appear1ng at Sarapul on the eve01n1 of 19 October. 

In ~tccordance with the ti m e of no~.-. we take e. from the meaeurement 
at 20 hours on 14 October at Perm ' equa l to 2. 4•: 

By (16.1) 
0 .• , •--,-

we dctt" rmine the av,.ragt> dcelh It on thf' r ivf" r 111 tretch undrr c-on~~oideration. 

\Ye find the water d11chare:c Q in this ca1e a• the avcra~tc between the 
d utcharre a t Sa r<~pu l (Ya roma•ka) on the •••um~d day or rtoatina: ·ice 
app,.ar3 nN• at Sarapul and of the du•charg:e at Perm ' (Lower Kur' ya). take n 
t n ar cord .. nct-.. ,.,1th th,~ t am,· of n ow ror S dOiye earlier 

,.. ..... -· . ,..- 2 -1..- m /aec. 

The •r("a F o r the rrve r surttice as found (fro m a masu•r rr.:-.p l to b<' equal 

to 306 7 I O' m ' 
From (1 6 .1) 
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11·r \,llut· n f B .. u• tl••t.•rmtn• d hy t.•kw.: tht_• sum o f Utt' h~n t tr.msft•r fro m 
• \',•p•u· •ltnn LE. turhu lt•nt hr·at-•·xc hanq,. P ~•n.d ,-.fft·cttvt• radtataon /

1 
uHulg 

til• n••mnqr .q•h" 11( F aqu r•·s 4 ~•nd !» l .. o r th•· \' .. t lUt '"' I• - 2,R•. •-sm/to•""<: 
~• ·hi N,-" otbs •·n··d ,,, 19 huu r s ('lf1 IP OC'tOht" r ,l( Sar.tput '41' obtat n LE+P­
•-J J-1 c d/r-m d ,l\, /, - -9:l e.ll/cm2 tl~y .uut a.- - 205coal/cm 7- t.t::..y 

l ~tuot:, ...-.· ... ubruuw I lilt_* fotluwanq \ •. dut"'S forth~ dPh·rmw.tUon n f th._. 
tnnh .• tu li tv n f n,,..alttt~ let. appt.'.Jrt i\C .. t S-lrnpul .u 10 hnur~e o n 19 Oclo ht" r · 
flo • ! -4 , It • I 4Hm , 1. • -2. 0'", 8,- -1 6", 8,- 0.7•, le• -.a 3': 8,•- 4 1'. 
(l l:'.! •·,r~c·u l/c~m2 

da.v dl't:t't t.' , t• .-o<"{ll/cm2 d .ly ckgrC"t', d •49 c:al/cm2 

tlov q n 70e.•l/cm .... d~'Y· B,. •- 205c.d/c m1 day: a,.• t 263 cul/cm1 day 
tl ca···· 
, _!) froundl·d o ff number o r days o f now). 
···urtht_• r ,..,. dt•tc•·m ane lhl · \'a lue o r •• 

I , r•m th .. t.ll)lc- ,,r r·• (t\pp t•ndoc I) '-'' '' fuuJ th\.· vn lu{•8 n f .--.. ,-a... 
,-J-... . ,-.. • .. .. ndc .. ~C"u l .. ,tt.' thctr dtH\' r Pnc•·s. ·.wh1ch appear in form ula 
IJ I It nw C.l lcutatwn .... ·sults an:- l!l\'~11 tn Table 9 

1\"". • 

,-c•-'1'1·-••-'+11.,1 
I IS X 0346 0 .:164 o ou -2.0 --4. 1M 2 16 X 0.4.SO 0.~ 0 104 -1.6 --4. 166 3 17 X 0.587 0 .4 0. 137 0 .7 O.ot6 4 ISX 0.7~ 0 .587 0 179 ~.3 --4.no $ leX 1.000 0. 766 0234 ~.1 --4.M 

l: --1.86.) , .. 
'·'•l'>lt1u11nc ,').- num,...ru:al \:l iUt"S In fo rmula (1 1.1), Wf! o lnatn· 
"" th•• l•· ft-h •• nd Had•·. thr "-'3t(' r trmp ("r a tun· av~ra~ot:l"d ov~r th .. c r n ss 

..... , '' ''11 

2.4 ·0.264 - 1.963+ (* + l:m.Gcl , . ~(I -0.264)­

= 0.634- t.963 + 2.212 02 o.aa =: o.r, 
'•u th• ru,!h t · h<ind ~ad•·. tht• Wdtl•r te mpe ratu r e. ;av,•ragt .. d O\'t- r tht' e r os,. 
._ , t tlfln, oi l \\hlf' h ICf ' fn rmat lfHI n n thO SUrfacr 18 p rObalJJr 

--;= - O.Ih:0.2". 

, ,.. l· ll· hanU Hldt· o r (11 I ) is t .. r.:cr tha n the rlaht - hand SlUt> 

, .,,flN• •tu••utly, •c,.· form.ilt•ln c anno t ltPgi n •• t 19 ho urtJ on 19 Octot>.· r 

11Hm nf - a. fur 1 I;• .. ... ,., !h f '· t •t 0 '· \\• 

l rt ; '\ (';\'"•' • 1'1 .. !• , , 

r I II ,, .. '' 

1 01 1h'- ,.,PW'' r1un l t •ofiC il•l·•~ • .uatf th• tr d: fh ,., '"'' .... ' 
\ .. .{ H ~ ddhl~ 10 1 

t ·t : •J ; '•'' ' !'\C 

IAat• I 

.... ·1···· 1 • ) I 

16 X 0 418 03.16 0082 - 1 8 --4 14! I 

1::1 \ --4 010 2 li X 0 ~:.'0 o ~ •a 0 101 
--4 ~~ 0 l'o47 0~10 0 127 J 18 X 

0 f>lj 0 157 - 4 1 --4 7J7 4 19 X 01'04 
- l fle» ~ ~'0 X 1.000 0504 0 196 -8~ 

,\ t l tf)•.ttth• f',tkU1i'lU••"lt'f - :.• (lll' 1 1 1 11~·1f"' 1 111t(lo • •ftot ,, .. 
ol f \ t u~p• · f ,ll II'• ,,u r •1·d 1'lC, ~ ~' t h • c:f tlol ttl tt' ~., I •t' I :t:• ' • II ' ~ 1 11 

11 1~• 1

111 A, .._ - ' \ i' d1 lfl l .ll'll ,fi. 1'\1 :!t\ (\. \l•lt' I fi 11 1'\C: I t U •'1 0 
.- t! , t I ' ' 

,. If f t.'"'flt\1\dl'\~ h \ J't"IH' 4 "'• tt •' ( rl~1dii •'F~ ' ' ' L£ p f• ll 

J il l ~ !\ • • ... ; J, l \o \\•' o! ,t. 1 1t fl 1'11 1 1[!11 1,.. ... 4 . 1' • 1
1 1 

('•~1 ,-. .,

1

/ 
1 

o•,d 
1 -·t:.:l t llf~!' · l.t_'. s .. - -'!41 • t1 Jc-n:' u.~ 
w - n :t .., , , fd·tr 't: r • n A • .t11• 1 .t t t n '• 
htt lht• A ttll l \ •' o·U\ n\: I ! )•· · \,d o':' O::.JI I·tr" • 

pf 0 IJtn (-.,, \ .,.., ••hl .. t1"1 '' '1'1 I • · ~ I ' 

• ~ (IHS1> + J06..,lcp 

A hi t' h \.I 1+ Q., r '• t' I ~ 'I t '' •f ~ tl 

.. 

t • • • 

,, ,, .. ,.,. . •' 
'" 



I ' 
~ 

j• 

-

Subs htuhng the numedcal valuca in fo rmula (11.1), we obtain : 
on the left-hand s tde 

1.1·0.331-3.105+(-:- + '21~ft~la':!!)(1-0.331)­
-0.6311- 3.105+2.440- -0.01", 

o n the richt-hand oide __ ,.. 
- -.,.--0.31",.,.0-'. 

The- left-hand s ide o f t he tneq uallty is s mallPr tha n the nght-h.and .!ud•·. 
i, c . . th~ water te mpe rature on 20 Octo ber is lowtt r than u,,., at whic h. unde r 
th(' ~h·en condihons. the bt'"gi nning of ic e fo r m ation o n thf' surface i s pro babl e 

Conf{equc nt ly . float l :\g ice should appear on the Kama Rtv~r a t Sa rapul 
on 20 Octobe r (the ap;.<•aranc~ o f floating ice at Sa rapul i n 1946 was 
r ecor de d on the 20 Octobe r). 

Fa vo rable conditio ns fo r the beginni ng o f ice formatio n also ~xist~d o n 
the· mo rning o f 20 Octobe r . when the atr tempe rature dropped c onsi de r<&bly 
(-1 3 2• 011 7 hours ). the total cloudine s" decr~aspd to poi n t I and c a lm 
wt':lthl'r ·~ras obse rved. Calculation by•• nequah ty f ll . t}, using the- mean at r 
u•m pc ratureF> duran~ 24·hour in t<' i-\·als bcgi nrun~ h -om 7 hours o n 
15 October, s ho ws that a beginning of tc~ fo r·maho n a t 7 hou a·s o f 20 Octo b t r 
"'·as probablr. 

Ex a m pIe 2. l .. <'t ut~ c Qlc u la te the tlme of thf" be ginning o f tee formation 
on thP Kama Rive r at Sarapu l in 19 46 by (12.1) 

w h P I'C 
• .,-... +(r + f + ·:: •)(•-,--)<- -!:--· ,.. 

.. - C•+t) ... ' 

L:se is ma d.:- 1n tht s c :.&lc ula tio n no t o f the dally ~u 1· tc-mpt.." r;,t.tureR, but o f 
th ,-. m <"un tc mpe J·ature 1 durang th~ c a lcu la tiOn p~riod. 

Suppose that fo r the gave n calculation penod ~·e know only the d•urnal· 
mf'a n a ir te mperatures. 

To dctc rmwe the value s of tl. t. c. a. W(' ta kt'l lhf" m f'a n ~· tnd v l.' )Oc lly 
fo r th t:' gh ·c n r e g ion 111 th e perio d preceding the bf'gin n ing o f let.' fo rmauo n. 
From F tgu r e 2 the mean wind ve locity fot• the r egton under considt;' r ;uwn 
~~ 5m/s•·c 

l C' t us c;, lcula te the probabi lity of thf' bcginnin1 o f ice fo rmation o n 
I !I (k"tohcr. 

11H~ IOIU::t l gal{m~ s tatio n IS t~ kt.~n. os in thP prev1ous e xample, a t P (' rm' . 
\Vr- tH•r• th<' values df' tC"' rminc d 1n Example 1· ,._ 4.8 days (r uundPd o (f to 
~ d.•y•l. A- t 48 c nt , o-1 02m/scc. &.-2.4' . T- -2. 3'. q - 70 <·al /cm 2- day 
F" r r1m ~rabl,.. 1 w1th g·ivc n mc~n vnnd ve locity we find d • 4.7 cal/cm2· d3y, From 
·r..~hl e 3 wt.· find ror i . correspo nding to a wind veloci ty of 5m/sec and an 
.u r t•·mpf•r :•turP of -2. 3"', r• \' :•luc nf 43 c:al/c m1 day · de a:rt"C' 

For th•• hc :.t . t rans f4"·rcocffici.-·nul a; we find, with u-1 . 02m/Bec and 
llt•5 o m/s•·•·. hy (25 I ) 

• ~(174S.+ 106w)q 
:i •: •. t lu•· r,r 2:l 10 c,• l / c m 2 day degree 

JO 

We also fuld 

.. - l•+tllltp 

,., - s.o.286-1.43, ,---o.239-
With a n ow velocity at Sarapul at th P tim e un d\_· r cora,d·•r .. t aon ,' ' ttua ! to 2 

0. 42 m/s~c and a wi nd veloc ity •• 5. 0 m/s~c. (25 II gwcs ... - 1 2ti0ral/~m . 

day · dc~r~e. 1 f r om 
Th 1 f IJ is de te rmint•d by m eans or th•• nom lll!r"'p tt: 

F e \' 34 uedo c. ",,e a i r te mpe ra tu r E' I .; t ~araplll nn 19 Or coh• r IS -4 . 1• 
ogures an • N 

9 1 
d . 1 , 1 w,. 

(Table 3). 'X c· take W•5m /sec (rate d '·al u('l •.W: r a t•• " "" Ut: ,._ 
0 

• 
obtain · LE+P--148 cal/c m' day, / , •-5Q ral/cm· da y , B.-- 14. -5 
• -1 98 cal / c m' day . 

Su bstituting the \'aluC's o bta ined m fo rm\a!a f12 f l. .,.. .. h.w,. 
o n the J~rt-hand sade 

2.4 -0.286+(-2.3+ ~+ (lJ~~~- !!)(1-0.286)~ 1.0". 

o n the rtRht ·hand stde 

- -;: -o.1r=:o.2". 

11lUS, condtti on (12 I) 1s not s ati s fied, ~nd 1(' f> fnrm~,hnn .!'hf'ulri nu\ h··~~"' 
o n t 9 Oclobc r (1l w r c "'·a~ tndt..•f'd no n oatt na 1c{' at Sar .. ,pul on 1fl ~ )f'ot ·h4 rl 

l .~ t u~ r·e pcat the c a kulatton fo r 20 {)rcto bf' r k 
F ron; the m e asurcnu•n t at 20 hours on 15 Or toh<' r at l'~ rm ' '·' ' t.' ta f' 

t - t fl tt For t he m~an a 1 r temp~""ra tu n? on llw fl•l-A p.t h du nnt.t th•• d .. • :-·~ o f 
1: t o :,0 Octobt> r (T a bh.• 8 \ we Oh t.lln -3 9.. i r'l'm Tab.(' t Wt' ruld th• :n· an 
,·alue .. fo l' tht.• c:Jlculah an pt" n od o f 11•41 cal/c:m' cby and h 'tHl l ~~~,~"··J ' / m' 
j 4 '' 1/(" "ll:l dt\' dc~ 1·~ e :-\ s t n thP p r t'\' IOus C.Jlculation. ~ • l: a c t:\' .. ~~£:1"4":{'. a: ~ t 26 0cal/cm1 U .• y d~g r• • t•, Ia- I ~o Cnt \\' (' obt;u n 

01• __!.!_!.._ .. o 27 7: nae• 5 o 21 1 • 1 J R: ,. ..... • o 2~2 
(•+AlA<' 

F <:' t' t ht.~:tt..~ \' Oi lucs w•· have 
on the l •ft- ha ud Std~ n ! (12 I) 

( 
47 (I :'EO + 421 · 70) I Q."""' 1.9-0.252+ -3.9+"42 + ~---:u- ( - -· ~ 

--0.31"""- 0.3". 

-362 
0

_ 
- 12iiir-= ... -. 

Thf• nght- hnnd ~ td•" o f tht• uwquall 1~· 18 t.u·~t ·· r· 1n 1.h ts r..• ~ ··· tlmn the l•·lt­
hu nd stde , c o ndl tH>n 0 2 l l ts thu s s .itJsfu·d . L'nn~t·q,l •'n t l y. ~~· .. fo.rm~uon 
shou ld bP~tn o n 20 Octob£• r (floahn~ ICC' actua lly .tppC'o:tn•d on l h t• t\ ~ur1o1 

a t Sa r a pul 10 1 ~"'6 prc c tsc- 1y o n :!0 Oc tob•··T) 

,I I 
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-
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f1,, , n• L; l\J\ •' ~od'-: :1 u f th•• n •r.ult ( , I lilt• l•• ft•h.nul •u(ft~ Of th(" l nt:'<IU ~ol lty 
,jt- . ~ ' ' 1 HHi a •• t .. . . . ~ 1n th~ uttw r l').arllJ) lr•s, supf' rcoollnl! u f tht.• w.JtP r It 

lin • .... Tit •t h)o tlw unw fur· w in c h th~ c a lc ulat t(tn i s rn.1de sntn<' IC{' h as 
. ,, .,,,1\ fn r :'fl•tl 

I· ' ,, :u I• I · · 1 l .t' l. u:-: c •• lcu lu1•· th•• t1 me of lh•-. bc g1nrung of ICC form.lti On 
f•ll Ill!' " ·•lll..t .t l ~~~ '11111 ln I '14 fi by (1 3 1) . . 

&_,-... +I 1•,(~- •• _,, .. - ~-·· -' + II .. )J + ·-· 
\hf• r·t · 

+ ·~· (1-~-... )<-~ • . 
1'1 1'!-' t ~~,,-. t·.akul -.~ tfl wht•t h l' r tlw IK'£!1 nnan(,{ o f IC C fo rmat10 n u1 th~> t:"\'('tfHO'! 

•f 111 < lrt: tu lh..' t' is p rob •• bl •~ 

f ht" 1n1t1.11 d.it,a fo r tho..· c .. dcu in 11o n of thP 111nc+ o f Ooaung t ('C' a p pt-• • ..r·<.~nre 
\l .• l•· tit ' ·• II• • •• ~ 111 F .... unpl '-• 1- t 1- 2. 4 . 8 1- - :! .W. 8,- - 1 r.•, 8,-o 7 • . 

84 - -4 3, 9,- - ~ 1'. · - -Pl r~d/cm2 da~ df'it r-t' C h • l 4Am. d- -t!l e.d /cm~ ­
rJ.,y. q r:a -; n,~.dfcm~ d.,~ . B,.--2.05 ra1/rm2 day, cz. = t 21i3 c .tl/rm2 d.1y 

d• l! l t ' ' n r:s \ { rnund1•d. ~,H f aumtw r· of nf\w d.tys) Ot =- :c·, ::z llt~ ~ = 0 .270, 

1· r •n · h·· 1.1hl 1
• o f r• (,\pp,·ruhx I ) W t' fuuJ tla• ,· .t hr~.•s o f ,-.., e-a.,, . .. 

, r - "•• . . tnd L:olc•d.ttt• th•· quanutu~s HI fo nnu la {1 3 , 1} TI1t.• co.~lcu lal u>n 
r·· ·~uh~ •t r•~ li!: l \ ' • ' 11 an T~lb) (• II 

f,\fr l 1 

I IS X 0 .}10 o 7o9 
2 16 X O.Ho 0 300 
3 17 X 0 .583 0 440 
~ 18 X 0 . 763 0 .:.8) s 19 X 1.000 0 763 

,.- l n - lt .. _ 
_ 1-t• - l t llo, 

0 061 
0 10$ 
0 . 138 
0 .150 
0 237 

- 10 ~ 161 
- 1.6 ~ 168 

0 . 7 0095 
- 4.3 ~ 775 
- 4 .1 - o.9n 

~- -1.981 ·-· 
~ .h:-tl Ulltl~ 'h• llll;n o I'IC·• • \ ' olhh: S 111 (l :i . J} ~AI(> OlJ13in· 

1111 lh· • l••fl- h.o•td :- l d •• 

2.4 ·0.259 - 1.98+ 
49~ 70 (l - 0.259)~0.84"::::08", 

011 dw ru::h l - li;l nd ..-&c.J·• 

- ~~=0.16°::::::0.2". 

I ! 

rAJ;U 

I .-~·-···· .. 1 .. -•·-'• .. - I 
I 0 ( . .... - .. .. _ 

·. ·1·· .. -I ,.- CII- 1) .. _ ,. - 1• - ltll .. 
o, _:_,._,..., .. ) 

\J,H) I 

0 ~12 0 .l"'ll O.O<l - 1.! ~ H• I 16 X 
0 412 o ur. 41. 1 -'> 010 2 17X o ol4 

0 I J7 -~ J -41 !J-Ib 
3 I X 0.641 o.ol< 

0 .160 --4 . i -() ~~ 
~ 19 X 0 .!101 0 .641 

- l.lf.l() 0 . 1\19 ~.0 0 20X 1.000 0 !101 

' ~~ -J 147 

· ~ · 

"i.uh~ I J tut anf! rlu m:rnl r u:-a: \ ,\lu•' "i 1' '1 f 1 ~ I) ,. •h~o l"'' 

tHl h• !o ft - h .1nd :-If.!•• 

1.9 . 0.330 - 3.147 + 50 1; 711 
(I - 0.330) = 0.627 -

_ 3.147 + 2.440 = - o.os•:::: - o.a•, 

.. 
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r. x a mp 1 e 4 L l't us calcul ate the umc o f tht~ begtnnmg of ice form ation 
o n the Ka ma Haver at Sarapul in 19 46 ustng (14.1}: 

Ill .,_"iii' 
We c.•lculate lo r 19 Octobe r 
As w Examplr Z, we assum~ that fo r the g iven pe riod wf" only kw1w the 

d turna l -m.:an a ar h .•mp e r a tu r cH 
Tiw data fo r ca:culauons a r t"· (!('e Exa mple 2 )· 't• 4 8 days (round f·d 

o rr to ~ d.oys ). ll• l48cm , llo• 2.4; ·--2 3': d• 47 cal/c m 2 d .. y (lor a 
no rmal wmd vt_•loci ty o f 5 m /sl'c); i , corre spondmg to a -.-nnd vf•locity o f 
!Jm / ~cc and an at I' temperature- o f -2 . 3* , ts 41 c al/c m 2 day · dcgrce: q­
.. 70 c a l / c m 2 day 

Fn r a n o w ,·eloc aty a t Silrapul ~~t the llnH~ und er cons iderat ion equal to 
0. 42 m/~Pc and a wand v (•loc ity equaJ to 5.0m/sec , we obtaan 
a" • 12G0 c01l/C"m1 U~ay dc gre«:' 

For 8 , (sec Ex•mple 2) we o bta1n from Figu r es 4 and~ -198 c a l /cm2 

da\' a n d fo r " 
. . It . I . 4J 0.290 

a,~ ""-Til-T- . 
na,~ 5 -0.290-1.45, t--- t-u•-o.23S. 

Subst i tuting th'-') numcr1cal values o b tanwd tn (14.1), we have· 
on the l e ft- hand side 

( 
47 +10' 2.4 -0.235 + - 2.3+ ---.r-, <1- o.235)-o_sge-.o.9", 

o n thP right· hand F:tdc 

- -;:: =0.16:::::<0.2". 

Titus. eondltion (14 I) ts no t sati s fu•d ., nd ice fo rmation s hou ld no t be~an 
o n 19 Octobe r F' loatin~ fee actu.tlly w J 8 not observ~d :u Sarapul on 
19 Octob<r 

L <.'t us r e peat the calculataon fo r 20 Oc to ber 
na~ data fo r thP c a lculatio n howe Ex •. amplc 2) . 
... ro rn th •~ m£·a~urcmcnt at 20 hcJurs o n 15 Oc tobe r at P t'rm' w~ ta ke 

0e• 1 !J• . n l ' ' m('Qn :ur tl' rrtpcraturc a long the Oow path duriOI{ 16 tO 
20 ()C to ber 1S -3 s• F'r om Table 1 w<· f1 nd a mean va lue (fo r the calc ulation 
pt"rtod}o fd-47cal/crn1 da y, and (rom T a ble 3 we o btatn t•42 c al /cm 2 

· t.I.Jy dcgrf"C As fo r- tht• pl"l'VIO U S Coillculation a.•l 260 cat/ c m2· day 
. degree, a nd ll-149 e m We find 

Ill I · 42 a, - ,., - l4J'T- 0..282, 

na, - S -0.282-1.41, ~-.. ·-t-'·"-0.24•. 
W1t h thf>H(' \' ~1\U l'R ~·l~ wil l o btam on tht·· l rft ~ hand S ldt' o f (14.1) 

1.9-0.2«+(-3.9+ 
41 t,70 

)<1-0.24-4)­

= 0.464 - 0.847 - - 0.38"'"" - 0.4°. 

34 

, E mple 2 from an a. 1 r trompPraturr o n 20 " ICt•) h•· r .. ,t 
N ext , as 10 XD • 1 ., . :; m /f.':.··r •• ntt a tOIOH r luud1n•·ss 

Sarapul t'qual to - 8.5', : wtn~ v••lo;~ ~and 5· LE+P• -272 cal/ <'m ' d>y, 
,v,-9 point~. we o btain ro m tgur ? 1 d<1 
1, • -90cal/c m' · day, B. --272- 90 • - 3&- c a l/cm Y 

On the r ight-hand S id" Of (14.1) 'A'~ lhl\'l" 

- ~--~ -0.29" :::::<0,;,-. 
•• &.lVtl 

ht·hand s ide o f thP Jn£'quality IS la r~ror thdn th• ).-.ft. 

I 
\dn st~l~: .c::~dt\~:nr~~ 4 ll is satish ed . Consequently, ICt' to r m .lt tnn s hould 

1an · d on th(' )\•1m a R1v••r at beg 1n on 20 Octobt-r (actua lly floaung tee appea r e · 

Sar"a pu l in 1946 on 20 Oc tol>C'r l . . or t C'f' fo rmatao n 
E x am p 1 e 5. L,•t us calcuhtte the ttmc of thr bt'~lnntng 

o n the Don upstream o f t\.hovansku '" 194f\ us tne ( 1 t I 

~ ( ( -to - It o, - Co -I+ l)o,ll + •• t--+ ... •• t - t 

•·• a +(f + ·-:-.· q) (l - t-- )< -7.-· 
whe rr 

"" a,- l•+ti.V,. 

As the uutta. l g:"lllng sue ·~:e ta ke the P .l,·\n\·t.;k "' ~ :-, ln n. ~ ttU t•.!.: d 3 ~,R km 

upstream from KhO\'ansk d (Ftgurt> 7) Th~.~ m ,..,o.n t~~~~ 0~~:~~~ :(.,~:~~';\.quat 
l'a\,IO\'Sk to Kh ovansku we f1nd (f r om th t- corrco;po il 

to 6 7 days (se~ S 2. bl 
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I,..,_, ;n. ijl .pt;~ •·I ;,: - f(ll ) "'' d· ·h. rrrlllt tJw m t· .. n no"' \dUt' I IH'S v ~•t 
.,,. • I I :n • u ·;r tt l~tllu:-.~ o f .. . v)on;k, K . o?otn.-,.k.t\.1 ·•nd Klt0\ ott1~k lt , lo\hiC"'h 
1 •rt , .... ,oj I n ' •t·h 'o\oJlt r ,;ta~,-. U!wtJ f •H · th•·· di'l~rmn~>•tron tl( 1; 111_.. 
,,. 1 t .._.1:, \ 11 , • qf U 1:0 lttoon · ; -0 23 111 / "'-f" 

I · ' '' hn,••rH tU'•·• tnc t o',l "'~S lrn m H-t,Ofl0km 1 at t•,_,\' I<W~k 1t• l b ' l, (lOOJ..nl 
••• 'h \ ill•kl l, I •· .. lw 101 .- n •. '·*' ~··t.;t lrihut.U' \" 1111 flu • Dn u ~lrt ' lrh 

• 1· r , "' td• r , tl lf•n 1~ t i t\.' .._ hopt•r• J(,,.,.,. ~ rth a Cil iCh nl• ' ll l ,, ,.,.:. o ( 

If - III)Kt r l lu ... olni()Ufl ~ f p :111 ; ..- (•f l h t• f"• •td Uih'fll ol l tol 3 1 ~hll\,UI.!"kll ,tf)d 

111 7! -, r H I lhoo lCJ I,e} IIICrt•oi;o.o• I U tho• r .ttCrt iHo.: tll Ol r t"a , f"h•• JA .. &t •• l ' th ~ch .. r~t'-' 
I ( t ho 1\.httpo·r Hl\ ··r oi l .. di:ildfl("• from t ho• mo.u h f"C.I f' I •-.SJ'(tnduu:: to tht• fUll f' 

I ( J.• '- 1'1 (}to IJ1111 ( rum J-. \"!C)\ ~k h ' lht t\h Opt•r lllOU i h ,tlllllUUff'd, ttl th1• 

a• l ltt•l ltlcf• 1 I Jll:old•~ r.t ' tun. t•~ olbliUI 2 fr' Ct ( llh' 1('11,, J disc-h.t r~ t• 10 th~ 11\llhd 

\ 1th "iU('h .t r •·l. t1 1o n h· · '-''' t'n tht .. N . th.• r rh,.ch.tr'l!• ~ fo: lll lh<- n l .tlr1 rl' , .. ,. ~Hnl 
th.o1 f. ( tfto l r'th ll~tn,• r t 1:-- U•·ro•• .., ,t l , oHC l rH JiC o.~ tPd ltl \2, Itt U111'11tf1h'' l ' lllftl 

' t1 '.t.l' • u t lt n , n'nn~ t \. tih th.-• r hn r' ,h 'l ' ' l fSti<' :C o f lht rn.un 1'1\' t ' l , th• · 
I h .tr.te• t• n ... tlf't: nf fl it' lrthUf,t i .V lA llh II~ l ' t '., f't 'Ctl \ '1-. t<:h. ll't ' 

\ ~ th· tnHs.• l tt·•~tn~ <.; Jt·· on tlh' " "''f'• r Ht\ t) r \ '(> t.Jk•· th• ''' ••ku•"'Jw :·,..k 
... :,tlJ•Jn f ~~~ tJu;; 1 o.~ UC"' f r f"'m lt u If11 r l\ 1 I' mn•Hh IS J~R km oH1d 1ft lh• h . t m lt• l 

n f f "'''·ln ... l<;l ,.,n ' h• .. f)t•n. J5":k:n Jh, mt•d rl ta:n• 11( flt•A f . f r 11:-11 
'• •$.- •t ·u r ... k •n h• tt.un.••l uf l hmdu~ . .. • ... ktt (4 5km up.,;tf'.lOI fr ..-,m th• 
•• ·•UJH ·' ,, .• cl ... y-i fs···· ~ 2. h i 1'1.· fn• olll n .v" \'t'l tlt."lh fuuu I m th•· ... tm • 
U tHO• r 1:-o(J t l' l ht J)(tM fs• • :'ihfWt J. ,., ,.,,~ .. flt•0, J5n1/:o-, •t t fr•t•UI Ul •'.l ..,U rt O l tft l., 

•• , • lt.•lr ·•n••'f l l( '- t.ltlons nr X•)\'t•kh" J)t ·~"- f"•::p 'PIIl_\'Oll\1'~\ "kl l , 
li •''" tt H.,."ik 1 ·n,,.. m • ..... :• Hrnt n f fin,, frPm " '''·nkbnp•• rsK 10 t'h•h ~w,!itku ~~ 

I f•· ·•I r f• "'~'' ro.~ tu r •• r • ·•··u·•d h• lo~, l • , ,., ., . 1 u• s t•n 24 ':t" , 1n h ••r 1n t ••..; '1 
,! II" tll•11 ot •lnl!t t. .d ~' '' 1tlfl.., bllil,th: d . t lCtiU! I Ih f,. l llotUd hl , t!fJt ' l ' I I \ • , ... 

"' \ • '1 ' ll• l tUII ot l Cl'tt;;;.., ·"" ''l l lftJt l;i: llturt tht t',i lf"lll.itHH\ C l tt!'o"' "''f"ltt' tl ' h• 

'• ll•f" 1 tt·tr • . ltl r fl , p• 1111d ~uul••r r nn~ttk r.llHHl, h .. td th1• \,d•t··,.. :I\'• II Itt 
l .. h ·· I • 

ru • 
't'lt ;"'f" ,U J,.. fh~·oco •t. ' t""\o .,., II ( 

t• •. ,, •• , .1 

lo.l \I 1.4 0 I 2 1 u 2 ; JO - 1 8 -·~-·· - 7.8 t ' •r ~ ' • • I 6 0. , 2 6 2.0 2.6 J 4 - 0 i - 7 - 6 . 1 -6.7 ' ,.,.,. .. 
' I ~ o . ' 0 I 4 1.4 J s -q - 1 - 8.4 -6,2 ' " 06 -'} I 4 0 9 I 8 2 2 --J ~ - 7.6 --11 9 ' I I\ I I 2 0 4 I 8 I 4 2. 1 2.9 - I. --J. - -

\"•• h•~tJn \. l 1h lh,.. t::o.~ lcnl:'l tl t<ll of lh•• f' J"tll)ahaln\' u f rr.~ ;l l •p•·. t r,lf1C • .11 
1 1\~lrl'i.VII n •1 2!"• '-''•\ •'ll' h••r 

rh • .,, • • n1 fl(u.· ., • OC'Ity u tn 1h•· p•· r snd o f I '"~·HI untf, ,. 1 ••lh111• , . t11nu 
n J. • l! I '• f!l• C.1. t 1 11 1fl<; fo( f',t\ ifl\ qk, h.t/'.i ll<;~ .l,'•'•l , ~~~11\',III O:kll l'lt lht• J),to 

• I ,, .! I " ' ' " 

•• 

I'·• r 
~·I Jflf.t 

o ~ . 9Go .-. o1. , •. , -o.s.• :=::o.s•. 
a, ~ 966+2402 

' " l l','\ 

F, 1 ' 1 t " 

tt._. i"' 

' . 
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I \ .; ~ • 
·, h ·~ l 
i f •l i t/ . ..... .. 

19 ~0\•emb(or (mt'tf'OI~lOC:IC'a l 5 t.1UOn r .1\ 10\'Sk ·•nd ~()\'Oknop..-.rskl 

1 o&· · l l& H - 02"t 5CI0 - 0.3", 
. - 11i + 3GO 

• 27" . lotiO+ t.r . 3.lt 2.5" 
., - Uiii+Jii ._ • 

21 Nn" tmbc r ( Pa\•lovsk and t · ryuptno;;:k:.ya J 

1 t r · PJ+tr . m 1 ~ , - iiJ+ jftj .. . • 

22 ~0--~mbcr ("azanskaya and r ryuplns kaya) 

• 2.6" . 12J+ 21° . 441 2 •• 
·- 123+44 - . • 

23 ~O\"O!nlht.·r 8s•3 4' {Knz.ins kayu l, 
2~ Xon !mb•· r S. - o R (~c- ra fimov•ch ), 
25 Xo,·ernbl• r 8, - - 2 G• (. ~ rafunl")vich l 

Th#' a, •" ra~'-' of th(' S<' trmp•" rd tur~s 1:0: 1 2 

I l 't us d•·tPrmlnf" the m ean IA' tnd velOCity •. dong the "~h~ r n o\ P••th durtn'l 
, ., 10 25 ~O\'cmb<' r: It tS found 'to be 5 9 m/s,·c . 

Thl" l)(ln R1ve r , fro:n Pado\•~k to t\ hovansku. ilnd lhf' h. nc-p~ r Rl\·,.r 3rt> 
Sl tuatl'd tn r~g aon Il l (sec Fl .ru rt> I ) Tito:o mra n ,·a hat' or t1 for 1 n to 
25 '\:(lo\' "-' nlb<' r a t flU.' ).thiUd~ 50 27' tf1 .. \ lO\"i.k l- 49') 5' l f' hll\'oH'I~1U t I UOdt• r 
no r m I "'' lnd \-e-lodty is 13 c a l/r m 2 day (cf Tabl@' 1 The corr ... ct~on fo r 
th(' df'va3h on of the ~A'Ind vetocuy from the no rma! 1.:a lue ts, according to 
Tabl •• 2, - J cnl/e:ma do~.y n lus , '.le take ttl{' ~.-orkinl vaJu t"' o f 4 ;15 
I 0 Nl/cm' · d•y 

r·or an :ur t i'mperatu re of· 1.2-a .. nd n "'"d \'<'loc ~ty o f 5 9m/<•·c. \ t" find 
fo r tile hPat ·Pxcho.ng i'! coe ffiCient t . f rom Table 3, th~ value ~0C"a l /cm 1 
day dogreo 

TIIP value o r the ht"~U·transfe r coerfiCJf>nt Cl IS dct t"rmwed from (15 Jl 

• - (174Sv + 106e)cp c a l /crn' d.;y deg,·• e 

TIH• m t-c.n f iO'A' \' C)Ccity U 18 found by d1\•id1ng the r&\'t'r 5l l"et ch UrlriCr 
cons1d,..ra t1on by the lime o r nolA· 

V = f!':~:. - 0.56 miser 

• = (1745·0.56 + 106 ·5.9) ·1 - 977 + 62S­
~ 1602 c a l/cm1 day de gree 

Jlw SJ'H'Cl flt nv!' r- c hannt'"l heat tnOOA' q as t~ken rqua l to 60 c~!/rm• d •• y 
r o r J m('.&n flnw "elocatv a t Khovansku of 0. 2 .. m/sec. dete r m uw d fro m 

th' ' fl r ap h o f u • / t H). a >AI~d vetor-hy t&P• 9. 0m/sec, fr om obseo r ,·atao ns 1n 
J-.hn\·a n:-r ku at 19 hour s o n 25 ' ovt•mbt•r , we obtain by (25 I) 
Got.., 1373cal / c m 2 day tJ~.::r•·P 

Th~ \.'Oiu,.. o f Bot , crwr·.-.. sponthn'= to thf" followanf1! v.ilut s obstt n"•rt ..;. t thP 
~.~ r;lftffit'IV1 C h nWt•·orolo~I(·:.J ~t .. hon a t 19 hours o n 25 !\:0\' ('m bt>r· e- - .f G•, 
w -9m/st.·c and Ne•I O, us dewr min<'d from F igu r es 4 and 5 

u,, , 

O. O.lO 0 000 O J 0006 
I 19 XI 0 0:.0 

0 032 2 5 O o.t 
2 :.'0 XI 0 ~ OII.'AI 

0 OSJ I 7 0 .090 
J ~11 XI 0.1~ 0 IJ'Il 

0 0"8 2 4 0 111 n XI 0 ?'..J 0. 1~ 
J I 8 493 

4 
0 ?JJ 0 145 5 .!.1 XI 0 . .16• 
0~ 11 218 0 I I !Ill 6 ~ XI OliC6 

0 .394 - 2 6 -1 0'2l 7 XI 1 .000 0606 

l: - o 047 ... 

-~~on• .. o.2". IJIJ • 

,. 
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I fit~ 'h~'' hd r(t• 111 Kiu1v.1n~ku H H ~6 ~ll\'t'n1bt_• r wa~ 1 " 9 m 1/st:C" TI1E' 
-.,., r •• f:t' tf• ·prh on t h f' ~IJ·' tr h '-'••:-: 

17.8 .L '~·' + 149 . 7.4 . 16 400 

II = (67.7 + :1!1.70) . 101 -0.89 111 

I , . , u s d o._•h' r' fnll\1' lh(' Wt' l~hlt•d !H "C f';'H!"' A':l t\_· r tf'Jnp•-raturt•!'O rr .. h j~ 1 3 ) 

2() X'o,···mbo-- r ( l'av ltw~k ;:~ncJ X'o,•t•kl•np•· r q k nwtt>orolo c:,cal sc •• riomq 

, , 21" . 876 + 14' . soo 
2 
r 

876 +SOO - · • 

2 1 '\ov••ruht·r· (l'a.v ovsk and l ' r y uptns k ayo&) 

I I 8' · IOf..O + 1.4' · 3.J9 ~ I 7" 
l ~ JOW + JJSt .. • 

'• 2 7' . 883 + 2.1• . 370 2 5• 
88J+3i0 ""' . • 

:?~ X'nv••mh• ,. (1-\azan~k .:wa ;w et IJ r:·uptns k t)'i1 \ 

• • 3.4' . 12.1 + 29'. 446-3 2" 
. ~ 12J + 446 ., 

:! I '\:H\' f mht• r 8,-- (), 7 .. (f.: a I' IHSkayn). 
2 5 '\:0 \' ••miJr• r· 81-~2 . 6• (~f'r,ifllllt'\'IC"h ). 
.;UJ '\0\'f mfwr 07 -- K ~" (~ t• t•a flfllP\' 1C ' h ) 

Th·· "'' 'ra ~ · · \'~i luf' o f th,...c;t:' t<'mp•·raru r·· ·~ i s - 0 J• Th,-. :1\'•' r •• &::f• \ lltd 
\ dtw1 ty 1.;; 5 Rm/ s cc: 

'\:o•xt, P I'Ot"('Pd Jng ; Is lr1 Ill ·· j)I'P\'IOt .;; c a lcul:ll ann , \H ' futd f rom r .Jbl•·s 
a w f 2. d - I Oc a l / c m L d .• } Mlfl fro m Tubtc 3 . t -49(·a1/c tn'· d,ty d·· c n·t 

I {, .. o -11 ~H m/s~c and u·-s.n m / s('C " ~" obtrun Uy {25 fl 
a :- 15q:! r •. d/nn: 0 .1y d•·,:;r·,.., ... 

~11H• ' ~du" o f q 110 t;\kt•n t•qua l tet 6 0 r.l ! /c::n2 d .ly 

I n r lh• :r1• ,1ft flo ~· \' •· loc nv at Khf'v .tnt'k ll t)n Zfi 0\'f'Oib•-. r 'A'•, h ntf fr·um 

It '' v r .l p h u - {(1/) Uw \'ahw n. 25m / 1ler , Tilt.• wand \' t• lor1 ty ,Jt l !lf,uun~ u n 
2 •, ().; t r1h•· 1 1'- f,~k••n, o n fttt• b:t ~ i :" of ObJ-'t.~r \'iltl •lrH~ •lt tho• S"~ r~t fiiHCJ\ IC'h 

rn• l""' >r·ttln£!1<" d .-.. talt'>n, a s 0 . 5 nl /'f'"(' . Fro m (25 t ) <A e o htnin, fo r tht:" 
c ·" fhr·a· nt a" . 4 RQ c .a J/r-m' rln.v . d ••t.:re•• 

t f(''" th· · d.u:-, t\( HH• ~t' r·:-.Cimo\'tCh tTH"' t(•t"'roh"'~lca l f:: t .n ion "' ' ' h ..iW' fo r 
1

1
• ht'·1 r .. ''11 2t~ V nv••rnb•·r · 9 :a-i 7. N1 - 10. w- o {w£' t.•k•• W•0.5 n1 / ~··r) 

Frnm Fl~IH'Ps 4 :.nu !l w ... obtatn LE+P- - n::; ('..i l /cm d:.;•. /,. -
z - 7 0 <'·• 1 /cm~· do~y, ·lfltl 8,. • L£ +P+I~ --. R!',-70 z -1 55 c-a t/._ .. m 1 d,y 

riHtS, Wf"' Obtai n,•d tht."' ffJit()•-'•' l rl t:" data fo r· tllo' C3lCul~ltion Of lh1.• prOhttb l h t v 
o f lh·· h~'ginntn~ o f ic c fo r m :JttOn on lhl• Uo n Hl\'<.'r at f\hov~•nskn ::tt 19 !lout·~ 
on 2fi ~'l\' o • rnbt~ r · ··-n 6" , e.-2.2~ . 8,- 1. 7 11

, e,- 2.5•. e,- 3 2• , e, --n.-:•. 
0.-- 2 (, "', &,•-A.4•, a -15!)2 r~d/C'm1 d :•y d ('g r t•c, i•19 c.dfc m 1 da y tl·~ ..: r,·e. 
d -IO ra l/ c rn

1 
d. ,y, ll• tJ9c- m , q •GOcal/ c m l. day, 8

111
--1 55 c .. il/c m 2 d ay. 

a,.• 4A" cal/cm1 d:1y dl•tp'l'f" 
Fnr a 0 w.•to f 1 nd 

e ~x n•·nuat funct tlln5" ,_..,d ttw; f Then.., ... obWtn th~ v!ll\lf'S o f th iJ<'I 
dorfe r~nc<•s (Table l ~ I 

lA~II r _, 

' . o.o( I ""' I 
d' ) ' ' 

.-••-•) .. I·-··-· . ., .. I 
0040 0 074 I r 0 CX09 0 040 2 1/ Xl 

0 009 3 22(Xl 0. 111 
0 118 4 2.1/ XI 0 .200 

S ~/XI 0 .313 0 .200 
O.S!!6 0 .3U 6 25/XI 

O.S86 7 ~~/XI 1.000 

0 -(o-o)O. - I _,.-t•-••H-. 

0 016 
0079 
0 ~9 
0 062 
O.Hl 
0 211 
0 .414 

1 .. ,.-··-·~ .. -.. -·-··-· .. , ... ) 

ll\ 

o oo.; 
0 ~9 

2 s 0 .12'1 
0 :162 3 2 

-0 100 -0 7 
-2.6 -0.631 
-8 4 --3.470 

'! ~ - --3 .733 ... 
1• 1 

U 1 I ) \H .' t•h t .nn-~ubstituttnc th\.' m~~t~~ncnl ,.;:dues in • 
th , It ft - haud -. altA 

00 <>II ' ( 10 (1 5!)2 + ~91 ' )<• -0 024) = 
0.6 . 0 .0:!4 - 3 733 + TJ + t!fli . ~g 

- 0.014 - 3.733 + I ·43 = - :!.2?" ~ - 2.J•' 
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tmu .• t v..Jt .-•r tf'mp\." ratu re 6t .l od o n th t' on·<"r~ge rlv t' r d e tph Ia o n the do~y 
tht' ICi' :.ppP.~ r 1' 

128 I) 

l lt• r (•, ••!'I 10 t h m• thod~ d,..c:r rtb•'•d b£>IC'uo4•, t h e> tna ti~tl watr r IC•mp~ r. l tU rf' 

I~ l ll oftt•J <.t tnorl tn hro t ho• W3{P !' t rmpr>ratur~ W hi'O lht• ui r tf•mpCJ'a lu re lake fol 
em u · C·•ll \"' \'dluroot Tit •' " urn I O- 111 found from th-' mean· diurnal \'a lut"S , a nd 
fo r Oe th~" ,,•;urr tcmpf' r .u u r ·· .,. day b~forc thf' mea.n- diurnal a 1r tempe ra tu r e 
1ak,.c u u n•""'J(3.t n •,.., \' .lhJf" S is tak e n 

. ' 

• 
: lvl·~ !! Sum f:'f rbc- ~•r.-dt·;ml& l Mi.a:tn &II tempt"t.m v r t (!8_), 
DtC't''U v ht~ ·~ .a;tpc-n &ntc of n ou ulg 1c.-• . u • tunc11oa of rhc tnt•u l 
... .arr• rc mpc .UWf' fc. fN v.auc:r.l• .. vt-·.ag~t t oH r ~rthl AI. tn m: (the­

~r.ar!'l • • • ohtu ncl! on !he' b,u• o f d.u11 fo1 tht 1< 11m 11 A1n r bf"fott': tbf' 
tiC'JiiiOO of rhc nor•gr tt':lti'YOu f). 

0 1•' i!r aph 1 :-o IJ..,II\••d on data re ft' rnnq: to the Kama Rlvf" r at B,.rc z.m kn,·. 
Os ... dOd Okl.an<CJk (h•"' (Or t" fhc c r'-'a tlon of lh (.> s to rage r t-S .. r \'01rs \ 

If (o r a c-e rtam riV I' I~ st r e tc h rhnre tS no phySICO·~taU~tical (empi n c ull 
ti•·prnd•"l•~~ fo r fn r.-.cAs11n~ th~ app£'a rancr o f IC"£>, and it 18 1mposstble. fo r 
-con .·· r • ·' "'""· ' \.1 c-al<"ul.u r by lhf' a ho\1C" - desc r· abt--d mrth od s . th 1~ ~rnph IS 
us··d In th t~ r ...... tlw unua l rnnd1t10ns and lht_~ c o nd1tauns o f heat .-"<Chftngt> 
o~ nrl tc• fo rm.tlton o n lht.• wa F•r Oo•.r.• path d u n rl g the for('warmng p~r 1od o f 
th • h1rt:"Cd8t s hnuld no t ~harply dt ffc r fronl the r e s p ecti v e cond1ttons fo r 
th·· K.J m a nn .. •r '" II ~ natu r a l s ta te Whe n USing thC' graph. t il t> followtng 
,..hPu la 0 " t.Hu-rF'" trl m 1ttd (I I the 1ntt1a l wa. tt'r tem pe r a tu r e was ta ke n for the 
poPll ft.,,. t.~. h ach the c ... lcu l .. cio n o f the tlnw o f 1c~ app~arance as m a de . (2) 
lh•· nv,. r.t l{t' dPpth Y> ·• li d••tt•rm 1n•·d fo r a str('tc h $0 to 100 km long upst r e a m 
f rtm1 lh•• J'''' "' (n ,. whiCh thf" c .• tcu la u o n IS m a de . 

hi If th•' .• ,. (',.,, ~ , ... ,J,•p th o ( th•· n vc r st r etc h (In the p~ rtod o f ic e ro rrna llon l 
\ dl t • ·t~ r •· la t u •··ly h tt lf•, r PI.ttaonfl; tups o f d w follo wi ng type are utu~d: 

(29 I) 

M .t l nly t•NO types are used· 

I! U.,.
1 
~ I(&,), 

(l': t_)m•n - / (t,), 

n•·l' fT iii ~ ,, (I8- l rt .: t't t' t ••c I -.! ll • ""•' •' "' ,,: lt "n('f' l .lt'JI• \, 

r C'U' \U f\ fC'I ll'C' 'N'C'at.ln(C' r l f ,t'llt ln o• '" '" · ' ' li t 1n1, l .ll l " ' ' f'' 

l t' m f"" 1.111U f t' fe• 

1- tl '"" '~'~r--·.~ot ' " o f ; ":e ~,.,.or lf'f' •r~.-·,."cr '' IK'I 1rt 

p _ a.C' tt rnJ'C' :" " "' a t r tw !la~ a t 1r-t ' fi"' ll'.lnn ll M'luJ"J 

13 11. 1) 

131 II 

\ V H h ltw \ diU•'~ n f <to ((11i l h t:• ,1h<&l" l ..... ,, 1 .o11tt ~>f !:0_ ton ' h~ t~ t duM 1 ~ "' 

n tark tu n J>Oi t\t~ C\0 l ht.• l,!r .oph \O. ~·.t t:t. r t• I ft r • .oi hI ,, .,., •1 tr• npp••,"l r .omn•·.· •• 

'"9 d ;.9 f ('f ·• Cl\ • n ·. ,, ·.,, ··f " • 
ro rrt.•-.pnndtn(l h' tlh· ... a .u..-z.; o l i - ·'0 -;- -

• 
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htl• """''~ Ill'( tha• rl.-•p• n df•lll •' ft l (IO-)"'-~ tm &e I ~s_: r a-. n t n such a w.J.y that 

, 
•t 

If' -· 8o) and above it lh~ 

• . . 
.If 

' "· 
rt L '! 10. ' -11At'Tt'Jf"1 h;rn (!8_ ) rr•n l'1 n ' .. n- 'llfN 

ftt .'.IIIVI'! " II IC'm f""U IUtC' I, ltC'U'lUry for ~~ olf-J"C'•U.&~f 

of fln.wna 11...-, vs. ltM' anrr t_.1 "' o~rtr ttmpC'r.muf' 1, 

2) the r:tt\O o f tnr hc:a tr:an~tc r to th "' :~tr· trmprr3t•J r~ n:tt' maxunn m 

\' a lu • 
From 1he relauonshop li8.),., .• •f(80~ lh•· ,·,ilu<· o l ( IlL) • ts d•· • r mm••d 

for c -..ch cas~ Jo r-om th..., -'l r -t o• mp•· rdtHr" d.J id , tt .t' tJ,, ,, f1t r tht rn ... r .-•m"''" 
u f thuo: vai•Jt' IS (ountJ 1 lao n. fn r t u\;h t" d .. ' ' h• nUn1h• r rol d tV,.. 0 . ,,_ 
dd~"rnun•-d f rom tht• d.rte o f tnc r t"'u a•tU u f (!:8-)~·un tt• t tt •· ,,,.._, .'"' · ·d lUl l • ' ttl 
upJ_,....arancc o f 0 ndhng tCf• (In most C.J~··S G \' a rt-.!.o from r.t rt• \ 1) tW•' rl~•'"- l 
Tlw U\'f' r.1~t> o f the nu m ber o f d .. y ... t hu1.0 nut4111••d, G, a:-. U"'t' ct tn 't" 
r.Jtcut~•taOn. \VItro dctt: rm1mnlt Ou· d~t·· fi t ... pp••,jr • .r\C t ' o f fln,jtlf\1! 1• •• '"'"' 
{31 1). th <" numbe r 0. usua lly 1 d t•Y. ~~ .. ddt._•d to tt.•• U"tc u l u ){ a • an • ~\t 111 

(IB-lmon· 
I~ dera\•lnR (3 1.1) 11 1S r ccomnwnded to nHP"'<. on ttl• i!tuph. th•· pcw\1 ... 

o f (I0. , &o) a lso ft or thfJSt' CUSt' S •Ah •-.n, !0 pt•r 11ttl ... ,qfti n• ~oUt\'' ... tr 
I 

t t-.l'npt•r .Hur••. floattn~t tc t• chd U(1t ·'PPf',J r Thl" m .. h, 11'> It ,,,,l'>f".- b lt• t • 1• t.n• 
trw potuuon u ( lht• r··l.,uont-O htp lt ll"' 

FurthPrm(J r(' , trl f)rd{' r to ctwc:k th•• r (' HIUIH 1~ <~f tn• d~t .. on• d a • , ,, •n 
!o' tu p {u r ~~ tt the p l.•t•i o d S With O<"L!,.J t i vt• l.n r tt•tnpo· r·,, t\l r•• 10 ""'lotdt Ou . .t1•H.:, 

aC(' d1d no t ·'PP•'.J.r, tht• cnlcu~o-•hOn usu12 tlh..' •·•lo.~hntl''thip m•1 ... t h t· rh• t k• d 
10 g P o• , (I I r ea lly dOt'S not Rl\',.. th~ dat•· of ICt .. p p • d roJnc• r 1' ... urn• .tpplt• .. 

fo r (30 I ) 

llH'OrNIC·~ll,Y. (!0_ ) n• o1nd (IQ_) ~u1 :-.tlf,':ht h •• •'f11·11 1• n l•u· &o .e!ll -~ .. 
{1 f', £C\ r e. t ' Q U•.li l Ct l ht.' .. \I'I.J lt!' " ~\· r I••Ulflt lot h.!• 1~\'t I t h• 'po..,c "-' 111 1 

.- t tJH .. ' b ..... ~u1m n.~ t' f tC't' fu r m..t.llOn on ttw .... ;u.· r fl u ·f .... r• k ! s• t."t10I\ ~' ' 

<;lOC(" fo r rl\'f"r~ th~ \' ol lut• o f - ~ .J~lOU~t.., uqu~ :' \' ttl ll. \· 1• tltl.. r .. . -
hund r £'dths u f a dc•J.trN"', th,· hm• o t trH' rt."''·• 11t'n!-hq > C'·•'' hr 'll'u"":' !rr•m •!· 

O l"ll!ln Of the COO f'lhO.tl \'!' 
P;ac t .call~·. h0'4 t'\'t'T, th(' ··rnptnct-1 n ·l.t ltU'l ... llJl"- a1.n I• .tmt Ill l • i.! l ' ' 

r .. -.r e.,- o ~ t:nt• h n11r' ... d ~u · · ,,, !1- T l.l "o , ... ... ,, lJ•·t•. , .... 2 4 hH'H'"o , ... d<···l 
0" tht• unt t tHt H" •• ·l(t, tht' T •·1• f • , t n c· .. lC'UI ·lll"l~ I8. : t , .. .._,, t 1 .. 1 )>' ,_,..,o:;un t ,j 

th ... l. t, ( ' \ ' • 'II Whe n eo '''Ct.''-- tit- ~m\y !'!Utht!~ \} ,•• >A.t tt•r : • 111p:t ,, • 1r• ,ft A lii!.. I• • 
fo rn~ ..1t10n o n tl!i< $u rf.,("(' b~.·~tn~. 1101 l f"~s th .ln .! ~ hnu r ... ~ ~ 1• ,uu••fl I •r 1(' 

to .tpp t•a r 
111(• lflltl.d '4 .ttt·r h·mpt' r~lurt:' e o .... l.uu l o, ln Prl 'lC'I fl t l. h• otl ·t~ lll• u h"­

mt• .• ~urf':nents a:\ a c : u~~ ,..t.•ctum up~ t n•;,m fro :n t•' '''lin !nr .. ·nwh ll.•· 
f••r•·c.Hot tS u £•: ug p t l. pa: , ti , , iS , .. uCin•· an tht· r,d,~ul. t ll n ,,. u •' .t~p· ··• l·''" •• 

(11'>•'t ~ .2 1 l'hl· Jt~1 1nc ,• tnml ~h i~ f>OI 'lt f: h(luld 111 t1n!-l c.~·~· ··q q,,J "'' 

h · n1:th o f th<! l1t'1 1A p olth liUI' IftC lll l.' p•' t ln d n f 1 .. dC"UL.J.th 't. 1'11•' ~L r 
t~'mP•'r l ltUt to r t ih ' d •'h t auno~ ttt"l o t ~0- .. h,,, d. 1 ~1 ptln<" ll' ·· ..•. l'" 1 lu • t o1~,., 
ft fl l'l l lhff,•r ,·nt nh t• o rolor:tc-.d ~t .. t11"1F t h •• n • ,,,, • • • t h• z, .,.. p .• 1h 

cons a l,· rt.•d dunn~ ~· •• c1a d .ty ,,f th• J ku •• l l tPil (11•1•''"·' .. . '. 
I•\ p l~~ctlC't', h " " ''··· r. Ill m l•l'l t C-' ... ... 1l ' \ot l H't•f e. , ... ll"h·~l'" ' ' 'd .JI thoo 

potn1 for wtw.:h tlh' h:t t'I'C ·•~t tl<i IJ•·ant p r \lhl ll"l .. l n~" ,. .. Itt•• .. ,,f !(L '' ' 
\.1.:-.Uoll • ' ' rltt• · : n tuhll fl·o:H ,, ,..IUJ,! l•• ~t.t l l ·'fl th• lh'ol l t :O.l to t ho J11'l l11 t oll lo' h!th 

t he I C';·•PIH':\r:lnc~ !o : •c.u ... t ll'> b(•Jnr; pr•'Plrt'•L .. ,,.. 'o.., )a:td r 1t•r .. til ... , .. 

,HO\.I.&lf v ,, (•• p·.~)J} o• tn th•• o•m p t rtC"U l I l .ottO l~ I ;JC: ) tu :-tr..~JI.h• d lli'U I"' 

Ol t.l:nl-.~llJ., h\' ._.u .... , t h • \ ,i l ' l••t.tt:,:-. Ul II hfs• I • l\. • .._ h• \ ... ••• 11 'II•' .ot,nu.t ' 
v~• lu ' .. of !9-. . lS "'' d .. ... ,.( tte. ch ••,-..rn\lt1• d t>y t ·4 u n1• t 1,,,d .. f •r ~ ~,n,•• 
tflh•n•,l l ( f t;. t'\ 1 I ~•\ tJ.ty!'t, ol l l' U"': -1.1::y n• t 1" • 1 •' r S: t' th .. ~ . L ( otU~Hft- t,l h I ' 

th:c rc.J.~·· 1n th•• cur.Lckncc !a n u t l ( th• p• r :1H:o.Mlll•• · · r f'(' r:>o 1n lh•' • o.~h u,,tl ,,,., 

•• 
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,,,J: r •"f'.~t;.trHc;: n ! tl••• ICf' · ·•PP••,,rauc<' cl:tt r wo uld occur a .. a r f"8Uh u~ lh~ 
.:.trr,p,, h c . u u n 

H th .- tl .l •" r d1 10o<'h ~•ra.-.s (o r rlr•pth5t o10d t ho· c h .:tracte r o f lh(• \~rHUitlrl"'-
m •t 1 utr h·mp••ratu r ,. tin nn t d1ff••r con~Hrtf6r.lbh• f rom th(' u~u .t \'U lu,•• fn r 
l I• $ll\' t n "Jlf•' l C' h 10 t h to 0 e- r10 d Ulldf"r f"Orl~ldt• ratiDn, tht"' d.'lt~ n f 0M,t f UH: l f"C 

•'P"' oi t.•ILC'"t.' '"' tJ,., r mu\l'd, suffr~a..-mty ac:ru r a tr ly. tw m(•::tnR n f ~latwnshaps 
1 t"• ~~~,, ' r IJO Hand Il l II In suc h cal"t!S tht•_y ran lM" u~ed tn rrepare 

~• r t· :-.Jn~·· ll"trf'C.-.~U't Of rr-u r~··. as •~ .:,.nt.•r .. Hy thr cas wt th f' nlp i r•c-•1 
t • •• UJO'Hthlp~. 1t1ey can at~rl bf' usf"d if l ht>y are b3st-d o n lon't· lf' t-n 
t~h ... o n •nllf.)rl data <AhlC'h rf" ( ec t tht· rt•a:• m~ on thf• RWl"O f1\'Cr s trfl u •h olt th•'' 
l.'l r1 •'11t h:fl l' 

< ' l 'hPn " " ' "R tht• rt• lauon•tllps IB- -f(&., h) o r I8- - ft«<o) ll may 
'• uL as ab' · an !tom•" c a'h' "· w tnt r tJtiuC"'(' 1n tht' c u lcul;u ao n uu-. t-O-callPd 
' r; ' u ~~ ·•l r t•·mp•·r~uurt• fur tt11' b('~mmn~ of trf~ fo r mati o n Rv thl~ <A~'' 
1·1· J r'- t:lntf th•· h u tht>lll:' H· m pP r •• tur.-. at ~·hach u· r fo r m a tio n c.tn h•' f.l1!1 untl••r 

I;!' I\ 1 •1 ronrltticm~ (w cludn Ht HH' 21\' •·n w nh· r tc mpf>ra tu r e } ' J"hl.' tnt~Jdurtwn 
f th•· cruarul t r'mp('r~uu'·'"• u1to tht· calculallo n o f a s ho rt- rang•' fOt' t•cutt t 
f ,,.,. \tppc,tr,u-.ct• C.Jn trw rt·a~t· thf" fo r Pcasttna: accu rac y fo r rt\'f' t' IJ C\n v.•h tch 

\· • fq r mor. -. 1 a r latt\·t.'ly hu;h v.•a tf'r t••mpt, r .uu r e, and for wtuch .n the 
~· Q: •tn• ' H:! q ( tht• It''' f<u •mauon only wt•.•f h•f'sts a r f" rnrts t r rrquf.'ntly 

n • C' flll c·a \ ••lr t••mpt'rdlllft' lOr lht• b~~IOtHng of IC t ' fo rmation On thl" 
\ dl .. r ~:.~rid .. . c .tn ~ rrprt. .. Sl'IU~d 1n tht• Co rm 

I - _ •••• + LE: + 1; 
('t • • (32 11 

• t.• r "· 1 ... ' h•• .,. .... f'r~ .. it,.. cross- .tH' C'11 Cm oJ1 'A'at ~r temp .... ratu r {\ at th,-.. ht-'~ 1nmn~ 
r, r · tw h ·· lo rn .ttl(•n, m. IS hf' eo~f•ctt'nt o f h• ... at tm ru: f f' r !ro m the u. .u ... r 
•r.d''i ., lht "_.,,•r -.Hr a nt••rf~"·e ( u r th..- f',un• ... n1o.n cnt, LE~ .tnd / / ar••, 
t· '"P' ("hv.-1 ... , ht· h• ~11 • • •. m s f· •r by ,~""'por . .ntnn and th«:' e ffeCh\'{' r :u:h.uum 
., \ .. ., o.~ tr tf'n• po•ra un• ('qu .. t to tht.• 'A•au•r-su r facc tE'mpf' r ature. t IS lhf• 
rt•· filet• nt n s IIPJt r xch ... n~:r (:!H•e ' 2. el 

~;t1'1 .. tt()n (32 It C'dfl IJ·· used to an~• lyz<" th(' \'3 IU .... S (\( e(', "ht.•n a sy•Hrm.1UC' 
r• f nr-thTI~ I ll\ m~•dt• (C'I r " Bho rt-r..angc fOr \.'C llSl or IC(" dppc.·ar·anC'(' Usu~•lly. 
.. .. df't tNt khOW ' h t• ... ·.alut• o ( e. Pl"f' CISt.>ly at the momt rlt o r ICf' .tppt•t.lrunc<· 

f t•t'rrt uh ... • rv~• tton d:•lb (tt lri known n n ly at tht~ s tandard obsc rvdtiOn hours ) 
nt•·n (t• r't', ,, ;r,n'= 'Nith the calc uh•II On o ( Ocl by t•qua u o n (32 , 1). thiS va lw, 
... 11 1 ,l.J ,, sq tw d•1 t••rmtnc.."d t•mpl r tcally It s hnu ld be bo r ne i n mind that 8rr 

•• 1r ' "Il l••, iJS ("(t O lJ•1 Rt' t'O ( rOm (J 2 I } 

Jr. f •• • ,, JoC t1111l l('t' ••PW'ar.ulc •~ w f' should usc the valut"S o f 8c-r m ke n f•·nm 
· t ~·. ' :r. d lr r •'CflrtJuu: Utrt•ct d l•t •• r mulauon o f 8cr (ro m (J:! , I ) ts 

1' 1 1 1n thn-1 r a:.f' O t•• dt fftf' ulttcs are conrwcted matnly with th t• !act 
•t tt d11 ., p rt'' p.a n nR a ro rt•c.uH by m eans o f c mpirtcal r e la t ionships the \'ahw 

( (),. )C: Ultk.OIUil 

U In l •n ·· r a ~ tt nq: the .tpp••ara nce o( fraz1l tee on the Amu· Da rya Rlve r 
th•• fnllow1n a;c <"t,u.- u on 11 U!lif'd . 

,I •- -7.&--0.0244x-c, (33 I) . _, . 
,he- r·· !8 It' llw "um o f thl' mf·.&n·dturnal a1r t~'nlperatu res durtng tll r et­

•- ' 
•l·~ ht"Oft•JI' Itt•· AfiW'aranc-fo ()( f raz al IC"'C (durang and w1dual days o fsummntaon 

. , 

r • wtr I" , . , • .. ncl • rn 

'1uwntt; portlt 

~ 

c r •. nh. K•pcro.t\o and 
Y ,ua•,.,h-1 .ul 

h.flk•Jl' a~.J l .u 'tu)tJ 
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·- J {1'11 1 
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3 2 
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l>«tT b<• I .. ~ '" I ... 
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I 0 0 0 0 0 I 

.iJ 
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~ v 

" Ill rtl/1 

f 1(, t ' &:r ll. t ('f'lfi.Sr n«- 1 , , , C' ot tl'<r '"" IS"v ... o~to lf'OT"f""U INt· 

4r1' 41 
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0 

2 

1-MI r•r C'l.,. • \ f' l "' t' r """" ~"-tttr•'~.-,., '-t" .. ·~ • ~·'~ ' " 
dw 10""'0 <w• ,:;JI "1.~" t•r I nV l ' f' • ' t't' J # ,•,'l1l ll " \ U -1\ t•"T" 
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-

ht~(!ln"olr. '! o f tin> l"ll~t.,HfV"'lnn I!' ~1 \'t'O, but 1111" d*t l f' UJJ tn Ydurh th~ 
h· ~Inn tat: Ul uw r.1\'•·n ph,.nL,mo·non, 1n mu· case the appf"ar~HlCf" o f fl,.,ahng 
It'• • tto. nnt '''P•'l-.h ·d 

1 ·n p 1 • I' •' ' ' ' ~uch (nrl't'rtSt~ ll 1~ f• ·~ 1h k It) us •• : lw ~t •• mJ.u·d rf'l:\ l it'ltljo;htp~ 
IO- - /(Cio. II) or :!:8--/(Cio) In tlu" NS<' , fo r· a n·llubl~ fo r ocn•t. we s hould 
hn .. . \t ' r !t t'o..::uoH· ' ' ~ll~htly lo'"''~" r C'XIJ('C I•· d tdr ll'lllpt' l'aturP 

\\Ill II JH • p .tr111.: SIH'h fOI"f'l' •t~t~ l'n r )a n,,: o• 1' 1\'l' I'S II I~ JW~!'Cihit- tu URC" 

c·f•nfl ,,,.nc .. -li lll i t cu rvt·~ for th(' w.tto· r · t· ·znJwratun.· d1·o p ctu rinr 1k·ri nate ttm..­
lnt• n ·aht .. ,Jt:u •·•· It ~: • v • s conf•d••ncl' curvo•s fur th ..: ten-day wutr•r 
h ' UIJH' r :•tu r <" drop .. t ~·' \'f' r..t 1 po1nts o n lh .. Ob' ancf h ·tysh rivrrs Ay rnt•ans 
.,( th,-..;, c u r \'('!' It~~ pn~!'t tbl (' 10 prf'parf' fna'i-'C"~tHts o f dt Ht•r e nt d ('Qr.:cf; o f 
cr.nl u.l••nc • TIH• ct~ttf" u p to whach the a ppL'.U":tncc o f floatang let" t s not 
•'\':p • r tN I , ,. df•lt'rnlln(•d b~ 

(35.1 ) 

"'"' r•· D ' ~"- th•· ct.t t f• up to t\hich, with n (tl\'•'fl r n nfitJ,-.t\Cf' llmtt, th• · 
a ppt oir\IU('i"O (1( U ' • ' I~ lltlt ' 'X'f"H' (" f('d, 0. ~~ t h f" dah• o f p repnrntinn o f tht' 
h , .•• c", lfd, At i to lht• IA'otlt ' l~· h' n'lp••-r, ,tu rr drt'lp tlur'l11(! •• u ·n·d3y p ••rlod wi t h a 
f'H"l ful•· ,w• unit n f ( '... Wtth Ge<Aftc It ,,_. nflt rrco m nw ndNt "' Ufllt.l (:{S.J L 

t c;...,m••n m ·''· Ill o n lt•r to t.h~p.-·u~r " '9\h tht-' v.-.•. tthe r fort:''-'ast, J:.rnphfl 
n f t h•• f f•lln "A Ill(! CtH'f'f•) :ti! OnS :li' C' US~d tO (Or f'C3SI till" appearancP o f flo'lahl1i! 

I I f •r lito d th~ pf u··· .1ppo•,J.rant' l' oHid th(• 111\tf"' o f th•' transitiOn of th~ at r 
t ••m p•· t •tur•• th r·nu~h fr, 

.!t ft1 r tho• c1alt' o f t C'• ' ;~ pp•'lt ranc<' and ltw d:u e o f thf• wate r u•mpt.'l'oHUI'(• 
·ll·np lf'l ,1 d~·fa n l t•· ,,,dut•, 

t 1 fn r· •h,.. tl :t '•' o f t h(' a ppt'n r ;lnN•, tht' d :tl r o f t r n ns1t io n of n tr ~t•mpt"r'"l-

1\l r·,- throu~h 0• • . • nd thf' d :tlf• ShO'A IO~ \\ ti ter t('mper :ltur(' fl d:lv lu·f~lrt• , 
flo , q•· t·, ~HC"h rf>l,Jtwnstn p"~ do n('lt S.,'U"'l r n ntec s urfic trnt t•t•ltah t ltt \' «'f 

lh·· fn t• t'. 1 ... 1 T tus t!" d,,,.. to the f:tct lh ..&l t h~y do not takt..' w tn ;.ccou;ll 
Jl" .. ' lhl • \',lrl.dltlll~ Ill tlw I Pnl iJ{' I"~•UII"'(' ..abo\•(• oUltJ bt' lO'A' 0" (,\ft••r ,t 1/!)\'t ' ll 
11 l 1l"IIJnn th rtuu.:h W l f'l O•' IFH I \ '(' \ ilhtt•,._), .15 \\'•'tl a~ thr \' ~i iU £' (I f tht" 
•t• i!•lll\• · t•·rnp•" l' ottur•• ,&ft.• r thf\ t r,lnstho n thr·ough 0". Such n'launn~htps an) 
•h• n fr.r•' pa ru ru!.Jrly un r!'hablt: 111 r·<".:tons ur in p~' rt()df; w t t h a n t r l'(' itU Ja r 
t•o,u ;- ~t• Of oltr l • ntp••r'-"lU r(' 

< ~. I .. ,., , ... ,, ... tuu: lh• tn l · ·n~t fH:- .• ttn n .mel ~ '"PP·• l.t~' c•( 
tl• u· · tnft 

\ ~ tlu,t tln q; l ('t' oU' C'UH\Ul.H•'S, 1('1• f1 ••lds (nt't'~ ) arr fcu ·mt'd <lOd tC"t' fl rlfrll\1! 
t 'lt• II.., af t•''- If·•· tlr•t f l tl••n sat::. 1 •• •• t•xt••nt of ICC CO\' t' r on th•· J:,,., ... n n\'P r, ~ 
l i u ... u~dly ~~·. • tt tn lhn••• c r~~tl.lllf•lls ~h l.!ht I{' •• cln f t (rlou tinc: lrf' C('l\' o'rl'( 

· ~'" tlt.tn 1/ 4 q f lh•• , :it•· r o;u rf I (' •' t1 f tht• •·•v••r ). fll(•d m m u•(' rl1' 1ft (1C{• 

r o \' •' r ' 11 rn t/4 tu t /2 d f tlw 'A'.Jtf•r su rf..ar o~) and a lrn OfH compl••t f> t (f' tJn ft 
fir•• ('"lh • · r·~ mnr·•• th.tn 1 / 2 n f th·· w .H •' I' '<~ urf.•ci· ) . 

I h•• If'''· '" rfl tl• u..;. tty ,, 1 ,1 l!l\' •' 11 Lt· ' '~'" r! :-. II•• ''' 'flt •rui~ o n · (rq th1• tr tal 
h· ··•l · t r ,n.., f•· r tlurutt.t th·· 11111,. f r·o m th•· ·•flp l-' .,r ... nc c o f floa ttng ic•"' unli t t t s 
arr l\ .d :-.t Ul•' ~1\'t'll J!•• J!III~ ,.., , ,., {h ) lhc fl o w vdoc 1ty o f lhl' riv t> r Slt'•·nm 

.olld tit- dtSirtOUUUil ' ' \ •' I" lho• (.{) I rt '"'J)UntJth..: I t \ ' t. I -~tl t h h , h.._ (~'' l ln"' 

v•·luc aty .1nd rl\' i"r \\ttUh lwt...,, • ._,t th\.' i C I' •·Uat••ho tHl lh•• "'''' tch ,.., , the G"' ' n 

go:t '=H'g Slit' 

/UI . .. 
VJ 

v 1-

;o v / 1 
v lL ·-

./ 
/ 

1/ / VI ll 

v !/ 1/ 
/ v .,....v I 

/ I./' 
...... 

A':: ....... 
,n 

Dll CI!Jt1 , ~ "' 

r tc. t'~r 1. ' ' '"''' \l.tn •un1 (It_ ) mitt • 11' • 
t• .:.at .c .ut tttnl"f" '"'''r-'(f·~n rttt o~n..: .t• .lltl • ttl<''.,_. 
u c•. n•<•" -'" I<"' I ~~n:ltn: ~·I 1- t . ... , " "' ,!11fr. 

~- 11 t'J 1.1m ooll" ' ""· .,,.,., j'ld &t• .. 11t 1 ... • • d 

ti t' \UII'- r.t ,,It,..., l• • · 

i'- U! U I\ 12 ~hH .\S 10• \..al l.~I IUU 11\ fh " m~oQIIP . t k .. ol (!9- } .. II \hh I •• ,. 

fh4·o•~'t,I I V fo r th • ~ppt .• t.HH.. • tH flt•.a \ 111 '! ,,,•, I• "-;tot,; II\ h (,t r 11
t h• l:UI 

C"l( ,1 slu;l~t . m ··d tu nt ~a nd ••lnpl•·t• u.-· \It t tt , A tth ''' ~~ ••••• , P.n ' \ • • •'lh 

~· 'tt\' • rt , . , ,.,....; ....... . th•ll f• n tt., d ·~ of ·'PP I: oUI •• •I f'P.t" •tr 1\. I f 

(l:O- lmtn {'I( th•• m• .ul cli u• n~ J,, tr l •t1 p• l'.•t\11• ... . nc wt·· th• t • ll• l>•t . .lt. t • 

th• "·') n f n ••. l:t ll~ .. , .... ·•PP•'·• I" .lfl• , •. uut '"' ' fl II p• , ,, ,,, •• nr : h· d.i \ ••1 lh• 

l •l!IIHIIIl(.! o f ..., ,1 ~ !\l, lllt"th ,11\ .&ud I lUl 11 '• It ' II III f• ""i'' ' 1\ • ·. 

l'lu•t;•• g r ..&phs ,111' t hl :->1 U t HI d . ot.l "' Pb .. • I\ aH In~ 1•11 t ·. t• \ 11 l! • II ' to• ' lt• 

1n outh C"l( tho• " ·•ffi·• '· (.l\.• .ntd " ·""·' : t \ • I ., 
·nl\' I H ' IIl(' q)\ \ · ..ac, ·u n h m! tv \t htC'"h th·· ' "' uo· ... ' I (!8- ) .u . .. tt:.tl •• I l' 

s u n ala r IU th..a l II\ tlw c; ,o5 t (,f 1111' r'-' . .J ll 1011~1up .. (~9-) .. - /(Ot) I .• ' ( 1 1 

O f th"~ f~o (' \f'\r~ sndh • .-h•d ..1S tht•3 t" u n 'tu<.h 1h • tl• u ..... , .., "I '' • dtll l • .t • 

g t \' t ' U l.!· t~lll~ ~Itt f'f t it•• I ' ' • r t,.h V• IUh, fili i\ I Y. t• ••l 'ft• t' II• 1• lh• t oot.f ' d 

t 1 ,, 1, .. (t-1• ,, n~ J tho• t!o .\ \ •lt•c.. 1t~ I ll t h o• ""tll t t1 ltt•l II • ..! ~: I l! •CI'IC "'tl•' l"lj t 

th t,1l ht·.Ht r,, u:oo ft'r iS C'h.•l'ot\lt' l ll.t' tl h \ fh• ,,, ;u, • I t-O ••'1tll'• It'' ' 

\' •• ln r lty, b~· tlh • Ht• .HI\ • "''II) ,fl th• L1·• l! I IIC o. il• •!1 U • tt '' >~ 1 1 • 1 .·1r ''' 
·•Pfl • ' .t r~• ll(: o • Tlu~ ... 11111';11,. otl lt 'O .. 1 t h • , . l ot H"" llq• I pto .. ,. , , . •t I' ' ' 

( 1, th,• t'Xt :O: h l h ' ,,, .t l '""" ' t' ltllt\ Ito' '". II tl . .. Il l I.H. \ ' • ' th ··•·t HI• 

'"'' ' '"'r..t&.:!. ' '"·loc!ty II\ lta t 1 'h .. !'-\'' t 1t•:1 .. •al o• t' • ' ' :' • '· • . , •t 
1 

•.. 
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SPC"ti tm (t( 1h•· g ;u:ana: s itf' n nd th•• fttlw v c1o ci t w ca ()H Ua•• pa th n r ic •• d r ift : 
(:! J lh•" r .• c t th;\t th~' a:raph~ a r f' bou:; •~d nn n b:((' rvatlo n d'., ta obttuncd ;:, t a:agi na 
s tt•'M n f l:u ·a ·· to-., land ru·••r s fo r eondah nns. undt:r whic h th('r O (')URIS a 
,•(•tHI··rh n ll bt_•t wf••n the a v••r n q. • c u rr••nt \' f'lf'l(" aty ._ nd thf' r iv e r >A' Idth hn 
p.1rtu: u : '1r, h · · nvt•r w aJ t h h t 'I 'A' t'l f' fl th.-• och nr•-· 1r ••) 

From t h<" urnphs o f Fa scure 12 it I S pnS!'f,l b l e to d <! tc rmtnt' th~ time o f the 
b•·~t l nru ng o r sh gh t, m''(h u m o r r ntnplt-·tt.• act' draft tJn dt"cp reaches o f 
l o A t._•nd r tv .. · r s ~A~hkh. hy thPI r n"IQrphu logacn l cha r ac tc r is h cs, c o r r .-apond 
1o lh•• r l'q•u r ••m ,..nt!t unr>O~•·d on the s tre tC'hes or c: .tgin~t sites 

Wtwn usw~: th··~ ·· ~ r'fi flhs t•> fo n ·c..· :uH the dt>muty n f ac e d raft ove r a 
('"t• rt: .• an d \·,. r str r tC" h , ~nc ludine r ,.:tc ht"8 t'l f \'a ryi n,:t mo rpholo8:ac a l 
c ha r nt· t·•r is t af'f't (d• ·f·p ~ ndshallow S f·CIIo us. b£.'nd!i, sec tions wit h br~u~hcs. 

a.9lands, t"' tC t .,.,.. m us t a llo w fo r \fariatto n an th <· draftll\( capac ty a l ong Ute 
1'1\'• ... ,. anrl durin~ th f• p<' r ind o r I ('(" fnrm ah nn. It shou l d a l filt) bi:' bor ne an 
n u n d that o f ~rt.·ntt·~ t p r·actic .ll H\t t•r£•,_t as nn nbs t.tc h .... to navica h on is th<­
tu ~h t.· ~n d•·ns1ty o f ice d r ift at thf" g1vf'n m om ent on p a r ts o f the c avcn r 1v Pr 
str~tch 

. • 
~ 

/ 

' 
v 

/ 
y • 

v 1 

/ 

·-1--

• • 
r JGllfl£ 13.. \'.tra.tllon '" the. sum It+ of 1M rnun-,!uun.t l 
.tU t~m~J .. Rllf'l, RCCI'U.-I JY IOJ l ht UOJ'rJII ~f' of ill 1h~ht IN' 

dull, • lib t hf' I IIRl ~~- Clllht I' .. '1•\ltutll• l PC' oVfiY~ a h 

trm~tJIIhUC"t fra f'1 rtw d tt/ o f f lo• ung""tcC" .1ppr.trttK'c 

Tit •• \';.nataC\ 11 111 1h r ... d ens aty o f ice draft a long th f' r \v t.•r , o .,.·iniJ to the 
\·3 n a t u m tn thro t·t rtft ing capo..c:lly. as At i11 no t s uffic ie nt ly 8 tudi<'cJ. 

t\hhoulfh ~IJ i n lf site~ a rf" usu~• l ly p •·ovidf'd on r ivt-: r at r·Ptc::h cft o f lu. rg• .. 
d~'pth w1 th r t•l:.tive-ly tow c u r r e nt vt•ln<" th C!4 (com pa r e d with the: v e loc iti e s 
on s ha 11ow St'C liOnfl ), ma ,omo.~m d.-·n s ity o f ac e d rift w tth tn th~ given r t \'e r 
cotrc tc h is no t a l wav~ o bs ,·rvcd on these S~" C: tions . In a number of case s 
hl gh ~r dcn~ 1 ty fJ f th,.,. ac e d r ift IS pt'ss abk o n ut th vtdual 8ec t ions o f a s t r ro tc h 
und·· r consadc r allon than o n the give n g-Jgtng lUll' Tine s hould be borne i n 
m \nd wh e n us ln f:t g r a p h fit ltke those in Fucu r,. 12 in the prcparatao n o f a 
tentativr fo r ec a s t o f the dens ity of ice d rift on som e r ive r etr e tc h . 

.. ~r-om th~ ~r.t llh an F a~:u rc 1:\ 1\ as pOSI!Ubl~ li'l c..lf" Wrm&n•· th•• pus~amll ty 
u f the s topphqe o f a ~h&(llt aC t' drah upuu ltlt' t1H'tt.•t o f ..t nw t Ung p • r lf"HJ, In 
h1s ca s• .... th (' sum o f the rne"n dtu rn ... l pustt a\'t' .. ,r t rmp• r .at tar·· ·-c. n•·(' • !'>!<ro·•ry 

to ~top ac (.• d nft . as d t! l t! r tnancd a s a funcu on o f the f';UOl of m•"~•n d lurn.t l 
rt" JCa tlvl' ai r tc mp\."rlltu r cs , sta rtan~ fru rr. th e d.:ty of noatlfl~·tc<- rtPP"·' r .u,cf• 

T he &:: r·.lph as hns t•d n n (ltJSl' r v.H a\Jn dat a f'l r t h•· \"ol ii( ~ Ita \' • r m•·a~u r··d on 
the ~~ rt>t c h f rom the Hy b uas k sto r~ l\.' ~ S•· n ·uu to thr m o uth o f th• K :. ma 
H1\' £' r , TI\t' g r aph can be ust:d to fo rtcdSt &C£' dri ft o n nl ,..dtUm and la r g e 
n ve r s "''ith s im ila r heat e xc hangt' cond atlons . 

C. F O RI::CA«TS IYI T II ALL.O' \' i\:"CI': FOH T il E 
Cllr\ RACT~:Ht . TIC~ OF A T~IO:O: I ' II EHIC 
l 'll( lCF!'SES (1.0:-<G- IlA NGE FOilEC AST Sl 

In o r d(' t• to •.t. o r k ou t methOd<ij: fo r long · ran.:,• for•·c~uHF C'lf ac •" r•p JJP,,rance, 
t t i~ nrcc s s 01ry to e\'alua t~. with a long fo r ewu r m ng pPrto d. tht~ d ..• tt · o f 
.uuumn wa h ... r c('l()lana a nd ns int!'n!(i ty Thf• cour8·~ o f .t.'-.1t• r coo ling 
d••pt•nds , ul thP lonJ;t nan , on th rlC'\' t•l<•pm ••nt t'f .Jtmo Fpl·w r ,c p rorrssP~. on 
the- fr,'qa ~t·nc~ a nct m t t•ns1ty o f th~> tn r'UFh of cold .q r n r· a CC~t d .... ~• \'• · 
.. ~nr,•cast hH! o t tC"' .lppt~ardttCt'" \\ OU. d he m o.!lt t o cf"u r'dh.· af 11 N•' r •• h ,,e;.•d on a n 
en r lv t~s t zm.tt•· o f e •• c h r old ·~o•a ,·•· ll<'w•·vf• r. t)Ur p n •:;,•nt k n\-..wl,..d j;!t ... t) { th •· 
ta ..... ~ lifO\'c rnanu a t m us ph •· r ac proc,•Jil:.cs rmly P'-' •·mats s uch' ..-ttmat•·~ "-'1tl. a 
s h o rt fO r<"wa rmn~ P•' I' IOd It : s possabtc to C\ .llU~ll~ wtth a Inn~ r r \' \ \ ,lrr\ UHt 

pc• t~ Od o n ly t fW p r e \'dlh ng a t m Otcph CI'IC p r ()C' i'S!lf' :O fin d lh\ tll l: t l n r •• \ '~ra ir!: r-d 
h.'ntpPr ., lur('S nf 1h~ P• ' r tod £n whtch the wat~ r C'Otl bn&: t ak~Jil p ldCt" a nd a .. c 
fo z·matte'ln b "~UtS. 11tesc \•&1Ut.' 8 d c w r man"' ' " gf'ncr al l h t• frt',...ZUIIt t lmf' o f 
r l\· .. · r N tn t·n~h \'t· ~u·. T hus , e . 'f .• o n tht" St.•\·erna~·a 0 \·1na . 1-'o.~ ma r·n·f" r~ 
.tnd o n l h f' ri \1 '-'~S o f \ \1(tSt ~ 1b<-r aa t C I ' .-ppt:a r s 1n th.-... '"'<'Conti h a lf o f Och.--.bcr 
or tn th•• ft I'St h:df o f ='o\ ('rnber In t h e c a sr> o f i nt•·ustn • f'(\(_ tlan~ 1n 
Octn h, .... r , th f' ~A'3h'r c ools do wn r .lptd ly a nd usua.ty IC1 ' bf'~ i ns to hwm t. l r l'a dy 
lll tht§ 0\0ilth . If th~ Qc tobo' r roohnCS oi FL' O( lOW Hllt'IIStty . lC" l<•rnl(• l \011 

,~ Ahlft~d 10 ~0\"t'mb .. -r. occu r r 1ni; n t l:ttf' d ... tt· a:; . Thu$ , tht• h m •• n f ar t.• 
appcaranc~ on t hPs"· r l\ e r s as ma in ly d"·l{" rmanr d by ttw c ha r d-c W r o f t h£" 
pr(·v~ iltng .ttmosphi' r' lC p roc c·sS•'S and th l.' n~su ltunt ch.tr.tc t r tsttc o f a ar 
COt"'~lm~ tn Oc tob~· r C'Onn"' c t c d 'N1th the m 

nr cou rQf' , th l" h tn<' of tht" arrh·<~ l a nd th~ .. tntt•nf.'tty or w di \ ' Jdua l cold 
... . ~\·t·~ . pa rtu.·u l ~t r!y ~H th(• ,•nd o f th,_• p £> 1•a11d o f ·A·., t t• r t'fl{)l m e. apprt.'t:'l. th ly 
n f fcct th e U.Ht'S or IC(\ .jppt.t rancr 

l t IS ch•a r fr,, m the abO\' \ .... .!-O aa d th ;1 t th i." wo , .. k, ·tg Hut n f .1 nwth d f<•r I 'JIIlrt· 
r.m~·· fl•rPC \.l l"h n~t o f \C•' fo rm • .t.t w n ~hould tnC'lude 

0. ) ,U) l r\\'i'S \IQ.ll1011 Of th(• p t•('uha r tt tf'S , f th•• ("Ofld\IU.tn~ f If'•' 
fo r m .• t aon on t il•• f!l \ ' t' n t>t-.dy of .... ·a tt·t·. C' l a ra fu•atw 1 ' " l t'w ha .;oac · · lt•m• ·nt ~ o f 
tht" poit' t iCU) •• r• hy dn'l\Os;:ac.d ol lltf O'H'lPOrO)t"Ch':\) r• I:Hn•~ , ~• nft o f thf' pn~$1 bl lll)' 
Of il J10'A' IIlf: fo r th(' 11\flUCJ\C(' Of h:o drotn~ I Cod f,t C t (l r !tltl lnllo.., · J',"' nit•' (Or • \. olft \l llJr.! . 

b l an ;u m l \'S I:t o f l h (' .t ti1\0S~'h••rt c:" prc•c • l; <; t '\: th.H d o lf'rtll l 'l" f 11ro ll lflrt<A' u ( 

c oht rur an to ~h t.· r•' '!JC\11 o f t.l1f" r •·!'t, 
C' } df" lt:!' r Olii\.A I ItiJI o f l h t.• 11n1f> t.i••pt•tHf.o nt.'•" • If .tl 111''" r ' l• I' l l' prr\("•· S II". o' h hv 

m eans o f whaeh 11 ~ ~ poss1 b lf" to 1..' \' ,l h.hHt~ th•· c o oh n R wt••n.,.a1\' ~· t th a lunu 

fo r c warmng lh: rt \Jd 
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I ··~nc:· ran-.c•" for~c::aflt t inl! of lc~ Jth•"nomt•Aa t~kett m tn :-.rcount tht• tim<" 
d• .... pPnd .. rwP nf ntmosphc ric proc~:ss,..,. , .-s d\.'l••rmint•tl f r nm i rw cHt l i,!allons 
of th<• a tmt)Spht~r•c c:i r culation and f rom tone· r a nge w•·athrr for•"'eaMtin~. 

In m :.u1.Y CoJJIEt-11 o f hy drolotica l foreca~ts, &atudac tt,ry r t-Rult.s art< 
nht.thwd by thP us" o f ~>vt"n the m nflt lt'n~ral ~gularatleta of this kmd. For 
fttrt'NHltm~ purpC'HU·F i t is poMsihliP to confin~ orwst"U to th~ ul!le o f 
dt' \.' t"ll'lprn••nt r(•culari t ies o f definite types o f proct:tJses (in a ct.finitr timf• 
<1f thf• yr·n r. 1:1 a d<ofimt~ r~cion), by u•inc thl• lnte c rated cha racteril!ltks 
of th•· proc••JII'JIE intN ISiHPs. 

, , ... tna l.v~i .1t n f a tm os .llf' riC prOC<"IIfli Ctt a nd th" lt' de\•t" ltlpm~nt u fi'ually 
h·•r: ln~ quahu:utvdy tlu..-.•cvcr , for· the mNhod o f hydrotoc tc al fo r <"catUinc 
ftuaftt al ::ttln ... chaf'~tctc ri 7:'ltlnn i~ o.~ls('l n£'c ro"sary. i\ qualttHtive t>v.•luatio n o f 
t it•· p roc .. ·s.!i:• s uw\'1lably i n fM"~\ICf'M ran .-·h•nwnt o f .cuhJeetlv l'O'-"Jhl anto the 
l··~·htHI III• '. ••vf'u 1f th .. • f'(·~ult as f' Xprt•SMPd by u number (fo r examplf•, tht" 
numht• t• n f d.•y.A 'Ati th prnet·~st"~ uf a dt.ofin ih" type-· . f'tr . ) 

t-: \p••n• 'OCt• l"huWS lha t in t hP Pl'oaC fic,&} rl llPiiC:ttiOn Of fnl·ec:.&Stlll~ 
m f'lht <ltc, 1nc1Uthng quallt:Hiv~" '-'V:'tiluatao n u( atnh•Rpht•rac: pn.~t:",;~>Ct•s, tht• 
lll''.an .t('CUI' Ut:'' )' o f U l l" ffH·cc:as L-. as, us a nalt•, <'Ur\S\d t"rr.Uly l n•·~r than Utr· 
r m 1f ul• nr ... hm11 o f tlw m f'tho d coelc:ulo.t toc.l f rom thr· d .ua of c h•·ck fo f'eca8t8 
fq r· !'••" t '"''"'r,; • 

In rllff·•f'f'nt ~··ographic:al r t"gion !IC th~ a r ra \•al o f rC'tld at ,. u' ccmn<-Ct l"d with 
d1 H··r••n1 a tmn:-cphcric prOC~8Sf'S . TI1c poii~lbt l tll\'8 nf a qu..anhtatl\rf' 
c har._\, l••f' i 7 .1hOn and f'n rty cY3luation o f tht• fif' Vt'lnpmr•nt of tlu"tt"' pr'OC•'SS•·tc 
.... , ., . rt) ti~O diff•• r ••nl Lour·rangP for .... cnstanf,! ••f ict• tapp• .... a r r•nc•· fo r· t hi" n~o•crs 
nf ''(.rh .!l•ad r~'~tou thr rcfOf'!' h~•f': lf5t pccuhn nta<•fl I t i :o~ Oi"'("t'~&.t ry, 
h~ "'-'''t• r, to n t l' th ... t t h•• daffr r~>nc••s 1n the t.!XIfltlng methods, wf11ch ha\.·r 
ll• • n d • \"t•lnpo•d !II d iff·· r f•nt t imes, St~'m from th(' t(raduat C' '<PoJI1810n o f o uf' 
kn11 .. tt>OQ:•· ,.f tht' l~w~ Q:O\'C f'n ing .Uml>spft ,-. n c pr·occthH'8_. th t· Hpp~"3 f'dnc(' o f 
m \' ltldhndS Of 10\.'I.!C\ hlfahOn (I ( th~ d \ m O.sphCr(', part ic ularly f'l( lf :o; Uppr• r 
~~~· · ·r oc , ·•·•tl tin• r~rcurnul:uinu o f t h f' corr.-lilpondin[! n h!lrrv.th cm d ,H.i 

\ •mi.! ' alh thf' dll'f'Ct d •-.rn·ata •Jn o f r•·!atluuships for ~ach ,M; \ r t ·tC""h o f the 
n .... ,. nr fo r u ulu·u.Jual pOints on I t , Hl tonu·r:enJ!t' f(n·rc-~tsti r1Q: f'l f IC•' 
p h ·•w tm••n,t 1t1,.. r&V•'r!' u rc d1vide d into zorws aud c1 u!'Sifi .--.d ,icccwdanL: 10 
I• rr at n rl.t l tl t-c t rabut w n o f Uw da tes o f the bt•~inrnn .: of icc plu•n m•·na (wllh 
d· " ' •tl "n~ fr,1m tlw r .tt•·d \·alu t•,!il; , hack,;: r ountt fort:-ra!lt~. N c L 

•r, f"flfO fl otl th., lf'lhtl l tcJO IS po"Sibif" :;ifl\!1' tht• d,th·~ or tfu• bt"~IOil in~ nf 
I• • J)h• ll" ll ll'flol d· P~'lhl Ctll l il t' Ocvdoptni'Ut or ·•t m n sphe ric P''''CCtUit.'f' 

• xto Hfh'lt! r' \' ' 1 ,, l.11"1!' ' t• · rr·i to ry In fact, ••x .• ma ntnc thf! m np o f tl1l' 
th ". l .tUII•t~ ( fr•o m th•~ riH~"d \":llUt"R} C\f lht" d atf'S n f ICP a[ll-"~3rancr (aft 'A"(• II ;t@ 

o f th· tll \t• ... " ' th· · b· · ~UUHt1 l!: o f ' "'' P'-'l"lOd nr s l:th lf' icr anti of the ~' l'~ril1t,! IC• .. 
d1 tft 1. If •·all h•• ~··t •n tht•t d €'vt.tt icms o f Ul' ' s:am t• si.:n. and •'' \' t' n C'loSf" 111 
tndt!l\l h u J••. ~cur 0 \ '('r' •• la rl(• .... t••r.-itory Clf a p:trticuh•r rlvrr ba~tn . TIIiH 
m-•k•·"l '' 1\0H .. thl•"" to ~· ·p~• rat(• r<·gi,->n~ within t•ach o f 'A'hlc h ice phfouum cna 
•m th•• r 1\·•· r c h··atm " ' dutt•s wh ich d 1ffP r frorn the no rmal datrA to the sam•-· 
· '(f•· nt, or atm ofli t ~o. 

"11 •• m •· .• n '-'•' \ lflfl''" f r o m th•· r~a t• ·d \'atu,-• If; t.•k•"n af' a q~'>nf'ra117.cd 
(t• • f'f'J flH·t~H ~ h_. t'.,tCtf'f' itUu: n( th•• tt m~" o f JC"' ;~ppt"a ranC.t' (or or thf" 
II• ltiWIIIlit u f ,,unth• .. r IC., pflrn,-~m••non) 00 d if" nv.-.r s nf a CIVI"n r l"l inn in ;& 
~~ ... n .... ,,,. 

Th• ti• •\' I · •WHlS of th·-· d .... ... ~ t ') f ict• app.-•a r ance o n indu·idual At rrtc h t•8 or 
I t\' • 1 .. fr o m Ul• r••rratod .tl \.'h:a rac t•·rast tc d ••pf•nd n n t h~ t' IZl" o f thro riv t> r rt 
.u1 i Ot••• r h\.Jruln~J c~t p. c u i i .&rah cs, t nt" d c \·clopnu:nt of cold ..-.. v-..·s. ·•S 'A t.'ll 

a:o;: tht· ..annual d~'\.'lahnns nf th•• bound•u·ws tJ f the r••~:•nn:oe o l untlt"'~r:tl 
atmo.-,pht· r(c proct•:cst:s fro m '"" bounrt .. r ws ("'f ,., ,.. r'·•rticu l.• r "' {!lfln!C lo 'c••n 
far penn .. nt•nt rt.'C.ordi ni(S 

·nw .. ccu r .. cy o f for~:.·casts p n •p .. r •"d fo r s p•"""'rtf1C" r n-·· r a tr•·h 1 .. , hv 
U8UU: fnf'f'Cit-!ltS Of thP R:£>nerati~ed tf" rrlton~t l ('h.! r~.rt•• rl•tu hh1~ 1• thr• .:o \ ­

calJ ••d mNhud o f back1rounJ fnrec .. uHin~l m .t,\ IJf' fl'Om t• ... h •t : ' ' -" ·· r rt ,., th­
CXJ.WCt e d accuracy . Thf' r c fo re. f n r "'ach rl\"•• r strdrh, (n 1· "tudt f"r··•• ,1 -.:t~ 
a r e prcpaf'roU by mt";.anR of the m¥>thod of for.~ca .. tlnc t'l • l:•·n••r ,l)l 7 ,•rt 
t~rrltOrial c ha r act e rl."tiC, t"h f"Ck forPcasts Shou)fl ....... proopa r • cf Jr• t'11<: f'h"- • 

the dt•\•tations from th~' r att•d \"alues r e8ulttna from It• .. tl~ ·· n l rh 1., .,.,. ''''"'' 
art• artd(•d (with rcspectiv t"' flht rU t o th~> n()rln~.t da l · tn t• th f• 1:1\ "" ~ t'• 11 h. 

On the bl:uus o f c h f!r k ror~'casts, tlu• po~~lba i ly of or·'P•• r tnc fur•·r.t-=t~ 
f('t r ·• ll\'t.'n rav (' f' s lrt•tc h by tn.-.ans nf ,.,,. m t·tht"\d unrl•·r """"nrl• 1 .J ' tnn 1 ... 

Ul't~rmlnt.•d, fulln .vang: th f"l Offic1nl Uu l•·S of th•· th drfllncu •• 1 l- tl t•'• doie ' l"&;: 
St•r\.·ic<' (St•ction 3. Pa rt ll 

It ~hnul,l tw nott·d l ha.t th·· tn•"thodM o f lnnc:- ran&!•· fl'tr''l',l ~ fHll! 11 .,,1,, ' !\ £!' ', 
b<'tt\." r r <" ,.ult:o: for la r•~t• • a nd m '' t.hum rl\'•' r " than fn r· ~mo 'l r·h . 1 ... 11·1 .. :~ 
tlu c lO lht" f .. c t th.tt o\S a rt.'SUlt Of the law ho•at r~'c"'rY(· •tf ttm.lt: " 1\ • ' l ' "t th(' 
appt•itr.Jnc:~ of ac e phe nnm{noJ o n th,..rn dPp•·ntl~ n-ttr•· tm th•• lfl l• n~ lt\ n f 
l mh vuJuut coolm" pc r jods , wh ich fact ls not ttliOA'••d for If\ !nn.:· r.utu ·· 
rc' l't'C'3SUJ 

S I . \lt•thnd o t fOf't'C .. 5tini( ic~ .. ppea r a nc•-.. nn t tl<' rn·• rs f't l 
the t:T~ Ufllng a. tfUa l u ativ(' t.'\.•aluatton llf th·· 
atmosphr r ic c1rculatton 

B.•ckground fur·· cashntZ of IC•-' pht"'nom~·m• .. n rlv d ''Ul ,., rtw ft' r t ;•·.. , 
C'i . H Br·t'~m;an ;tnd G . Ya . \',,n~<>n[!:c am and h,u· inJ: o~:t•:-n· ~•rP'I', . ,, ., 011 rl . 
prt•s,:nt hmt•, is bo•l'lif d<"n th .--.ust• of th~ C'hnr;-,r ·· r t ... I IC' OI: c•t th• .• u-w "'r't• 1 

<:Jre ulat iOII prnpo:to•tt t,y \ ' l nJ:•'rli!dm ;Htd :t. lh""\ lllS: fn t· , ~, ,. u aOu•-ltr'• ,.f t' . 
th~> rm.ll 1'ttot<> o( th·· c>t•••an '~~urf~•C(' . 

\'an..:· ·n.:·· • rn ~o.h~tlai.!U I~het.J b••twt·•n th r• ,-. I\'P•'~ 1ff•rm'l1 ••( , 1r 1 u , . ,, .. 
Wt'St<-rn (W,, ct.•ntr,jl F.urop•·an o r· n't"ra.H t"~'1.tl IC") .t •td . , c t••r n ff I" ., .. 
Clf'CUI •. &thJn I~'PI 'S C"Orr··~pttnd tC'I thc_> thr••rt in.,o: ,., !It•• f'l,t"ll f" ,t i l' r. ,, ....... 
11'011\NI'OI' t"' 1n tlu• f l'f"lpu:-cph• ,.,, r•·lath•· ' " tlw I I' 

T.\'()t' \VI~ Choi l'o t C' f•'l'i 7Cd h~· ;1 ,::t r Ot\!,! ll••\.'••lt pn ,•••11 •lf •' \ ("'lo•• , .tr" l l\ II\ 
tn.•mf,•tot••tl In tit ~' p,,,o..;ae ·· n f cyrl n• s (ru m , • ., , It • ···•"t .ttlff 1 ... tl ·· , •. ~. ·u 
o f ·' lugh·prt'S:Cu t·•· b•·lt , O<"rupy~nl! th •• t'"t'lll l , l l fl ,or t ''f t h• '\1 r·th \ •1 •"' I• 
und 1ht• ~outh<"rn r{•f,: t<'n!ot n f lh t• ET~ :l nd curp · m• nt•·d ~' r • 'I tr t ' l·'ln .,( 
antcc~c!orws ttu·nuch llw t\tlan11r- .• nd tht• S:«'~llth o f 'f',• n•h •~> • \ IOJ 

T~·, ••• c ift r h ... ·,,ct i"rtz.(•d h~· Pt' n •·t r •• t m n ,.., ·· ·•rt•"~ C'lt"'lflo ... IOfCI tf l• I "T (;, 
throu'th 't,..r th St-·~trUf1na \.' i:l ;wtt th,. A.,rt•ntQ_ ~ ••• , 

lu t~·p• • E fh("'r•· art.• u1tn•r•n1tlr o••n•' tr.-utnn..r: •"'~f ,t·l~ :rw·'· •n•'"" •r 1n ·•p;1 1 , . , , • 

f\f ol hr.tiiC"h f\f lht• ~l b••f'I ,1M ;uuu•y r!Ont"' 1A IIIrh )<.l>f o t . mo <ot """ 1f• :,.. t ' '"' t l ~ ooot t 

\"l\.'• r Hu.• whulr E·r:-:. 
Tl11• ty p•• Ctf a p:trtu·u l.J r ~frrul3 tntn 1., rt• ' •• rnll 'l• ·f t r·••''' c 1.,...1•1.t • ' t t l t• l• 

m.1p 11. 

For h~•Ck ftn."un.J f,, ,.'-"'f"·•"-llrll! o f fr,••' 7tnr. l.uul , ,~,,of .1 • t•l • 1:.,. , 11, 1 Itt 
rt\' '' r!t thf·~· ·••~nn. t l i.\O,.,t."'~ f .tt :noo::pho • r tr • arr•tl,1 • .. •1 ,, 1 , 1,..tj I'• \ .,. 

, . 
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dl'n,·f"d fo r 1he s umme r-autumn a nd winter-sprin« per iods from data on 
tht• pr!'\'aihni: 1yp r-s of c arc ulatlon an each m o nth. As the pre\•aalinc type of 
ra rcul. .. u o n an a a iv••n m onth it is acreed to ronsidc r tha t type whoa~ 
f rrquency 1n thif' ~ a vcn month cxcecds the mt'a n ton~J-tcrm freque ncy fo r 
thts moruh (ttt.:· r att-·tl valuf' ). If two typ~s have a pnsitivc dc\'iation from the 
r.tt<"d fr~qucnc:y '''""'A• thc r~ • ·ill be a combined (maxrd) typt" of atmolliph~ric 
c 1 rculntion {for t!XUmp lf' W • C). 

'0'\t" tappea r ancl' of ace o n the rivt"r 8 o f the F;TS de pcnd!'l o n the r t'latio n 
bt"t·A•Ct•n the in te nsity o f heat transft"' r from tht• wt'Bt (regions of the North 
t\1lnntic} ami lh<' 1 nru~h of cold a i r from tlw north and northeast (the Arctic 
7 one). The pre\'al~nce of any o f these proce sses de penda on the type of 
atmosph,~ r.c c1 rcu a t ion o \·c r tht" ETS. The Rtatc o f th e underlying aurface 
n f lh<" r f"l(ion i n which th~ -. tr mass~s form and mo\'e is, in this connection, 
&mportant 

·n tt' tn!lUl' llC•' o f tht• th .... rmn t flt ta t e o f thf" No rth Atlant ic o r o r the Arc tic 
7..nnE> on the ~ubst.•QUl'Ht cha ra c t t' r o f frc(·zinl {or lev br·t•ak up) of r ivcrR 
.vtu·n ,... .... s t• .. rn trdnsport pr·c,·atls 15 dlffert"nt than when the m~ridional or 
t•agt•·r·n c i •·culation prc \'3118. 

,,,,. m o!tt 1ntf'nsh·c heat tr·ansfe r trom the At lotntic Ocean occurs i n the 
nn r·th{'r·n part o r th f• Gulf St r eam. lhl(h water t e ft9t.•raturc 10 the northern 
r>·• r·t o f the Gulf Str•·um in th,. ~ummcr-nutumo month!' f:l\'ors appt'a r ance 
•)f •• -; tahh: fXUHttve ut r·tf· mpcr..&tU rf' O\'C r thcs f• r .... gio ns and a ncga.ta vc 
•··rnp••raturt• O\' t- r tho• F. TS. Low watf'r te mp.· r a tun• in thl• no rthe rn pa r i 
• •f Uw Ciu lf ~tr··~·m &!&\"~":-; r is•"· to,.. r,·,\·•·rl'Cc situ.,tt on. In the summrr ­
autumn pe r iOd air rn .• sscs passing ovt' r the No rth Atlanttc a rc wa rm<!' r or 
co0lPr than ttw undrrlying ~Jurfacc. 

Wh,.n forc•c::.stinr icP app~'ar~\ne:e on rav(' r J' o r th e E T!'. twRidf•s the 
a trnosph,.ric ci r c ulou lon. the he a t cxchang(" infthe Xo rth Atl3ntlc, exprc~sed 
hy th _... tH ff· ••·,•nc.-.. h••t ·Nee n thP :•ir and •Natc r t etmpl~ rature!' du r ing Septemhc r . 
l S als o ta.kt· l'1 anto account . In S••ptembt! r a rnonsoon ft~' !d which is 
Ch3rac t••r &StiC Of the COld ttme Of the y~>ar Si'tS i n and lht! £nfiul'OCt' o f tht" 
At lantic on 1h,-. w•·athn r of the ETS int •"ns f fif'~. 

In o rde r t,., cha r.u· t~ ri1..~" th•· the rmal tiitaH· o f thf• Arc tic Zone h ·om whe re 
aa r m;.ss(•S sur~c tnto th*" ETS along norm;al and ultrapo la r a xf'S, d:H.J o n 
th,... stM•• of tC<' cove r of th f'> R.1rents Sea are used Th(' the-rmal stat~ of 
tlu~ s ··a is \·rory typical, tn dew o f its geog r nphica l po1' itio n, o f the the rmal 
cot<~h-. n f all rlw seas o f th~ wf"st t:> rn secto r of the A rc tic Zone and 
("fln!l'uir•r ably afft•c t~ {a long vdth the influcnc-f' of the At lantic- ) t he 
muc rosyno ptlc d l prOl'l:''iS•·s O\'t' r Europe and the a i r u•mpf•rature over the 
r:Ts. lln A'i•'' ' ' l' , th•• tnrlu,.nc,.. of the tht-rmal s tate of thr Bar~mts Sea 
dcp• ·nd~ on tht-" lntt•muty o f .air mass transport s from the Arc tic Zone to the 
F.TS. i t:",. on t hr-· typ £> o f a tmospheric ci r culation. 

It~~ ~• f,, (· t th.J\ tlw air t•~mperatu rt' O\'~'r thP ETS an the pr~wintf'r p••riod 
1S •nfl u ,.·nc.-.d by tht• h t-a t accumula tttd dur ing the summe r in Uw s u r fac(' 
A'dt,.r h•y t:· r· o f the Rarentli' Sea . t\n ,ndarec t c haracteruttic o f lfus heat 
~•ccumu lat if')n is tht• var1atlon tn th~ extrnt o f the ice cover ov.-•r the 111ca 
'htr&nJt tht· Apr il -S• pr•-·m~r pe r iod. 11u! act! cove r o f th{' Bare nts Sea is 
C' ,. tcul.•t" d ft•o rn do.~ta on thr. postho n o f the icc ed1r 1n the maddle of April 
.• w l So •pt.,mb~'r. 

IJPt atls on the df'te rmtnation o f the characteri•tic• o f the atmo•pheric 
ca rcul~•1ion. a~ well as on the sta te o f the surface of the Barent1 Se a a nd of 
tht· l' t.> rth At l ~mhc. a r c not gtve n he r e . 

Exp~ril'nc"' t n the us£• of thcst> frtrt>c .•s ttng m(•thnds 0\' ... r man~· Y•"ar~ 
showl'd th;•t .~t though fo r ecasts pr<'part•d b,v thP!III t" method~ ~A• \' r• · ut Q~'n•··r .. t 
sa tu~(acto rlly accurate, tn a m.un bPr· nf C·•S('l' tht" r C w,..r.-... t:.r~ ... t-rrors. 
part icuharly fo r rl\'l' r 5 o f the 80uth of thf' ETS. nus 1!110 du•· m .iJ nly tf'l 11\f' 
qual& t .. th·~ f ..,rm of thf> .-•"aluar lon of the atmosph~'r lc ct rcu 1att~m. "\ r('h an 
#1' \·.,.tu;;ation ia con,·ement and ht•lp ful in :t numbf• r o f call~"~~ fo r thto ._,,. vSU\ 
of th~" proceJJS('S , tto•A'••ver. tt P usr in r outine wo rk nh •·n c.au.!Jet!- Sl\r aou" 
d iff ac ulti<•s . In addat iOn, tht' u.bo\'c c harac t tt raHtte:s o f Hu- atmf"spht·n~ 
et r c u lation do not ai"''"Y8 re flect th«! true dt•\'<- lopmf' nt of th t• atmu!«pht•t·ar 
p roc,..SS('S, Thesl" s hortco:mnats a r.-. o f c t'lursc ('h •• rac t e rastiC ahHl (If vth"r 
methods o f \'isun l e,· ... tu.ttlon of ;.tmos p twnc p rn~('~ ~wP, mcludmr th,. n••w 
standard sche mes df·\·.:-lop t>d by \'ang•·na" •m U9!':H 

·nu~ ohse rvaho n dat:t fo r thv Atlantic and 1h.-• a.&r..,nt :f Sf:'a .t r {' al ~o ntl t 
at ... •.tys suffici .... nt to d,..h.'rm lne rf!'lioahly th f• cha r nct r- rastics of th•• lhPrmn l 
sta.tr o f the und~rlywg su rfac{' 

For rh,• fo r ccas tlllC of icP phrnom•·na on tht" rl\·,· r g o f 1h•· fi.a lt1c Ar••rt and 
Byeloruss ia. m e thods '-'' Cr c propos('d ustn~ th(' n•·w scht·m .... o r thP 
atmnps he ric process•·"" o•"\'e lop " d by \"..Jnt~n~f'tm 

11118 schl'm C, Ufli<'d ma intv fo r w~ath~r rn rl'Cd~t in~.t rn ltH' ,\ r c t1c , d tft• r~ 
fro m th~ former. brit'fl" C'h;rnct,.rtzt"d n bu\·(•, n1a1nh• w thr fn llow1n'! 11u:• 
s .rattH' thn .. f' circulau on iypt'i.; a t'(' contud•~rcd fo rth(' whoh• '\:'nrt llt~ t·n 
ttc m'""l>lw·rc by m c·ans o r th(' fl~oo mflps Tlu• ~mnll a mp!ltud• • ~•nrt r\qJtd 
dtsplitce mt .. nt o f h•Rh - ~t ltltudP rid~:r·s 3nd t roughs 18 con~ ttf• r~d :uc t}·t• IJ;, -.((' 
rrit •-...rton of 1)1l• · \Y ; 111 a numh•·r nf cal"•'~ 1111~ mn k· ·~ 11 amr n to1'4'1tth• t n 
t'(•lrH•• MOnH• pt'O'-'' ' ' ~st~ ilt , wlurh t•o•rlt••r -.-,wr•· r••fr· r· r " •t h• th• \V tvn•· l11r 

f'X3nlp le , the Ka ra ~t·3 and !'lOUth ~ C'~ ndma\'&o\n .l"U r~l'"' '· tu typ·· w n w r .... 
Ol rf• two \'~ rSIOil!-1 o r typ•• E e:lrculat1t' ll n w flr'~ t anduil~.·t'l P f'tlC' t ' !-<oS('S tn 

~A'hich tllert" ar~ ultrapoht r pf'nt"'t rataon~ o f a tt la c yclonf' t- to tiH" t. T . <'t th .. 
branch (tr.,ul) of thr Siber ian antlcydnn\' appr(l.tf'h•--s: Th.-. ~· ·rnnd \'~'r.s1un 18 

ttu· Pxts tcncl' o f a h i gh ·alutud(• tt'('lUl:h 0 \'t•r t ht• ... 1!'- t .\t lnutar a nc1 a hhth­
alt itudt• nd~l' o\.·P r the ETS In thi~ c:as~' ltNH ~~ Ur<,u e h t 1n tn H'1 ' t-:·r~ 

frl)m tht• south<A•f•s t, wh••rctts cold l"U rQe-~ a r •" dtr••r t•·d tn \\'{ftt . ah•:. na ·n lf':o: •· 
two opposang prOC<'SSttS fo r t he ETS 011 rc cc·a~ t dt • r t-d as v •• rHtnt~ of th•• " ·•m•• 
C 1r,~u1r. t aon typ·-- ..; incP th••y ho.,·ro fiOm •' cornrn,,n r ...... turt·~ wh"n < nnco:td' rau~ 
tht:! Nortlwrn tlt•m a!tp llr• t' t' as a who lt•, and ttl bo th C"tt!'l .... " thf'r•· •~ ,, <ii. \ •• h t•· 
hea t transfe r 10 the wPsh•rn sector o f ttw At·c h C' z~n(' lnndt" nlol11~·. tit*' 

fo r nwr f'la.f'SI11C·•'H'n (nf th t.• fo rth'S) r cCt.•f!' t"d m <•5>t Clf ttw ~t:·rnnd 't•r ... u m 
of t ile I.YP' ' E to lh<• lyp~ \Y. 

In o nf' o f th t.• fnr,•rn~tln'! rn••thnd s prnpo:o-.-.d (ff'l r n v,•r s n t thr> U.d h • •• r •. ,_, , 
lht• d.lt{' Of 1C"C :tppt.•.u•,,nc~· 1~ dt•H' I'OliO••d d 50 d funt..t10 fl o f r o .. t•u rrf"IK' • ••I 1tlt• 
r 1rcula llon t~·pc in Sept•·mb~r. a!-> ,....,~ 1 ! ~ts 0 1 thf' sa qn u l th fl' ·•1r t ••r·ul)t' rh ' tr t-. 

an St•pC t!'nlhe r tn tht" nor theast At la nuc .. nd an th t"' 'A' • s tt· m sec:- tn r o ( the 
At'C'hC' 7 on•• 

In ano tiH"t" nH•thnd thP Uah·~ of 1C't.' app•·..&r.tn..::t.• n r•• d• t••r·m "'' d ''" •. 1 
fu nc tion of Hw s um of t h•• :ur t~"mpcr.uun·s tn ~ .. ~p1 , •znh,. r· l ttr thr· •· r • c & nu~ 

th t.: wi'Slf'l'n S('ctor nf tht• t\ rct lc Zcmrlo (t!w :-o t.1t w ns o t !'l• r •' nt"~hll f'll . tlw 
7\l ··d,·•·zhu ISlf', Ttkh3~· .. Ray. (".apr Ztu·l.uuya). th• .. ast••r Tt \11 .. nt h: 
wtlh lht:: Bnt1l'h Ish's {thf' gt.Hanns W••st:n.u1, I ale. •• f1t'l ft;;h, a\ n 
rror"Hh3vt1), the town nf Ht.•r·a ··n. tho• h ' Wil t •f \ ',, t •" lrloq, Oi llf1 th·· 
Euro pea n cOntl :wnt (the st .. t&uns Lt.m:u:r-'d. h.& • ,., \ \ •• r .... ::a ~o , S tr ·, "-hc•tn1) 
In c.tsc.- o f Jarg•· sums o r thi" aa r lt.' n'lpt·r..~tur• • Ill '"'· ·pt ~ rnlwt·. "'"·''Jl 
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, ,, J oo.H III')~ II\ : fu.• ,H z:to ,..pht:•n C prOCt•SSC.., arc 008€' 1"\' •fi til thC fO\lOWiflg 

n .u••tt1q Fnt· th• ' !H' r .. ,.,.i. th ·-- sumii" o f the t f" rnpt•ra turf' anom~hf"& ar-e 
:t tl t1plp·d "' •• C'flo'fft cl··nt l~s~ ltHtfl umty (ft•o m O, A to 0 , 1 ) . 11tc v.-luctl. or 
'h• '' " , , ,, .,·11t , . , , . .. ht.t 1n,•d h.'-' tt· l .t l h r\d r- r•r n t• frn 1n tf'n c~l~(" s, dt.•pcnthn~ 
, " · n ir·· ·qu• ''-'' .. r t\~·\.· <: c u ·cu la u o u m . · ·ph: mhC' r . 11u_. h1tte r uf course 

1 dnt , .~ th· ,. h .•b t ''Y c•r ttw fo r cc as t tng m~thvc:J. 

< .!. 1 , ,.. t.: ~•~ tmq o n tlh' lhl.hlS nt u,r- unlfo rmuy o f tit(' 

l• t'•'\ ·•t l rn c ... t tru•-..p hf"rtc prt.w: ·-·~sc~ o f the 

:-Y' ' ''P t ll' S•'j~H•n 

fi t•' U n • t•l q l..a tlUl ,\ \ I V(' t tb j••f' ll \"' Cho·tr3c tf• ra :tt u •fi1 o ( .lttlU.•~plw rtC 
p t .r .... ,.. . .. tn~• ' .,-,, ll'-•" thf' .lppl' ••r,tn"t' o f are on rtv t_• r s 18 t>xtr(' rnt•ly Slmplt· 
1'>~' 1••nc.· 1 t 'l l.t' ftt t'l"C.~Ja <;; fo 1· t"l \ t• r s whtc h f r'£'1'7. "" nt th~ f'nd o f th,, synophr 

"'' .• ~·1• 1 t •• ~l t•H1\'I " r pr• •wtnt~> r P" I' Jn d ). 
\-. .s ,. tn \ n, 11u ff•r m •• tmnl"plwt·l c p r• 'C t'!'~•·S pa·t '\ •••l thro ucho ut the 

:-o\'1\•rt u · S t :t-:f)n T h ts m,... :m s thnt • ·v :l lu::um~ . fo r ••:cam p i.-.. th: dtre r t1o n 

" f · h · · ··•ouh n a.: I tu·r· ·n t HI th~'· t ropos ptwr e f r ont m .lpfii o r the h t.'RIIInlng o f tlw 
'-\ :V•pt ll' ~· ..t'-~Hfl, \ \ ,.. Ohl)' ;H s u rn• th.l t ttu~ d t r PA ion n ( · ur· r ••nt \\' ill al so 
pr . \ .11 ) flu r 111L! t h(' ~~~. ho\1• ~· ··•St•H. T ltr• du r·~t anu o f 11\f' ,;yno ptw St·.•son 
,.,, 11 • .., u u.1l \ 11 u 111 ""•tt•• .tftd ,, h.tl f Ill two nJ(tllth ~ ... nd, tlu._• r P ((lJ' f' , hy 
,., .~ .u .oll tll! tht '' t~'>Ut.J••Ilr~ n f 1JH.• !'t•a son " frorn thf' prOC•·SS'-'R d l t.~nst Of tht• 
f tr t t o.t+ •1; 1 t!t t •.d byuo ptac• pt• r•wd q o f th t• t~~'O:mn, 1t iS 1"-Jb~ibli • IH Obtillll an 
i tJ• , , ( tit•• ~r,.\ .• t l 1 11g 1-.,.nc•·ss~· -. fo r on•· :.nd ntH." and a llo\ l f lll\H ith~ aht'. td 

Th· ~~·nf ['Hi•· s ••:• :oi(\11 n l a u tu m n b•· &ttrlS n n thf' Ol\' f· r·,,q,, o n 20 J\ U&!U81 

, . 1,t ,. 1 1d~ , ,11 1;, 1 ku•twr . , 11,: n 1t . tc n •p la C' f" tl, tJy the ~rt."Ntnt{' r' S\'..&FO n >A'hJc h 

...... . ... , th·· ol\' •· r n R•' 11 1\h , 15 IJ··c:··rnhf•r In tnd t\' ld un l yra r·!": ttw bt"(\Oillllg 

' ' "" · ·nd o r th ·· ~· ··)'i011~ '--'• \ll olt•"" c nntt tth• r'lib ly from 1111' m••nn dat e s . 
j ur· \hH~h l 'l \ t' f $ 1..; H t lt••n p OSIUhl•• IU pr••jHif(' 1 r~o.' t..'~ 111'!: (\Jf"f>CUStS b.tS ('d 

r u II' U'U f &U'IOlt o f th ·~ pro~ .. ··S !'>t'S ~r t.·a c h n r th· · ~·· :o, t•: . :..:on~ .. 
• 11 c-1 ', ff')r thn..-.• •' t \'1' 1' .!' •NlU.."" rt' • ~1 1'1 )' .ippl.Jr~HH.: •· Of tCt:' 0C('UI"S a \ rt'•MI) 

.n tlw f11·.,t th~U of o •tpht•r, ' · l' , , d t the r ntl of ' h ~ .mh trnn se.uum . T ht·- •·. 
f 1tw " t1 ' ·''~Ph··r· 1c pru c •·:-tS•"S t •f t h •• ou tu mn c;:.u c;'-· lllU"'flfH\ 't' c("'o l uu:. icc 
•: 1 •. " '" •• : t·.a r lt· · r d •• te..-. 1f Utt•S(t vroc· ·~~~s caus t th t:> t nOo w of lw at. Ua• 

1,. , . , . .... . . , ... ,,r th•• ,.,.,.,.r·s ,..; n•'t df'p l (· t<' t.l , s v n u-ti nws w w...ardM dw end o f 
~• . • ,. 1111 I t . .. , 11 u w r v:dh' S, ;:tn d 1n 11u· c ;) s •· o f auy fu,· tl l'-'r d c \·clupnlt' n t o f 

1•1, :··~·c· ·•.,4oo•'Joi It'\' m,1.) .tpp••.t r· o uly ! Oi tf•l' thotn .11 the tlll'.tll d •. ttt•s , Til th t•Sf• 

1 , ., 1 ... h·· t•!• l! tlir•s t• d ( tlw w •r th f' r ll , a mi P·J rt1cu l;.rt ly nnr·t lH•.tRtc•rn. n ' CIO I\Ii 

! "il• ... I s . o.I S A'•'ll a s f110St l)r t tw r l\"1."1':-0 o f \\'l's t StiWJ' I:t 
~· ;,.:l o:ll lt.). f n r ru·,~r~ n f t h r- s o uth o f ttu• t:TS. 'A' h •• t'r> i ct.• usu:tlty :.ppo•,,rs 

lfl th·· ::-••("llfld h .t!f l) f "ov••mbt~ r olfld In Dt•C t•mbt~r. i e . • at the· t'lld n r UH~ 
~'I "' Atnt •· r• "'"'••S •11 l r\ tht R r !HH' lht' (r(' t.•7. i ng for••caStN m a y ht' b.tsc J nn t h •• 

t,;!l._1 r.t t' l~'' ri Stlf'S of tlw .rtmos pflf'riC p r OC"('toS('.M Of tht• prt''t'l.llltf' r ~NtSOO l,.N 

,.., l 'Ptts ad·---r· !<> n n H.' , .. "':unpl._•s 
,;) rn ft •f4't ,, ,.q tht• fr·••• •z ant: O( rl\'•~ r·s ttf tht' rlt)rthf' rn .md ptu •ticu larly 

t toH'1h· ··• !<o 1••rn l'l'~ iun .. or lh•· ETS. tht• dl r••rtitl U of : t lr -mass tr.tn~port IS . 

1,, ~.; . 1 o~ :-. thr· pranc qt.t l ch:t 1 :tch• t' 1~t 1 C o f thl" atmo !>(llh'ric prnc,·ssc~ IJurtrl« 
,1u u urm. 01 .. ....... :; of co ld t\ r f' trc ;ur usually appro.-.c h this r f'g,on . 11at."' 
d• \' ••lrtp ru•·u t o f p •·n r u ·nt tu n!'l fro m tl1(' no rth Mtd north· ~ast thc ~eforc lt-~•1~ 
~~~ , t\U lh l \ ' • ' CVU. a :l~ · • Uti ... , f'ly fn ••; li•IJ.: of d\'c rs \Vlw n typt• (.; C t i'CUli\llt'ln 

; I rr 
~I · tl 
•;! J . 
' . . , .~ 
~ I 'f , 

~' .:~., ~ ~; l: 
"' J, I • ' t 'l • I. • I. I 

I
t I 'I \l·· : I ' l II 
~,. . il . . f 

•• lf'll8 pronounc~d and the le-ading C" u rrt."Ot 1s d l r ... ·ctt·d frun . tt •• -. north\\ •~s t . 

air which has tra\•ersed a long pGth <IV f' r the r fl' oo.u,···ly ,.:.r:n '-'·H• n . nl d w 
Sn rth .-\tlnntw arr l\' ' s w tlus ,.,..l!, .. n , 

__ , --.!2 ....... J 

II' l ' l [ 14, Schtt!TM" lot tbt dr.tll't"un••~~~ 

Cf lhll' <'UCUI.IItOft lndu_, t 

t-du,. ln~ oltht" •tob)'f"\ll'1 ~ IW '"'"P' '" 
the' ('JIIf' oof ,I 1\' J"f' 1\ UH' Uh.tll'rt; ~­

dlol.., ll"tt' r f thr 1 hr.'C'' .,t)tn lbt- d tntt e n 

cf rhr ~.td111ot Ulltf'nt m l~t' ~<""to~n.:.:f' II 11 

"""" non~C'U, 1- dr• • 1 r~ of rt"f" IK"'i1if'W"' 
"' ' '" llw d n 1"C:I t0n o l tht' k#d1n, •"'IHJil'MI to 

' '"' fll' l u na;lt- li t \ h um ~·~· II 

Thv r f'l f• r f> . C'nnle n~ t' 1th U11 -. , u n • n t 
da r •·ct itm JH'• v:dhn L! l h• u l f! nur·m.t l t n r• ttu ... 
umr- <' f t tl•· ~ · ~•r t. \\t tl l'tt · I• s :-. uth ' \:o--1\ •'. 
and fr' t ' •' 7.1nl,! " Ill ht• C1uS l' ' ' ' th o• II • ,o il 
\'::t )U~S :\ ... t.dt)• A t·~ l t' l f1 t I r t · u ):H i f•'l ot ll d 

ca r *"u t •• hor\ tt n rn Uw oil•mth- ' '' '"~ 1 ~··· · I t" •' 
to,, o\ot r f n A •' o& ll~ oo r oltltJ 1~t l" I t+ t I UU! n l 

r tv•·r ,.;: 
T t t \o' \ , t iU.-t• th•• dtr• rttun • l U11 P I •\-••'· 

1111: c un·••ll t , '-"-c d • tl 1110•·\. ' ' ' 
m •• r u lsnna latv 1:t u ~· •t f h1 ... 1~ d· I• 1 :"' ., • !

1 

f r tt'l'\ fl !aot'lt ~• b~ltiHto• I:P- •l'o. t llr &'-l r l .ot • CltH, ~•r r­
lll..tp s r \\) ... phPI~h:..a) r •-< (.uu: ,•'""• I ot\' l'li! 

,, Cfi11Hll9 r' ... ad• ,, \ , Il l t h•~ nt•• nd~o tn 

( I• a:'Jr"' 1·0 a• •• m .r r k •••l ••UI ••It th •• ln.l;l 

T h· r,,·:;t ~~ :;tta:~i t • d ,, · t , . . .. ... ,.r ,, , 
p rtt'11 C11I"r n v • r h.."l '- •••. ••••• .... t'lltld ,nr'ud• " 
th i .. h,,., , , , .. , I ' '<ICh I • o• f ,.P Ql• \ ' \ I i 't t ' t 

th ·· ·" 1 ·•i!• •• lta11:fl· · •f th·· ·,nn .. , t, ··f ' ' 
..;uhdr ,,. .. u · l.u • . ,. 1 t t• · • ''' ••I · 1 • 

t:t " I)Ph•nua l • .1nd !"Uh,.. t r .ot. t ' ht o.1. • 1 ·'S' .• tt ' Ut lt H f, 1 t!1• • , ..., •• r n 
,.,., tarr t.t! •· f rnan : h•• .1 \ ' • ' f' •.t &l• ' dlU tUd•• H ! Jl t il•' \' " ' ' t'tl r , ., • •• n c • I••• 
d i frc r .. ·nc •· 1-il -11~ ~~ t.,kPn •• ~ tll~~uhf • ' • f m• r•tdlf•th .• ll 1' 11 1 .n 1•• 

St' \~ 11 f N'lm 1 U(U I' P 14 th ~o t 11 t tW pr•'\.t l lJ ~I1! 'U1 1•·H1 I" rh t • • '• d 11PI11 ~' ' .. ; f ot 

. . ...... 1.. tht-. v.du(' o r I I S ch'l}lt_' to 7 t• nt I f It ·~ «h I • t· t · tJ fl~~>n llf t l h r 

thJrth\\ t~s t . the tndex •• ~su:n··s ~!!-~ t l \t.' ,,, ,, • ..: , .,.1 1 f In·:·· • ' t t h ·•r lt u 
~outlu ~.·~ t th'Q~It i \'C \', l lii •"'F 

I n p._t I ucu!-.~ r. lf..- r . i rnr'\.'( ·· ~ t (1( U,.'l' '-'PPI'otl .1'\\. I ' I •• I I\ . ' .. ••t I. 
nor·ttr,· .... s:t .. , f t h '-· F' 1'!"= tl ' t•chn t_., \l• ''" n '. \ '.\CI.• c• f.,l tl ·• , .,u. ' .... ,.,, 1 '• .,· , o! 
ft·•HU r t:ct .. &n(!l•·s \'l. lt· ~~f· Ct_ln t nlt.tn ~ tth· P•-' '""to ' ..; . n •ln.:;: ~ ! I ":'t: ,, , .. ,, t u 
1)(')\,utcl.n ·\· (lf t h t.' ft r s: t n·ct .Ul~tk .dun~ :1 (,~ \ \ " h ·n.: • .rl•1 ,, ,:.; ' •: ., Itt urd o1 \ 

tht• :oCt.'COnd l·(•c t.t ~t~h~ a lt •n ~; 1 tll! .. F h'llJ! 1'h• nnr1h1•t r. '""'·1d ,, ~ "' l•o1 t\ 

r\'l" ' ~lngl,":-o p._, ,.. ,.:,•,s. .. t lr nq 7H• X 1.t t . ' " '"' 'l.t"IU1ht• t'll ' •Y'I:•u l. o t·~ ,, • 11 .:;: ·''l 'X , , 
Uu the x h o h . htJth r t c t.ang l .. •s Ct'\'• 1· tlw • rlttr , ·• 1 t' th•t v t f •h· .. ,.., ·-• • d 
n .ttu r .• l t:ul' ttP•'•• " s~aupt :<·~• l r •~ tttnu l •1 lh• c.d .. ·ul.•t l•' · \\• : ... d~•t.• I• r •I . 
'AI\\)!(' a··rnlnt: t\. .li n •f t • t' t ' lh .. ~ ll t' t\\ Of'k . p.Pt\1 d I'! I :1\ •P!<> t' l 'h• I I· p . , •u • • ! 

l .ll llf.! • U.o i\ &I t• v.·.·.lth•· r· .. O l't 'C·•~UII &: t~ f 'J' .. I l ' 
11\t• rndo '< l~ Col lcu!.itt tJ h.tl' t lh' tlll ll H11•' 1' \ •• 1 !I• t ~ • t n tr•• h• l! '1111"11! t ' 

.au tu uln :;ynupu~ .. l e •• :-.o n .u td 15 ~~·pl t.• rnh• r l11• l.alt•· r tL•It' , ., • It• ... , u 

.tl'tH tl' tH ' il)o' SO a Jl to (.' lli'OUr t.• lth.' ll•'(' f' '""~·u·y l f\t't' -' •'~"11 1 •~ p·• t'l"d n ! t h • f 'I • ,.,,...,t 
ltl C O:'t't' o f a n ••.1 r ly ICf' ••P P•' U f,• IIC•' (at till" ' J•' CI•H11 '1f:: •' 1 ( l. I 'h• I I. IIII o;, 
f Of"\'\\,tl"l1111f! r ang•• C'll\'t• r ,.- a f:w nud u f 1 1f• 11 tl •.• _v f.l {l•t\~· • ,,,.,,,, ..,\ )f p ' 1 

pt'f'if.H.I\ SO lhoH 11. ~Ui frC•" t' t ' \ ' o•n h n • thP )a t' "'t tJ•' ItiJII IIUC ot t 11oo• ,_, I J I ' ,a 
R~11upt1cu l ~.~.tson ( 10 ~··•H !' mh•• r • 

1'ht• hnH"' o f H~ l' ·•Pfl''·' l'a :h.: t.• on rl\&· a:..: , ... uttl :n.&t •·h , tt'IU•'' t • d \l ilt tt ,. 
\'ft luc:- or tllf• tndt' 't I (T.rlll\· I '; l , -, ~·: r·· I:; f.I I\' •' 110: , , , . l:t·•Ph .. j "" ... 

.. , ~n C'.t lr ui,U ir.lO ll't-t \ ~ t,('t o•f 1i I!~ lit' .lt"J In a'~n t•', l't( of\ ' ot \ t '11"\ r • 11 ,'• ·'J• •o • o .tl . , 1 

o\III•Qirflt• t ,( r ' f'UtUt' lo'\1 .:1 lt o\f'R lf"tf ltftf\ , I ' I t-.. •tt: t l• O:t '• . .. ' I" I ' 

f tu•l'!.l>\ ) b\ n 1 .t)>IJ I.,o! ., t l h .I rl.:~>·•,... h N 1,\ 1\tl • ,• 1 

,. 
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r• !.tt ltHt:-.hi JJ, C'"t•uunon l •·u · o1 l ll ot' ·•l)fJ\' t'·turl•• .1 tt., lJ I I\'• r'~ 1 tu~ Qruph fi•• '"' 
th.Jt fi f"S J)IU' lh l~ 5l,.nt-. rul r•~lo~ laOnf'h•p an ~f'JlW c ... s··~ H'fl ~•PP• · , ir"•tl1t r~ m~,,~k,•fi ly 

d•' \' HHt•s from It Tht~ rra J;On fnr' the-se dfl\'l.lh~ns ,,. \hfl t nCJtnbl•· d tr••t twn 
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1 Jt'.,. .UW'tl\ 1 l h•m Jl t' 1o11 .. d v.- tur• t\llll,,· lllf't • f •t.. r 

•rf'"'"""'" t~n at.- rt httu .and ~.~r.:t'n' H Yf'' nc1 ·~•. 11 4' 
1 ..!I!' I I b~ ('ltl'f ' li<ft 61 tl'f lt:.t' Jr~ 1.11 ~,. (!of Tl't' lll'tlt' 

1 r o~rrr•un~o.t' fh•m 1~ r.atrd Y.ali.Jt., 1!4'1C'rnunuJ tram 

( .. , ~o,, ,.,t dll lt'KI'M'r 1- l rd bf' r~rt"Q ll'f' " t'fld iO"' ... uv 

1nd t l c!t!tfmtrrd lrnm II,. .a nd I~ m oll'\ 

'"'( u l l ·:ll • "i~ l r.• rl.h J"Ot'l l ll({h·.lh i1Udf"' tr •• rOT11f'tr'IC f n r m .. ll iUO~ (r1d5:•~8 .Jild 

lt •t :t;h '>l Ah""' ' pn ... ,tl•ltl d·" t·ma n••s th•• ch r ••c t 1n n fl f th.-. r r···v.Hhnl! c urrt•n t , 
il l'• .. t..hl· · I f ' h• tr fHlNJtl'ln I l>t r• '-.p nrul ... l fl ~h·fUH t • · P "'l ti OII or ..... h o•ttt ·• nd 
( •#ld ("' •·t•t·· r "t frl ' H' lt•1 t \Ytwn 1I11S cn r· r •·..,ptlll tl• •ut •• If' u p s r•t , th,.. proc··~s as 
1 , .,, 1 r··•"l:•' tl. th•· ln l"(tt' t' th• nom .. o r ,..,.~pcmrlt!ncf· h••l\lo t.'•' ll the prcH~ure o.nd 
Tt,o• t• · rnp• · r~tu r·· fu· l rl!"i, lhf> .sh n rp.._.r IS tht• rt•<:i J' rJ.ngc n H.'nt . Fo r ..a 

, .. .I , I 

•'· l l ' ··r If, 1
1 

).·if 

•lua nlala hve (tnda r cct) t•valu.&tiOn of lh!• pt'Hnl o f thP 11\'t- rac:.-. at r t• mp,.r-.oa rf." 
HI thf" t r opos pht!rf" tA t• may usc tht> H~:.O ,.-r;atl\' •' a.q-o l).., rtc s urf.oh·OJ·t"(Jnt••ur 
m••P~' to c.tl r ula te thr 1ndex / ,,., tn t h ,. s~ nv• ~~; t•qllPnct" as t h· 1nd(':c I f r o m 
tht'" 11)00 maps A compariSOn or the>S•' tnd1ces (Tubh• 17 \ show~ that In m ost 
Ca !ou•s d dP.(uut ' rf"l~1 110nship iS m:;i ntamf'ft bto tw••.-.n thf'om TIH' d'' \ ' l ot fHutl( 

fro m Hus r <" la t ion fo r values o r I c ln lii' •"' to tht'o iW•·r·•'t~ t l fro m • ~ ro 
• 9 •1km) a r ,. sm .. II ••nd do nQt s l~nahc:antlv lnnur nc•· th•• s u bcoMtu .. n t 
c.Jr•v ... lopanent o f lhl' pr'ocesses Wtth consld.-• r ... ~l, .. n t1mah r•s o f th f:' ~•1r· 
t ranspo rt d1rectaon (a . c • o f the andex I) 1h18 r,..httannsh1p beaween lhP 
and ac es b•"'come s most 1 mportanl 

T Alfii 1· \laltJft ,.,f Tho' rrtfld~•l•n ut4t• t \ \.tf' J to t.·u "' • .,. --rr'"'•·a->4t r i'l • ,-r~ c' 
lh ncnhot.Uit m r T 

Yr ar I , I ''"I frat , I '"I y., I , I '·· 
1938 - I 8 1946 9 8 1%4 8 3 
1939 12 9 1947 8 3 19M 8 3 
1910 ~ I 194~ s - 4 19:>6 12 6 
1941 IS 6 1949 13 8 1%7 - I ..... 
1941 • 2 19.\0 1 - s 19:111 1 9 
194.1 1 J 1%1 J 4 19119 10 • 1944 s - 4 1%2 1 I 1960 J • 1945 I 2 1%3 9 s 

In o rdt• t' to Ut kro 1ntt• acC'"'ount 111 thf' fo r ••r ... ~ HH! ... ur•t ' •r h : '''Ito, fo r ,JI, 
c .t ... •'S \' lh<'n th(' \ a lnt"' o r I w.u~ b t""'y nnd thl" .. ant1u·.-u ··d llnl , ' ... , , , ,. di' \'I,Hi fl ll 
t) l th t:- ,lC' tU.\1 l<" •· ~~tppt•.J r;a r~\.' •' d .. , \!•S lt'Oill l hil~ • th•t••rm nlf"ri ft"l In .. tl{' lr•• 15., 
as n •l .ttt'd tn th ... daff,:. r ,·n,·t• 1- l.tt (Fu .. rur(' 1 !Jb 

nw fo r ••c .. ct IS prt•p ... r•t•d H1 lht• fc11J•l·,qnf,! t-• 'l \.. •'ll('f' 

F n m l tht• doH.l ot tlh' ~~~ maps th~ \' ;1 \U(' •H · tu · 11\d~' I ..... r ... !t' .• •t•·d If 
tl ,. \' .tl u e o f I t'l ,,~uhH1 • !1 3nd • 9 d km. th t> dt'\ t.H t•ln T nf · t.~ tt m •· • ( ,,. , 
••PP··~·r •• n-:•" nn 11\~r" "' f1 o m t h P rat· d \· • .tu•• ~~ d• t••rmu•··d f r• m f-- l!"n • 1 ,!,.., 
1: t il•' Vd)U'' n( I p :: ~1· \ Or.d th•·f;.•' !u~l1 '~. 'h• • \' •• 1u· ,, f / . .,.1 a ~ f".dt •I',U·•d (, , n 1 

11 ;~Hl : u .tps ·• n~1 th•· .. hrtf·r• nee 1 - la:l I "' , J. t • t rnuw d l- ••'m I u: 1r•· 1 ;,,, th·· 
\'d lUL o f T ('tlrl'l .. pum.lin~t to I Of' ".li I t ' t)f I 1:-. (,lUJI't , ol!ld ll"f'HTI }• , cu r • 1 ~h 
thrt <" Orn·c t iOI1 AT C'nr r,....';pt~nd•ntt to tht· Uafl, r ···w·" 1- l ,t !. ~~ d • , ,.. , :-111n••d. 
th1:-. ro rT,'c. llon shrmhl h~· .u td,..d to 1h('- \' Uh t •• T o ! th.-. dr- \'l.l ' IOn f r •m th•) 
r.tl•)d \' .llu•·. '"'ht.o~n• •ti f1·nm lttr l rt• 15a 

As .l n t .. ),.ttnplt"' trot Uto cun~ad·r· th e pr·· ·par,,tJO•\ o f f••n·(' .l,..t o.t lo r h" t• 

.11pp• .•r.Hif'•· 111 t l t.' ~·· ... r ,. t n5R •• nd l ~l tiO ·n u m••r uh r•n::d rty 1Ucl•·" I 
t""a k u lntt·d fro m 11)\Mt m .. 1p.: fu r t hoo p t• n o d fn,m 2 1 \ JfrJ .: t ' " t;, .;::, pt• m h• r 
1' ) 58, .,, ... o;o 7dk m . 1 , • • "'' 1lh1n lhf' a'Jn\· •~ ~ l nrhc •• t t•O h n .:h tf ,... r-1 • ~ 10 
.. n rHc:m l \\'t• th••rt•fc"' r'(• u~(· sn I he for""'~"~l~t nnly •• r:r.-Jlh n f l ·n,'ln ,. I !<o •• 

Fnm1 at ~o~o •' obt.un (n r 1- 7 d m a. \';":t lue Clf T • • 3 dJ\'<iO ft•a· 1ht• d• ' \ 1.tll•tn Hf 
tht• IC:t'~OlppC'ur.tnCf' d.:atr f rttnl Utr> ra· tf \' ... hi .... l r·· 0\ (' t' lot !l ~· app· ··• r~ct \H1 ll u• 
r& \ ' (•rs: 1n 1h1s y •·:l r q d .l \ f; tat••r t h m • 'tp· •r t•·rl 

In l!'iiO th'"l '- '-'h"Pti C" d l"'•'·'"nn h• .. • 'I on :n . \ 111., ... 1'-t, u,,.. m t' n rlt· tt.~ 1ll \' 

111Cio•, ••Cl'Orthug t l"l ll ,oo '"·•P"" durtn~ tl •• pt•r •••• l ft u ul l l ''tl~ Htf tn 
15 ~t.·ptt:Oib""' l' <iA.dS 3\.lkm, 1 \.',, cnn'itd•• J',l h lv ~~m .1 l lo• r• th •fl thf' n,.a n \,dtw 
(1t was bt·yo nd th•"' lama ts o' • 5 to • 9•lkm l It w.\~. ttwrf'fnr.-.. n• r··c~a ry 
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~" ( ... c •• a.,t•• ,,t,u H \ohll• B ( th•· llhl•' / .,1 frnn1 11 j;~..., rt•l .. IV•" l:-uh~1ru• 
.. ,ri ... c• ·C•ultt•Ur u ..• ps 1or tJw ~.nnr P• n n e! Tlus v.1hw WdS /JY.1 ., .a ·n,~ 
p·fH,Ilfh ll•r"n••· 1 - l ,d .,..,,q - 1 From flf: '11 •' 15a 'At' fUltltu r l -.:J c.Jknl,, 

of• v a..unn oJf • 1 :! tl .• v.; .,f Uw IC• ··•Pilt' •• roHlt • d.•l••ft frnrn tlw r ..ot••d ,·a luP 
t· r •m ) n:u r•· I ~•h h,. rnr • •·ct10n '" 11 ftn• 1 - lt~l • - 1 ~~ - 14 . t .• vs, 1 t' , af"'c­
flnJ !I -lf'~'t• • •:· I 11,,, • .1 1 II' I l hoJ!l • '(!l• \ I t 41 It • •Cttt.o lly app1•an rl Un tht"' 

1 ' ' , ..., IH 1 101o' 1 't tt •• y .. • otr"h • r l holfl 0 1•' Jl•• tlllot l d.n•• 
,.,, , m.1111 c ) ,fl rtl·t''JnllU:! n f th1q t• ·•· hnaqH,-. h(l.., 1n t tl•• d••tf" r'tnll1i..l tH'm o f t h t" 

h • ..:•wun~ It ( ftu• ... u Un\11 "'""" pnc a l "' ' '•'"'t•n. ( t u · \\htC" h tht>r(• tJr~ n n 
.. dll• 1• 1'1\ \' ' IIJ•'t' ,•. C 11lt•thf• d ... 

hi ,\ m•• r •· oh1• c Uvt• .• nd tt'~t.•hl • ev..aluauou fl f th~ .•tn H)o;pht" t tc ("'t"t,Ct'"J't•'F 
•·I th• ,mtlln)tl ..;\U•IIl1 lC.'•l1 "-''•i!'ll l tt c· U1 b • ol(' h t t•v• •tl hy U"''ll\~ tht'l'lhtr. tCh·d~t1CS 
•• I th• •t m • .:ph• ' 1 prut •'to .. • •-t f• tr "i• 1.H• mb••r, d•u·l n~ ~tuch tlw p r~ l(' c·~S •' t: n f 

' lH'- "'' '"'"" • 'A',,., (II • '\' ot l I ~ l"i nh\ ' i.HUS th~t ltH' clHll'ol c" t • • r' ISUC~ lnt 
'-'· p~~ rnh••1' ' • .rt t•c U"'"d f•H· IHII~ · r·rnU! • lu r• ~.- .u, r ., ,,f u·1• olpp•'••t·an\"f' on rh,r-• , 
''of I{ I' 4tpp• ,If f' 001 ••.tt 'lt•• r 1holf1 h)' llll<f ( h."" \ f)h• •r l·nr 1h••sr• r1\ • ' l '}oi, u f 

1 ,, 11 r; • • tho Jn(l•t•·ncr of th~" p r nrc"f\AI•co 11( th• .au tumn ~ .. asnn (Jfl ft~t'f'/_ tnl,! 1~ 

'" fU•• t, r, p.ti ' H l:l,td.\• ttl(; l ,._t•:o- til l;l (t• t«'f' :tpp~'u l <tflC •' '=• ' \t r"'th~h· ~li' . ~• ,_. 

,... ' A U tn pt·.wtu••, I t I to ~Uffif'tt'fHIII n r d t• t• Ut flbtoH I1 ll ..,~tli:: f..u'hlry ( i"t l 't'('..lq-1 n f 
If . olj)Jlt'ol l'o l lll •• n n th+ norCi i t r n ft•thUtolf' tfHC tt ( tltt {., •• , •• ,. Vol t:~l . H U rtvt·r s (.o( 

'"' uur thw· ·~~ · r n '" ~If'""' ,,f lhf' ~-: ·rc; nnd nn nr.:my r l \'o' t !:o of W··~t ~tbe r·t ••• 

!1M 

--+::r"'~.--L.~I>?-+-r-" ..... -+--• --· 
JW 

f11" (t I C-• ~· IIH: l! •rlu HfjU• <; fu r o',ll It Of th••.., , • I •' (!lUllS fllf(r• r hC\t h 

lf~ lr tU'~H'·• 'tv , tl ·wtu tltt• p• •• ·ui l;• nt~ • ·s n ( Hw phytun r:;r;1phrr at rortd l tii111S, 
llUf loY 11• J1' • \1 nf} .... l .. •· tllllf tho f l \lolr rtlf,l\1\+' (')1,q ,a('lf' rl7."lJOn Of tht• 
a'" o llh• I II pt #If'<' !->" ' 'i. h ll ( •! 0 \'oU t' ol J hot t•d 0U (h(• f~t r1 lltol\ th •• prrov,tthll~ 

,, ., t l•·n . ( .ur ~ n1 ,, t r .u-.pnr t tn '•pt•·rnlt~ l 1o; :t llo.,..••d f••r. 

'T 

·~ 
I t: ~ 

I . , 
J. • :, ,, . ; . 

-l '·~f ; ! t I ~ ), I . . r 
j r If .... 

Tn f·•r•·c .. ""t tC" •" ~•PP'' ... r•nct· ftn th•• "-ih• k-,uu HI ·••r n• •• r thP \'tl J,,q, nf 
·•'l' '' f\t •r. fn r • rurh tt\f "'P•'C'" t•·<1 nt• . n •loti.- n f u·•• .tp:, •'• t , .,('•' r~ -' 

~«•\ •·:nh · r. tt • · ~• r 1•""' cJ,tt•· IS 1 ~ ( Jt'-to h•· r ·• nd lh• .; • · ·o~tt fl,,, as 24 "\u\·•·m h• r . 
'h•· •h•· ,., .,,, • r ,,,, ... , , !'ur r • n t ,.., • ttn• , •• d b:--· ~l · •·an-. •lf · •·· rn • -•tt n 'tr\!ht..• 
(oup ... rt( th• .. rm•.J"-ph•·nr p r •· !ol .... ~ r· · •• t ~···· t ·\• '1 d tn na:t .... p t • nlb•,. n .• . 
111 t• '' ' 1.r' •Tttnn " ' l th•''' n·1.1p~ •• ppr·n'CHIJ<t l i' ' rt~rr•~ .... p rtdc t~ h • u r· 

1r .1 l'"'i'' rt l.r· , .. , , m "' •tw 1m pu ph•·r• 11th· ..... n l •' ru •ntl. Tn· fhr• r • t•ln 

•f ,.,, ' 111t •'"l1 , .. • .., tlnl .ut•d bv : h • .. n~l· Cl ' l•' '4•• ·n ' h• ,o;;nbu r "' '·• '"C lh• 
• Ill' I' • nt tlt r•·r1tnn •• nd , ..... JJotr'_. l'• I ·rh• n ,.. t' ' IO'l a.n n l( 1h• 0 tr •• ll • I f..,•m 
\ o ... , ' ' J , jo;. ' 1 .. ' ot,(• n t~ ~~ ... , i'ftr• " tl•n fl •• d. r • <o.'1l'•n n ( a rur r• 1,1 l tOnl 

rl ! 1 th 1l.l"'i ..Jn dO~ . ·· a.- c,o . ·• ('\.,r' r• tit (r'tlm tl t ' o;.oalh ha s"'" .J.n~ •• n t 
? iH l 'C .t"• 11i -.ho '-. •'X~ rrpl • '\ ()( th•• d•· l• rml'l<~tlf PI •( ' I • p r •'' ,nhnq oJ I r 

" ... ·nt d11· q . • , 

i 1 r .. 1 r,, ... 11 .... ;n •.pr•' ' lt• • t .. tull.•• t a(h' ftl. o r•l • r•nl • p •·lfl l 

A 1!·· ht ~1l ' )I• ...... u . t il th•~ •' '11 Tc• •I• h rnlu\• th•· Plt lu.• ' · ''• ~•'\ £: • \( ! It• 

l1 , .. • • fll ... • th• p r o tr,,C' ,nr h 'lr :1 '"''' , \' ht.• l'l - t:.tn l •to, .i' c•' l.! • t , ~· 
•• 111'1· r A . .• I d r • (' fl O!\ '"0-2i11" \/oo m Ad•· t n I n:IU ttl• .... l th t h t lc.\ll'!l' lif• 

•I 'li•· r·t•r ••rl,.., pll1111 r\\ "-' t· Jn~· - ''· 1) , fl'111:nha-.'•h .. r·p, .. ........ ,t. n ·u~h 

..1 .\ ').t.l'" r·· fiod, A Uit Ul ••,in~!·•ht lA•' •'r\ttwhn!t/011' •• ,,,, .:and Po• 

., 
'' 

:~ 11 .. ,.,, 11u· r···~u • ~~ a - 45 
• ,., ''d n,.~ •o , p r• r;o!iour•· , .. •n In•• loll •I ' li•· r••t• r• n• ,. P"·'''· 

pr• -..~111• r th• rt ~ht In t 1 , .,, , l h• tnn~mh .:~r· p i ...... 
.... ,., .,, A n · .J. 'lt::· ' a h• l ., i!''l l h• ,, , , d ll 1 "·· I 1 17nrr ••• 

q n 

10~, /
·\; . 
. \. 
\ .. 

70 • 
/.. :\ ~- . . . 

10 • 

100 cO •o 

". D 
~I· Q ._: 

10 0 
JcO 

to •• ' 

J<O no JOO « 

.tl f, • r' l .t• _, 'wlo I 

I tt,-. 11lt •I · • f, ( c ll II ..... ,., lof t! ._. .., t'hJ•'l'l \ • ,, •t • •. , ,, r , • , •n f 1'1• ' 

1'1 1 \ I l '11'1 t· r •• ,. •• 11 ... , r• p.nl• • .;;; •• :, 1," •. ., tt •· ' ' , h. n J1t!• , • . , . 
p• l '""tiU-. tft t• f,t, It•' II I , I f, t Q. J'1 'J o t \ I t·p 0 \:.\ + '\ t .,' A !) '!_ ol• l-
., IL!h t \,q , ,. ,,,,, rn n,. ,,.,c ~· . I r •. , .~:.p'·. t ' tn en • "' .• ~hsf• r· n .• 
~, _- tf_, y c;. 1~1 l h ,f" • tpj) • t Y t 1f'• tl.t '•' <o, l t co .._,, H .1 '1 :1 ~,,.,.~I 1 ••"' 1oo 1o ~c 

• ' '"· t.h•·~t t h• ·••.ut • 11 ' ,...: th • •1 f'P"' o.: lh.•• 10 •• ' • f '_j ••l ' ' •· : .. ·1 -.a, .. , f r ...... f!,,,., 

••I 
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of ot lon~ ... •nes o f obst•n·~•UOn~ (mops o f tht.• ll"'f"an p r-cs su r t" at SPa lf'vPl arc 

ol \'o lt !il hlo• J'l ll lt' 1 ' J J\fll} 
In t tw r• "( .art\ lllt_• st;tv•·n , a s•• ra r-~ o f Ob!Oi t' rvations Ire- m 19 21 is USr>d , t.•'. , 

f rom tt,,· umP o f th•• op~'mng o f thP l \'ano v nor t.tag n~ su·-·. The va lues o f 
h•· .UH!lf> a . d••h."'" f"l'nuwd f rom th•• rnc ;sn maps ( fJ r )~!ptembcr o f thcsP years, 

\'oonrod frn rn 0 to »5• a nd fro m 310 to 36 0" (Ta biP 18) . 

1 API I ( J! \ .tluo rot I he tn• h n.il tnn olft~ lf" • cof t hf" tllltlar n S«"ptf' nobtr, used I;) lnt«'f ,ltf 

•• <' ,.Pt't'ol'•'",. r n t tl«' l'p~r Vntg,. 'oil hn"m bot~m 

'' "' I An~ \• e , 
\' ( .. , \ll~t" " · Yl'oU I Allltlt: e , 

tl• ~I! · J d i:Jilt't':S d.-gt«'t" 

19'21 n 1917 ~ 1'150 

I 
320 

1922 35 1931 ~ 1~1 45 
1924 ~'15 1939 50 19!.2 320 
192S 32S 1940 325 19SJ 45 
19:16 ~ 1911 M ~~· ~ 

19'27 320 1942 35 1%5 325 
1921 lliO 191J ! 'II 111.16 25 
1929 J.\0 19f4 3.0 1~7 140 
1930 Jl) 1945 85 liM .111 
1931 Jl) 1946 310 llll>9 ·5 
1932 3.10 1947 20 1960 60 
1935 3.10 1941 340 
19.l6 15 1949 20 

l ·reu r '' 17 1{1\'PS thP r~" 1~naonshap bf'l v.•t~<"n the dat+·fo' o f t c •· .tppt. ~ ranct' o n 
t tJ ~hf"k o;na Ht\'l' r at h ·ano\· Bo r and th(• va luP o f the .mgh• a. du nn~! 
c:,.P1' mh~' r It ("a n b•· S('('ll, h OW('Vf' r_. that 11'1 a t1cUI·daJtc (' wtth tht: a bO\'f'S::t id . 
f,,,. .tn~lf Q 11 C'lt).,t• 1t1 oe (wC'c;l'' rn at r r ur rf.'nt), 1. l ' • • an dH· pri"Ac.•nc •• o f 
cond t ttuns fo r a I ll " frc>t_' 7tn'l o f th e r t\' t•r fO, t h r• d t•pf'ndt•nc t • t i'o Wt>.\ k •· r ' llt<' 
r n" ~ ··r l"'l r· rn ·· t:a s •·s whr n lh~" a ng \•• u vHrti'd from 0 to 3oe and frnm 
:n') to :u;o ts 7 .4 days, foz· all the r emain1ng cnscfii tl fs apprf"c iably l<H~o•f' r·. 

··q u.,) n 5 1 dr•' o; 

• l ·' ''"'11• r • X••mp l· rJ I thP usl'• o f u v • c har:l t: t, •r tSI H' o f th• ... nt rtH>Fpht'r te 
p1"11t ' ~S· s p·-· \'~n llne I ll s .-.ptt.·tnb(·r· 3 5 dt•lf•rmuwd fr·om tl~• t:l l)JI th f"• tn(•a n 
m,mth \y .Hmosph•·nr pr· · ·ssu r··~ 1:-; t h e mt.•thod USI' c.l 111 fOt'('CO"tHI~ tct> 
._ippo•;u·~fiCt" Ull th·· r n·· ·rs Ol lttf' northWf'Stl'r·n rl' R" IOUS Ol th e· E rs 

Th•' ar• r·••(!tm• nf th•• n vers o f lh <'S(' r e g to nft t :o \•t:>r·y t·omp11ratNt lc-f' 
,,fl • II ·'IJIJ' .11' .., ,.V•· r .•l 11111"!'0 011 tht' r i Y•' rS or lht' nfJrth A't.'~ l o r t)H' E. f'~ ,111ti 

tt t•' f ' ,, , •• , .. ", n r··p,.u~ .. o pt•nod s o f s tahl •· tee, the amp h tu dL" o f th"' d., ll'R o f 
tr · c.tpp• -• r·out' • r(·,u· hml( 'hf' rc~ morr th.1n 6 0 days. 1-lo wevi' r, tn th ts c-a~uo 

tc•n ' ' 1.; J"'nc;"'h l ·~ to J!"l drt tel i"d o f th·· da tr>s o r tee a ppc .J. rancc o n tht> nn•rs 
fr·nm •h· prnt • ·s~·'l'- dt.•\·.-•lop m i; 1n <;<·p t•·mber 

ntr lflJIO ( h:l r ..tc t••r tS ti CS, whtc h dt·l<' rmtnt.' thP r elation b •'l\.\ i' t'O tho• 

tn t• tp:qtt•·N n f 1 nflrn~ o f w~rtn a nd cold ~dr lrHtHst·s anto :t ~tv•·n J" f'~ ton. a r c 
,, , , . tJrt'V~t t lln~ d t r ,..c:taon o f t nulspo r t o f n t r massco$; • .~~ul th (" tntf>nF:tty o f the 
'-'''fUco rn t r :, m,po r t T hey ca n h •· to k •·n 1nto a ccount 10 t ~A'O w.1ys. 

'!11•· t.lt •n r·· · (' o f trw r·•daonnl r ty o f thl• lt·achng cu rr·(•nt 1:; d c tc r·mu1c d by 
m .. .aus o f 11 ,00 a~ohanc-su dace C"On tou r m aps on th•--. b t RI.S o f th~ s amt.' 
C(JnS1 d•~rattons ttct 111 thr d c t.--.rm tno. h o n o f thf' m<" l'idto nul tty snd e-x (st.•C 
!"UhH··c tlnn d J; the· J>S tun.:. t e, ho wever, 18 not ~1adc fr o m the valu··s o~ the 

!1:1 Opiilt lll lod:,, .tV( r••l!• d ftH ' ;:1 lo.~ rg• h.'l' rltn t y, hUI ft Vtn II U d1 fr1 l ' • l"' t l'l lh•' 

I!• '•I)•Jh·uu •• t., '"" ' ' ~" t l4<l chr1s• n t,•ho;tro.~ (' t •· r. !411 r Nt~lt um ... IC' f I-t~", 1 4 t A , -
lnt ·•' ' ct \'1 tl •• ,., • ._ , o t u ... • • t.tH•n und• t '-= ''ll~l tl•• t·rll aun t~ '·II~J•d·• l • • 4:f -
lut"~ l • ·d :.hghlly to th•• t · ... ~ t o f 11 (\ 'ulogd •• t. J hf' tnt• n~ll., ,,I tw• "'' :-.t• 1 n 
lt .. lfl.:oiP II I' I lb •'htlll\.•h; d by tht• th(f,~ rt•nt.· •· t tl lh• fi!; t'OJ>fl1• n;ta11t .• tour! Hu• 

III" I' I Ch JII otl I"- " putntc: B t - Hl thf' SO\.tlh n f t h•• I'• ~lOri undt~ r t:Hn,H1• r o~liOrl 
(\\ ·" ...,"' '"' 1. and Ba - tu tht. north ()fIt (\lu r m •• n k t ·11 · ·'-"H I , , , t h • , 1 "'" 

L!••u p u t• n tl.ll c.Jd t •·r ··tu ..... c - (A, - A,) + ( Be - B l) I' ' ·'"'' " ~ .. tl. ~ · \0 : • .t 
rr·.ans pn rt l'h.l t' .J.Ch' I' 1S tlC (T,, b l •• 19) l rt l i( • ' n• C.J t sv• \.,J)• I• ' "'i n t r• " 1-'0'I( j lt"' ,, 

,\ t ' l1-dt•Vt'JOpo •d w•~Sh• rn transpo r t. (J r tO oJ 1A • :-- l •'rll \j,otl ... pPt't <ootUp..,, 0\•·Ult•d 

h:, tr •• ns po l"t '> fr·orn th• southA'f'St T h·· u•·- ..1pp• •. .r· •• :u" tf~• t• • ...,,, 
d••t• r1111th'd ·•:i .. funct ron o f C. f·al:lJn.• I U gn·· <oot ' ' " . , ... mpl• 11 ... w h ,, 
d('pt·m.Jt•nl'f' ro r lht.• \ 'n1kh0\.' lt l\.' t' r Co.tH.'hrtl• ' nl t,,., .,.ln 

'"ftl t 

I 
r ' " 

I 
P ll.ot 1 

I 
r,, • •~ 

I )t ol( 
lt' .. · l ll 

l" c o~t 
· lfll it! 1n 

~ r J t 
nlhU n . .: ' 

!-t ;'C "' ' ... ~("f bi-• ... ~· .. . . 
It, • ,. "" I( .. c 

1901 
__ ,. 

1!!20 -4' 1938 - 10 ~".l 
1902 + 7 1921 6 19J9 18 - 10 
1003 + 3 19'22 5 1940 - I ' - 21 
1901 -·· 1923 --8 1941 II - 16 
191l5 o· 1921 - II' 1941 - 10 ' -15 
l !lr6 6 1925 J• 1943 0 - =1 
1907 - 3' 1!1';>6 - 5' 1944 - 12 - :'3 
1908 -2' lm 7 1945 I I - 14 
1909 3 1925 ~ 1~\16 9 - 14 
1910 3 1!119 - 9 1947 - 12' - 29 
1911 - 2· 1930 21 l!k8 -I -za 
1912 7 19·11 4 1949 ~ -Jl 
1913 0 19J'.! -4 19511 ~· - 20 
1914 4 19JJ -2 1951 o· - :<9 
1915 16 1934 - 5' 1~2 6 -21 
1916 4 19JS 7 19!>3 2' - 21 
1917 - 6' 1936 10 1954 -s· -;)2 
1918 I 19:17 -10 1 !1-~ - 15' - 21 
1919 -11' 19!>6 4 - lll 

1957 10 - IS 
1958 11 - :>& 
:~ ~- ... 

-3. 

ton •1 • '' ~ •II' ~·· " •r If',. • · II t "!, rr;_ •:"I ' I 'U \~ 1 o •' ,. po•\ ,lr ,, • ,. ,. 

!,.,, t'" • . f' " " '' " " "'" . ., AI) < • " t1 tn ttll'.., •ni'l "tl•na., 

In o r d ·· r to ,·c;umal!• thP dq:n .. •; ... o r rn•~ rtdtU:l ol ltt,:o f r o m IT'htp.;; n f I • 
Jn1'3 n- m o n thly pr·,--.~s u r· · .11 St.>d h•\• ·l tht.~ 'contrac;t ' l l ,&b :.O• l !H ISO dt t•·rmtn· ·cl 
b •tw(:-'Cn th P d~vtdttnn ..,. 4Pt t r o rn th· · ratt•d pr't' S"'u r • 1b••\ · :h~ (" t""llf' r o f th•• 
E Is (l\.d. z,, n ' m ·· tt o r ohlRJl' ,ll .... t;}1tfl !l l, oi!IJ IT'\ tht~ l l qt•'l1'" tl f ~C'up! ··d (' .• • , ... 

o f dtmn.:-.p!u~rtc ·• C' h\' l t~· m th,• "'onh ,\ t! •• n llC' \.1P• l (:n · t ~ t~ roit• lta ( u : q . • tt •'t"' 
o f \ ' ak a mi l)._. r ,•n\;;;bu l· l! · mJ tn 111•· /U'If" o f th•• 5tb• n .•. l .:H1h C' \ d ·11• 1 APe 
(I '(•lcdu t tnt' h 'O r olnJ,UC••I ~t .H i t~ll\ 



,\ nf·g~tl\'•' v~tlu~· 0 1 th•• contr .. s t I( sho·Ns th~ p n .•s ... nct: o f an tntcns aft cd 
he-;a. t transpor: fro m ttH• suuth•A'C'St to thr• nort h'A•t•Rh.• rn r•~gaons o f thr I:::TS 
1n the c ase o f d"·lay .... d fo rm .. non o f thf' SabcrHUl antu: ,yclo n• ... whf" r <'as a 
po snave contrJ.st 1ndtcate s a ce rtou n dtrf"'cttnnali ty o f t.h'"~ :.t: r cu rrc.·nt from 
the north'"' '--'St and a r~lptd fo rmahon o f ·' cold <"f"'ntcr Ill Stbt-•ria . It Hho u ld 
b\"" not,·d that no t o nly th l.' condthons o f th" .. no-...· o f Wdrm or cold a 1r d irect ly 
to thc. .. bdS1n,; und£• r coniUdt•ratio n dunn.: th t• a u tumn syno ptic Sl•aso n arr 
connt-ctl'd "'' Hh thE" va tu\' o f th..- cont ra~t. 1\ n•~gati\•C' valu t· IS conn~ct f'd 

a lso wuh the pn.•,·ah ... nce an the- 1-\ tlanttc o f -..:inds contribulin~ to tht· drivi ng 
of A• .. r m water anto the S o rwc.' (it: Hln and llar\.!nts -iea s , whtch incr..-ast-s the 
stab1h ty l1f H1t' he a t t r anspurt tu the nurthw<·:n •· rn rf"g io~ o f tht· F:TS nilt 
only dunng tht70 autum n synoptic s t-ason, but also late r . Th1s fa.C"to r 
tht- r eforc.• ma anuuns t ts anflu!.'nceo o n the tCC app~arancP. dt'sp ate the f,,c t 
that even U1e no r m •. t l d.ur s o f tlu s phenom l•non . fo r t..•x,lm plc, c.1n lht• \ 'olkhov 
B;\'l· r .. nd o n the- r ivt•r s nf tht: L~k(• ll'men' ba.sm fall 111 N'ovembl•r and 111 
lat•) c •. tses - an 0 t'Cl' l11 bc r 

1' .. . 
• 

I ICTJtl 1"' , l)foWUI\00 r nl lhl" lim~ Ul' ICI" .lp jlll"".II~IK'~ (Jf'l 

1h~ h UH of rta.e Volllbow R.l vn c~u11nwnr b• u n lf>Jn l flt" 

r...al! v•lu~ .aJ .t fun..u on of l.h~ t um C ol tM l~lll'.l~t n.tl 

~nd longuucha.el ~"f'''l"DII•I ~~ff~rr~ncu tn Stp~rmbrr. 

Tile , .,flut:nc t.· o r rhc mtcnsaty o r th~ w~sten\ t rans po r t is takt_·n lnto 
3ccount Uy sm~:hng ou t a number o f c t.st.·s wht·n . fo r nl'g.Ui\'e valu•·s o f K. 
1. ,.._. fo r a s trong dc.•vt'lopme nt of the Jcc landtan pre~aun· mimmum, thl" 
p rcs~u r•· '" Uw n· ~lon of th~ Azo r ,..s i s a lso l.wlow th ,. r att·d v.t.lu•· (o r in 
the cast- o f a • e ry tow p rc s!"ure 10 the Nor th At lantic 4p<-6 mb, in tht"! 
r e g ion or t h e 1\zorcs 1t was clo~n· to tin.' r a tf"tJ valu(') , In such ~ e i tu 11t ion 
the 'Neste r n trYne po rt 18 Wt.'Ukcncd, :... fact wluch b r ings about alre a dy in 
Octobe r a dec r e a se 1n lht• n e gatave contr u s t and, comwqucntly , a lso an 
earlier t cc ~ppcarancc than i n lhc c a s e or the a ame v;,lue o ( K a nd a 
d~vt.• lop•·d ·.vt:s H·rn trans po rt 

.\s ~• 'l \'X• tnp:t. A ~1\ "' Ul f 1~'U't• tn .. ' h • d • p••nd• 0("'• ot trl• dnf• ~ Of lC""' 

.t.pp .... ~lr.anc t.• em th• \ 'ulkhn\ Hn·"'r ~nrf l':l tht• r'i\•· r~ f•f tht• 1. ·k· J''m• n' b..\s1n 
o n tht• contr.-st o f th•'" m t•,tn pr~s:;u r~ dur t n~ ~· pt• :nb••r ~uh ~~trn, anc•" fo r 
th• • c.hstnhlltaon f"f lhc." p 1·e.ssur•· a:uuna ty w tht.• ,\ti.HHIC. F u;ur•· t 9b g av s 
·' .sumlar c.J•·p ••mh·nc•• 1n r th •• m t•J n pr.-• '>-!HJI'•' <"Or.t r.-'-.t tn tktn b<-r h c .1n h •• 
USt. d l L' corrt.'e t fort~c usts 3t tht:- be~;anmn(! o f ~0\' •~mb, r 
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• 10 10 ;o . 0 •lQ ·10 , 
I I"'Ul 1 l't\aJ1"'nt T .~1 th-c:•.,. 'lr•t';'f:Hlf~ fl t '\tfl'' "' ' '"k\ l • h , , . : , -.oftl b l 

1' ,. I"" f·h.! \llw,, 

•• ~ .. ·~ ~ t'k"" •r:v.a'a· •ll ' t l'l(' "''".. • .ole"' n"rl"tt "'co• 1· ,.."" ., ,~~~ <: 

·-. ~ ~n ' l l;t ~l. .. r • .tn r " ' '" '"':- >0 :t.;t t"" ~·r • ~, .... ' •tuts- l'""'· b - .. ,. • r 1 .., ., 

Mx • ' I\, :""'-c:u~·<- . ,.., , .t• n, : ~,... 

dl \:> t5 '!ht•A'n an p r"ctu.· ·•. iind .15 ff'l.o ' ~ f t·om th•· . ~'-··nc ·~ of tht• 

I· duu,)u··. C't.'"~Hh r .ab i•• \' r ror:: a r l ~ t · u\ 1Ct ... - ,,pp•·., r .. , tlt.' •• f!Jr•~cttQts ha~··d l.)n 
th• 11.5 •' O( lh•• Unt( C\ r:n : t y Of t!w • .ilmO~tJh t !'lC p r OCt :--:-: ·~~ pro\·a d:nQ: d u r tng l fl~' 
· •\1\\1:1"\'M ! ~Yilf'ptn:~-tl '"' •'..lSn n . Tht~ h~ppcn.:: 111 r,t'tt·s ,... hf'n 11 f" JH'£' · "' 1nt••r 
~~·nopt tc.d ..; •.. ,~Ctrl f,,llcl " :nu ' ht• .1utumn h• J: tno; · ·.t rly and th·· c harotc :· r· u f 
ltt~ prC'Ic··~st.~ ..;holrpty lh ff·· r fl'":l r1N::,• ' ' th·· ,, u tu :n·1 

Tht um fo t·nuty nf lh•• . ltmil~ph··nc pnK"· ·~~· · ~; p t · v:.11:.,e: 1n th"" prt·· 
"' trllP t· ~yn<'pttc.·:.t :;;.~.t~nn c;u1 'lt• !IS('d to fl'~ r· C" ..& ... t 1r ·~ tpp••,• r d n('• O'l th•· 
,...,ulh•• rn rt\' t. rs ••( ·h·· F' T~ ( 'In lh• :;, .. r l\ •" I' " u.-· 1: .... •.:.1 11 ' ~l•'&: ln """ u·. f u r n 1 
111 l h•• ='' f"und h .t . ( t \( '\o \ • ·nb•• r :~ r,rl tH'I!v 111 :"·l r ·· • .1rh ' ··~ · · .. t n th•· h t "' l t···1• 
d.•y p•• ra t,d n( '-:r • \'•':nb•~ r Th~ p r• ' -'.\l tll• r ... ,., ,.i''l t.~ . .t ..... acn·1 u~;·: it l. \ ' 1•'1!1'..: 
1!1 tht• muJtl!•• u f ()c t,,ht I' ( 'n•1'i:•·• t U • r:t' \ , I • \ , lid •lt• • 'H1 t I Clo l t"; II 1 ~ 
. l l r P,Id,\• pu~~ 1bl · · 10 tu rm ;l:J tdt·,.a of th•· pr• ·• ·• til nf! p · c,,· ,· .. s· ~ f'O( th•• s ••,!fortn 
a nd, .ICf"O t'thn(!h·. tn f(J rt c~ !'" t th•· tn··•: •nl! t •l th ..... r'l \''ro: '-'llh a "'U rt tt.'l •~nt 
Ca rew~' rru n (! P'' n CI'd 

Co n!" ld•· rabh ... l •~mp,.. r:'ltu r,.. dr0 ps . "A h 0 .!1"'' frf•qu•" u· v and :n r n!"l 1' 

d , t <>rmJn•"' th~' t :m~" o f tc·.-. tpp···' r .uu- ·· C'n th• .. r l\. r~. a r •· r "'.,rt•·r·\· ,·, 111 tL• 



- ,I 
? 

I 

... •tuth • 10 r·· · a:: a"u~ ..,. 1 th th•" ~U I'f!''~ of .uttwyclunt·R fr•n m th•· no rth, northwc .. t 
' 'I IIUI t)l' :. ,t ;\ uy f' h ,u · a c tt · n t..&hflO o f ltt(' th!VCIOpmcl'\ O f I)U~tH.• JH'CJCt'SRI'!i 

... h,Juld t •. •k·• uuo nccount ,ut only the dir.,cu on of the suq::t:'s, but a lso tht-ar 
:ll ru, 1t-.· Such n ch..l ractenz.•hon can be obt;u nl'd 1f the days on wh ich the! 

11 11• l' 1nP••r t1 tun· dro ppr-d nn\.1 the prrs~urr- r os(' art"· found, and the valu t•8 of 
''I• t•·mp• r . oUJP' c.Jr·op~ dunng Uws•• tl;&t t·S ;u ·.-• ~unun•·d. ·nu~ cnlculahfJn 
.mU th"" us t• n f thas c tm rac: tcn!-' t iC ,..ill bf' lltus traH•d 10 th e example o f the 
:;H·thruJ 0 1 for•·C·•~liiH[ u· ·· .lppt·ar~mcc o n th.:- Lowt• r Vol~a . • 

l 'u 1~ h t m.nn m•• t,.oroiO&~a cal s ta llo n o f Sa r atO\' duys arc dw<~Jen •A•hcn the 
nto ,i fl ·rliurzt.t l It fllP(' I'il t \ l r (• WO\!i' low•" r ·•ltd tht• ol i r· pr·t·~~ur·;• 1ti ~th f' r" tha n thf' 

1t .1v h••ao r•". 1 ttr .._-.. c h o t tilt' ..Jay~ cho:-e~>n rhe temp£•r.ttun• tlrop b(' IO~ + t 5• 
I'> cl• t•· r:ntn•·-1. 1. "~ .• ~8- 15• - 1. ~A•hc: rt" 48 is the tcmpr•raturt ... drop and I 
1c.: th·· rn••:m·rhu rnnla ar tcmp,•ra tu rt>, Tllas n ·nd(• r s a unique rh.- r :u:tc r ist lc 
,,f th•• :n .• e.mtud• ... o f all t h~ r oohnc p;:r1ods, bot h Utost• which l ed to the drop 
ol th•" t• ·mr•" r~• tu r•· h••l•l .\ o~ . and thos •· wh ,...n 11 r •·m .t(n(•d positive 
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511 lD lfl 11(/ IJO I!Jtl • • 
ftr.t'=l .. 1 , tl--V I.tUQfll T or t ht' ttml' , tC:~ olppt'o.U.IM'C" t>n lhc- t uwr r Vo ls,.l 

:rn'l' the t ned ulu~ ..., .1 hHK.tiQtl o l tht IUnt Ul of tht lt fllptUJuu~ dtopt 

.:u r1ng •) robtt, to~lo tn; ' " ' " .ll"f; OUnt t ht mnnion ol 1ht "I" ot t hr ptruurt 

.t.:"l•n o~l )' ' " Murnunsk .. nil Ari1n.1ngr l ''il h om Scptrn1be.r 10 ;.)ctobf'r. 

1-c..t~r o l u .. n•n •o a 'r11m .1 M J.IUvr 10 .a p-..mw~ pc~t•ur~ .~nom.alr .11 both 

~ .:m. 111-r .ue of tr .lr.nt!lft h om .1 poMUnc ID .a nq.tuvt pc<r•~ouc .anom.al1 
.u b.,.~ , tntt '" onl) •n Arloh.lftjtf'l '• k. 11 -rrm.tlfllnl C.dd. 

' ;•·xt, th•• ~um IA8 o f thr i ndividual tc mpcratur<• drops during October 

15 r . .t<·ub t,..d. This quantity. caltr>d the ~urn of the t emperature drops, is 
th•· ch.•r ac h · ras t ic o f the d ca:rcc o f d•·\·t'lopm e-nt of the processe s unde r 

1 bt " 'd b ..:: . ., u"ta ~oul h ... .. 1r nruh c'"d tttnll'CU I c h.lt.lctrmuc ullc~ •ppr.u.aon on 1ht Vola• 
d O'-nt•rc t f!'l lr'Jm Ktolb)t Mv bt:JOf~ thr crr .,..toa o f rht Votgo~ bydtopowt'r plo~nlt 1m. Ldtn Md 1m. XXII 
Congrrat o lthc CommuaiH r .m)' uf lhe Sowttt Uoulft, u k•ns u~rd In rt:tut yun '"' strtltba upuru m 

, i'ICI ~<h:'OU:f".ifl" ' " tbc ... _,I" DII.Id IIOU Jf' fUt'f~Oif, 

c onside r o_tt:on. To m.akt.• th~" calculOAtton m o r e ohy·c tiv(>, th•·· ~urn o f lh•· 
l '·mp,.r;.tur .. d rtJpo;: 1M calcul.•t•·<J t tt r the who !t.• nvmth u f ( )Ctt. ... tw r·. "'""'-'"' tlw 
tl..tlt' o r the b••gwnan" o r thr• S4.'1&801l, .8 WbS tdrt•oady m t'OUOn •d, ti\ dt.'h' rmt n~·d 
from visual obse rva t ions . 

In Octo be r . along Ydth new p roc esses ch.a r act••ras t ic of Uh.o p rr· · wmt•~r 
p f"rtOd, thOS(" or th1• end tng autum n St"~SOO a l so ho.~Vt' .a C(' rta ln llltiU•' Ill' t • 

l n fort.:CdShOl It IS lht_·r• ·fon• OI'C t'S:,o,~ry t O t.a k•• 1n t u UCl.OUnt tilt' h mJo•ncy o.~nd 
direct wn of tht• c limatic t ransihon from th~ ..1utumn to th .._. pn•-w1nh.·r 
pt.•riod . S mct! for thr· appt:arllnc~ of 1ce o n th•• s outtw r n r·ivt• r s th ·· 
.:{·vclopm Pnt of su r ge s of anhcyclom·s an u ... northf> r•n rt' £!10ns ur tht• Jo:TS 1s 
o r dt•C iSi\'t' impo r t;lnC(', It I S pttS~atJJ r• 11~ rn rm ol ll ldt•,, o f th~' p t rlf• t o.t' ' ~ rrc.-rn 
lht• vt~l'i ~thOn t n thf• pr~ssun• .anom"IY tn t h.,s" r •• 'f!OUS, h tn '~· pt••mt.-•r, 

the ma1n m o n th of autu m n . th~ prt•ssu r€' ano m;, ly 1n ;\1u rm3n~k •• net 
,\ rkhangcl 'sk t S n (.\'g ;_• ta \ 1( ' , and an Oct ob..· r 1t as Pf'!il h \'f', th.,. ru '4 :-.• ·,,~ c·n 1 ~ 
C"harac t t: r i "ZcU by"" antt>OSi h c :naon o r th,. uo r ttw rn ... u r~;tt·s (.'ttm .. ,.,,u, ntly. 
<lll ;ICC(•lt_o r~tlt•d rn•t•ztng O ( tht• r'ivt• r s can b • ~Xp• C' h •ft. 1\0 tn\'t IM' Ufd t•J' 10 
th .. · chang(' of the prf's s u r e anomaly d t both po intR, o r (' \ t•n only 111 
,\rkhangcl'sk with the sig n o f th,.. ano maly m:unt:..tnt•d an l\lurmansk. pomts 
to an attcnua tton o f the northern surges. ·.•:hich lt·~·ds to d Plo&;o.· ··d 1C: " 

ro rm.H1nn on thf" n \·rrs 
Flgurt• 20 !Zhows th (' de \·fat i on o f tht! tun(• o C icc appt::,rancc o u t tw L o v. t' r 

\ 'olg:.. f r om thL' r a t e d \ ' ta lu ··s ~s a func tton o f t h t"" su:n IA8 o f th•• t ••:np• r .-1u t·e 
drops during Octo be r, ta k mll 1nto account th<• inverS IOn o C the ~lltll of th•' 
p rt•ssur e ano ma ly tn thf' no rth of the f. TS . 

ThP to tal accuracy o f fo r f' c astin&: with th1s dt•p N 1rit•nc.- is ch.tr·~n:' ll' nJf•d 

by the r atio f • 0. 45 . It should b~ :lOtc-d that forera!->ttn~t IS lt•;t"-t ilc<.·urate 

1n c:asf'S o f ab!u.•nc(• of a cle;lr\y.pronounce d tPnd~ncy C'l f c hdrH! f'f" an •h•-· 
synopti c~• I s·--a~ons (Rener ahzcd tn F1gure 20 by th<" h n .. It) 

T o IOC'rt."'3S,. th ... for{'t.\'arning pt•r iod o f t.hf' ro n•cnst, it i s po~sahh· to 
obtdll1 a Si m ila r dependt.!nce when c. lculatin~; %~9 for th•· hr~t 2H day~ o f 

Oc tobt.•r l tB: ac curacy i s , ho wC'\'L' r , tn _.,,i.'r (.;. -fl.65l 

n ac mo:; t importanl fon:c .. stuut e rro r s an 1tns r ast· an~(' >A'IH·n, ttftt·r ,t 
norm.d o r warm pre · wtntc r pcrao d. " •o~o·arm 'A' mH·r b(•tln$ at t•:,f"ly ddh' S 
In such cas vs th e ·•P P t:'3 r dllCf' o f 1Ct' m .•y be de la,\' t•tl {n r a lun~r p•• r t £1r1 

t.•) :\l•·thods, 10 " 'h tch the nu •an a t r t(' tnpc ra tun• durtn~ :h~ .tuturnn . .t 
s vnc ptaca l sca!'to n o n d a ys •.-.•hen c e-n te r s of anttcyc lon ... ·~ p~tss ov•·r tllt' 
tc rrito ry of the ~1 \'• 'n bas~ n i s UR"tl a~ the c h.tract••n c; tac o f t )\1' at:n u,..ph •· r u; 
pr·ocP~s· ·s. ;,re l'itnula r to th<" m ,.thods d t."'!'ic rtbt•d'" th i s Sf"C"t &on . na.· 
rt-i\~on Co r u~anQ th1s cha.ract('ri~tH' IS that tht' l'l•' anti cyrlon•""~ :•n· ro rrn••d 
1n the ~ .tnh: r ••gtons or th .:- wt"'sh •r n sec to r of tht"' ;\ r('h~ and X<•rtt• ,\tl~•nhc . 

fro m IA'hc r t- subst•qucntly also th(' ou r m~l _!;:!H'S c.auc;; l n~: t ht.• frr·•·11n~ n f 
rl\'t• r !'t arr a\' t' Thf> a ar h'm p••r.l tu r• .. duran~: auhnnn o. l sun~··s o r .• •u u,·ych.,n•· "' 
1Ft the rt•fo rc ••n mdt·s o f tlu'" condt tlons uf ro r m a11 m1 o f ~urt) ~ ur~: • •--=. ;m d 
pa t'lla l1y a l~o o f th•• cn ndnio ns o f th·· l r tran~furmnhon o n t hr• p .. .th to th •• 
rc·gh'n unde r con;; tdt·r .Uton . 

This C"ha r :tc h · rt !!Jh c tS d••t r rman•·d .1!" fq~ !t ... w~. F o r a [!1\'t·n ( r·u···· r) tM .. tn 
a t·cgto n fo r calcu1~uicm ~~ s 1ngh·d uu1 '-' h1 c h ' "' ftnm• ·wh a1 1riJ'I!• r " ' ''" tfw 
:trt~a o f thf" bas an lf:•u·t f . F"or f"'C 3 !11pl t.•, fo r rt \'~"r~ o r ltlf~ ('f"n f r :•t F:T~ th t> 
C3 1culation r••.::io n utcludt•s the \'Oi f!a ~l nd r r al b;\!'Hit:' F rom r·ompno.::tfl"' · 
kim"m atic m aps fo r thf• au tumnal s~·nuptic S('a o::f'n d'-',YS, wht:' n c·,.. nt r· r·~ ••f 
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anhcyclon€.'s a nd pr.-·~su rC' r idgrs W(' r t: situa ted O\ll'r the giVt' n r e gion, arc 
found . ' fhPn, the m cdn -diu rna l a1 r trmpe r a tu re fo r e ach of thrse da tes is 
r Pcor dc·d f rom da ta of the mam m rtl'o ro lo gical s ta tion. Fo r r ive rs of the 
cen te r , t he Ka zan • sta t ion is takt'n as a ma in ( rt• fc r€.'nct~) s ta tton . Furthe r , 
the a il· te rnpc r·aturc Is a\'e rngl·d ove r a ll th{' c hos••r1 u ... ys o f pa s s a g(• of 
anuc yclon,.s {8.) . Tlw m ean te mpe r a turf' during th f> days o f passag-.· o f 
anticyclont' S can br d'•t e r m ined fo r th(· 'Nho lf" autum nal syna ptical season, o r 
t>lst- th•"" p .:- riod o f ca lculation c an be limit ed to the day of issue of the 
ro r<•cast (fo r cxampl~. l o r 10 October) . 

rtG l iOI .. 1 n .. ce D of If' (" .. ppc-.u .. ntf' M l hr Vo lg .. .. , the \'tll.lp> o( PtOkk 

(luJif .It A lun..IIOft of t ftt me-.. '\ AU ltm prt oi.IUrt" fl, Cii.Uin(; d .ll)l Of ruu~t of 
.aMtC)'Cione:t, fer ~.a nrtd v.a lues of tht ccelttc•tm i of l~t nnr \lor.1gr 
( dt~huge) an !-rP'e mbc-r .tnd o! the w Jtrr ct" pc-uturr f .. , 1 Ckt• t. 

1- t <t'.,., e c.a· : II- t< ~".t' . t >.r: ~ a : o .~o~. t c • •: Ul-t>O.a. t>4". 

11w d .. p ,..ndtm c •· of th t..• dat<"s o f lee :cppea r a nC't: o n the valuf• of o. ls 
u~ua l!y suffici ~"nt ly accu rat•• fo r th • r ive r !i o f the northe r n ha lf n f tht~ F:T S, 
Uu~ no t for otlwr r f·gions. Jn thc s .-· c a lc u la tions o the r \·a r iabl•~.s a r t" a l so 
tak ··n 1n to account . F'o r (>xampJe , to fo r eca !'tt ic e a ppe ara nce o n UH.• Volca 
•hr A·ns t r .-•am fr o m th .-. to wn o f Go r 'ku. tht• amount o f wate r sto r ugt.• i n the 
riv•· r and thr ·.~:a t £> r te m p!' r a turf' are a lso taken into ~ccount. Figurt' 21 
s ho ..... ~ th<' d <" pt' ru h.·ncr o r tht· da t .-·s nf ICf' appc a ranc t' on the Volga at the: 
\' t llagl' o f Pros~k (l sad3 ) o n th e m ran a i r tempe r atur e du ring the days o f 
pa ss~·~e or anucy c to nl's (0.). All tht..' ca&••s of ic t• appearance arc classifie d 
Into three- grou ps a cco rdi nR to th t ... wate r sto raA:C of the river and the water 
t ~"·rnp<' rau.u· •.! . Tlu.· firs t ,;cro up i nc lude s yt•ars when the coeHicient t of the 
m t·a n d !SCh3r·~t:.· or Sf'ptt:mbc r waS lf~ss titan 0 ,8 and the wate r tempe rature 
towa rd t Octobe r wa R be low 4• . In the s e cases ic c app "'ars r e lativf"ly early. 
111(' tha rd group lncl udt•H c as••s of a t .. r g f" or m t.!dtum wate r stor;~gc (l;): O. R; 

a nd l.t.tt• {afh•r· 1 Oc tobe r ) t r .l nSi h rJn o f t'le \li'UII' r t l'mp•~ratu r.-. th r UU J:th 4• . 
Undr r thc Sf' c o ndi tio ns ace upp•·a ro.nc .-· as dclay•·d. l'h t.• ,.~cond Qroup 
inc:lud,..s all o th •• r· casros. 

ThC" u~t~ of such d,.~,..ndf• ncl's in r·ou tc..n•· p n lc t •c•· ~a ·.·c pos1tl\' ,--. rt 'tNlts . 
It sh )Uid b f' nott•d that j .slaortC(lllllnJt or th is nl•·t hod o r C'i\lcu l ol tUlJ! th •• 

nw an lt' n"'p•· r·atu r e du rang d ays o r P••SSa..l( l.' n r a n ticyc lo n•:s 10 Utf' lau tu tn n.d 
~ynoptica l tH:as o n is that th t: ddt·rmin~rt iOO n r Uh· d.tt•·s o r ltH.' bt·~I IUUilA: .md 
••nd or the S(•ason .and o r the pos i t i ons o r Ct'Otf' r S or anticyclon('>S and t•ad~•·s 

wa~ no t s ufrici c n t ly accura te . 

S 3. F o r ccasti na ICC a ppt•ar a ncc with u11o~A•anc•' for th· · 
condi tions of th e;• fo r mataon o r tht' S1bcua an anttc~clom· 

Til t.• b t' l(lnm ru: a nd dc;•v t.• lo pnu •n t o f autumtla ) ._Lm O"'iJtW n C' JH'Ur• ·ss••t'f In 
S1hc r aa a nd in tiH• F.tr f: a s t a nd, ,..on~l.'t'JUt.'n t l)•. at ~" t h•· Ot.'J:mmnR ,,f i c•· 
frtrm:uton o n th f' rl \'•·•r !" of th is tf' r l'itOI"'' a r (• ma anlv Ctmn\'C' ~ •·d ~A- atll ltw 
formatio n o f tlw S1bt.•r 1an anticyclon(• 3~d t t~ p r inc;p •. .t rtd ~o:• ·s . 11ao C' l'ntl'r 
of tht• Stb••r ian ~mllcyclonc· ts u~ua lly ~n tua t. •d H I t he r ('r iun of l.akl ' 0.11k-' l, 
tiS p n nc 1pa l ndg~s a r (• d i r Pct. .. ·d · nm" tn lh·· lo .,•••r r•·.tt'lw~ n f lh•· l.•·m1 .Jnd 
Ko1yma r·h •t•r s , tlw ~· ·cnnd t o th(' basw c'>f th r ,\ rnur Hn · .-r . th t· th1rU tn tlw 
l<' ~A t" t' r t•ru: h ••s of lh•• Ob' a nd \ \ .•m!'l• ' t rl\'•'1'~ ·n,. ~! b, • nau .m t ir v<' loth' 
usua lly sta rts to fo rm 1n 1\ ugust. tn l iit t• C'.lS ~"' Ii in ~··ptt"rnbt· r. · 
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Jl(ot'fU: :_~·. 1\rYI.ICh 'll T ,..t lhr llr f" nl U't" .. p~.H.Int'l C'n lhf" l'j'pr"l 

l •n.a ~\ tt h o<M ltlt' r.ur.: Y.l lur J..l .a tun• t ~>•n , ., t:"!t . , Dt •' t~r 
.lf't'.tU:I• ,. ··• ll.abl r .ant•t")•l••n t\ '•"l"' .a: a-•m 1n t!1r ti'C . -n •r , _.,..., 
fiJ t t. .at 

Q uah tO!hVl' l' \' itlu.t.tion c"l( the fo ra1.,t 1un (lf ttn· Stl.n· no.~n .inhcyc lou• t,,,,., f•lr 
seve ral y c .irs, suc cl'ssfu l!y b(·cn U!:ll'd to fu l' •' l' ••St tc •· ..tPP'-' .£1 .. uc~ un t•u_• 
rive rs o r th e ,\mu r b.as 1n. !'tnc c;· thl' d .• tt•s o f lcl' -'PP' '"' ' ' '-t1Ct' on th •·l4t' 
ri\•t•rs v;,ry .,,lthan na rro .,. h nut~ (2 0 to 25 d .i)'MI, 1t ~~ fOurfac•••nt fo r tlw 
fo r ecasting to ('V~.tlu .,t l' tht• ~tPnl· ral c h-.rar tt..• r o t tilL· (\.' •tr ly u r l ..a t•· l 
devt:lopmC'Ot Of the ~lbl• rian anh cy clOnl ' a nJ ItS 3dJOIC"POt ba n e tc~~t ,..rrl~ 
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lc •· w r·nh•lWII .!o: ··o.~ rly wht.!l'l the Stbt•n:..n anticyclo ne bc~ins to form as ea r ly 
.~& J uly ; th•· l',YC' lontc ~•ctwily O\'Cr Siberia weake ns in the summer-autumn 
m on 1hs, pd l' ttcu !arly ov t•r the no rth('r n r egions und ovl!r northeastern 
C hina: the achvtty o f the t rop1cal maximums weakens a nd the surges o f 
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f"I\.I!RE' ~:1. • - DrH.nton T ofthr: lin~ "' u·e .appe.u . .ru· t" o n th•· ,·enlt•l 
t Jb ' Ut•n• rht t.N.ed ulur at .a luntunn of the w.ut o~uon A1 tn 1hr rout 
ptcs•urt• o~nnm.aly tn t he Wtli · S •bcn.an u dge I tht Stbfon.an .auuc ydunt 

fr•llll Augu<.t I t> !'t ptember; b ·"Offrt'IIOO AT t o l ht ~w11t10n of t hr un.e 
rtl tc .appuunt•c lronl t he l.&ltd w.llt.IC', ckttlnllnt'd fran1thco: tebuomtup 

b,l .. nn lh•• V.IIUt 01' • .anu t he- ole w1.11ton ~~ of t he mC"rtdlon•lny 

tnde• fr,,rn t he rarJ u lut for t: •C'l when A 1 ~d 411 l\.lln o ppa&iiC' •tsru. 

.tt1llcou·tnn,·s fro m tht• north are intens ified, ' ' "incr eased air prcsRu r c a nd 
a r•·durf·d a t r t ('mpC'raturc over the north of Siberia are us u ally co nnecte d 
with tht·~f· proc•·SSl'S. let:· p h••nom c ntl bl•ii(in late If i n J uly, August and the 
r,r.,. l hatr fJ f Sf>ptt·mbt:r tht.." Azores nnd J ac:Uic Oc.-·an maximums are 
s aluo.t" tJ mdin!y at ._. high altitude, and i numsification o f the anticyclonic 
,;ctl\' l t y o \·r· r lhe Okhott; k. J apancst• a nd Yellow &l"as is obse rved. In this 
cas•· ., low~prt·ssurc r e ,:t:10 n is situated ovt"r Siber i a, Mediterranean 
rye to nes <"m£'r ~: •· o r. the north or \Vest Siberia while cyclone a pass throuah 
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Central ;\sia to the Lt·na Rl\·e r . tf in the s umme r-autumn month~ thP 
fe ature s o f on£' o f thPSr typ.-.s o f prOCf>SS<-"8 are not c le arly pronouncf"d, ice 
usually appPars at d..ttCS cloRf' to thP nt'rmal \•a l ucs. In rouhn~ prachcf' 
( C" r the prepa ration 'lf a fo r ecas1 , afte r dPtt•nn ininp: 1hE' g iPn ,... r al rh·P r 
fr~·ezing charac ter ist iC, years a r "• chOS('O wht>n th'" dev~Jopmt:nt n f 
atmosphe r ic macropr"'C"SSC~ i&nd t."l .. locataon o f th,· mn1n c •·ntPrS of thP a.tr 
prrossurr a nd t emp('rature ano ma lit-s an July, Au~st and s .-.p trmb•"r arf" 
clo~t"St to those ob~rrvf'd 1n the currPnt .Y" a r 111•' •' xpec tr-d da11·~ o f tC" 
a ppea r ance o n thf" r ivc r !i' o f tht> ,\mur basm in thl' curn·nt yl·a r a r c 
d Ncrnunc d 1n a c co rdance with how ace c.ppe a r e d on tlwse r av<·r s 1n 

r e fc r c nc r (comparison) ·cars . 
This ro r ecnsunR m fl thod IS o r cours •" imp• rfPc t, sance it is b.ts •·d 

c nmplt" te ly on a quah tativ•• ~nd tl~t• r••fo re oft£•n subjt•c t tvf• •"vt .. luatlnn of tlw 
d C'vf'lop m c nt o f atmosph,..ric proc.-ss~s. 

1\nothc r m ethod, clos••r to the 'luantitath·,. rn\'thods, I S u~o d to for""C'··•St 
ice appearance on the L•·na Riv,·r. 

If we takt" the app~"aranc · o r st .. blc anticyc lo n ic fu rmat1on.-. '" thr• r r c;:1on 
o f Lake Baika l as a fi rst tndtcatlon nf tlw bf·J;tanrung o f th<' fo rma t inn ')f the 
Slbt• r·i~'n anticyc lo nt', at is pos~ublf• 1(1 tr<'Cf' .• dcf1 n1t•· df'p •""'ndr nc:L• ,.,r th•" 
date!-0 o r icc .lppearance on ~ht.• LP:ttl Ul\' f•r on Uw d.tl•· ..; wht•n ... uch bane 
fo rmauons app~"'ar('d, ;\n examp h • o f such a dl"•p \·nd..,nC(' ~~ .:th···n an Fu:u ro• 
22. l l'lc u~<" n f tha s h:·chmqu ·· an p ra c tice zs (hff1c.·ult du•· ro llw lf"'~u ffwwnl 

a c curacy 10 1he d e te rmln3 tiOn of tht" datr o f t!w b••~:ttmunc " f th•· form .• tlo n 
o r lh•• 51bt·nan anhcyc lom·. It 1:-t pttrtzcuta rly diffarult to d•·t• rman• Hnto 
datn u1 ,Yt!••rs whc·n many a lh. rnnnon~ c•r cyc i(J'lt.'~ .• nd :mucyrJruw!": P <:t'U t ' an 
the Batkal r('~ton. 

A m orP ObJt.'c tivt.• and dtsc-rammat h·t.• P\' :l!u.auon of tht" frwm:~oln)n o f 11a-­
!'ibf• r ian anticycln nr a nd 1tS rut~··s can b P l)ht:t an··d by USWit tJ,,, ~. ou Hw 

vt\rl••tion o f th•• Pl'nf'""Urc ,\nn ma h• s (d•·•:aa1t•lr1~ rrom til• :v •rnil .uul n n t lw 
pr"\'a ilin~ d ar<'ction o f thf" atr-ma.i~ tr.ms po r·t . In nr<.h-r to "'' •. du.H•· ttw 
formation o f the ndgl's o f th{' Sib•"r t:\n anucydnn;" , r.~r,~rPnr•· pt)ul iS wt• r,~ 
c host•n in l h~· dir("c h rm of f' 3Ch o f lt•("m · w tlh' w ... ~, -;,bf• r i.m nd~:t· · -

lr·ku tsk , Y<'ni~f'isk and ~HrJtut. In thl' l.•·na·J..:o lyma n d e:P -Irkut.;k, K1r••n"'k 
amJ \' c r kho,·an sk, in th t• F a r · Eu~f r-rn ridge - l rku1~~. (..'t!l hl :nvl t\h.111!•ro t·-ck 
Th-.· sum tip or the p r rssurr anom.lil t•s for ··~lc h g n ' 'IP n r p n wt:o; :--•·r\'rS o.l !" 

Ill•· cha ractf• a·t:otic for tlw dt•v('lopmcnt o f th•· r t-!'p ('C h\' ~" rtllf,!•~ ;\ l~ nto • 

po~iti,·f· pn·s~u r·c anomaly in ,\uqust llldtc.,tf'~ •• n • .•l'ly b•· J:! Inmng <1f th•·· 
fn t•m.J t ion 0f th t.' anucyclclnc. 1\ con.sid••r·.,bll' ~:<rf·:-o . .; 1or th·· S·•pt .-nlh•· r n v• ·r 
tlw Augus t prC'~:-;ur~.-· ,;fl('lnl.Jly chat·.w t•· rl1:•"!'1 :t \at• rf'rm a t iPII l)r l h •· :•nh· 
cyc lo n r . f ht:' t"•' fn r •· . th·· \' . t rta ti on A23; !4p\'lu - !6p,, o f tho• sum t'f lh· · 
p rt•ssu r c :lnnmal h'S fn, m Aur:ust to ~t·pt r"!llb• ·r ((u· th{' a h o \ 'l'·llldlcatt d 
stat10ns sPn···s a$ th (" d(',•(•Jopmt~n : c h:lr.lCh.' rtsta· n f rach r idQ:•' Thf• 
d ('p('ndrnces of th~ datt·~ o f ic<' npp••nr .• ncc· m 111• C' • ·n t r~ll cuu n<i• C' ( th •' Oh' 
lt i\'t"r and m tlw upp€'r Ct"\Ursc o f thf• L C'na Hl\' t•r nn th•· r ... sp•·~..· tt\' •' 
charact(' risttc-~ fo r tht' \\'<>s t St bt• r Hifl A1 {lnd LPna · t\: \'!ym~• A l r·uh:··s o..~ rt' 
gh·c n 111 F'1gurf"!'t 23 :.• aud 2 ... Titl'S•' d• •p,•ndt'nct'$ :•r~' rlr.l r ly dt•fan•·d . hut 
in a nu nlbl' r o r C3St ~ th•~rt• l'XISt ('f"\O<hl•·r ab:o• d•' \' HII:nr.~ n ( 1111 ' cl,o ft•~. 

ohtatni"d frorn th t• do•p•"nd··ncr~. fr·f\m tht' ;tc tu :tl ci.ll ... n t ••>o; o• ti t n .• unn~ 

appt•a r mosl shar·p ly for tht• llb' Hl\·•·r 11H' r•·,,~t,ns (tl r th u;; C•Hl bt• 
clariftPd by consttknng thC' dlr•'C' t1on o f 1h•· a1r· :n•• o;:~ tran~po"l rl . 

The fo rma tio n o f tlw Sabcrtau ant u:·~·clonr and atF ndg•·s IS r(Jmv•t· IPtf 

with th <" act\'"Ction o r cold air, ronn!'ct,•tt 1t.1th m •"' r uh •lna l o;;;ur~· " · f rf"'m th r~ 

., 
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Ill 'I tla tr• n ••. •. ~P·'c'11 \ , . I . ~lOll,, Tl• . ,.,.,. , ,q h n c d t r't'(' tl t•tl o f ,,, r- nh&S~ 

t r~rl:) f)l' ' , • '\pr•·-; ... . d hv th•~ m • rtth''"~• h t.v anth-~ . jo:.; tlu· n ·ftH'• :Jn u n purta n t 
l.u W t , •. ,hu · h ~hou!d lw t .tk• ·n tniU con..;rd~> r·,,tlfm \\h••n ' ~llmatuu~ th•• 
<..1 •' \ 't.••npn'l•' n t o f th·· J:..as t- ' 1\.)(•ra •• n rn ~a:\rnmm 
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IJI.f "' ' ' · '' ' '·"'"'n T "' 1b, un .. · ... 1c•· •rr"'"''·'"~' •n , .,, l'~r 
ll'nol 01\ r If ' " tht' ro~tt'd ~ ollw' ,u .a tuntllt'n ,~t rh .. ,.U I ..C h 'fl At • I 

ll1t t ""' p•~• · url' "'" '"' .. •I) tn 1hr 1 "'"• h·••w•"' 1J"" ~·• 1hr !'1\w"n. n 
.a nil') I· nt' ft<'nl Augu'l to '-~ptt ,,t.rr. 

1 - ~1:> l, A:.c 11, ':'- 61•< I "' lt h A: >O: 1 - tn(' hJZ"' ,,1 ~11 • nJ A: olte 
t~ uuw-

r h·· m· · r rcho u .• ltt:- I lid• ' ' · fo r· thf• , .•. ,p nn c•f th·· w,~:-; t - 'dw n.m ndc· 1~ 
c;, Jcta lo•l • d : .• ~ l h •• d tff••r' •' IIC,. h• •t .\ •'t' rl th• ,,v , •r··•L!• ' ~~>t•pOh· tH t:d!"l Of 1111' 500.,th 

!"Ur L.tt.· •· ( 11 ~00} h v•• r ~ pl ll' rit.· a l n rt.u tclt·-s w1thn1 ttw follo·,•rnl! huunda r· a · ·~ · 

(1 1 l'l!l .md IJO"' 1: . lon l!. , HO .n ul ·10' ~ - l.t l , . (11 ) I Q:, :t nd I ROO E . long , HO ._1ud 

40 \: , iat . 
l- o r· Ill•-. r·•"'£:1"rt o f th•· l .••na-t\ nl ,\'111h ndg·· lh•· rnc.i· · x 1: rqu·t·~~~.·nts the' 

di t f•· r· .. nc ·· l,..t'."''' ' ' 'n lh•· a ,., .. r.lc~ · ~~·opllt r<nlta ls O\' l' r s ptwr1c al rec ta nc;lc~ 

Nlllll~l th ~"' fn!Jowinl! hounU.& r·i · ·~ · (i) !) () .~ nd 120 E. l ong, , 80 and 4 ne N.lat .. 
(II) 1:! 0 ollld 150" E. lonq. RO a mi 40" N. 1;t l, COII!"ld t"' rdblf> positivt.• \':liU'l'S 
o f th•·s ·· uuhr•·s 1n '-'~ ·pt• ·mlwr r• fU'~ ·s• • nt th•• d t•vPiopmt·nt o f m e r id io na l 
su r~· s ft·nm th•• no r th to t h,... r• ' (!J fUl~ o f th•• r·t·spcc tivP ridge s ; n c gattvc 
' ~• lu • s o f tlw~· · tnd1C;:(•s sho·~o• , o n thP c·o fHJ 'd ry, tht· appea r ance o f condi tiOn~ 

f,,,. ttw r r ;u l"'Jlo r· t of •Na rm tli r rn.tSS"S from t h•• suuthwcst, causmg a delay 
1 11 ftw tu r·m :H1011 n f th,.s t.• rid(!•'S (and, conSt'(1Ue ntly, a l so a delav in the 
fr·" •' /UIC: o f th•· n·:·· r~). 

In Oi uumh•·r r,f r a .s•·s th•"'r" l' Xi .St 'i a d .-.fimt" rT I:•tao nshlp b(' tWP~n th•"" 
·: . .lu•·s n f th•· m ·· r·1dio na hty uul··~ I a nd thr· charactt• rist ic~ A of thf• ai r 
pr•· :-o: s u n "' , ..• datitm (T:.hh· 20). W &t h pt'lSl ti Y(' d£•via ttons A/ or th e val ue of 
I fru m U~t• 3\' ' r·al! .. (• 2 .J dkm f••r tlw \V•·st·~ibt.~ rian ridJ:c and -t .Odk m 
f~tr rh·· l.··n.t · K o1y m a radtt ~·) ,.., . h..tvt' po:ot.i tr vc v01l ucs o f A , and for negative 

d • \h.!IIH!.-.• d !ho d Hfo • 'l( / lf'l l llllh• l'otlt ·tf \-,ol Uo ... lh• \.Ill• P I 4 oil' . tl ·' 
n • (!.l ll\ l'. "f h iS J' • . ~ITIU l~ll l f' "'nfJ\ \ ..,. ll&.t ' h • fnt:U,tl l• ' I ·f 11 o ttd~:t• t f ltl• 

dJ• f' lull .on'tCyC" Inn • t._t"' ~ p l.tr • d H'lfl~ l!io (II\' ' 'l ,,tJin :nn ... . .._. ... u•, ll!HI• 1 f ot• tr • 

·n· I· ..: .., l,t\t l o r:ll rconolat,.,.,.... I I. fu r • •• :np ; , th1 ... pr , ·< . ... b• ~ • .rt • ._, r " 

lliu.., P'•tntlnl! tn ,, ;)( ' "'lll\'t' \' ,trl ~tlaun A n( Ill• pr• ":"">'II"• ·• '1'•~r ... ~. •I,, u , • .. ,, 

Ill "''P f• •tnh ••r f.t\'Or <cthl•• t'ftnd l 1101l:-t ,, ,..,. IJl,Jutf.illl• d fn r ~~~ fu 1 tt ,• r· do• \ • ••pitt• rH , 

•ludt 1'- arHJI('ot l• cl by " pll~HI\' t' c..li•\ ' l , t lt"H tt{ l h •• !tWI tdtnu.dJI\' 1' d o' / fr'llnl 
ll ... r·ar··d \ ' ..t ' ur·. 
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arc dlrf(' r cnt• . 1t is nect•ssary to take into account, along wllh the variation 
o f tht• pressure. the m c r idionality i nde x I . This is done by diffe rent 
m r thods, df"pr nding on the influ(•ncc of the m eridionality on the formation 
of tht:> anticyclone 11nd the appearance o f icc. As was m entioned above, thi s 
infhwnc~ is m.ost important for the river~ of West Sibe r ia. ThPr efore, we 
u s£> .m auxaHar·y r ctatto nship b (•t ween the: deviations, o bs<.·rvc d in the SC' 
yf'..t r s , of the dates o f ic<' appearance from the l'xp•·ctcddatc s acco rding to 
Fagurc 23a and the vah:c o f Alt which r epre s ents thf' dc\·iations of the index It 
f rom th<.- r u h.·d valuf' (Ft,::ure 23b). By m eans of this graph we de te rmine 
the· corrr•ctions to Uw diJ.tt· s of i cc appt~ar:.tncc f'xpcc tcd according to the 
~raph o arld obtain th~: e xpec te d dates of ic<' a ppearance with allowance for 
both c haract(' ristic!-i of the developme nt o f the atmospht~ric processes. 
Unfor·tunately, :iuc h corrt.·ctio nR c an be introduced in c heck forecasts only 
fro m da ta for th e last 2\ y ears for which there arc ac rolo gical maps. It 
:;hou ld, howf"vcr. be c mphasa7.('d that thr n"'ost ampo r1ant devi~tions fro m 

OH~ d l:"pe ndt•nc \!S r-I(A, occurre d in recent years . 
Th~"· introduction of thE' cor rections considerably incre ases the accuracy 

o f thf• re\:ttio ns hips fo r tht.., la s t 22 years (f fo r the central Ob' Rive r 

amount!' to 0.53). T o fo r·ccast icc ;appe a ranc e on.,hc L e na Raver it is not 
n••c,..ssary to d1•rive auxi li <~ ry n •latio nslnps. ·since the amplitude of the 
d C' \"iation~ ot the actual da tes fro m tllos(" deU•1·mine d from Figure 24 is 
r··\;,tl v .. ly ~ma ll. In thi~ c :HH' it is po~~ihle to b.:- confin<'d to tht• selectio n 
a•HJ 2•·n•· r a liz.at1011 o f i ndiv idua l lines connecting groups of points whic h 
correspond to yC'a r s wh{'n , fo r a negative vaaue o f A1. the index It h.td 
pos1tivc d c\·iation• fro m the rated va lues (1940, 1941, 19•3. 1945, 1946, 
I!HR. I !.lSI. 1952). and to yea r~ whe n. fo r apositiV(' va lue of Ar. the i nde x 
1

1 
had ,.~gro tivc value s (10 44, 1956, 1958, t!f59, 196 1). The fir•t group of 

poi nts d 1•viat<•s from the c entral line tc ward t:arly icc appe arance. the 
sf·cond group towa rd late icc a ppea r a nce. Ttns corrl•spo nds to the 3bOvc·­
cons idc·rC'd physical m "ani ng of the n ·l:t tion b ctwePn th e qua ntities A and I . 

:\llol.f.•ing for both thc·sc clwracte r istics of the atmosphe r ic ctrc ulation the 
a ccu racy nf tt1•-. rdation::;hip rnay b~" in~rrascd . In th e e xample give n fo r 

th e Uppe r Le na Rive r f am~unts to 0.66 for a r . m. s . e rro r a leas than 

thr·•··-· days. 
Application o f the d rsc ribc d tc c:hniquP give s sati s facto ry resultA for 

rh·•· r·s of the Ob' basin, for the cent r al and, partially, for the lower course 
of th.., Y•"!m sci River, and for the rivers C"f the Lena basin upstream front 
Yakuts k; ~omcwhat less satisfacto ry r e sults are obtaine d from the Amur 
a nd l rty s h rivC'r basins. In the Amur basin it is necessary to talc.c into 
account thf• Circulation conditiOn8 no t only in the zone or the Sibe rian anti· 
cyclone. but also in adJacent regions o f the Pac ific: Ocean. The freezinl 
o f riv., rs o f the Jrtysh basin is strongly aflect~d by the atmosphe ric 
processes developing over the ETS and O\•C r Central Asia. 

1'his t.-.chniquc is not perfect, even fo r such r egions whe r e good r e tmlts 
arf' obtaancd . tn particular. it does no t take into account the influence of U"te 
inte nsity of the wc stt·rn air-mass tran~port which, in individual cases, 
cause s ar. appr<•ciable delay In the be11innin11 of Ice formation (for example, 

In 1953 on the L~na River). 
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Cllaf>/er II 

F ORECASTING TilE BEGINNING OF ,1 S 1'ABL F. ICE 
COVER ON RIVERS 

,\ , F'OHM,\ TJON OF' AN ICE COVER. DECJ'iJVE F A CTOIIS 

ll1ve ~ frcezan~ b f"gans .. dth tlw JUnction o f andavadual bnt.Jg,.s o f floaung 
ac:t· 10 places fa\·o r-tng s uch phenom e na. t.~ . g., wh C' rt' the flow vcloc1t v 
dec n.•ascs. •.vherc thC' r c at'c islands, when· the rh·cr l>ed has bPHd::;,· Nc. 
The fo rmation 11l s uch places o f ....-ide s ho r e ice contri bute s to thP fo rma r:on 
of a continuous ice co\·<.·r 

_For tlw fo r·mation o ( a. sufficif'ntly ''dd<' ic .. shon'• and a ~ufficitont a m ount 
o f ace ncc,.ssa r y fo r t he appea rance o f ice cove r in plac es of thco r 1\·e r b('d 
fa\'orable fo r this. a dPri nitc ~mount ofh<'at has to be t r ansft• rrf•d . ·n us a m o unt 
d•"w•nds on thf' \'Ut'ying mv r·pho n \l• tr&c cha rac t rdst 1c~ nf th•' r 1v..-.r h~"·d and 
on _the hydrological condit ion~ on the gwf"n ri\'C' t" stretc h in th•· ltl\' t · n pt" r h o1 

o f tee for mation. ' 
:'olot always do stagnan t ic~ blocks Initia t e the bl.'g m nin'( o f an icc !Jridl(•~ 

In o rdt .. r .fo.r the fcc b locks to freeze togNht.• r· and an tcr bridr r- . 1ndicatinr. 
the fo~mahon o f fc,-· CO\' Cr. to form , it is ncccss.1ry that thf• ic•• hlock,_ h.-.v t> 
sufhca·nt ly larg£· d tm • ... nsiuns and that the fl' t•l?zing tO~t!tli •" r dt.'\'"lup:-- ~-.t tht.· 
nf'CC'SS~r·y rate . It i s thus r equ tn..,d that the air t£'111p\.·rmure 111 tht~ pe r 1od 
be :;ufftc ~rntly low (SO that the he at tra ns ff' r IS su ffi~ l<'ntly int1 •n:;,iv1•) . 

ThC' a tr t e mpt:-ratu r·e a bo\' (' -...•hich s t ablf' ic<.' bridr(·~ do not for·m i s 
~u:kd tho.: .ca·.atacal trmp~ r·ntu rP, Ocr . ·"h1ch tl • ·pl' nd~ o n th · · m "trpho:n·· t nr 
\,;.h-•ra.c tenstl.cs of the rl\·e r bed and o n the hydroln~i crd cond ition!" a t th,~ 
h m c 111 tht.~ gt\'Cn r iv t' r s trNch. 

Thus, fo r tht .. b~t:inning o f a s table ict~ p~.~riod on a J'i ,·c 1• s u ·dch {i <' 
fn r the fo rmation of s table ic .._, bnd~tes ) two c ondit ions at·(· n€'cc~s::•~y · · (;;; ) 
some tu.'? ' transfE-r corrcspond! 0£1: to th(" gin :n condltaons stwuld o ·cur· , 
(b) the a tr t empt>rature in the p l·nod whe n th•• hr!"t cundttio n If: fu lfi lled 
s hould not bE' higher than at s c r· ittca l vOt tue . 

Ice blocks float.ing up to a for med bndgt· accum u latl' p;u·t i<tlly undP r th(' 
~cc &h <.'e.t and parttally a bove tht.· b ridge, mo r e or h_·~s r .-padly f r•·•·zing with 
It and wtth each other. Undc·r ttw icc bridgf'~ and ac(' b locks fr·,l.ti ic•· 
floating along th t" ri\'c r accumulatl'S. 

Jmme daat('ly a ft e r· tht• formatwn o f an act• hrid~·· th•· up'4':1n l .uh- ,ifH: ·-·m·--nt 
o f the let• t>ds;r occuz·s mai n ly dul~ to ace bio(' k~ ~1tua t••d on tht• Sf'l' llon 

bf'twcen ,,. .. 1ghhn ring I t''-' bnd~cs :-t l tht• ti:th of u ,,. h H 'OH•tlf •n n f " '' t11" •·r 
on_c . Tht' ratf' of prnptt~F\t 1 U1l of tht· act•-cot\"<'r t·d~ ~· oh\' I•'U"'IY clt-p•·mJs 111 

t~\8 catH!' on the dcn.s ity o f thP ice d n ft , thr.., th1c kn· !-",. n f the 1c r hlock~. th• ... 
dtschargc of fraztl tC(' and on th<" flO"A' \' c-loc aty Th•• 1ot.d pr·op.tQ:-:.111011 of 

7' 



Ut<' ac••- cnvc r· ••d e•· du<- to ac<• hluc ks l ''dstl nA' on tlw s<•cuun dc pt..' uds, an 
addltwn tn th f· ·•bO\'•' . also on the h .. ·ngth o f the ac e drift section at tt•e tim~ 

of th•· ro .·nwthm o f th•• lw.' ' '-'r ••··· lH'adg•·. 
Fu rtlh: r pt•up~•f!tllivn of th ,. ICI'- CO\'••r t 't.litl' as dw• to tc~ fCJI'n1at ion u n tla(• 

s ••r t inn h••f •,,.r•t•n thP tc•• b t••di%\'S. Th~...· r oth• nr proJ);t~tataon d Ppc nds o n the 
tfast.uact.· f rom ttw upJh'r hrida:t.•. th•· ra h· 'Jf ht.'t.l u ·u.nsf .._. r and the flow 
vclocaty 

Tht• up:o; tn.·am prop..1~;:tauun fl f th·· ac ••-t•tJ\'t ' redg•-• m·•Y t'Xtl•nd Ovt•r ln r·g t• 
••r-'"a!i in the upfWI' strc-tch .-•s (•f nvt·rs flut,·ing ftvm lak es, In r ivf•r 
stn.> tche~ downs ta·Nun f r-om lly drue l.:c tl'lc statio ns omd 1n co.~cs of consid,... r·­
nbi·· w.tl tt r tt.· mpt· e·atu e·£t gradients a!onu the rh·l·r . duP to climatical 
couc.Jatwnli (foe· r·xo.~mp lr, thC' ,-\mu -l.);u·yn Hh•c• r l. t n tht-. abs('nce o f an uppt>l' 
brotll(• ' 

In th·~ s• · c as('S the r·a t •• of upstrl~,ml prop.,gatzon d t.'p t"nds on the foltuwuur 
.. , HI• ' diSI~H)Cl' fro m l h l' l:l k t• or ~tur·n,;:(• n ::H'IY •i r o r from some con:-; tunt 

r-ros~ S•·ctlo n o n t lin r h ·,-. , .. 
h) th·• ·.~m t~r· tcmperatur-' 111 the takr o r stora~c r eservoir o r in som e 

con~tant upstream crtl~~ S~'c llon~ 

C) t h t• r ;atf• o f h••ut tran sft· r·: 
U) fll" fto•A' v•' luci ty . • 
1\ r ha r·o:tc t cristic f('dturc of icc cnvt.• r fo rmation on :-;ucll s trl'tch<·s . us 

'A t 'll ~•s nn strc-t ch l!s with high f1o~A• vclociti~R. arc icc shifts occur.-inl( 
dur·i nl% the f•·l rmaliun nf the iCf' c nvt•r whe n the air· tc mpt•ro.•turc nr ttw flo•.\' 
v•·lnt,•ity nse . 

t\ stoJh\,.. a<-•-. p t• riod on n nvc r st r etc h b<'«ins ns tht.." f1rst !oltahl f' tCt' 
br·id~ o ·s form. t\nnw1ng the time o f fo t·m ation o f tliP firs t s tahl·· te.._ ... 
brid~c,; iR nf prac tlc oll importancl', since fro m this ti m £· un a shurp 
rhan!l(" in l.hc n.-v tgation condition~ t a k t. .. plar•· . The t<·chniqu t" of 
calcul:1ting and forf'Ch~ting th,.. b t.•ginning o f stab)(' icc p c r ind on a giv••n 
rl \'~"r str~'tch Is much more completely workf•d out at prt'St-. llt tlaan th·· 
ti"Chniqur- of fo r c·casting the fo rmatio n or the ice COVf'r iJt a Bpl•ci fic 
point on the riVL'r. 

B. lf'f'.('O\'EII FOHEC,\ STING USING Alii TE~IPt:H,\TUHE 
FOilECt\STS 

§ l . Jl ~"' l:ttionRhipf; for the c alcu l ation Of the bcginntng Of tht­
s tahln U:•· pt· r·lod on ~ J{iv('n rivt·r stretch 

r\:-o andic:> tPd in Uu· pre\'lou s s £"ction, (or the h~ginni n~t of :.a s t a b le let.· 
p •· r 1od n n a r1v•-. r s trdch (lor Uw fu r r.'14ltion o t t ill-. firs\ tcr bridgcf') twn 
f; rmdat 1o n s h:.•vf> to b<' fulfilled. FtrFt, ' 'crf' should be some> hNll t ran~f~t· 

c11rr • ""pnndln~ to thl' given cmntiti l1nR. S£•cc.md. "A' hen thf• fir· At condition 1:t 

fulfilt •·d. tlw <:t ir t('m peraturc Rhou l j be not higtu~r th.-n tht• critical 
lt•mpt: ralurP l cr. 

·rh•· ~um of tlu• m Ntn .. diurna1 m.·gative air tem perature's from the day nr 
th·· appf•:.. ranct• of flo._ttin~ icf'• II-. is usually ta ke n as a relative 
charactf·ri~tic of the heat trans ft• r . 

A~ nl '·ntao n •· tt pr•·,·inusly . th<' rtf•c c.ssary heat tranRfe r . or tfu-. quantity 
!8_, itnrl th'~ vo.tu~ 8c1 dl.'pcnd on the morphometric charac teristics o r the 

r 1\'c r b .. d and on th, .. hydrolog1c .. 1 coudi llons :.u tht" tam..- 111 tl,.. alv•·n 
l'ive r str••:\ tch 

'fh•-. lnOrph•Hnt.• tnc o..ntf hydro~Ol! :C ::-.. 1 ('Otlthli OtlS oJrf• f~ •,ar:lf· t• • l'll'"d hv lht~ 
WiJit.'r S lt.ll\' H ._,t t 1n•~ o f llu · ~o.iJ;Inq si1 ••s i n tht~ ~ 1 \'"" ~t rl'lrh . • 

Ttw t iuu> (')( th•• ho •aannin;: u ( st~bl<> lc.:r.- p••nod p n n rh·f•r s tr••tct. 1~ 
d·· lo· t·mln• ·d f r o m long-ttm•· nbse rvati,n do.~ td ff> r tlus ,:: trr·te h bv th•· r~·o 
r•·latwustup~ fa a!lian.r ~Jr.tphs l · · 

11.11) 

... nd 

• .. - IIH, ... J. (2. 11 ) 

o\ht•t••• llr IS thf' '-' h U.•r• ~HJU• ' p r••f•t •dillf{ lh • ~ lab\• If'" p< 1'1(10, (!8_)., 1~ IS 
t it .. s um n f th•· rn••nn diu rna l n~cari vt• di r· h •rnpr-r •• rur• ~ n• 1..' •' :-o'"'·•rv h •t 
r·:.th"'r. :.ppr·u •• c htnq tht• nc·ct.·ss ... r·y \ o1ut•!;) for 1,. ,. t' H\"••r fnrm.,t t;lll (ft:•n 
suho;••ctt()n h i 

B··it) ' '· ._. d··~cnptwn 1~ £:1\'f"n o f a 1•·c hruquf• fo r ...-. · tt an~-up th• 'o\ u tlc ii iJl 
t:t'O•J>h~ and fn r c~11cut ,,tln l! tho• twganning o f the ~• ·•hi t> t c t · p·· n ·'ld 

~• l D •· t \' r· m 1 n a 1 t n n '> r 1 h ,-. r i ,. , . r . ,., t r •. t c h b o u n tJ :. r· 1 .-. ~ • ;\ 

rn.···r ~trf'tcr• shuuld ht• m ore o r less umfur m . Thi s rn .. •aus. hr•:.tth. tiMt rN 
' <-r·~·· tnhutad•·s ·' 'htc h m utht cousid~"rahly HlCr •·Mw Uw ·'·• l• r d l ..:: ... -h.•r.:•· 
tfr, , uli' tt·•• •• :n 1rn m tht·t r tnflow should •x1s. t o n th•) ~t r•t• tch . ~.;,.c•ont-L~. ;_• l•n•q 
lh1 '>lr•·tc h th£> m n rpho \C'II(aca1 and hvdt.!U IIC rharr.c t• · rast tC ~< n f tJ, •• n,·,-.r 
:>ho u l d IF• um fo rm • 

Tft,. l • ·n~th o f th·· rh·c r st r t·fch should 1>•~ li:'\ICh : h:tt 1t!'" 1 t•t ••u r tth iL!h .d 
cnnditwn~ r,,n b•~ uppr nxamatdy ch:u·~tct•·ri?.• t1 t>:-· th •· d~~' ·' or ._. sint!l •· 
m•' lt•OrfohJg lcal s taunn. 

~n lt~ss than t wo ga~Ull! !;it f'S (mO r e' <lr{• d••s i t'<.tblt•) -..ht •uhJ bt·· ol\oll h thlr• 
n n t lu• ::trj ·tr h ·~, f; ... •mf' ('u~C'S, wh r•u rt IS kttn\' '" thft l tlw ft r·~~ It'• ' t>r·uh~··:o 
fu rm ' ' \'f' ry y .. •:u · da rectl~do>A·nst rt•.ma o f o ~~'.'"" ~It• • (or .tt its. l•w~•t1nnl. 
rmly ():a• •lh~··r,· ... tio n pC\int as ~uffi C' tt •nt on th·· s•·l ••t• to•d ~tr• •f <-h 

h i I' l nt t I J1 q t h •. 1: r n ph u:e_):mn - I(Hphl .. (' f ' ... It C~t!'t•f;: .. r ~taUt• · 
ire l'tl\' t' l' till' ti.Jt<'S o f ats brginnan~_; un tlw .!'0\rf· tch c:tr..: dt·U•r·rnan• d F,,,. 
tt l1~ U.tt·· lhP l•hrli•' st of cill th\· ddt<'~ of b·~~infltrH! u ( ._. ~tabh· ICt' r· · r·· tl, f:i:" 

r •·<"On lt•d o n th•~ st l'l'tch, 1:- t:ikt·n. 
F o r· '-'•lCh C.t ~t'. A' t' do•tt•r·nu th" t hP \' it l u•• t) f I8_ ft'(\m tho· d~lv n f tho 

·•PP• ·:u·.~nc(• o f rtu.tlln1! k" 10 th• · u .• y o f til· · b· ·~ l lltl lfll! " r 11 11 ... t.:hlt· H' t' p·· r·1ntl, 
rncludll1£t th" tl"mprr;-ttu • ... o n fht• d.iy~ of t h ,-. b·~s;t·uunf! ~lnd · ·nrt n f thi:ot 
Jl•~ rwd (at th•-. ~.IUH' m••to•t'l rt'\lnt:h.:.il :-:tnf1P11 ftt r· ,, II tho r ;, ... ,•-.:}. 

Fnr t lw " ;•h' r "ta~· · H p:t tt.,~ nlinimum ~t . aa::t· p,·•·c ··dmc ;;: tab1•" 1<"•' p•· ri C•tl 
IS t.t kt•rl , If a ~t.• ~: • · rt~•" h· ·for•· th•· twt.::anruru:: _.. f "'tahl·· ae •· 110; c· •• u~· -1 hy lhf· 
fr,,\•••1 (t ( ~· f n(•tf .tlnn~ tt11• ri\·••r, thl' \\ o•l••r -..1.1(!• f'l tl tll 1~ tf:ly pr••f' t'd 1111:f th•• 
h c-(!irtnln(! o f ~tabl• • l(' t•, nr· l•: l t : t• d .ty p r••t•o•rt tnlt th•• tnr r••a:-t• 11\ th• r .• tr• t•f 
~ta&::• ' ri~ (' dUo' ht l l~ f' fnrtn.ot irtl1, ~~ U..;;o•tt (to t' fltP 1-•,dt'lllotl lf"n , 

n ••. \'aluo- o f H P'l' is d•·tt"'rmiuf•d ( rtotn nno"' nr till' '!: ·IC:Inr! r-.. i t • ..,_ •\f , , ... r h ·· ,. 
~ t n•tc· l 1 . 

Tht• \ ' ,oiH•'!' P f IO_, tm· r·••.n.,ltlC 1111111 t 1w l' t' J!I Illllr.f! 01( th• anrta•"'~n '• I w• 
h lnc k -:, ar•• llnknnwn frOn \ oh:ot t • t'\. . • tann~ . \V1t ,l l .lr•• k n• •An . t l f' f'l\ \' tl1•' \ ot l ll• .. 

nf !8_ nt·cu:nut .• t,~d to .\ard th,.. um•~ wh• " l ttw ~tahl • · · r ·· f""l'i,.fl ,,,:" 
r t·cord•· tl .tt ·• l"'' ' rtn.ln••nt nh!"t ' r \';tlion P•' i'H " '1 th,.. p.t r i iC' u t •• r o;t r·•·trt1 

llo-.·r \ ' f'r, tlh'!'" , •,du• .d, 1n a dt11t1nn to thno;:;•· twr· · '> ~.tr~· ftt t' d• t• rn.., 1 ·un~t I• ••• 
blet<'k l'l JIIUCIUlO, a btt'l ('Pnt,qn ,, nu mbr r· u f :tdd lttllfl,.) \' ,.ltto•q " f !ft_· l:t \ re_ 
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dunn~ tla • llmt.· f r·o m t lw lw.::umtnlt o f ICt' JUn,· uou to the mnrnt·r)t ...,,.he n 9~,. , 
w~•s r o•,u,·l u .. ·U •. 111d l ilt• h r s t s t t.tbl •· r e t • h ruJ~··s fnn11• d; (h) IO- thtr' tll~ the 
t ime fr·om t h f"' fo r m,,tiOil fl ( dlf' firs \ SU•bl•• ICt' bridge s tO t il<- beginning Of a 
s t ... b 1£• I C f' pe r tod a t lea st at one of the obser vo.u on potnt s; (c) the CXCl"SS 

ncgahve a tr \('mpo·roture on the day of th e begumtng o f th • stable ice pe r1 0d. 

u_ 
- 14/1 ,----r---,.--.....,,-----, • 

- lrl'----~~----=n.~---,lrlll!:--.--:::::! "'prC' ' em 

FIGU!ol[ :!~. ~um of l<"lllpt":.liUU'.J (lf. )n:,n nr!c~u;ary fo: lh~ 
Jim(' lie-n of ~ct' blot~. u • funcu on r f the ~o.atr r Uoljt:t H tt' 
ptt'ct dlnf thr U<~blt" 1rr rC'rt~ . us•ng. tht' rn<~ gnn u.Jt• • (I8_f 
l<n thr pruod tM':t~o·t't'n tM:g1nmng .. r frf"nang .1:od ofU<'I ffl 
U;t,bl e IC('. 

11•e p ·aph i n Ftgun! 25 shows. in acco n lHnce with the \·alut.·s o f H Pfr (on 
th"' ab&~ i~sa), the va lue s o{ I8- fro m thE:· day o f icc a ppca.ranC't.' to the d;ly 
o f th~ bc qi nntng o f a s tablt: icc pe rto d . Sutce th (·sc va lues o f I8- contain 
a numh··r· o f the abovt~· indtc<-ted add it ional pa rarnr ter·s . the po ints (I8- . 
H pre ) aJ' t" scoan .. r c cJ o vf' r a •Ad d f• Cidcl. 

In o ntt •r· to o btalll (:·om thc sP d..ata the ~urns of negative t ~mp•· ratur~s 

dppro~ching thtJS{' actu:'llly nec {•ss:t ry fo r ict'·block JUnct ion. the co r r elation 
lin•~ is drawn alo ng tht? lowf'r £>dgc o f tht• field of po i n ts, i.E'. , along the 
rnuumum values of 1:8-, acc!umu tatcd until the beginning o f the s table ice 
pe riod, 

cl P lott1n~ t h t.• graph 'lc , -H~rf!) . For t"'nc h case o f stable ic e 
fo t·mation ...,,,.. di•\t:' r mine from the g reaph (I0-)1111n - f(Hp,t') tht.' quanti ty 
(I8-),mn F t·om the table of the mean~ diu rnal a i r lt:mpcratu r f:'s tlw datt• of 
accumula t io n o f (1:8_ )nnn Is found . The n, on a gra ph (F i gure 26) wi th Uw 
.va tr· r ~t •• g .. :: on thL' ,,bsdss a a nd the m ean-diurnal ai r tempc ra tu r t> 8- o n 
th(' o rdina te . po ints co rrespondi ntt to the wa t e r s ta g e and to th(' \'a lue s of 
9 - of ··ar.h dav b~~1nmng fr·om that a t 'oA.•hic h (DL)rrun IA'dS r·cac hcd are 
plotlf'd. Ft rst "'' '" p l()t on the graph points fo r cast'S whr n (IO-)mln is r e a c he d on 
tht: rl.ay nf thf• b••a;:rnntnst of the s table icc pcl'iod . Srnce the sta blt> ice pe ri od 
bt•a:ins an th~"S" c·.Ho:cs on tl~c d a y (IB-lrn.n is r t·ached , it is c lear that the 
..a i r l"'mp(•ra tur,.. o f this day is <·qua l to or lo we r than the critical va lue fo r 
tht· g1vPn cond i tions (fo r the g ive n wate r le vel). 
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Fro n r th· ·~c..· pn 1nt c; .... . . f'~• r\ oiJt._. tn n n .tpprO,t!nat· · a f• J '"f tl.• pn~ HII"ut n f 
t t u .. c u rt' o·h ol l(/11 h ru Oo - /CI/ph) C..tnr •• lt t•SI J')'JII !I ~ (~>r'ro ·O.,jH111d ,., ot lf 

kmpt..• r.,turC"~ o •qu o.~l IO U l' 10 'I.' o• r tiHI ' l lh t • C rl t1C3 1 \',~ }u o :-- , I I 1 ... t }•· ·•I' t la.t l t h • 

lin E! o f Ocr C 3 1) 1l0t p . i S S abrH •. thf' . U A'I ' r nd~·· o f t)v• fi,- !d vr lht' "it.~ JHU il t!\ ulu­
absolutc \·alue !'O o f th(' tH' 'td ll \ ' f' t•·mpPr atu r f•s flll th t.• o rdm :Jt•· Hlc t·· ·•· ~ ~"" 

up1A'3nJs from the od ~:u1 o f the coo t•dtnat f>!l' ) , 

... 
-rs 

·ll 

-· 
-· 
• ·ZIJIJ 

·-· •-1 

·'f 

. & • 

n(_~'"'' ~. 'IC'!.U u•n•h•r t'o" • f t""l .,(' ('f~!" ,il '"" h'•t ~ •. • .~ • . ,., Or· .s '"'I 

'""': C'r ·u~·, H m Tht \!,no ~o"tc-n :ru• :ru ;"f ' l "H' 'l•• ~ ~ ·r !. ' •• 

lltC' ~ .~~c r •ccC" t!mt; fl'li • to~ t-IC' .cC' f' •tuJI . 

1- lt'lllj'('U t -Ht t • •n•ut: .cut'l' f t"· :ht· ~.::utn;n: •I ' 4.,1\ 1• • . 

t• •:.:fftt•u•m lot thf' be._tnn·r~ ,.., .. .,..,,, ·t"r; ••,, n 1 t to 1~" 

Mll111t'IUOf- t'l~ ytAI, H• t ht' \Jr:t\lln,fU I\"' - 1" ,. )C"IJ I nu•t•ao.. • ' 1 iJ 1. , 

bt>~IIVl tn~ fK"tu fht' J • )' d .ltc ~rnu!.lt h'tl (r> i-' rJ It• l%t-)1,.., 11 . 

~~·x t . fn r o thr r· r,,~p::; o ( !'H~• bh· a· ,· fo r·: 1~:l fl '" '·· p .f•t f\'l t'"-.•• l! I ·~P t 1h• 
lt ' lllpt.' rUtUt'•· ~ o f ('>;n·tl d .. _v I ll th •~ p ••n ud ~('" ' \t' +"tl fl,• ~~~ l! lll''I'Ht nt ,u•o•t;:ul: , ~ 

trnn or (I8- lmtn 0\ Ud t n\.' d ol\' ·dtt•""•' ;, :t·y··r •• H!f ' • .... ' ll: a1 I I" 1\j :,. \ • t ' ' I·'' t it· 

C nt tC~I l \ ' .tlu o• \\'t t h CIUl 1>•':-t::tn~ . h(t.\'o' \ 't' f ', t••\tl!ld tl • ol' t o.:, 1 (lf ..- tahJ. 11.~ , 

~h' t'tOd. T h t.•t•t- an• I llS ~nC' t' :o- .dlt•n th,· d.l \ p f llH h. c: ;nn nt.: n! · h· -..t~• lll · 

pt.'l'tOd tiH' t f'nlpt r .• tur.~ dnc :-- llPt t • .il tt l th: ,,dtlt' Cl \ ' •':t .•\ ' · • 9~ itrh' fh: ~ 
I Oth <·at t>s thdt tht.~ ftr~t .qtp t"<', t l ll.l tl t'n luu 1n 11•1 "" f'l ~h~n 1~ ,,, , ,. , ,,11 tf ,tmt 
lh~t l hC' h•:npt' l'd1U 1' 0'S lh t'OUC:h \\hH :l 11 h.t:- h •' t II dJ',I .\ 11 ,\ l' f'l .. h • \I I' t !t.ofl l h f' 

c ntic ,, J \'a lut"~ . I n =-'U<'h r.l~··~ Hw h r'"- t ,t :l;tf't ' ' ! n · . .t : ••n lJ• ,.• 1:-- lo•t,,.,, d ~n 
tll i\ 1 thC' J)OIIl t f'O J' I't'~llVIldiiH! i(1 t h•· cl.o.\' 1 I HI• h· J.! itl ll.'lC 1• f t h• "- ' , t ill • II' •• 

p••nf,d t!'i s ttu .llt' cl <'n tl11· h ut· " ' ~•h 1\ • • 11 ( 'r"n :• ••t :nc II •' ::,,, • .._. , .. .:,, t • 

pl('lttinl! nn tho• lP' ·' Ph ,,f tho· I'''IIH/'0 ~ o t r· · -= J• ••ntlt 'U! I•• tl: · d ,,,,. ,,. , · '...: ,t •td 
tt· rupt., t'.t tur·f'~ dunut: ,1l l tht· l"··rn·d~ p 1·· t 4 •'cii'H! ttl o.:t.thl· · ,, ,.:,, , .•II rh· · , ·":::· ·~ 
a naJyz ,•d W(' C.'Orl' l"l'l t ilt' p0~ 11i0n O ( thf' C'CII' I' • ·i,ltl P II ! tn•• tn O: tJf'll 

~' ''·'Y t h.ll 1t p.,~st~s tn fll"n ~·t·., t at tlw s .• nl•' rh .. t.t·w·· l t "c'Hl t , . f 1• 1t! prtll\ l !< 
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o f h ·mpt: r d ture:s th .. t c:hci rtot z•t•uch t hf' critical \'al ucs (below the lln t.'\ o r that 
('XCt"'-'dCd tht- cnttcal \•o.lucs (above the hnf>), 

5::! Culcu l ... llnn of th·· bet:anmn&: uf continuous tel~ c ov er 
fr'f\m 1tu r t•J .. ,t . onship~ few d stivcn r ivt' r s t r f' tc h 

\ <;i:hnrt·r~·ne:• · for<'Co;~St nf thf• bPginning of c o ntinuous le e cove r (stable 
I C"t' f" ' r·I~Hh t •rt :• r' l\'t•r s tt·etch ft·om r •·latlo nstups fo r th is s t retc h fe: 
pr••p.•r· ·d as (c•l lo\\N, 

I , 11a·· •' '<p•·rt••d wttt l'"r s taqo· fn r thf' d a te , fo r wh ich th~ probabili ty of ice 
h i'·rkmc: • ~ c- :;a1,··1JI:ah•c1, is do• tf•r m inNJ. 11us wah~r SldJ!l' is takrn as lip,~. 

It 1"- otd\ t"~' o.~h l o • 10 b•-•~o.tn the Cillc u)ahon for 3 do.~y Whf•ft ICP appt.•;:a r o..nct• is 
Sil l! l nlfJ I' llh, lbh .•. 

fl 1" (( ti ' • ' Y.ill' ll itiJt: p •' t"I Od O f ttw caJcuJil tiOfl, d f•pf'uding nn th£' ftl rPwarning 
p •o r l•)d u f th£" oJi r·1t•mpPr.tlurt' fort.·C~tSt USt•d , i~o as ~t nil(', 1\0 IO!lgf•r than 
5 I<' G d~•y.. \1• thud~ fllr f<• r·.--.t·:uo:tan~t watt.•r t.lisch<tr~tf'S und lt!\'t.•ls are 
d t• OI(' I' Iht·d Ill "Uuko\'od~h·o. (Ma nu al). No. I . A roreclts t or the W:ttf' r s tages 
fo r "lt•• t•a lcula iiOII Of ti11• bC"gHUHrlC: of ~ tab)t.o iCC Wi~ a fOrewarning pe r iod 
i"'r .d ttH&t 5 day'O;Ij •·a n uRu.dly b<! obtaine d hy t he Simplt:f\1 mcthtldS. 

2. n,~. q uant aty (11-)m.n is tl t.·tf' r mined from the rf·lationship (It_, '"'"­
• /(HrT) . 

3 . Thr \ ' ot lue o f IL. df• h ••·mant"d at tht_" drtl~ for ~·hi ch th•· possibility 
o f 1<:•· Uloc lci nl! as c a lc u ia t<·d . is dctc rnum.·d h·o m thf' doua o f Ua£' ai r 
tc-mp•·r .ttu r···. dunn~ thf' P'-'riOd hNwccn the appearance o f flo~tin~ icc . and 
1iu• d .. y o f pr·· p ... r.;twn o f th~ :ur,•cast of lhc bf>ginning of st..,blr~ icc and from 
!he ... i r u ·mpPra tur'"' for,.cast for the ne xt days . • The s ummation is c 111 rried 
Qll t from tit£> d •• y o f t h" .... ppt>d runct~ of floating ice-, including this d"Y· 

inr•• this c.dt·u latiOn lS mttrtc fo r an t~ar-Jy date, the vatu~ of !I_ is 
'im~l!·• r th •. m (1L.)1111n. 

.;, J\ ~1m1 l.•r c .dc u lation is made frw th" ne xt d.ey. and sr' n n up tu tht• 
day for o~.•hir-h tfu·· \'~ lUl of IL is round f O br- hight.' r than tor ,~qual 10) the 
,·aluf' o f (l:L)m111 t.l •tc rmtnt:'d fr o m t he ~·atc r stag(" or th is day. TI1ls i s the 
d.•y tll" \' ;.. iw · o f II- ncc •·'>.,.ary for ic:c blockulit IS r rnclh·d. 

:J, R"t:lnnan~ fr~om Ill•· da~· (II-)1-11n IS: rP.tc hr•do the h.•mpt.~ ratun• o f f'ach 
d .• y 1~ rnm.>o~ l t ·d .v1th ttw \ '.dUl' u f 8cr c·o rr.-•spomhng to 1h· · li'\'f' l t•f th (' gi \'Cil 
,,,,, .wt~••rdi11~ to tlw furll: tio n 8c:1 -f(~1") . Ti1c fia·st d.ty whose tc mpc r.tturt. .. 
r:-, • 'tU~•I h.J n r· Jm .. , r tla.aH ti1L' r·, ·:o~pccth·•: l cr is taken as t he d ... y o f onset o f 
th (• (· r l l ll' ~d ~. sr t.omp•·r· ... tur·f'. 

lt . Tlh •l.tt• of thoo o nset o f c rit1cal air tco,pc ratu r e is taken as tht .. dat e 
o f th• V· ·~an:u uq f)f s t :Jhl•~ sec (formation o f firs t stable ice b r idges ). 

I t !'h vul d b• lJtH ' Ill' an m ind U1M, in acco rdance w ith lhC' proc~ss o ( thr 
u·~· ·c•w•· r· furm .•t•o n, th f> fir:;t stable icc bridgcs form earlier than tht.· 
h · st a:Ull f t~ f) l t.h~> ,..t ... hlt· sec p <' r iod, d e te r m in ed f r o m obs<'rvoations a t gagi ng 
"ilh s (:w • !"r·cll"'n ,.\ ). 

7. lf. 111 ;w.,.·n rdauc t· A.ith tht· assu mPd cOtH'SP. of the ai r temp cr•turc, 
t fp n ·itu .. · .al v::np~· r·•hlrc lc:, occurs ~o much latt" r than tht" accumul.a.tion o r 
(!8-)uun that tlit.' fu t' ' '(..o.JSt sn&: o f lhf' bc.(!mnin~t or Stabl~ iCI.\ due tO the 
lum l• U f t1r• ,, .• -.rru n~ p•· d o d of tht· t .-·m pf'ratun· forccasl u s e d, c a n be 
JH • P·lf"•••l ou!~· i•h•· r- tlu• .tCCtnnult~tion of (II-)"""0 t he dat<' (IL)m1n rt.o,, cht.•d 
P• . o • 1.. 1 rl ft·· ·~l ~·· tu .d d~l t a n u tltf· w:.ttor st<lg•· and air t.-.m pc r a tu r c . 

.. , 

I I 

Iii ~ .: ·-lf l . : •• ll 
· I 1 ' '( ~ 
• ' ' · ;, .; )1 j',l'l ..• 1' ' ' . \ 

i· ·r .. ·1 ' J • ' 
11 .11 .;tt 1 f 

I ~'\ .... ~ ' I ~. l , . 1' 1.-\"il'u h ' 1 ~>·: . !ll!lllt f : 

Ch~ck ca tculauons (for.-casts) ditf~r f rom th•· .. tA\·•· ·d•·scnfJ, \1 m"'.:.h4"d 
only by tl:.e fac t that ;. 11 the Vo:t lues o f th,. w .. t<· r llfil l(• ' """d 4 1T t•·m pt•ra tur •• 
a r e taken fr om actual d.Jta. . 

Exam p 1 (• o r c a 1 cu I at i on u f t h •· b .. ~ ~ ann 1 n t: t"' ( ~"- 1 ... t t l •• 1 (" t.' 

(continuous ic~_-. cov(• r ). t. ... t u~ c alculat•• for .. sho r t - r.,.ug..,. fo .. ,•t" o.~:!'- 1 1h•• 
datr o f the bcginntnliJ of s tabl£· tc~ on d n ,., r str~IC"h ft1r .-.tnC'h t••· H•r k u u: 
r elationships are given tn F igures 25 a nd 2fo. 

AssumP that no.uinc act· ttp~W .. r •·d in li t i S C .i,t • (lll t !) "''' \•l•m l)t ,. Tit•· 
w:.te r stace on this ddt t" was 1 OO cm aiJo\'"' tlw z t ro d .. tu m hn• .11 t~t· · a .. .;u,~ 
site use d for plo tting tlw staiJos in F agu rl·~ 25 .:and 2G . 

Ass ume that wate re ,:;tag .-. a nd ~• lr·IPmp•"" ratur• foro-.C'dSt~ fn r 5 d~.y~. 
from 20 to 24 ~ovemb .. r, a r t:" ob tam•• d (T .. bl• · :! 1 ). 

r ABU :!1. \'AIUl't . ... H • • .l iN n_ t nl '1¥ uk-.l.i'Uln ··f th• ... llfl.n~ col lilt.,,, II,. "') 

rco l.ttionlhtpo fi.IIJ • rd 1 .• lfl 

""'" 1·,··1 ,., •. 1 2Jtlll :2111 1 ,, •• 1,. •. :St ll liJII Ifi ll ., .. 
"'' •rc:-t tUj;t-. H 100 ~ " 711 67 rA 110 40 12 -9 
All lC'mpcr~tuuo . 

• -12 - II -6 - 9 -6 - 5 -3 -s -3 __. 
11- - 12 - 23 -29 --JII -44 -49 -s2 -s7 - -

From F'ig:urt• 25 " ' ' ' find th., l fo r· n st .• c,t"" f'f 1 nt) c:m l l !l ~:t ' \' • :nh• ,., .. '.t!u•· 
(Z8-)111an -- 70' is nt..oC' f"Skt.•l'~' fo r th C' h· ·~il1f1111A ·•f ~tubl • • · r ••, \\ h• r ••o,S "r1 

1 P ~c,vcmber thts tetnpur .uu r c- was oniy -1 2' rr J !J! , .. :! I I. 
, ,,. woate r stal e on 20 ~o,· •mb .. ~r •.r.· .. ~ S~ e m . F o r tins ~lo•.:·· •• ' ,,!u•· 

(IL)m1lll -. 6~f' Is nec ess"":·y fo r th•~ b€'1!1rlH1llll f'•l Qhtbh te o .. dan· ... ~ "'' :'ll 
:'\o \·cmhe r the ac tual lt·mp••ratut·c .,....,~on .. ' - 23 . 

r\ ~i mal~• r cl\~""ck is lthtd~ faa· th t-0 nr·:.. t c! •• y up to 2-1 X'1h'• mh••r·o In th··~· 

d..1ys. too, IL IS lowe r t hdll (It-,1•11n n• ·c· ·=--~~· r~· lo r· th•• h• qunun~:z qf :-n .• t.l·· 
ic£' fo r· th~ \\ ,.ttl' r s tugo•s o f the rt?~pt.•Ct\'. • d .. ~ .... 

On 20 ~o,·.:ombcr w t.' obtoun !or~c ... st:, o f th• .. , J tt• r ... t .... ,:• .uh.l .n r 
tt.':npcr<HUrt'S fV I' t!t i' JWrlud Unti l 2~ ~O\'t'Jnbt0 1 lll• .. h l ... l \ '• • ( r.,ht• :!I I. 1! 11 

tiu s ,•xan1plt..• ....... ~•to:o:U:t11° that lht." w .. a .. r··sl.l J::0 •• ril l .qt' -ll ' lll p•· r· ... tu l• Itt!•, .. .. , .. 

pt•, •p ; i rl•d O il tho• f)l't '\"lOtl~ d .A,\ /'0 0 ._I f ' (' \'t'•n fi 1'1'1ll'd ~\ t ho l t 'l·' o c ., ... t .., P f th• 
fn110 .\ i1l~ d .t.)'l-0 ~nd lh .,t tht ro n COaSt~ o f lhl · .\ .t it t ' ... f,•C:• o11ld •tlr I• lllf''•' t'~IHII o 
arc complt'\ t•ly L.tl rrt'Ct . ) 

f"C' r tftf' b t"'l:lnf1111g o f a ,:; t,_lble ac• CC'I\' t•r l•n 25 "\t~\ ••mb· r ... ath ,, .A Jt•· r· 
Sla ~c o r GOc m. 3 \'.l}u,• (!1-)111in -- 5a~ IS ,., .,j'.l l'\ d . lin .... \ o r, " 'I ttu ... d .• \ 
o nl" -52"' wt•r·t.• n .•c, , rd,·d . 

J·r-om t ht.• fn r t•c;.sH fu r ~:! - ?fi ~f'l,·, omb• r• oi !•' ' ' rant: 1~ 1 ' h• ' ·•I • , . ... 1 .1~· ,., 0 , 

26 )\\0\\' !11bC' t ' to 40 c m 1~ t.0 XP"-'<" 1••d. ~ r·om 1 U!ll l • .!!> \''' fwd ll lolt f,. r rhr~ 

M.J~:• · (!;8_)mm --5J• 1s n.•quir-•~d. :\ ..: f,,tJtt ~,..: fr.•a . T~1h! • :!1 , tlu - \.tlu· , .. 
r c a c h•·d on 26 ~o\· ,•m t.H'\r 

l,f•l us d <' t t 1'mrnc ttl\· J.,t t.• o f th f'> on~· t Cl: lh·· ,. t 1!1<. ._, ) ,,, r 1· :np• 1 ~· tur·· ... 
From Faaur·•· 26 "' ' hnd tl1.1 1 fo r· ·• !"t.'R' ' t•f -l" n n o• ,,, Ju,· ~~ . --U , ....: 
nrc '-·s::at~~· ; but o n :?b ~<l\' •·mbt• r· t Tal1!•• :.!I\ a t•·mp· 1 ~<~ ;r • 1 f- !,' r~ 

r :-tpt.•r l!•rt, 1. l' •• lngh•~r 1hOtr1 l h·• C rlll ( ' , \1 \,t ~lH'. l ~t• r 2 i :"" · ~ ... , n1h• t' ·• 1 •" \ • l 
dro p to 12 t"'11 pi ' ~pt l' l• d, h~t "' h ll"ll 8 .-:• -- ';" _ IU:1 ,., :· -:- ~o, o r: h• r· • n .' 

>1 
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- J '' (":cp"ch-d Ou 28 ~H\•t· rm."-·r ... lo·.N•· r an" of t he Wil't•• r sugc to - 9 e m as 
t•xp··ct ('d. Fo r t h 1s h•v ••l 8 cr • - 6... On 28 SovC'm bi•r -8"'. l . t!,, a 
t• ·mp••r .• au·(• ;"..,•' r tl• .. n t h •· rrt t u ·.•l. i s r xp t•ctt·d , 

11au s, ·• ·· f an tf l h .. t th<' lwg anm ng \ 1( a s tabl .: ac t• CO\'t"r o n tht.• s tret c h (the 
(orm~uon o r the fi r s t s table te e b o·idgcs ) s ho uld be e xpected on 28 Sovc m be r . 

J J Sr>mc v.an4ntq of the r .. lationstu ps fo r the 
c •• ic:u t ... tton of th~: b<' ginl\lnc o f s ta ble ice c O\•f' r o n 
n J:'l \ " f'n rh•c r stre tch 

.. , For rlv l" r s with s n1a ll \ u r la twn in the •water s to.tgP and, acco rdingly , 
a n .. ·st: li glb!e v .& riatton ' " th tt me a n now \'elocat)' du r ing the fo r t''A•a m inc 
pt.•r iod Of the fo n •ca s t or the beqinntns: o f Stable IC~ CO\.'Cr It IS possl bh • tO 

use 1ns t••ad o r the depe nd eonc••s o r f!l-)min a nd lcr on Hr~ the r e lations haps 

(3 . 11) 

:..nd 
(4 . 11) 

·• h••n:• Hn t8 lht• NOI•· r st. l ~ t.· I"'IT\ the d a y o f t he a pptfaranc e o r fl oa ting ice. 
Wl&_.n pr~""p3 ring a fo n :c.tst of l h t .. bt:ginni ntr of s ta ble l Ct ' b y m-.•a.ns Of 

th• o,; P d•·pc ntlt.•rl(:CS, th .. n.· 1:0 nn n'"cd to o buu n a fo rt.'C~tst of the " 'ate r s tagt.•, 
n , •. fo-ChniQUt. o r p \OUin£: th•• ~ raph Of thP d <'p t"tldt•OCt.' (J . IJ) Ill nO way 

du f·· r s fro m tlw olbtl\' t~ · d••:Jcnb(>d tt•ch rlique or p lo tt ing the g r.tph o r th i> 
d•·p·~nd£·nce O . U). Th ... d i trc r t."'OC(' cons as ts o nly in that 10 th t .. t·as<' 
runside r t•d h~re wt.• take .... s th(· argument th<• ·A•a tc r s ta ge on th t.• day o { the 
nppt·.tra nCt.-.. o f rlOd lllll( iC<' • .,..•h t .. t'<'38 'A'he n plot ting th~ gr~ph o r t he 
d(·p•·nc.Jencf.' (t . II} th e wa ter s tage preced ing stllJI~ ice is ta ki'n as the 
aratume nt. 

nw tPChniqU~ Of p lOtting th• .. ~raph C"f lh(' d••p~Odl'nCf" t.a .ll} diffe r S fr0n1 
tht• d00\'C· fh·sc rtbe d fo r (2 .10 only hy the ( .l(• t thdt Cht.• t••rnp••rdtU I'\.' Of t•a c h 
day, b· gwntn' fronl Uw da y 3l which f~-)m1n IS r i."'J Ch t•d, t s no t c o rre lated 
tw r "' 4'ith Ch e '.A.'ctH•r s ta gt• or that da~· but 'A' i th th t·" Stctge on th,-. d.ty Of the 
app nar·anc '-• of floa ttng tCt;, 

b) F o r s ma ll riv<'rs at I S e xpedient to take fo r thr c ri tic-al tempe ra tu r e 
nn t ttS nl •"'<.•n d iurna l vulu••s, bui thC' diu r nal nu ni m um s. Such a c r itic a l 
r.-•rn p,.. r a tu r c is used, {o r cx.amplc , to fo r e-c as t the begtnntng o r stable ice on 
th t• S··t:n a dnd Osknla rive rs. 

c 1 Fo r· s m a ll rtve r s wilh a s lo •A· n ow \'Clocily , the value of %8-
n•·c .-·~~a ry fo r thP b'-.. g inning of s tab le tcc , c onsidt-. r e d fro m the appl'a t· ... nct· 
o f flOoJ. tlrtg 1C'-"· IS Smal l. Tl1c r e fo r e, if the forecas t o r the bccinninl Of 
S l~bl1 .. tC" i S pre pa red a ft e r the appearance O( f1 o o&ting icc , itS fo r cwar m ng 
p •· n od m ay tu rn out to be too s mall. In o rde r to i nc r ease the foa·ewarrunc 
P"'raod ft)r t h• .. fo recast or the br gtnntng o f stab le lc~. up to a lim it 
p•·rm tss1 ble by the fo r c w •• rmn-: pe r io d o{ a r f'liable air t t"n1p("ratu r c 
fv r .-•cast . 1t is po ss ibltt to usP the predicted date of ice appea rance (see 
C'hapt•• r l ). 

H. in a drt ttion tn thf·~'-' co ndi h ons, Uu;• lo nc· ter·m \'.J ria h ons in the w.ttc r 
st~ r:·· du r ing the ~t~c ro r mat lo n p t"riod .an.· s ma ll llnd Uw ,·adaho ns ln the 
d~>pths anrJ ~··a n no•N \ 'eloc itu•s are ne gligibh:·. his possible no t to 
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ant roduc:e the wat~ r st a.a~ in the c•lcul.ation and to de-te rmine the va lue of 
('II-)m••· nec c&li'OI ry fo r thf' tM-1annana n f s t,.bl" ice. a s a fun.c tion o r t hf' 
Initial water temperature .. 

Q:l_)mlo -/(te). 15.11) 

bypa ssing the c•lcu lation of the date of ICC r.p;wa r~nc{· . In ttt1 s (';uu •, ... s in 
t ht! calculatio n of icc a ppearance. the wah: r t"'lnPf'ratu r e on tht• ,.,.<. o f a 
day cwfo r e the a i r t~mperatur~ take s on n~catlve \•a lues HI take-n as th t• 
ini tia l w ... te r t e mperature. 

llte c r iticr.l te mJ)f!'raturt" l cr i s a~sumed ' " s uc h cases to b~ con:ot .... n t . 
The hiahest a 1r h .'mpe rature, ;.t which the bcgaruunc of s table ic~ v.·a s 
obsf'n•ed on the aiv~n rivf' r s tre tch, ls take n a s l cr · 

s 4. C olcula t ion or th~ b .. linnlnc or stable ic e CO\·~r on a 
r ive r stretch from 1e neral r •lationshi ps 

In th~ abse nce of s pect.al r rt.1tionships, obt.-Jncd ro r a g tw•n riv•~r 

s trt' tch from toni ... t im e obiH.·n~a tions o n thi~ s tretch unde r condttton~ of thP 
rn·f'r r t'!g ime exut.tinl at th,. pre sent timf". t he bea anninfl o f s table- ice on a 
St rt• tch O( a lowland r lvt'r (the (o r mation o ( t he fi r s t stable ic .. b r i d011es1 can 
be c • !c ulate d by m eans o r the followinc fo rmu la s · 

l:•-- -10.31r1·
8 

... •, 

' c• --o.ISM''. 
16.11) 
(7. 11) 

"''ht' r e ZL t s the s um of t h (" m~an-diurnal n('g.H tvt" .... i r te mpe ratures 
{br g1nntng h ·om thf" dny O{ the a pp\.•aJ·ance O f flo~•t 1 01 ICe) WhiCh is O('CeS801 ry 
(o r the beginntng O( Stable i ce lfo r the JUnCti On O( tCe bloc ks). t ,. 18 th e 
c ritical (mean ... d iu rnal) ai r temp("ratur~ O(>Cessary fo r thf' b (·g inni ng Of s table 
ice afte r the accum u l:.tto n o f II- de t e r mined bv (6 . U); D' ts th~ m " an no,.· 
\'t"locfty at t he rivr r cross s ection With tht' low;st nor• Vf'locity. In m /sec ; 
b ts th~ r h·e r w id th at this c r os s sec hon, 1n m . 

U s e ve r a l gaging she s exis t on the strPtc h. the ,· a h •·· of o la.s w~ll "~ of 
6) can be de te rnHned a t the gage ""ith the lo-..,es t va lu ft8 o r tt. Tht' 
de te rmina tion is mad~ (ro m c r aphs o r P-f(H) and ·-/(H) (o r th~ ICC·(r et• 
pe r iod. 

In the a bse nct- o{ the n<'Cf'ssa.ry ga,;i ng data , and a ls o tn c a st:'"s wla ·n. 
from a \·atla b l t> to pog raphic , m orphom r tric o r o tht")r data, it il' obnuus th o~ t 
in otht-r c r oss S£'C:t iOnf; on the s t r e tc h the fl0 4' \' t" ICIC'i ll r s can bt' co ns ldt·r abl v 
lowe r than at the ca gin g Sites, th P \.' 3 lu<'S Of 0 mus t bt ... dt~termtn,...d from • 
the wate r disch.;. rg~ Q a nd the cro ss.s;e-ctio n a r e a. F o f the rh ·t· r at the 
pla ce Of lOW('S t fl0 '4' Veloci ty 

·--J. IR Il l 

The time of the bc C"inntug of s table fer on a rt\·Pr C".•lrul,.ted (fo r • ,. ,.. fott t h y 
nH•an~ of (6 II ) a nd (1 .111 ~~ gt•ne r a 11y UtC' s .. am r ·•S thr C' _. lcul.•llon r r f1m 
rrlatiunslup~ fo r and u ·Hiual l'l \' l "r ,... trr fl•lw"' (S 1). 

To dch•rm in(· thr ,·alm.•s of II- a nd 8,., thl' nom o f;! ra phs (F igu r•·.;;;: 27 and 
28), baoed on 16.11 ) a nd (7.11). ca n b<" uso·d . 
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rllfl'M£ :.!8 . SotnOjlr" ph for 1hc- dctr rm&n.trton of ,,. 
(' . t ) l'lll , , I I 'I II •• X ,, tn p I •• . l .1' \ liS l" ~l h'u )alt: t h t.• tW J:I IliUOJ;' o f II II' ~tab)to 

i <' •~ r•n •: •·r· ••u lh"" ~~.1m:1 Hn·t'r on thr- s tr•·t c h ht•t,.••·cn A•· r FO ut and H.yUnaya 
~.q, •• ,. ..... Hr· •m d :\1.1 fn r 1 ''1.~3 ) b c fo r r ttl" c n~a t ion o r Uto.: f\ui bysh('V !O: to ragc-
1 . . ... . . , .. ,., , , r , 

F' " "' rn••a ..;u r • rnrnt d .&ta wP f1nd tha t o f ttw ~agwli{ S lii"S a t whtc h the 
.... at• r '*~"·<'ha rt:• '·· ,... , . r, . nw .. s u r , ·d o n tha~ s trf• tc h thl' ll)Wt:St tto w v Pio c u ics 

M4 

fo r tht• ~IVt'O \\,l l t>r SUHl•' " Wf'rl" r t!'<:'Ortkd ~•I tr o• 1,!:15%• ,U lht 11'\'' U 01 t 
l ' lu .;topo l ' 11l •' Ot•.,,. v.-" lucuy and th 1 • 1'1\ 1' 1 .~o ttlth .vst1 ttn r··· fo rt• b • d•t~r· 
muu::d tn th~ ralculau o n from ~ ,.,, ph:- nf o-/(H, ... uri b- l(lf) h ... ~··d em 
m~ •• ~ur•t•m .. nt d .l t •• fo r tht• tnwn n f Cltt~t;tnpul' IF tt:u r.-. :? '• 1. 
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1 h • RI ."'1• < r.arft f • •fcH, .uw &- I( H) .. oc .. •J·~• reo 
r·,.- .aMJu•nu· nf r.! olt ol hum ,.,.. t" h l\h'f"ll' •• ,.., .. ..., n ''1' Jo"an. 1 

M H ' ' 

Wt"l .~~ t ;~hlt:>h th.u fln.H m g lC•' ·•PP· ..... ti PU th· .. ,, , .H }I ("tl .il nr· r .. h·· r 

In t lu.:; •' "1:,1mr_,1t, <'• ' nc ult- l't II h t· r·, Ul n r d• 1 111 C1.J t l f."' l h t· ···•kul.tiiPII 
tt,·hu q U •', \\• J1h•~· u..,, \II ,,,•a; •• t tf,, f,• •·rl U • .... t• t .. • .. &: • • . r·1d ~~ ~ l••rnp • • ·• · 
lllr• · ,l t llh ' \ lu.:o. tP p • 1' ..: t.l llt•n! f ,,hl• 2.! 1, In tho r ,,.._ , \h•l1 U._,, 1 ..: :tl:l d• 011 

1 ~~~l.f _. ' .. 1 ,,,, ! •It• .... rr• .. u .-. ,of th<' ~ ,~, .. ,~ ih, ,, .. ~ ., ''-• .a u · · r• ,. , ~ t··· ., .l . . .. 

of ~~ CtU"'•'r"'l' tl .l!tl"n f, .. I 'If' roc ••'-'-' tlo. . .. n u· JM' I'll" l •tiJ ,., ~ n ""' .of .... ._,., 

"-.- .on rh ,, j> •·oJ,tP. • t -~ . to'U, ,. I •"- •u.ll l 

I I
"··· ..... I ...... , 
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, ...... /1."' ' 12 -~2 - 4 4 -!>11.0 

I 134 - 7 2 - IJ 9 IJ - 11\8 - 1 9 -
2 112 - JI - 11 1 14 - 12-i - 2 3 -
3 97 - 0 I - 1$ 5 15 - 1':! - 1 0 -
4 91 - 3 .2 - :-1 7 16 - Ill!' -4 I -
5 88 -3 7 -::':> 4 17 - 95 - 9 1 -
6 78 ~~ - =6.2 II -:.4 - 12 9 -
7 67 -J 6 - 19 s 19 - ( 0 - 11.6 -
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pr••d1ctf'd walt' r s tag"8 a nd air temperaturcA, the calculation t echnique 
rt"maum the sam •·. 

TIW wa te r SHII(C On 31 Ot:tobf"r, On the day o f the appea rance of noat1n1 
w e, ·Nas 146cm (Tall!~ 22). From rii'JrC 29 WP Obla ln P-0.76m/sec, 
t-~6~m. F rom (6. 11 , o r ft-om th•• nomo Rroaph in Figul'f• 27 we find th:.1t fo r 
th··~· · ' ·:du•'H o f 0 o.n•l t a vo.lu•· t1- --R8 .. is n•'C£'!'U4a ry fu r tlw l_tf> lt: nnintt 
o r • t:.bk ICC, Out on 3 1 Octobe r, .. s fo llo wed fro m tho data or Table 22, 
.,,. ha ve on1y -6. 1• . 

Sa nee unt il 3 November ther e is no considt'" ra blc lowerinl of the wate r 
sta~··. and o n 3 NO\·emb••r o nly -18.5• was r l!cordcd, the n E"st c a lcula tio n 
is m ach.· for 4 November . 

On 4 Novembe r H • 91 em, D•O. 70 m/scc, t-~60 m . F o r thf' belflnnlng 
or stable ic~ a value o r ZL•-79' is necessary according to (6 .11) o r to 
F igure 27. But on 4 No\'c mbe r (Table 22) only - 22' was r rached. 

Th~"' next calculation is m ade fo r 9 Novem ber. H• 22cm, o- 0.61 m/sec. 
t•551l m . 1\ ,·alue or 2:1. • -65' is necessary . On 9 No,·<• m ber, as fo llow• 
f rom Table 22, o nly - 45' Is reached, 

On I 0 ~ovember a further drop or the wa t<!! r stage occurred, l .et us 
repNtlhe c a lculatio n for this day. On 10 November H•-Scm, ••0. 58 m / 
/sec, t-550 m . Tite nec.,ssary \'alue or ZL Is ~2·. whe r eas thr actual 
onr •• o nly - Ml'. 

On II November H•-54c m , o- 0.50m/s~c. t•540m. TI1e necessa ry 
value Is :za..--~2·. As follows from Table 22, on this day J:t_--54•. 

111us. t he ~·alue o f II- neces sary for the be ginni ng of a stable ice p~riod 
1s r eached n n 11 :O.:ovcmber. 

L et us d(•te rm in c tht" c ritical air t t"mperature necess ary forth~ beginnina 
o f a s ta bl e ice cover according to (7. 11 ) o r to Figur e 28. 

\Ve bt>l in the d("tcrmlnation f rom t 1 Nover.bcr - the day at which thf' 
ncc:~"ssary \•aluc tL. is reached for the beginn10g o f s table ice. 

On I I Novembe r , P•0.50m/scc, 6•540m. We find 101 •- 7.8'. Bul ~n 
11 Novembf.•r the air t em p erature ill equal to -4... Consequently , s table 
icc cannot begin o n l t November. 

On 12 :->ov<•mbe r H--82 cm, o•0,46m/sec, t•530m. 
According lo (7.11) o r Figure 28, t.,•- 6.8'. The ai r tt'mperature on 

12 No,·ember Is equal to -4' . lee blocking c ould not occur . 
Sa m ilar calculations arema"de fo r13 and 14 November. The calcu lations 

show that th(' atr temperatures on these days are h1gh £> r than th(" v;a.lues of 
l c, necessary fo r the beginning of stablf' ice, a nd the r efo re a s ta ble ict> 
cov.-· r C'Juld not s tart on these days. 

From 15 ~ov~mbr.r the wate r 8tage be gins t o r iB('. From ob~e r\'Oltions 

at upstr co.m r:taging s itr s we find that the rist'" is not a ..-.suit of a flood . We 
tht> r·~> fnre m~tkC the cal c ula tion for the m inimum watt"r s ta ge o f -125cm 
obs~' rvt~d o n 14 Nove mbe r . For this stage o-0.40m/8ec, 6•510m. We 
flnd 8e, - - 5.9". But o n tSNove mbe>r,l--t•. Consequently, the re ahould 
no t bt. s ta b}(' lee. 

On 16 :--Jove mbe r th4! wat~r sta1e continued to rise. Consequently, the 
n ... c..,.~sa ry value oflcr r emains equal to -5.9•. But the a i r temperature on 
16 Nov•·mbt· r is (•qual to only -4•, l. e .• the r e should no t be stable tee. 

On 17 :'l:ovt•mbe r , the rise of water s ta l e contlnu,.d. The necessary value 
of l cr re mained equa l to -5.9•. The air te mpe:r·a ture on this day waa equal 
to - 9', i. e. , lo·wer than the critical, We obta in the b<'ginnlng of s tab!P ice. 
i.e .. the fo rmation o f the fi r s t s tnblc ice bridge s , on 17 Nov«::mber. 

S 5 . ForecaRh n'l the beganmn• o f a s table ice cover a t a 
&iVCD point •nd the resulting r iS•! Of the •Mater SfiU~• · 

Stable icc a t any g1vrn gagwc site beg1ns owmg to the upstn•arn ad wmc-r 
of the ice -c ovf'r· t:·d&r;.-_,, A t som•• pu1nts a cont muou11 IC(' c:ovf· r h\>'gtn:oe as~ 
r ('suh of ttm JUnc.:taon of IC'"' bridc f·s . 

It IS p t..• rf••ct ly Oh\' iOUH Utt~t "tl.llf'll l l w f11 ~t Rl .ebl •• H"t ' ll rt • l~rt• • ~Y"It rn,.ll ,~.,llv 

forms at a RI Y\:'11 pomt. o r thn:ct ly t.u.·lo·N It, tilt' bt·~uuuug l•l t~t .. blt> ICt" ,,1 
a giv en pOint ca n be c;alcul.Hcd by the a bd \ '" d••,!;c ntwtJ rn~·thod.s n f 
calcula tion and forcc.astang of tt1e bcginn1ng of st.ahk 1ce co\•t: r on._. n\' ' r 
s trr: tch. 

1\ ftc r thf· fo rmo.~twn o f oa stublt.· ic•· lJruJ~~ (L f st•C twn A }. u •. u" 
3d\'ances Up1ollrCarn m :unly 10 the form Of ICt.' b locks •'XtSl111g by th•• tlmt~ Hf 
fOrm«tiOO Of th~ bridge OU tilt~ Str(•tcll bCtA('t'll till S britfJ:l' •• net lht• llt? -<1 um)••r 
one, 

f'urtht~r dd,·a ncc uf t! to 1Cc · cov~.: r CdR•"'" ts d u•· hl 1rto ftu ·m:t Ufln on th • 
stretch b t•t w\..',.ll th•• bndi(~;.•S. Tit~ r .-tt. n f 3d\ .tf\Ct' &:-. d• t t•r:lllllt•d tl\' th•• 
dts tant·c fr·o m tht~ uppf'r brtdflt.' , the tntPnst ty o f ht.•,,t 1 r a n:o.ft r· and \11, ~tr·· ·arn 
flow \'elocl t)' On the upper r eaches of nve r s assuanK fro :n 1 ~k,...s , nn 
rave r s trt"tch<"s do...,·nstr~>am fro m hydrtwl~>ctnc pl.:antS. d:td Atlh f"(tn~ sd•• ,·ubh• 
watc r·tC'mp ... ratu r e ~rad1 •~nts .- long the r h•(o r, tlut• to dun~tl(' rnmhuon~ 
tfo r cxamplt.•, on the ;\mu ·Da rya Ravrr), th t"' ro~h· nf .uh onc•· nf th• w•~ n f 'tt"' 
d••p('nds on: (a) ttu:• daStdnc t• f rom the t .. k•• o t· .o;tora,::• r,..s •·rvo1r or fru m 
somt~ con~to.nt cross S~"'Chon on the r i\'('r , (b ) the w~t· r u-·mpt r .uur·•· m tlw 
l ake o r stn r..-"(' rt~~('r\'Oi r, o r in th t> 1ndH·..-t• d upp• r· rcmst .. nt c r"·~~ sf'c.h.,u , 
tc) th t.• 1ntrns 1ty o f heat transf• .. r : (d ) th .. • s t r t'am fh''"' \ t·toclly 

In connl"'ction vdth im'f'Stig;·a tlon~ of ace- J!t m ph•·nom··na fnml d.1t.• o f 
obs•··rvauons on some rh·e n; (X••,·d, Amu·D.• ry~• . and o Uv· r·"-1 •• t··c hntqu•· 
for calcu1a1inq and fort"castang th f.'" mon ·nwnt o f Hw 1c· ·CO\, r .-.dg• ha~ h•' ••n 
workt•d out . SlflCC these proccss•' tl ••rc clos ... •ly mh'rn ~~~ t .-.d. 

In som e inves tigat ions the r·atc of adv.1ncc: 'or th t.' ac• ·f' Ov••r ••dl:t ' o n ,, 
gav•·n rt \ 'C r s t retch was relcst<'d to the u1r h. tnp l·ratu rt•, Such tn\' ' S11C:hl l n n.;; 

,..,-..n• carr ied out, 111 parucular·, fo r the Am u- Oary_, Rl\' •' r . 
in othe r caAt"S, in particular, forth~.., :-; ,~\·~ U:vt'r, ob~· r' ._.u,m d..- I~• 

wert• usr d to 10\'('Stlg-aH.• the utflu~nce nf t. 1.4rgc numb•· r o f , ..• ri .... bh•s ,, 1r 
te mpc .. ratu re a nd its fluctuatio ns, n o .... \ \'IOCtty, mno .... ('I f I (' (• fru tn tlw :akl·. 

Howe\·er, £"mptrica1 in\'(•Stlgauon:o: ha \' "' nn l n .. ·;IC"hf'd thi' st ... c:·· a t whac h 
it lS possablc to recommC'nd dcfimh.' m ethods o f S••tlm~t·UJJ 1'(·t ... ttunshlps 
fo r for~casting the ad\' a nee of tlw ice- cn\'f"r edge and t he Co 1 m ... tlon o f a n 
lee CO\'l'r a1 a gl\•('n pOult . 

f'or calculations of th(.' upstr<~..am ad,·anc•~ o f the ICC' · CO\'(' r ~..~dg·· th•• 
followmg fo rmu la has been p roposed 

(~) I,.,-I,.+ (1.. - le) e "~<"·• - 1 , (9 II ) 

... ·he re l~d I s th t" d ist.1ncc• n f the u~c -co,·~r •·da:"' fro m thP i n.ttt.tl rt\·••r ,.,.,_, ... s 
section (from a dotm, an uppe r ic\' bridi!•"'" •"'~r h ·om t~rm• · cnnst••nt rr·o~.,.. 

8CCtion On thC' rl\"(' rl, :lt tin• '-!1\'1 '11 tn0tnl.'!ll, l1n IS ttH' th M .,Ilt"f' of th•• H""••· 
cover t!dC: '-' from Ut•· im t1:-•l cn•fl~ ~''''llfill at :o:<•m·-- m o m •·1tt tnkt•n ~~ ttt•• 
imtial m oment; le 18 tht• d1stancf' f rom th t• 1nat1al cru~~ St.'c"tmn to tht"" rr·o~" 
section at -.·hach ice fo rmat1on bf•gms; ~ ts tlu: bas .. • ('I f thP 11<-ttura t 
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h·~·•r:1hn. B~'"" as fh l' r'•su1 Hant u t thr ht•at c:u rn•nts o n t lu." r' l\' f" r surfac(" 
\ \ ll••n 1t I !it p~•rh .. 11y f'O\'r• r ,-.d by ICt', q Hi thr Rp f'C i f iC t"lta mtP I hr-nt 100t'J •• 

(!'f" l ';t r t A. Cho.~ p1 ,•r I. § 21. I a~ th(' umt tamt> , 11 as th l'" numbt• r n ( lUll(' 
umt~: L1c as th•• ICP· IOr ll1At10n lte nt, PiC IS the tee d~.-•nsity; It:~ IS tht• 

tharkn•"S:-o o f th.-· ace Ctl\lt' r (tn .;•· th••r Will i .1e lush ICt.'). r <>dUCt:>d tn a d e nsity o f 
0 U2. A'htc h IS O""C•·ssa ry f,,r the ups t rP,·•m ad,·ancc o f tht- (•dge . 

It .;l,ould be." borw " H I m and th.•t lhf' e dJ:t'" ad\''tnc~s whrn the s um Bk+ q 
IS rl ··~.a t ivf". In ttus C oi.St• lht"' c-xron .. 'ul an fo rmuJ.:a l9 II ) i s n{"g~tivt.' . 

·rn~ ,.n lu~ o f I. r.on be ca lru la t<>d fro m (t 2a . l) o r (H a . l ). 
'Ill<" u aluc o f h:r . a t '-''hach th~..· r•dg•• ad,·• nccs, rll 'p<'nds on t h<' l f:'ncth o f 

th t• 1Ce-fo r m a t 10n s tn•tch, thr now \t•lncaty on thts s tretc h and a t the edge 
:1nc.J o n tht' lwat-tr•nsfe r 1nt• .... ns1t)' (I c .. o n mct ~:>o rological cond1tiOn!lll, 
11l,•s ,• ,.,, ri.•bh-s also ,trff•c t t h• amouut l" f 1c.-. fnrm uu:. th {" statt~ o f th (' icf· 
fr1rm~t i10I1S (fru7.i1 iC'l", It'~· bJoc-k~ . lt-WII' d!ffi f 'l\fiiOn~l tl1f' St r enjl{th O f tht• I<" •' 
blork~ and thr- po r·t inn t"f trf' d r dtHHl bf'nra th th•• !'d~t". 

Thus. an o r•d t• r to c a tcui.H•' th•· ol d\' oH lC • nr th{' r dl;f> hy mt•ans nf W. ll ), 1l 
t s 11C'Ct'SS::tr':\' It\ knO\' ttu-. J r p.-•nd••nc r ••f lt,f' •m th<" ~•ho\·P -fnd1r~l l~d fa('IO I'S . 
1' h ls d,..p•·ndNIC"t' , unfortumi tcly, hus not y N bPen '"''~:- tlgated. Comh:qut•utl~· . 
111 dP.<ltJ:n prrtc11cl." It 1~ us t•d 10 d,..t f' rnHnt.• th f' \' ot.luf' o r llr~ as dcp ... ndent on 
th(' fln w \ '••locity (In tho• u bs••ncr o f fc<'l hy • 

(10 . 11) 

·., h••r t• ll:f' is gn·•·n 111m, nud L' an m/ o;f'r:. On tht' str(•ngth o f o bse rvation 
duta fo 1· somr nv,..rs th f' CO{'ffl ru•nt G is ta k,•n fn tins c a se rqual to 0 . 3 -
11.5 

BOA't_ \' t •r , t,h l" dt"t•· rmlna l!o n o r ltu. a:;; d r p t'ndcn t only ( IJl tht• nnw \' {"\OCaty, 
m fl..l rtirular by ( I 0 .11). do f"S not fH'Ov id •· a calculation o f thf· ice - ('dRC 
ad•oa nc•• \td th th•"' .. &c curacy llf'C4'>S8 :&ry for 1ht• p n-par·at ion o f a fo r ecast. 

TIH~ risr n f tht" w ate r Stt.g " upcm thf• r)('gtnnin~ o f a ~table iCf" Cfi\' C'r :lS a 
r••Fult nr th•• ild\·anc t• O ( lh•• IC"f' · I'"O\'f"' r l.'dgt.• lS Ol3i n ly dc te rnlln <'d b.v thf"> 
"'3ffi f' r .. c tn r•.: :.t ~ lti(• rul e o f UPIA'!I n l t~dvane.-· nr lht• f'dstr• f rom an )('(' hndg·· 
Th,.. 'A ~i l • · r ~tJJ!•• r· • s··~ h1 gh ••r . tltv 1ar'2(' r th~" amoun t o r ace dnfting b··low 
Ut• • d'1:• ' .. ,h .. --n 11 ad\'oJ ilC•·i' a d t•f1 mu• d lstnnc<' .. H1d ttu· 1oo!-le r ft pdt•!-4 Uf) 

b •• !t,1'N tlll' IC~ COVf' r . Tho~ Jl:l r t ('( lhf' ic-C' 5(1'11111: Und{'r thr L'dtf' 1:'4 la r~f· r. 
th· · smatlt•r the· tl am•·ns runs o r thC' subnu.•rJ;<'d floOJ tm~ lCt"" b locks, thl• la rgt· r· 
th•• Jjfl r tt<Jn r;( f r .1zJI I C.., o:~lld tht' h ighP r th t· flo w \'(•locity . Tlt(" natur<" o f th<• 
ic,. fo nn .. tinns a nd tht· t.Jimf"'nsions o f th e ice block s <h •pcnd o n thf' h<"o.t 
tr,,nJo' rf' r m tt•n!->ity , em the l t"'nfillh u f the JC•"·fn r m ation s trE'tch and <'n thr 
fl t>N ,··· locity . 

Thus. th e• lt•·r g ht or the wat-.· r-stacc ri~(', wi th tile o nset o f s tahl(" icf' '" 
3 g l\··-·n r 1 .. H:•' , ~~·n• • r:d ly d t•po•uds On the i nt• • ns tt~· o r hea t t ransft•r, the flow 
vt:h+ctty o1nd ttu l,..n~th f'\f tht• ic••· formation !-tl rt•tch . 

Th· · h·· • ~bt " f th•"' 'A'U I• · r-~ua a:zc rist~ loi rgcty d,•pc nds on ttw rom buMhC"\n 
n ( lh•· hH+ l h••r.•rt••rJ-..ftC!-'' thP fluc tuatum i n th~ now velocity lind In ll tt"l 
h· ·,.r-t r.ua..,fo•r· w t••ustty bath al(lnq th•~ r h ·cr a nd IA'llh t im.-.. In ::addition to 
th•· (,!CI ltwt th1• .uno unt of iCf' , d nftin¢ Ulldt·•r lhf" t•dgc . and i t s strut·tun~ 
l.or·l!•· 1y "''P• m.l nn th f' combtn.t tmn of th{'sc c ha ract<'ristics. c r rtain 
cumbittot t1 on 'j o r thc st" charact•~rHHics m uy c r c:tt,.-. conditions ror ttu- advancL' 
oUld r "t r ••al O( tft (.• ICC-CO\'l"r l"'df:tL' , I>..Jri ng Gd\·anccs the amount of ICC i n 
t il•• rh·\·r t,...d cunsadl~ t·ably inc r c as('s and accordin~ly thl' w:t.ll' r' Rtagf' 
OJrfdit u·m .. dly ris,.s . In HI•' ta tlw:\t••r o f "' hydroclt-c tric plant the a mount 

o r 1ce earn e d unrter tht! ,-·d~e m .. y b•• wflu ••nc· ·d by h•• \' ••ri..Jll'''\ an l fl• ' 

wa.t\' r disc h.-rgt"s ancom u H;c fro m lh •· h (>adN .. tf" r 5•"rtanu. 
Thl' rate of advanc e Of tht ICf'- C CWt. r Cdg<' and thi• h• l gnt uf lhP '~> d!• I" 

SldJte riSt.' On ri ve r s ISSUIIlg from J..ik CS 'Tlay br.o lllnUf'I\C •"'d by t h..,. 11lf1"'-'' of 
tee from lh t: J;:akt•, H no.Htng IC~ on the lak•l 3 1 th~ rl \ "{ r i5~\IP otnd lhP IC' ' 
fo r·mat1o n o n lh•" ri \'er r.r .. o b!'H:-n·t!d In pt''riOd~ rorrt:spond t ng to th· · am•• 
o f r i\'t' r now fr o m th (" luk(", In thas r ... s,.-, tht• tt n-- o f thf• fo rmattu n u r Uw 
l t"e CO\·e r 1n the lak ~· r{'21on adJOJCt•nt to the rl\'"r outfl•'I A" ts • mpnrt ... nt 
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l.argi.' ICC agt:IC"m~' ratiOil.S , r<'rmanU durmli( lh•• .. d\ · •'lC ~" pf t~ • IC' ' ' 1~"'' r· 

and c ... uc::tng f.h,lrp ns~.•s 1n th•• A •• u•r 'h1t!•', _. ,.,.. r._.H•·ct tt'•' J<Hn!'> . ... h,t rp 
(tn~;h) n s••s- tr"·Ja m r(~ro;, ttn t.S th•~ <"Orr•""'P"nchnc ' ·• l•r cot.•l!•..: lt'• ' ·J•:ll 
s tat;••s. 
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up r c la.taon s haps ~tween the wa te r-stage r ise or the- he icht of tht! ice- Ja m 
s taR(' anti somt· u f the tntlict.~ tcd fac to r s fr()m dah• of long- t im~ ob&f· rvatlons 

vu tlw I(IVt'n rtvcr s tre tch . In thus c a s e. :ur tcm p-c r¥ture ts usually 
ant roduccd in the rt' lationship ins teaJ of the h eat trans fe r i nte n8lty, and the 
n ow vt·loctty is ind1rec tly c ha r acte r i zed by the wate r s ta ge o r d ischa r ge . 

F o r aav•"\ r s (or thei r upper s t r e tc he s ) whose runofr i s r~gulated by l a rge 
lakes 1t h; poRs abte to obt3 in sat is fac tory r c laUons hipA between thC' m ax1mum 
tCf' · Ja m water s ta ge H,~ tam a nd the m f"a n wat er ata 'le in th~ lak~ (or in th ~ 
rwe-r at ats out now from the la kC') i n one of the p r ec ed in& mo nths (Octobe r , 
Ha. NovC'mbcr , Hal). Such re Ja tionship R e ns u r e a lo ng fo r f'war nmf( per iod 
fo r long- ranee hydroloa ic:ll forec asts and accuracy requi red for long - r a ng" 
fo o Pca • ts. The possibolity of obtaoning suc h r el•tionsh ipa Is bued on the 
s m ull r·.ttc of vt&ria taon in thC' leve l or la rae takes in the l iven pe r lod . Suc h 
rc l::naonslu ps h:.vc bee n o bt<lined for the Ne va (Ftgure 30), . ... ,.\'f! ll as fo r 
ttu• \nga ra nve r s for" the p e r iod prec ed inc the construc t io n oC Hac 
hydrot•h·c1ric plants on it . 

For s ho r t· ran1e fo r ec asts ~·h ie h. in ac co rdilnce • ·ith thf' s ho rte r fo r e · 
wa r m rl@: pe nod, s hould be mo r e accura te the de pendenc e of the m .&xim um 

ice- JBM stag e on the wate r stage o r 
•"ic J• n• disc ha r ge alont" does not giv~ the 

neccsslry accuracy . He r e , In addit ion ,. 
, 

\ 1\ 
\.\ 
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~ 
~ 
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to "th~ wa te r s ta g·c o r d ischar1e . the a i r 
t~mpt"ratu re is introduc~d into the 
r elatlonsh ip . F igure 31 gives tht! 
dt>pc ndcnc e- o l the wa tt" r · s tac c rise durlnl 
the freezinc of the Amu - Da rya Rl\"e r at 
the Chutla ga ging si te, H1c o•m• on the 
m ean a i r te m pe ratu rt- in the freezing 
pt>~od 1 1, . and on the wate r discharee Q. 

Sim ilar de pe ndenc es with tht> s ame 
o r Olh e r clla r acte r is lic !l o f tht• a ir 
te m pe r a tun:· of tht• f rcczmg period have 
also been obta JnE.•d fo r othe r r ivers. 

F ro m obse .. nmtion data fo r the 
Anga r a Rive r unde r natu ral c onditions 
(bc flJr t' the cons truction of the hy d ro· 

ltr c h-ctric p lant ) we a lso construc t 
r (' latio ns hipg be tween the water- s tale 
ris e during fre n lng a nd the a! r 
te mpe rature amplitude du r in1 the p e r iod 
of frazil- ice move m e nt, r elatio ns h ip s 

(l('iUP.l 11. let · ,.,m ""•l~tr·nagt rite durln& 
1hf' fru zl"'i ol thil Amu•Ouy.a RiVII' I, 

Aile. J• m• n . the •u ~mpfntu1r l tr f;x 

t w" w.alut'' f'f rht v .urr ducharae 0 ckulftJ 
lhto fft U ing pc11od. 

1-Cl • no m' Arc; 11-0 • 7M> m1/ tu. 

of the wa ter dischar1c with c lassifica­
tion of all th e cases into thref' croups 
accordinc to th~ nature o r the a i r-
te mpe r a tu r e nuctuations in the pe riod 

o ' thP f razil - icc mo\rt•mc nt and othe rs. 
It s hf)u!d he r.?h •d tha t the m e thod s e xis ting so fa r do not a l-...·aya yield 

r l!lationstnps fo r s ho r t - ran1c fo r C'cast inc ol the wa ter-stact- rise upon the 
a dvf' nl of s tahlt' IC(" su ffic lf" ntly a ccurate to comply with th e r equi reme nts 
o r the o fficia l Du·,..c lions o f the Se r vic e of Hydroloa ical Forecastin1. naia 
i s m ainly du~" to ttu~ fac t that in the existln1 technique th~ a i r t~mperaturtt 

ls ta kr·n m to account only in a n a vc rag••d or gf•ncralize d fo rm. a nd the- n o w 
\·clocity on thf' ace fo rmation s tre tch only indirec t ly and in ave ra1e value s. 

The way to 1m prove the te chnique o f s ho r t · r ange fo r ecastang o f ace· Jllm 
wate r - s tag(' rhu~s o bvi ously cons asts 1n taktn~t into accoun t 1n deta il a ll tlw 
dynamtc and tempc-ratu r~ condi tions a ffec t1n1 ice fo rmatiOn a nd the ICe·cov~ r 
advance both tn tim e and ove r the given r1ve r s tretch. 

The ao lution of the problem Ia, howeve r , v e r y difficult. 

C . FORECASTING OF THE BEGJ f"NING OF STA BLE 
IC E COVE R TAKI NG INTO ACCOUNT T HE 
DEVELOP MENT OF ATMOSPHERIC PROCESSES 
(LONG- RANGE l "O RECA STI :-IG) 

The time o f thf' b<'g~nni ng o f Jce app••a r a nce .• md tcc-co\'~'r fo r mauon c an 
be J r-te rmincd fo r a long - ra nge fo r ecas t as d•"pPndt.nt o n the: ch.• ract~., r o f 
th e a tmos ph(•r ic proc~sses to whtch this pheno nF•no n 1S r e la tf"d . 

Jf the duration of ice drift o r itFi \"ar Hlho n f rom year to y ear a r o! smull, 
th r- tun~ of stabl~ ic~ cO\"f' r 1s determin~d by th,• sam p atmo~phcrac 
proces~es afl th e t im e o f ic e a ppc a r anc r . If the durat iOn Of IC (• drift I tt IOO( , 
othe r a tmosph,... ric processes (in pa r ttc ular the prevaihn~ p rC'c t,Sh~S of thP 
follo wing synophca l se ason} bt>&ln to a fff:'c t the dates o f t lw bt'"5t1 nntng (Jf 
s tablt' 1CC CO\'CI'" . 

TI1c dura t io n of ace dri ft d epe nds on 1h c 1ce - float1 ng C."dp3clly o! thf' r l \·-· r 
(l n a ga\•f"n r i ve- r s tretc h - on the a mount of watt•r 1n ah•· ~1 \' (•n P•" raod 111 thf" 
g tvPn year} a nd on the cooling r a te in the· p~rtod o f ICP •·l r 1ft 

It IS, tn,.. rero re, f'Xpt.<daent to bP1!in to ,.·ork out a t ... c hnaquc of long· r.-ng~._· 

for ecast ing o f the belanntng of s ta ble a<"'e CO\''' r by a nalyzan2 du raho n o f 
a nd va r ia tion of ic~ d r ift . t;sefu l tn thas connecuon as to con.sld .. •r th"• 
rela tiom~hip bo•twe c n the" da t('S Of t he bCIJIRO\OJt or Stab)t' lCt: C'Ov•• r .illd tht• 
datt~s o r ic t> appea r ance 

SiOCi!, until r f!Cf:-nt ly, tlw da tes o n •Ahlch na\ lf:'-'tlon 14·as ..;topp•·d ,, ,..,. 
dNer mined f ro m the date o r i<:c a ppcar.lncP, a mi th·· nu m bt·r <'f rl\·• r 
s t r e tc-hes Wh("r e fOr t'CaStS of the bes;tlnmng or s t a b ! •-. IC•" C"O\' •' r art.• lli'C'-'St<Oary 
for p l anmng -...·orks on the i cc co\·er and on ICP r r·o~~ma 1s r e1.1t1v• ly ~nH• I I, 
th e mC'thodS Of \001 · rana e fo reca St ing Of thP bPifltJOtUng Of Stab)i• ICP h~\' 1' no t 
been dC' \·eloped much . Th 1s is pa r t t:o· du~ to th•• fa r I th.at wht'n ,.·or kll1g •'lUt 
methods o ( fo rec a s ting the be g10010g o( s table JCf' C"O\rt"' r on rl\' •·r~ ..,,ith a 
prolonged autumn ice d r ift, ' ddttaona t dafhcuiUt>s ans"' comp.tr••C ""' tt h the 
forecastinJt o f ice a pp.-.arance. The- ampli tudt' 1n thf" \"3 r i ~uiun o f tbc datell 
or s table 1c:e Is a l-...·ays consad<'r ab ly larg~r tha n that of th•• d .. tc~ of 1<"\.' 
appl"a r anc e. and ext remel~· <'a r ly dat f"S of th,•s f\ phf' n(')m t"na ar• .. usually 
clos(' to e-ach o u1er . A fo r ecas t o f th~ b~J:•nning of l'tabiP k,... !'houtd. 
therl'fo re. have on t.hf" ave r agf' a long•· r forP 4 ct.rmnc p (" rio d. In ~ddtt1on. 
the anc r east- in the a mphtude of the phc nonwnon comph~at£>s ltw uo;•• o f such 
laws as the uni fo r m aty o f the atmospht~ rac procl~!-"s•~~ p r t·\·c:u.lina dunn~ a 
s ynoptic.ll s ea son. saner the p robab ah t:-o anc r Pa Sr-1' fo r rhanR•~ of th•· 
s eason du r inl the p('n od fr om thf' tssutnR o f th.- fo n•(';Utt a nd th•• OC<"u t· r •·nc f' 
o f the phenom enon. Jn addation, the loca l fe a turf'!' C\f ,.arh ri\'(' r oo: tn· tc-h 
affect the hmt" of thf' bcginnl rt~ of r:::t <~hlc.- ac to CO\•Pr much m n r r tha n th•• 
tim e or ice appearance. 

Conseque ntly, i t is advU!abl e to find out and c valual(" r«-l<~ t ion.-h a ps fo r the­
fo recastin& of the be Clnnm1 of a s table ic e covrr on la r ge a nd m f•d •um·"i '(' 

• • 
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rl\·~rl" (t'W th~tr individual atrc tt:h<"s. To df"tc rminc the boundartre of the 
st rt•tchc~ anti th(' datC"!J o f the txt.:annfng of s table ice ee£> Part B. Ita. 

Fo r rt\' •' r " wi th a Rhftrt duration o f ice d rift, 1t ts possible to o btain 
d·•p~'nd,~uc-•·s o f the dates o f the bc,;:innlng o f ~tablt' ic:e on thf' ~~o•me 
ch.~r·tH'l"' t' if'tlcs of tht' atmo~phcric proc:esru.•R which a r £t U8('d to forcca~t ice 
••Piw a r:. nt' •' 1-\~ an ('Xample we gtvc the m e thnd of fo r ecastinl( th(" b~"'ginning 

''r ~uthlt · rC"" un !"mall r,,., .. rs of th<' ! e ft-hand ta·tbutaries ~r the Upp er Volaa. 
n w tel' .:•w•·r o n tht'Sf" rivt." r A forms, on the a ver·ag<·. i n th~ first half of 
i\:o, ·.._·mb,. r ~uul sornNimt•s . ea rlier in the middle o f Octo be r . The r c for<C, 
tht' 11m•· o f the bt'gi n ni ng o f s table icc. as well as the t i m e o f let" a ppearance, 
t ' o.lO bf'o dt•t•• r·miru"d tn thts cas,. as de pende nt on thf'- dl rf't:tion o f the ai r 
rurr t•ut p, .•. ,·,iili ntt during 1he hutunm season (se c Chsf·Her I. part C, S 2b). 

I t)r tun ... t la rgf• And m t.·d ium-Si7•' rh·~rs th<" dc pc ndene..:•s o f Ute dates of 
tlw ht· c lrullnQ o f Atabte ice on the c haractc r isttcs o f thr a tmospher i c 
p rflrooc.:<.ct ·~ 'Ahich Oc t • rmlnt~ 01(' da tes o f lee a ppt"•,.r ance can be- used only 1o 
fnr···<'· •~t thr• ~·ortlt:"tlt datt" of th e bcginmng or stable ic t:> formation. 

For somr rtv ers u,,..r ... '-'xls t also s p Pc lal m c thod.f' fo r the long~ r ange 
f., r•~r··•'"'hnc: of th(' b"'JJinmn« o f stable i<'P. As an cxamplP ,...,. prf"S£'nt the 
tf·chn,qu, .. n f for,.c:tstmg dH· bf"ginniniiJ of f'1able tc<' on t lte Lena Ri\•Pr. An 
r •• rl_v b• ~inntnl( of s table ice on the Lena Rive r is observed in tl1<' s•·~ond 
haU •'f 'lctoh,. r, a t atP begmni ng In th~ m iddTt> of Novembt)r . First tht' 
1n ,·•·r r• aclws and th(' Markuvo -1\ •resnsk'st t-_;;tch freeze, then th!' stable ice 
<'fl \'f' r f{radu:11ly ext~nds over thr whole rh•e r . 

0n ih·-- I ··na ll tvrr with 1tR h•r&t•-. flow vrloe1 ty, a continu0\1!1' ICC f'O\,rr 
<;.1n fo rm t')n i y Wlth a tar.:•"' a m ount o f IC~ lbr1dg('sl ilnd a low uir t('mpf"rature . 
·nl'' ma1n r undition fo r thP frprzing of th£" I.cna is thPrrforf'l ttw bc litinnt ng 
n f cu r·on'! !'tahlc: f r os t !" . ThP la tt('r is c o nnt•cted in tlu::1e r {'gaons with th(' 
fo rm ... t lon u f tht"" l.{'no t\o!ym s:k r1dg•• o f thr Saberian a nticyc-lon t.". 11 h.t." 
b•~t!n •"5 tahh,c~:h<'d that if 1n S••ptc-mbr·r " h i '(h-pressur r rt:'gion already forms 
tn tht no rth"' rn rf'~tnn~ or Ea:·u Sibl"r·i a and to'4•a r d th£" f'nd of tht• rnonth an 
u.pp• ·· ·c iabl t~ drop 111 the ni r t••mpl" raturc i.s Ob!4e r ved in thf'S<' r~gions. UH!'n 
an • .t r ly om~· t of st<~b l (' f ros ts and or a s tablt' tee cove r period can be 
I•Xp t•Ct• d , 

lJuantttatn·t"'1y th•· d " ' "" IOpm('nt o f t hese procc!s•~s is c xprE"Msc d by two 
l:uJ a r · ·~ . Til• fir~t ~~ dc tr r m ined from th<' mt'.tn 11)00 l&n hartc ~ul'fut<' ­

t"nnt .-Jur m •• p~ fo r ~f'ptt·mlwr. On thcs<- m aps two \~Pht.' rica l) rectangl..:os a r e 
pro mtn••n1, o t 'A•hid• 1hP firRt (northern) is bOund.:•d hy 6~ a nd 160' E. lnng., 
nrt" :1nd lirr' ~ lat . . a11d 1h(' !\f'cond (southe rn) - by "oe and 1 !:tO" E . l ong. , 
Gn· ~md 4t')' "\ . la t In ··ael1 o f thf" rN:tan~Jcs the tnt•a n value- o f the 
~t•'VP''t•~nu a l is culculah'd (in tht· no r thern H,., 1n th£' NOuth('rn H. }. and then 
H. 1. s uhlract·--d from Hn ·ntc diffr r cncc is des1gnatc d by the index 1. 
(.tl .Auys n•~q., f1\'~'. Tablr 23), The ... a auc o f /• is smaller. Uw earlie r a nd 
m n , •· Jnt •·n~i vf' ly tlw a nticyclonic formations in tht" north~rn rectang1~. 

r •• usnut s ttt b1l· roolin~s a nd e-arly stahl~ i ce on thf! LeonA River . 
l· aft\r r·· ~2 ~ho•A•s th ,. r,-· latinnsh i p brtwec n the dates of tht' bl"~inning o f stable 
1' •· ' '" th" l.t•na downst r r oam f rom Kire nska up to T itim a nd the index 1,. 
Th" d •·pt•nd••ncc i~ fai rly wt:"ll pronounced . llowPver. wi th the- la rgrat 
w ·t:;t ' l\'" v .tlu~s n f 1 •• n bs,. rv('d in 19 53 and 1059. stabt" ic" becan, instt•adof 
" " o ,,. .. 1a1"fH d:•t,-·s. f'vc• n som•--" 'hat earlier than tht• m t'an dab•. Thia Ia rae 
d•'\'&:tt Jnn 1S 3 ,.. ... ~ull nt the fa.c t tha t in Sf'ptc mber of the Be years a powerful 
,, •,tir yc l rm .. df'\'f>lnp~d o n th<' s o uth of thf" region while the towpre111sure tn thf' 
•lf'r ttwrn "' ' ';t s ·A.•:•!I d u,. to a h il(h-altitudc cyclone. A stable inflow of h~at 

thc r r forr d i d not occur &~ntJ thl' furth•·r d•.!\' ,.topme nt o f th~"' a tt11 c ycl•mt• ll"d to 
a comparat iv t·ly early and strong c ovtlngtn Octobt· r . It thut~ tni.lu•s that 
the index 1. Is no t a Slngl•· - \lalut-d chara.ctt' r ist ic and, 1f 1\ l iik ··1'" ,.,,ry tarcc 
negtltivc v~IUt' fi, when prepari ng thl." fo r ecast it i s nPcr•s!)ary to c h(.1Ck 
wht:>thCr a SitUatiOn !H m ilar tO that ObtH'r\•••d in $t_•pll-.mbe r Of 1953 :u 1d 1959 
docs not e xist. 

r AI!U ,,, fhr ~ a.f c-h,ll.&r'~fl\HCf f:llhl' J tnW)Ij!ht:W: C'l rt:Ub.!l• A f,.r l;)(b•• •.lnr,. fo~t .IUUl!' 

Cf lbc' ~gtnntn,& of tol .lt!lf' ICt' "" fht: LenA 'h\·N 

Cucul.,i·'1 '1'rnq~··· ,,,..,,,.~T<-oo· I·· ., ...... 1 .... ,. ... 
Y l':.ar •rw;• u!~1~1•'ft ., . .. , ln.J('\ tU'f" Yt'.n lJIIdc'4l ,_,., 

1 ••:ia ' ti)a I '• "· ~ '0 . .. . .. 
1901 -7.1 I at -··· 1119 -II -J.l 
1902 ~~ 11131 -· - IIIlO ..... -4.2 
1900 ~l lliJt -10 -4.4 11161 - II -J.t 
1916 ~.3 1940 -1 -4.4 19!12 -7 ....... 
1918 --4 .2 1941 ..... -1 t 1963 -21 -a .• 
1!120 -40 1942 ~ -J I 1954 -10 -4.4 
1921 -Jt 1943 ..... - 19M -II -2 $ 
1922 ~5 19M -7 --6.0 19156 

_, 
-40 

1925 -4.3 1945 -14 -1.7 1957 -10 -2.0 
1927 -22 1948 -10 --42 19SI -10 -20 
19'15 ~2 1947 -12 -J.2 191!1 -II -41 
1929 ~· 1941 -10 -J I 1910 -13 -J. 

,\no th<'r. 5011lC'A•hnt m ore rt.•hablt• md{.'X o f thf' bc~inmnq nf th~ ' " ' ' ••lop­
mt"'nt of strong cooling p('riods '" t h·· L·-.na H:v e r bd.:i10 IS ;ho~ otlr t•'UlJ'II'r~. 
tu r·to th·op i n the north~ rn r t.' l(i ons to'.'·ard t ht' ,-.nd o f S<"ph•tnb('r 
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nr.•·~r r.. r . ,,.. D (1f rtk- ,..."'"'uno •-1 •• , .,, It r "' ,,(' I • " " , , ., rc"l 
~I cow lllr l"""n . ll"ft'"' ur t f'llh" II"' nh tof tth \ af " ltj\ r I 41' I f lttf 111'11 

,,( rth' mJ .. , '• rtf tile' .u r" .. rtu~nt' "'""" h11 •n. 

T lh' lhH••rt•nrt• AO hdwt•••n th•• liH',o n t• 11\,,, r ' ,t iU it ' :o- ch11' 111 r: t•l•' rl11rtl 1"11-
t)ay pf• rind ,.r ~t plc•nth,.. r· .utd tlul'inc ta !l 11 11 ~ ""''' 'h. lt• ~>" nnua • d tr-. •tn 
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.,hs,.. n · .. tion d .. ta a t two r r•r .. r••nc,.. ro•nLq, \ ' P rkhoyans k and Ya kuts k , m ay 
s •· rvt.-' a~ a t"hur.•c t.-. n ~hc o f th1s tc mp•· ratu r t' drup. T h(' relat10nstup 
b~twN·n th(· duh'!li o f the b (-' (l:mmng o f ~~; table icc on the sam e strrtch o f the 
L••na h.-.low K1rc-ns k up to "i t im a nd th•• valu f"'S of 48 arc• g ive n 111 F igure 33. 

# . 
I' ! ,. . . 

"· & ' ~-. 
•• ::'-C . 

....:~ ... . . 
#• ~ 

I' 
. . -., -3 · • f .. · 1 •• 

nr.uo~ "'1. n.uco1 D ot chf': bcglnnlns of u.able lc r on thr Ll'n• 
P•nr ''~rch clown•urco~m from t hoc' rown of to.:uc- mk up to rht­
moouth nl th~~: V1t not Rtw r .s • fwv:hon of the' ,Jtlferrnct -'• 
,_.,,. cC'n Ilk' rrwo~n H ncrc:r.aturc-• .at V\! r1lh~.amll :and Y ' "''""·" 
-Juring rhc !bud tt-n·d&y pt'tlod ol Septe mber &nd Ute- "'hOIC' 
montb of SC': ('tf'm Mr. 

• 
Suc-h ("ttm pa rativ ••ly Sl m p lf' f'Olutlons to the problt•m o f lo ng · ran~~ 

furt!C3!1il1n J! o f the beg inning of stahl•' ·ICf' cov e r a rc pnss ible fo r n\"c.' rs o f 
thoR,.. r "g•ons ' " which Inte rruptions and I rr<>guJaruh.•s in the df'\ ' f'lopm•·nt 
() f u."' .-. phPnorn•·· na a r e ra r t.•. 

Thr ~i tuation IS r;:~ r 1'110rfl comphratrd in rC~IOntt chnract ~" rtz t •d hy a 
frt:qu,·nt 3 l tP nhltiOII or h r>a t and cold wav<'S, whic h r eRutt zn inte r rup tions in 
tht.• I ("~ fo r·mauo n. r e peat<'d IC(' dri fts anrt stable - icf' pr r fods. ~uch a 
d•,'\',-.J,..pmcnt nr IC.-. fOrllHltiOn ' as typtcal o r thf' northWf'S l t"' rn r l."giOil o r Lilt' 
l' SSrt lf•)'A'<'\T r, la r t:C inlf:•rruptinns Ill th,-. iCC fu rma 110 11 dO no t take plncr 
r vPr·y y••ar. Thf'rt> fo r·e, to fo rf"cast th<" bt-.~inning o f s table -tee rov t"' r ;m 
,.~,rly prt··d ictto n o f th{' r"t1owi11g "-''o ~lcm ron ts tx-co.,l('R nrcessa t·y · ( I \ th f' 
rl .tt ... or ,.ar·h ,-.st nppr"aranr<' of ic c covPr on som e r lvf• r s . or th(• da t(" or t ts 
ousN o n m t)5t o f thf' rivc•r s of the r t:>g fon. and {2) 1ts rate o r at.Jvanc c , 1. l' . • 

'' r.~pi dlly " Tiw r ap i dity o f s ta b le- ice advance:- is c h:a r acte r izc d hy the 
numhc r or days from the ('arJi f'S t to the late s t beginmng or its fo rmatio n 0 11 

u n· · o f thl" r iv ... r s n r tht' r C"g ton ' " tlu• given year. 1, e . • the duration o f the 
p f' r1 t>d dunn~ whic h s tahtc ice ~prt:'ads O\'<' r a l l th e rive r~ o r th£' r c gto n . 
T hl' m Pan du r~tton n f thts pe riod over 60 ye a r A o f obscn ·ations ts 42 d.&ys, 
th~" l ... .:.~ st dur:•h o n i days a nd th e longr-~t dtaralio n 1 OG days. I n 30~ of U1(' 
c;,s ... ,; ,, r a pid ~prrad (rluration \t: S S than 20 days ), and In 3CV:.. or thf' CCIS('S .. 
slow sprf.!<ld (dur••tton morP than 50 d.,ys) o f the s tahl(• icr " 'as obs(•n•e rl. 

F Qr a n early prt.•dlc t&on o f the r~pidtty o f ri\'Cr rrPezing 1n the northwest 
rf' J! It'ln based un the prCC('d i ng atmospher ic c l rcul.ation, Vitt~l 's' m(>thod is 
us •·rl Tht" anmunt o f p r ecip i tatio n which f t-11 in th e basins of the Volkhov and 

S \•l r' rl\r•• r s in SPplf•mtw r 18 us •·d as ·'" addlt ion31 argum• nt . nw 
1 ntrnduc t1~tn o( th~ p r••CJpat ... uon UlJarccl ly Wk•·A tnh> .. t· r oun1 UW mfiu••nrc o f 
tltP 1.\ alP r &tt'll"',lgf\ O f th t• (,CI\' f'O rl\'t."r flO th•• fo rm-' l1UO h f lhP 1Ct' -:0\ '{' r 

11w r llplt.hty dl ... rdClf'riStiC~ obl [.f nr•d f rom Hal ~ rl··rwmJ•·n··· oi i ' P U!itl>d as 
fJitf' o f 1hf~ a t' fl\ l m r-n ts in for•·<"ast an ll{ th~ t,f• (tmmn~ tJf !'tab!•· 1r•·. 

Th~"' l t•chmq y•· 11( fon·•··• !"tan~ tlw t-wL:UHHfll! r.t ~t.lltl• tr • tm ' ' '' ~~ .,f flw 
uur·thA•(•st ,., dlso bdS•·d un th•· dc t •· r nun .. u on of th• b -.. n c .,., . ··u .. rarma l 
r h.,rac t t"rt s llcs accordmg to \ ' UQl's ' mt:!thod Such c h .. r;, c t •· n'ltll"S art· 
iJN t' m'liOPd ( fJ r the p r Pva t hnR de\' 1 3\100~ f tO:TI tlw I a t•""d \'o&)U•'"' ru'l t ilt' riV " rS 
or tht' r<" q&n n 

It s hn u ld IJI" nutNJ th.•t the fn z·•·c,•S t lnQ ,,rcur • .at y hy thu; 1no·tht .t1 111 y•·;u·s 
OA &t.h r a pi d nvt.•r lr'\'l'I'IMQ: IS cuns ad••r abh· hu;h•-. r than 1n yt•,,r·~ '4 1th ~ low 
fr.-•••7.tng .. o r <'~dmplc, fo r t hl." \1st:. Hl\' l' r itt lht_ \'Ilia~·· nf 0 ••\·k tnO Uw 

r .H&O ~ for th · · -.-. ho i•· S"r I~"S is O. i8, fu r C.J~•·"i n f r<.~pad frt ~7 1n~ O,G7, ami 

n !)0 fo r ~1U'4 fr ··~zi n~. F u r thr- P Q};, Hl \' t.' r :l t t ho · \ dt., ~·· o f t\.nl•·,Ohl' \'(1, f 
fu r lht• Ahol• Sf'rtf'S IS 0 . 77, fo r C'.•S•'S o f rapad fn"ztng Q.f>7 . <'nd O.'q fo r 

to \ fn·Pz.&rl ~ Th• pr •• c ttc~t e-ffect l \'~"ncss o f ttu) fort·c ;.Stl n~ fnr yPars v. 1th 
S lO•\ fr•-'' Z IM'f I~ \ t•ry 10'-' 

Tht"" nbov•·-U· scnb~·d m' t hnd h.•P somt• ~hurtcnm•nR::i c-n •• r.J<'t f•ra tHic n f 
,, 1J It P fn t'f'("f4i;I I:H! nwthtJdR b ... H;"d on \' t t• l' s S<'h-r t P ' ' ' u f har·w-t~lrcul.JtiOn 
rla.• r••l' prf~ti• "· Tht pnm•tpd l dra\\hooCk t!= ttl·• },o r~· · nu:nh•·r t'lf fnr~?c .~sung 

u ld ict.·s. 111 lh•• ra"i•· o f rf' l 3tl\'t~!y short S• ri"~• .Jnd unr-1••., r CJI!ystc.Jl 
nw.1 n1n~ t1 f thr r • \ 3UOil!-h l p h•·t \' ' ' ' n th•· Sel ••("fo •c·f for•·r.oSUn~ l nflu••-.~ oJII d lh"' 
phPnu nh ·rvm um:l•· r· cnn:-::1d •r·auo n 
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f .IJflf:C,l !> TIX<; TilE COS DITIONS FOR Tiff:.. Al'l'f:A/IANCE 
tlf" f(T AXD TilE F0 /1.\IATIO.V UF A STAHLE ICE 
Cni.F.R O.V L AKF.S ASD STOR;IG£ RESEFIVOUlS 

.\ . !"0'\PtTIIl!'iS FOil Tl lf: BF:G I'\1':11\r. OF W t: 1·0 1t\IATION 
,\'\IJ ICE Co\·t:: rt 0:-i LJ\Kf:~ AND STOHJ\Gt: Ht:SF: IIVOIIIS 

Tlw C•Hltfltion~ fo r· t h•} b,·g1f1n inll( or iCP ro.·ma tio n o n 3 \\ a t"'r s urfac t• 
. \ •' 1• ron:'l df•I'N I in f"llo.&fllt'r I . P~ t· t :\ , ·n1e conditiOn for the b•',;inn inl( o f 
w · f'JI' tlHltlnn r..1n lw r·• ·p r···~t·ntf'd by (5. 1) 

• -.•.<;-B. 
U f ' ( tO, ! I 

.. c;;-..!!.. . . .. 
1\' lu•n· e •. B. ;, ud -. .a n • rc·~pt:'c t in·ly Hlf" mroan df•ptll '"'d \f' r tt.•mJ>C'r'a Hu·o•. 
thf• hro. tt t r . ul ~f,... r o f th e w:~t<· r !'urf;:rc-·l· ;:md th,.. cor-Hi~u·nt o r l!('a t tr~ms fcr 
fro n 1 t l lf' .v;.t t•~ r t.h ·pth to thf' w o.a t (• r -;ai r inteffacr a t t il<' mona"Ht o f the 
h· · ~in11 in~ f•f icr· fo r mation. 

ln t•q u:di ty (5. 1) im Jt ll ••!-; tha t i 't' form~• hOn ht'&!tn~ o n tht• wo..H· r sud,acf' 
d u•n th·· Mu ·f;:u f ' t• ·mJwr·a tur ..... drnps 10 tht.' fn~c>zing t(·mpt•rutu r·c and tht"' 
l~t •:-H tro~ n ,c;; f,· r· ot thr w .. tt•·r· s u •·f.tc-(· bt!COilH'S L•rgt· r· than thf:' Jwat ir1flo w to it 
f r·o rn th~..• ... ~H· · r th·pth . 

111"('u:. li ty (G IJ shtY.t'~ thu t ict• fnnn ... tlon tm d woH~..·r· s urlucc bt·comt•s 
f:M'S~ ih!f' whc·n thf• CI'ORS ·Sf'Ct aonal o r nlf'nndc pth "'n tC' r te mpt:• ratur(' is lowe r· 

than o r· •·•nta l ttl ~· 
Jlw corlfl t ti r!n fo r ttw t .. ~ innin~ o f IC' ~" lt..)l"fli<•Z iun f•n ;, ,\' ot ter· f.l urfacc, 

r• .. pt'o•to;•·nt• •JI,y (5. 1) Of' (tj .l ), IS \' .. did for- lakt•s ,tfld Stor;.qlt...' r <'SI'r \'OirS Of 
•• ny d· ·pth , rf th•"' w .t H· r· tf•mJH'I' .Jtu r <" &. i~ consuJ•·rrd :Is the m!'an 
t f: mp··r,,sut•t• 111 t lu· m i x ing lay~r. 

I n th ·· bauk :t rf·a s o f m•tural watL' r bodt ('S the dt:pths a r c usu a lly smallt!-r 
t h;:•n 111 th• · m :,ln pa r t o f thr wate r body . :\IUwurh horiz(•nt;,.a l mr xing o r 
•J.•at,•r ma:--;c; . ·~ t . •k '·~ p lacf', ICC formatio n in p laces of s malle r de pth, wh•·rt• 
th•· ,\·a t•· r· ct•ttli nc: is fastt·r, b''r:ins ••a r·lh·r . 

If ic·· f"nuat ron tcrkl·s pi.JCC in ttw prPS<'ncr- of a w~~k wind, graduii l1y, 
nrc·nnhn~ 1n th•• qr·nr· r -'1 •h··p th di~t ribution, the witte r body, beginni ng fl'om 
ats b.mk~ t~hor·•·sl. is c ovPn•d by an ICl' t; rust and a stablt~ ict· covr1· fo rrns. 
It is u hnnus that ttl thi s cast.· tht' b-:·ginnin ll( o f icc fo rmdtio n o n the mai n 
po.1.rt o f thf• Wlt tr•r body a l~O mr•.JOS t hr lwgarrnilllj Of a Stable iC(' I"CriOd, 

If w ,.. form a tion 111 tlw s ho n · zont.! (on ~hatlow wat e r ) t.lkc s ,,J:tcc in thf" 
,.,, .. . ._, .uC" •" of ~• suffir'it-n tly hi~h wiud v £'1oc ity, fl o ating icc fo rms there . 

.... 

If an icc cove r (shore ic ... •) ~~formed 10 tht.· Sh'Jt'• · .wn~ · ,,.~ , ~, ,.,. Ill• \ l nd 1~ 
inte nsified, the n o n intensi fication of lhc '.\'Hid r t m •• y h ·· c " n1p l· t· · h "'' 
p:.rtially d•~~tro_v•~d. J-loa ti n l( ic•: , rcc-onl••d ••t a E:•'''ut~ !"'P•·. IS u >iu.d ,. ttl• 
I '(' SUit Q( ict~ fo t·ma\IO!l 10 a r(•}rlliv• ·h• ~h:J 1lttA' !otfl'Jf < 7 110 • 10 f th o ' ot t• I h ' o.J_v , 

TIH~ r Olf.' Of thiS flo:.tin~t icr~ fn 111~ fOt•ma t!nn II ( ~t~ h! t' IC• ' f!• fl•"\d ' 'Ill lht• 
dtr•·chon , nd force o f the 'A' Ind in ttu• subsec1uf'nt p e l'iod, tlw •· · ·h .tll •l1'if ll p 

h<•h\'C'r·n tht· \\'Ut (' r~ bc:tdy area s wi t h diff£·rent dt•pths ~.n tJ, , ,f "''"'"" '. on th•· 
subsc•quc nt inwns ity o f h e at t ransfe r. 

Float ing JC(' fo rmi ng at the shor "S may h•· t ran~pnrtPd h)- ~h ·· ·. tnd to 

r E'&:ions o f lh C' wat("r hody n f lan,(·r d c p1h . . o:lwr·•, j(".-· fra r·m~• t lnn .tt · tus tim• 
i~ still i m possible. If lh<' a r c;. o f r ela\1 \'ely !ar·5!•· d •·pt11. v• dtl"h u ·· l:o­

trOJnsport ed, is s mall compar•~d w 1t h the &t't."'a o n whtc h 1t 1S lor:' · t1 tlu '' 
a s13hl~ icc pt•riod may beollin du£' to t il" trdn~ptH'tld IC'-' T tu!-l p h· ntt:nt nHH 
u:-ually occu r s o n s to raq•_. rC'S~n·oi rs C l'l'o.~lPd in [nr·:n ·•f' t' l\ •• r· h· d o~o, 

If. h O A' f ' \ 'l' l', Ut(' a r e:. or ro~Jatl n"ly 1 .. r· ~· · c.J ••tltil, ,,, ~hiC'h IC1' !­

t ranspo rted, is larq•· compi.lrt"d 'A"ith tht_~ ar"'~' n:t .duclt at IS fn nn• d . tlw 
t Ct" tr~•nSpltr t•·d usually does not produce stabl t.• i c• . ~t ... hl• Jt_' • .. •fll-h ,, , ... 
t h f• t'£' w h• .. n IC~" form&ticn o n m ost partsufth"l:' ' ' ' 1"1 o r •'J twl'~ :n··~ p o:o-..;1 111· . 
Oh~~,-,,a tion data show th::at !-t tr.hlc IC •· b•·~uts U!otu:. ll y nn · h·· ~ .• m · ('·' ·' · h· 11 

ar•· forma 1ion br-gins on m<'st pa rt of tht.• ,,.,~tt:r ~Jdy. u r .,f d t .. n r'ly !.otc• 
part (ZOftf' ) o f it, o f ptt rt icuh.u· m orphum•·tru.: ch:·r·:ol t• ' l' l "-1tt :- ... nd with 1 m 

l ll''h·orolu~l ca\ cotuhtio ns. This I S al:-::o confu·m··d h \ th·· :·· :-:u l t~ tt f 
numt.· ruu~ ralcu lattuns . 

·n n iS, both tc~ f(u·ma t10n a nd stabh• tCl' may lwt:lll 111 d1fl• •' ' ' It P•l tt :-- •t d 

wate r· hod\' at dHf(' r c nt tim•~s ThP \'dr· i..~tion 111 t h• f:to.l..' ' · l•lt' l tt •·o; .t ,u nl! zh,• 
.storago:o r~scn•oit· mus t br adde d to the qf' rwr·:.I r•· .... :--ou~ fu r tl'l !-> f..ct 
(\·a f'i~nions 1n d C'pth and 10 mC'h:Oro.oqac~d ruml!hvn~t ~"•n o;: ftOJ>-~l!• ' 1• :o-••r·· roar·s 

Condi tio m; (\II' tht_· ror·m .. , tion (If ..Ill ICl' C'0 \'(' 1. on ~tl'l' .. l ~·· n:~ · 1"\ •, lrn Ill th•· 
c.~~C" wh t•n wi th lhf' ~Xi!'t intt l),,ckw.lt c- r· •• !"U!fll h\ · lllt fl n ,o,• 1~ :1 <t n11~• 111• d ·•I'•' 
somo.·'A.•h.J t di ff·· r· ·nt th.•n in t h·· abst'' nc f" o f ... uch o:t !iu \' . ll t·· d 1fh r·• rn • 
COJ\S i!"t~ in th~l t !'t r •)am flo.o,:, :ts: Ill rl \' t· r~ l" f naHn·a l rnw!1h ••n ... . ' u"1d • , ..., t h o 

fo •·mat 10r'l n f an icc ct,\'•· a·. Th•~ lJ•' I!Iflf11tH! ll( If' • l or·:n~tiHitl 111 "'H h ('_,~. :-­
dt,(' f" nut rmp ly , i:t p rdC1lce, also t ht~ b• .... J.:in:H t l£: 0 1 ·' ~ t.•hl· · u.·•· t~n,·\· t ~•'" 111 
tht' .. ,bsrnc.:<· o f C"OnsJdPrah h· fl o w (in stlll ~\.ol • , . , 

H. aft t· r tht~ c umht lon for th .-• b ,•t::i nn 111g f'f IC'•' fc.,r m •• t 1to'1 11. l l , ... lulf tll· d. 
tll• ' h,..at 1nflnw to tit•-- tCf' l.l• ' J: inR t o · ·~c · · · ·ct th•" h• ot t t.~ r; ..:.f. r· frnn th· '-> Uf l.u ·•· 
of the 1C~ co,·cr·, th~..• forn ung lc• .. (let· t'O\"t· r·) Ill·•." t11.1\o, . 

Th._ .. .. , .. iU 't:' ra~f"S \\ h l·n ,, ronsider ab1 L' int• U!otlfir .. t tiOit u f t h · .\11111 ; . '""" t.-. 

IJr• ·..akin~ u p nf a ttun ICf• l ' O \ ' t• r· aln~..;.dy fnnn··d . 

II. FOIIIX.-\ STI'\G BASED 0'\ C.-\LCt" I..-\ T IIl'\ fi"~I'\G 

1\"Et\TII t: H FOII J::C.~ST~) 

§ 1. Calculation fo rmul ..&s 

Thr tinh· o f the bf"g1nnin,:: n f ic•• fv rm . .tll'n d··p· ud .o; n11 th• fui t :lim• •1t n t 
condttton (G .I) ...... _~ 

•' .. 
(tw~ Part :\ o ( th(' pr···~t·nt Ch.qH•' I', •• ~'A.-I I . 1 • ..: Ch •• p t• 1 I , l '., z t \ I 

"' 



• J -

l 
l 
I 
I 

i 
I 

In no t too dc r p la.kf's ii nd s to r ftge r ese rvo i rs a s ta te c lo s e to ho m othe r m a l 
as oluwn •.-·d '" the pe r iod prcct'dlfll the bt' gi nnmg of tee fo rmation. In this 
c ase the m•"an~dcpth water te mpe r ature (fo r the wate r body under cona idera· 
t ion) Is ta ken a s t •. 

Co ndition (6.1 ) is va hd a ls o for dee p wa te r bodies with tempe rature 
s t ra11 ftr o.tao n . In Uus ca~-te, howe ve r , the u •mp(•ratu r u tn th E." upp~r. mixi nl( 
layt.• r . ~hClul d bt• ra k••rt :.' H &... 

n u .. m t--an \to'8 t e r te m pe r ature .. fo r wa te r bodies 10 Which, in the pCrlod 
p r {'Ct"d t ng the beginmn1 of ice form-.~ tion, a state c lose to homoiaothe rma l 
is obs f! rved c t•n be d C't c rmi ned by the fonnula 

lot 
'Aiw r r 0.=- C•+i)iij . 

(I. Ill) 

nw t un •• o f t he bc5tinnm g of ice fo r matio n fo r these condttions can be 
d•~te r'11lncd b~· m eans o f the i nequality 

(2.111) 

.~:hr-r_.. 6t In th f' Ini t ial 'Nat~ r· tt:m pl"r atu r c ; • is 'h(' baM(" of the natura l 
lu~a r11hm : 11 Is tht: numb.-.r o f Ume inten~a rs (nu mbe r of dd.ys ) fro m th e 
bt g1nn ing o r tht'' c a lcu latio n (f rom the t une fo r whic h e. is t.akcn), 1 is the 
hmr unit (24 ho ur s ); • is the c oeHicu.-nt o f h••a t tr3 ns fc r (rom th e wate r 
m:• ll'~ tv tlw Y. a t(' r - ili r u atc r facP o r i n lhe opposite di r (.'ction (th e c oeffi c i ent 
o f l! f'd t transf~> r } ; t l fii: thf' c oe fficient o f hrat exchang<"j_ h as th(' avc ro ge 
d~'pth: tp i s the s peci fic h <"at pt r unit "A'ate r volum e : 8 as th e m ean a 1r 
t~"·m •"'t.' r-'J. turr during the pe r iod o f calculation ~during tht> tim e nl}: t1 as the 
s p .. ·cif lc he ut <'xc hang(• a t an a l r t e mpe ratu r e e qual to that o f the wate r 
Su d rtc••: 9 iR the Spe c ific c ha nne l hE'at m 0 o w. 

In cas es o r sha rp air·- t e mpe r a tu r e fluc tuations from the bcginmn~ to th t> 
t•nd n f th£• t ..t lc ulation p l•r iod , the calculatton by a n inequa lity in wli1c h the 
al r tC'mpc r atu rP Is ave r aged no t O\•e r the ~A•hole ca lcula t ion p (' r iod but o ve r 
days, i " m o r·c r t!lla ble• . •.e--+I [t,(e- ,._,.., - ,-r• _,.,")) + ·-· +(f+ ~::'•)(1-e-""')<- ~:, (3. 111) 

wh• r •• ; 1~ fh(' scn aJ num bf'r o f th e day from the begmmng of the ca lcula · 
t10 11, 9, IS the rw-.an lli r t e mpe r ature d u ri ng thC f · th day. 

If t h~> :n·•a n flo w v f" locity i n the r e gio n of the given wlltc r body is less 
than 1'). 05 m / s t:c, the date o f the bc g1 nning o f Ice fo rma t ion, obtainttd by 
m'·~ns o r (2. 111) o r (3 . 111), 1s ta ken as the date or the beg i nni ng of s table te e 
CO V•• r . 

If th~ m ean n o w ve locity exc eeds 0. 0~ m/sec, the date of the be(innt ne 
nf s t .ohi• ic•· cov •' r is de te rmined by m eans of (6 .11) and (7.11) (see Chapte r 
II. Part B. S 41. 

:t•--- IO.:tv'·"t•·,., 

.<r - - 0.65vt .. , 

A.h•· r e %8- i s the sum o f the m .-·an · d i u r n>ll nc- a:at avt~ a i r l <"mp.,.r d tu r •·s. 
c ounl lng f r o m tla~ d .,U (: o f thr bt•~annml( Of 1e 1· fo r n1.1110n (ancludmt( h ) 
3 c cor dwl( to (2. 111) o r (3 . 111), l c, IS th •.! c rttic o.1 tm• •~o&n· dlurn;.l} a 1r 
tc rnpert~ tu rt• necess.-ry fo r the beg i un ing of st.b lc 1ce aflt- r ttw s tJm ~L. as 
r ear h c d. usutg ~6 . 11 ) , v 1s the m c•n n o w \ '(•locity 1n m / scc: t 1s t he w adth 
o f the wat•·r btldv tn zn 

11 i- tlnutt.l h l' ,:, .m· ·mb~..·n:d tho. t ~0- as cuu nu:d h•·ga nru n g fro rn 11u· 
c a lc ula tt•d and rm t frt~m t he ob S .. J\.'{•d d .. ~· o f tee -'PPN•rance. 1\ s u tJac Dif' d 
in P a r t ,\ , t he d at(' o f the a ppea r a nce of floa u ng tce, r eco r d.:-d iJ t gdcang 
S ltPS, as usually th t- r e sult o f ace fo r matt on o nly an th to sho r ,. zonP o f th~ 

'' at .-. r body 
For r h •(l r s the tam<' o f thf fo r ·m au o n nf the fi r s t s t a bl,. ICf" bndg ... 8 IS 

catculat~>d f rom (6 . 11) a nd (7 ,11 ). t n th1s case, th•' low~st o f th t: m e o.n now 
,., locitl•·s fo r th·"" ~i\•(•n wa t"' r stage on th~ gn:r n n n .' r $trl'lc h IS ta k<'n a fO 
th •· c a1cu1au on ,.atu ·· o f v ; a s th~ c a!cu l"'uon va l u•· o f b . 1hc r ivt:r wi dth 10 
lttP sec 1to n \'lth lhc lowest flo <A v e toc ity IS ta ke:1 (C h ... pt <" r II, S ~' · Wht!r t:' 
Olt!Hruc tions C r f"d t (' b:lc kwate r•, th e \ 'arfaUOnS 10 tht• d(>p th a nd lll th•" flow 
\'Clo c:tty a lt.mg the s t r e t c h are smoothe d o u t a nd the n o w veloc1h t>s and t he 
tun,. o f ,,d,•,ulC e of 11w tee CO\'C' r fr o m a b r i dge to a ~u· •n p lac (• d l'C' rPati!• s . 
Tlll• r~>fo rl' , ' " th~ c ~l~ l' of a constde ro.thll~ b .Jc k .... •.Jt ro r on th .. r 1vc r· are .. u f 
s to r ag·· r f'Sc i"\'Otrs (ror •·b3y), t l IS posslbl~ by mt·nn N o f (6. J1 1 and (7. 11) to 
dct t>rnun~ the da.tP of tht> bP ~mning or s ta b!t• tee an a ny p !a ct•, usang th f' m e-a n 
flOY. \ 't•)Oci t y in f h (' Cr USS S('Ct10 0 In 1tj1S p!3CP, 11115, Ob\·iou~)~ , dOt'.S OL't 
rf~fc r to s t r e tc h•' S ntong wh tc h a cons Jdc ro..blc d tff\:.· r e nr. t• 1n th<' d ·pth~ 18 
ma anta ined ,..,·ith ah t.~ g h ' l'n fl O\-'' , ... locitu.·s an p la c<·s of compa ro.tl\·c·ly " m a ll 
d t·pt h . ~uch co nd th Ons m ay e x tSt , 10 pa rti cu lar , tn Uu: l!Pdd .... •&t e r r e e to n 
of s to rage r e s t> n ·oi r s c lo s ,..st to th•, zone of the ups t r eam hmit o f the 
back·.~ . .-ate r l f'\'l~ l o r , fo r example , whPn th e backwa te r tc .. ·c l c on: r s .t s tr••t c h 
full of rap ids. In tta•se cas~s th~ be gt nnutg o f s t a bl £> ice u• c a lc:u la t ("d i n 
the s a m •• 'A'ay as (o r rl\•er s m n .-t u r a l co ndatio ns l(.'huph• r II, Part B, \ 4 ). 

S 2. Ot't (' rmlnatlon o f the qu•nutie s n~ct•ssary fo r 
c-a lc u!ati nJt t he bega nmn~ o f icc fo r m.suon 

a) Calculation water area. Wath cons 1derahl ~ s t r l'a m flo A·q \1,(' ) ('n~th of 
th t.• p redict~d s trC'tch i s d ··te rmin('d fr~m the ro r t• .... ·ar:ung p(' rivd o f the 
c alc u la t io n o r of the fo r ecas t a nd f ront the no .. • \'c!oc ity 

It shou ld be bornt:> 10 m and that wh f'n d,..I E> r m n ttrt l( lhf' f O N \'P loclty ~lnd 
the m ean d f.'pt h 1t ~ ~not nt.!ct:s sary to us.-. 1n tlt t· C·•lcu l.a1 io n thC' 'otohOit.., .. •a t Pr 
ar~..•a o n th is s tr t" tch . tt IS n tcommPndt•d to f" xcludt" thl' a J' t' •"' o f shallow 
wat e r s whtc h are s ···pa r a ted fr o m th <' c t•n t r al pa r t of th • ... l!1VCn rivrr ar e;\ 
of thf" stor ace r <"SCr \'ot r by E"m .:> r~tng. o r t>\· cn o nly by subm~'r~f"d bot1om 
ridgt.•s . 

t f th•· r ,. IS no c:o ns id (" r :•bl '' s t r t'a m fl<''4', wl1 ... n d• · t•·rm,mn~ th~ b<•und.•ri••s 
t'f th(• watr r a r, ... a nec r s s a r \' fo r tile c .a k ul.tt ion ...,,,-, ,F:houtd Ul(•~ thr ruc t tha t 
ln d1H~ rt>nt part~ o f taq;:C' ;,~• t t' r bod1 <'~ an ic•• C"O\ , r may fo r m ;:. t dlff,~rt·nt 
tun ... ~ - i n accorrlanc(• wit h 1h_.. l r dlffr r f•nt lnf' rp1 u'~m•· tric c h:.ro.c t ••rifl lif""4 
and m r t••o roloa:tc a l co ndah o ns . 

F or thl' brg~nni n..: o f lcr CO\'f' r fo r m ... h o n an .-•arh con~ t d•· t···d r,...tzto .-. n f it 

lak<- o r s to r a f{(' rt""St' r \'Oi r, and af obs<' r\·at tnn~ a n .. r t"nduc t t'rl f r·om th· · "tlfJrr , 



-

1t P 1 11'Hio1 1 10 r,'\O '<HJ• I' tilt• C O \' ' ' riO'f Of th t • \A.'ah r vr"·'d bv a n ICt• S)lt'f' l 

(r·lnl .nuuus ,,. \ llh polyniV.lS) q tlun tht"' \•isabihty ra n~·,. f rom thf' n!lit~rv"-
t ttl !l••. nt l110 d to;; tanc t s from ,, hu._• h th..., ~ t.H•' 01 a l~t .tt:• (or ~ tnr •• gt• 
,. ... " n·o1 rl ~•u·fac\.• tS o bst."n •ed un~·· r no rmal \'lbtbl 1 ty va r ies '*pp rox•matrly 
fr, rn 1 to 2 7 ,;m f•, r a h~'t glt t of the obs e rvation J)<.Jint fro m 1 to 50 m a bove 
th• 'Ad.U· r ·!'Urf.A C•' lf'Vt.'l. 

.. 

-z: sr -=e:oa s cmu::::aas:• szuo > 

h 
t-j-- 1 

If .. "'' lth I o f thr- "'· ' '' r ar••,, •l<;f"d 1n tht• ca lcul;:.uou <"an ho w•·vc· r bt• 
• a' h'· r 1 •r~t:•· r (•r ... m.&P~" r tll •• n th•· d a:o-I.HICt • s Th<' d••pth di ~t,tnbut lon ~ve r 
•t.• ~· .• t• r ,, ,.. ,, c;;ft(~l rt tw to~ktn anto ,tccnuut (F1gur c J -1 ) . 

If •t ·f· ,u h n f th• >Aa ' o r hucty \'Jrlt.''Q ol 'f SCh l'm ... taca lty sho wn ' " Fl l(U r t• 

-~ 1 •. •}:•· ch 1 · ·r1"10 11 .; hr Uw 'Ai ot l•• r .. rc•.• ll'l ••d Ul lh e c nlcu l'-'liOn .&rt• hmuc t.J 
'u''· h) t h • • 'lfl• 11t rn vhP h th ·· m ••tt·or olo Q:acal cnndl l\ ~"lnS c an b e rcqarckd 
·•" 11111 fn rm n v••r 1!1•~ .t r~ .. :~r~d ot iOni! the d 1m•·nsao n s O( th e wate r body (the 
A IU t1 Of ho !»l U t tJ I{" rt ''i ' ' r\'tHr) 

I ,, h 
! . . '''i 
~ ' l l• I: 
j :r '. ~~ .!/ 

i · ~~ \.1 . ~~~ ,., 
I I ~· ·1 • t <, 
~!' •:'• 

If th•• m•·t•·orologll:'<•l cnm.h uon., <. ..- 'l b t• r • t( .... rdt•d Uh1fu r w <•\• r th·· \h•' • 
'4ldth f"J( t!w t,._, " ln, th••n th•· AhQ!~' Aith r .sr••uo (•·r th• ~o•hul\ 4l•tth to l th• 
wo.t. l i>- r bocJv c .. n b•~ u~t>rl rn tt .•· Cot .ru:...a h'•H 

tf th,_. dt!pth \'.t.rJ•' S , for t' 'dmp l•"', -~ 1~ ~hov.•n 1:1 1-- ce:ur • 
ch rn~"'n~lttns o t th,• A••tf'r ur··a .• n• d t• t•· rmtn• d bv · ts, t .. u,.,-. 

]41 1, c d, ,,,. 

I tlo• •l•·plh 

v,,,. ,,, llfH~ r,vt• r th·· .. r .... d .. nd, f!( cour~··. b.V uu · 't• u1 . ,, ' ~''I tf,, 
f'ntt• Hn•lnf!u·., t t-<mch11f•n~ c an b•• cc:.rn~,d· r •~d 11n t orn. 1'1\ta .. c .• ~·. ,,,.,,,,.n ... 
IU d• p~h fr ••rl' th•· •V• ru~• ~, • .JUt' on tb • ~1\•, ..... ,~ r .,: , P • ·-• '' I ,lf;f)f·JI,, •, • 

but L•ccurntU( c•n t u mp,. r ... h v•· h • :"mo~.l :tlr,..a tiP~. d r • 1 '"' ' t• • a •• ,. r. 
tnln J L' t'rm n t 1Ahf'n d"'tt"'r:rumn~ tn~ uHu ruJ..u ·r·· s n f th• 'A .I t• r· , ,.. ' 

It ~;;huuld bP hc.u·n· tn m 1nd that tn u ll c ,,g . ~ s •·C ' H•n .. ' 1C ~~ ' ' • ... . ''"'' ·ll• d 
fr tnn tho• m.aln, d ••r:-tbl\' ' ' ... . c• t1un 'l l tht ' '••t•·• "' ' , I' fl•,. ~'"'1'-. •l• 1 ''• ,., ll\. 
• " '' n:u•~ n r •·\ • n •mly .. uhzn••rr:· ·U r ul~t ..... , nt~ulrJ • • h• t' L•J• d ,n . , • 
Aah·rart>.t '1'-t·d tn th• C.i !C'u • • uon d th• tt.ptt "'' •I P" tl • r• , ...... · : n . 

b) lmha l wa t e r te mpe r a turf! , Durataon o f tht- c .. lcula tton pt r lod c1nd 
ro rtwarntng pe n od . 1 1, f In! aa l wo.~t • r I • ,, P' ,,,t ·u · Oo 0,: ll• ., I f"oltl• J ! t 

d.H•' fhatpr·o~,td•-. .. ~u t f.rHrH l: lnni{ for , ' ••l''loll~p·z t••dt • r •h• I· I•• , ... , I 
th· h•'llUlOII J~ n t u~f' for m..all•')n ,r or tht b•' l:Pl!\,'11; I .. t..ab. a. t 1\' • I II 0 

fn n •A•..a n 11nlt pt ' rtOd u f tht b\.· ~1hn;nc: n f I• o• ft E' :'!,o.~'lf'"tf1 u JHf I 11 • ·• ,: u.•o,!.~ 

l"tf Hl..lhlt' a ; t.• ts d•· t• rmm•·J b:- tht (('lr• 'A •• rntn~ p• 11 d ,...t" ' ' • : tc•r · -
C·•St Ui~"d 1n th· t'J!c:ul o( •n . •• orl d• ;., .,, t •~ '\ • • tf ,' I' :~ • • l :, ol 

JI I •'Ct'd 1r1Jit ltH• htallnn ru~ o f IC.: l. l f"l rm~ttdfl .1nd t h • IJ• ~ 1\1' a! r ... . t 1 t • (' o' I ''\'• I 
l h o· f't' 0 C<"U I' t.On!-.tdt l'ot blt \ot rl o.~Uur .... Ill 11 . •~ Aotl* I ln~)o \ ,t1 t ri+• o..tn! •'! ' 
t• •:or. ••M'Oir olnd 10 ' h•• tflSt>h .. f' l;l' 1!1t0 U1• t ... t, A..at• r _. , , . '• \ tf , t' ,• 11 '• ... t I ..a\. • 

,J con~ad~r~•blt> e fft:c ; o n tn•• ftrt A \.'•. •<:t ty an tt • r • .... ,,, .• : • .• I r• -~o .. r·••• . .z 
~,.· rtod of thf" fOn .'c .. 3t <. .tnnn t b .. t .. r'l•· r rh m h· p• r l'l•J ! r A'o,t t . 1\1• r •- 1 •• 

ro t ••c.Jst or v. h•· r e both anflo'.Jo •• nd di ECh ..lr g • .,.,, lo·urc.h.• ' ' h~ :111•n 
If tlw rnto' r fto·A· ' " '1octty on tn• J!l\.' •' n '"';;:• r\.'nt r ... l c • t( l. 1~ 111 , ~· : t1t .,n 

- 0 05n)/<;,t•C:, th••tOil lol l .\.J\1 r \t•mp•"' ro~ lh r•• C'..aO h• t otro' '"1 Ill tf, , ... t:l• r ~11'1 
Of lht' r (>sPrVOir" fo r --. hu•h th•• c.dcul ... tiUO n f ' h• d .t.l•· ( ( t h • b• £: '\h .. ,~ o.r 
·H.tblt.• JCf' !~ m .HJ•. Bi,; ' ··· · ·n tn ~h·· c .• ,, c,f '-'..JC1 .<' ' \t.·:oc:~tt · ·~. -•.! •' 

d•~t f' rmimng 1lw r .... tcu !..ahll \',t. lUt' of " o t l t '- n• c• !'> ... . t:.\ ~ t : ... k•• Hl t u ,, , c· ·ll ' t 

ttw morpho m f'>trH" t"haract••nsucs l( th t• "' "''' r bnd\ mo : •· tlp~trt•.m tr rn 
tht' fi trf•tch ·mdt·r cons HkfdLJf'l\. Thts ., ll·'' II 1 ••• , .. Im p,, oHt1 1'\ ' ...... .. 

',\ hf•n d lrL'(' t lv 1pstr• .10"1 fronl th•~ str• · ~ r h u nd•·r C" .• , .... ,!• ~ .. •. •:-atl r .... ,._., 

tM~ Ian!•' .. , : . ._..:4 '.Jo"h t.•r ·· h·· d. pth ct'105td• r •• h ·:-- dlllt r.., fn m u .t or ' h• 
fi! Jn•n s tretr h 

In thC' C3:'t' tJf tu(!h,•r n, ,. \'f'!OC: I II' .. u I 11Ht ••• ,,. t• r t• tr.po I ,, . r• .. l1>t:1d 
IJ• ' Iotkt•n fOr,t ("r(t:h•~t·C" ( h)O ~I l 'J.ltld · ap~ ·l· :1 (p:f ' 1 • I • C.t•lifll Ai)I"J 1! • 

l tl<'ulauo n n t 'h·· d·•t·• n f th • ht.l!l r'o ' ttl~' 1 ... ~ ... h • :r • , ..... h• l'l~ "'•• !• ~' .• 

d r ... t.t · c··•·q uo l tntht p.t ' h lr ," ' .td ~wtt· :-- '•· .,:: d r : ·t~U · '"' '"'''''"H!: 
pt r tncJ p f th• 1 ,,._ , . .. ,, 

If d.u .• 0 1 nb~· r"\.' .J t tc•n t·n th•' Ao.~f• ·r lt n .p•·tatur·. th,tr •• •· t·· r •nnl! rtt· 111• ' " 

h'01p• •t·~ttU r•• I ll 1h t• q l\' o II t.: p >: rt•.lnt (" f't+.-.,51 .., •("t("l O f lfl th• C"Hrt' J'l •ndllll! 
r • i!IUil or lh•· I.Jo ~t lt•r bncl,\ aro ... • . • t lloJ hl ·· . tl .·· \.l hJ• •. r Oo , .. t .,k • 'I .It t+•rtllll~ In 

F nr C"on ..... d · · r•hl• 11~" \.••10 '-' ll! • o;, 1n tla• ' h ' , _, } ,, .... ,,., th•n f <tpp: ~ , 

n'l.tf•·t:-• J •• rQ• r tl..o'l 1"1 :!Om / ~ill • ~•. th• ... •' ••r ' • n.p • 1 , •.u-· rn• oh rr· ·•t .~1 •• 
~-•cut~ !-l it' (I f th•· m• ..... ~ •r· · rn• 11 pl.,, .... .tn·h ·"' :h • r •, -it • :111 utc: .. u ' • tl 
by th•• l n s li'IU'liOno.; fo r ;;:t , t nuno.. . t nd l; •J: I 1~ l ' t'!:nq 1 ,,., II• t.d~· :, " . 0 0 

In raF··~ 1( '" "' r n~• ' • h ~·~ ~ : · ~ .t , .. •10 ,.,.,.,,un• ·u1• t l' • • ,,.. , Go 
d\.'Con.Ji'H! tv a~ • d ~u r·••rt •• '1' ' .• t .l 5.1:1(!•· p '1' f "·· '-I t • 1- •t " r I t 

HI 
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necessary to h;ave met~surE"ment data alortg so a called prolil~s or at }f'ast a t 
s~·,:.ral po.nts ~t lon~ the wadth of lhe tnitaal cross section o r on the- ..-ater 
are• undt.•r consadt.•r•tum. 

Jf s uch m~.t8ur~mcnt& do no t cxast, tht' value o f •• can be calc:uhllcd by 
the m Pthod dc&Crlbed an § 3 It !Jhould, how~vcr, be re-membered that ont" 
~hould slriv(· to orcani7.e lroutim•l m ('afi'urcm••nls of the w:.t.t<"r t e mpe rature. 
TI'is c on@td t.>rably r t·duccas the am ount o f calculation8, a fact of areat 
importa nce In pr~parlng flhO rt·rltnfr<' fo rt·ca~ts 

The catcu lat~d fo r t:waming period for thf• fo re-cas t o f the tim,. of thP 
bt•g inn1ng of ace fo rmation may e-xceed the actual fo rewarninc period o f thP 
fo r Pcast tn th i s c ase . obs~rvcd m,.tf'or olocfcal data are used for the period 
f rom t h r• ddt" of the bct inmnc o f theo c alculatio n (from t he date for which .. 
1S t .tk· ·n l 10 the d.,t(' o f the preparation o f the fo r ecast. 

L~'ngthf•n,ng the pr riod fo r "''h ich the c a lculation ia carrird out it!' 
dPs1 rabl•• '" 'hen thf' data of y,•atf!r ... tcmperaturP m easur e m ent , acr-o rding to 
·Aluc h e, is takt.'n, an? not suffickntly r epresentativt', or when .. is 
dNermm t"d by calc ulatio n 

n,,. numb(·r or days of the c a lculahon period can be determined from ... 
·--~· .... (4.111) 

wta· r e .:lf IS the pc rmi.sRibl t> f"'rror in the calculation o f the v.ratt'r 
tP01J)E'f:lfUre fn r tht;' day Of the ~l(lnnfng Of IC~ fo rmatiOn , •• ) ; ... {a the 
lypa r al f'rr or u f lhf• de termmauon or II: fo r .. (Sef' ( 1 Ill )). 

c) Time of now (travel) from llle initial to llle calculation croaa section, 
ThP ra lculatcrl fon•warninl pe riod for thf' forecast o f the be-tinning of ice 
fnr·ma t ion fe r a large :it ream flow, ae 1"ftC:att>d abOve. ts equal to th~ timt> 
nf flo•A• ~'" fro m 1he inatial to the calc ulation c rosR St'Ction 

F o r rh·t"r s the tame o f now can be determ ined by the ~ethod of 
c <•r r c sponding stag<•s (Chaptr·r I, Part B. S 2b). 

Fo r storaJfc.' r es e n·oirs the hme of fi01A' should bf> kno•Nn i n calc ulations 
c, f thP bcg1nntn4 of 1ce fo rmation 10 s uc h rh•e-r z.ont-s •·he r e co nstde rilble 
rlvf•r n ow is obs .. n ·e-d , tto ... •t-ve r, unde r co ndition8 or stora g(t r escn•oirs 
1:1 rh f•r s tretches , the corresponding s tages art• insuffictently determined, 
F1ndm g tht:' rim,• of flow from c:orrespondtn~: stages is impossible there. 

Thr· ts mc of now on s uc h str e tc hes can be determined from the m t'an 
v~locit1es "' in cha r acte ristic c r oss SPCtions alon1 the river stretch. The 
m~'a n c ross s ccrional ve locitie s a r c dc te rmin{•d , in the absence of data of 
dirt•ct m t·asur Pmcnts, by dlvidang the water d ischar1e Q by the croes 
~r·cti onal arPa .., 

··- .2... .., (5. 111) 

The maa:nitudt• o f Q for the upstr~nm (river) zones of s to raa:c rt'ec rvoirs 
c .. n fx> tak,..n t•qual to the ·.vat~ r dJscha r~te in the so ... called inlet (upper) 
ga r ing s a.,. of the rese rvoi r . 

If constd.-•rabh• flo w ' ·c locities arc obse rved in ah~ low•!r part of the 
rc,:r•n ·o•r. thf•n the r·e. In th•• absenc e o f direct m eallur c mt.·nt data, the 
vetoc1ty "• c .. n be dete rmined by dividt~g the wa tt.•r dts charce throu1h the 
hydrot•lcctric st~hon hy the cross ... sectlo n are a under consid~ration 

T he vatu" of w, c an ~ dl'te rm lncd from the bathym~tric c hart ~f the 
r f!St-n·'>ir fo r d1fff•r Pnt 'Na t .... r le vels. TI1c datum line '" a given cro&E 

1fl2 

4\CC:tion. in fh(• a bs· nr•-. n f a i!••e'tn~ 4\ l tP, c~·n Of- d•·t~rm i:1··d h"'· IOtt"' rpn}.- hon 
bt"t -A'<'~'n n~h{hb(\ring "' u·~ o r f r o rn b~cku. d l~ r run·t>s 

Tht..· umt" of flow f rom th ,... tmt: <:a l to tht.., c- o~~ !cul:.u on cross s t:"ct l on fo r .. 
M: \ \.'n discharg~ and stag~ . 18 riPt.-.,·mwed from 

o r 

, 
..-:~~ '· .,_.+•· .. , 

.. -I ... ••• 

·~ 1111 

fSa Jil l 

v.h~ re N i .!t the numb•· r o f p .. U, :<..-· ~m,·nts l'M:•t \ ' i'fl 1!1•· m•tu · ... t. ·d r h l r a C' I•' rlshc 
c ross S•"c tio rLt; , 11 ts th•• lcneth o f th.,.• t ·th ~··um•·nt , ,.. ts th .. • ttm~ ~f n o .. 
alo ng the r·th Si>qnwnt. 

Wt.• th Pn de terminf"' Uw t i m e (') f no., a long ~'arh p .. ru ~ · e mr·n t 

• - 2f, 

~ ··-···· 
\V\th the \·a!u••S of 1c:. calcula t ed f rom (6 111) fo r d1 ff~r,..nt d :.,.,.h;n·g· c 3nd 

stages. 1t as posstbl!• to obtun th(" r rl ... ttor.stu p 

.. -110. H). (7 . 111 ) 

wh-- r c H IS thc- rw(" r •Half'-' '"the- ups tri'.lm :.r,.a o f th•· r Psr n ·ml 
F 1(\.lr P 37u g1\·~,.•3 s uc h ._, d Ppend,.nc•· f r th(' ti:-n• o f flo "'' fr•.Jm Ch· tto k:oo .:t ry 

to \" t.> rkh ny t Liston on th t-• Kuthystu•\· sto r .,g•• r e s r r'\'0 1 r IS 5> L 
If a c onstd'-' t"ab!t· part o f tht:' d tstanc P L fro m th·· sm t~.d 10 Hw c .+lcu l r.t t ng 

cross sectio n Ul on an undammf•d stn:tch of the r iv t> r u r on a d .. unmcd 
st r e tch ul which the partiC'ular channf:' ) ... flf•A' cha rac tl•r tS mauu .,m••d, lh" 
time of flow fo r thiS strl'tch Ul dct~rnuned. as ror d rt\'(' r , f 1·om th~ 
correspt'ndi ng stagt . 

The total t im(" o f flow f'c i8 determancd sn tht& r ase as tht:' ~um o f th•• 
ttm c or n ow along thl> r 1ve r and of th~ ~'m'"• of flu •· oahmR Hw r·•".!'•· n ·o1r 

d) Mean depth. Th~ m c"'n de pth A of the wat£' r ar~a us•~d an th•-. 
calculatio n i s detcrm1ned as a funtUO'Il or tth' stag H 

11:~/(H). (R Ill ) 

ln orde r to obta in the abO\'C r <"! .. t ions tn p, th.., volumr cun ·t.• t' -/(Ht ·•nd 
lh(' ar("a curve I -I(H) arr p!o tted for this "'' at~ r area . 

Th~ \'alue of II ln (8.111 ) IS found fro m 

(9 . 111) 

The \' a lue or It can a.Jso be do:>U,•rmtn£'d b~· dra .. ·tng c-ross l'l • Ch o n:t l 
profa l~s in C'h.lr~ch.·rastit pl .-ct~s of tht' y,·a t,.r 3 rt.•a mwd in thr ~.tlcu l attnn 

(or o f th<• s tre tch us r d 1n the ca lculation "''t••·n lht> r (' ~~ s t r,.a m tJo .., t 

If along th(' stretch uwo h·("d tn the ca!culJtt on tfw nH·.m ' d•·plh \ :• ra•'" 
~..·onslderoibly, thr- str(' tc h s hould he d 1\'1d1•d 1nto p.,rt~ '4 1thln 'Alnr h fl· ·pftt 
:we raging cannot h•ad to •• n r.ddt t aon:al t•rr'Ur 1n th~ c.dc-u l.thOn o f 1tw ta m• nf 
th e bt'ginmng of ac'' fo r·m .Hw n . In p r.,CtiC"• ', .. ~tr•·h."h r ;, nnot b,.. dl\' lll• •tf 
into p~rts if the total \'nr,auon Ill the rn••o~~ n d•·p th amou nts h • l •• ... fi h ,u\ a 
faclor of 1. 5. 

IU l 
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- _______________ ......., __________________________ _ 
I zw m • a zl fl••pth o n da.tmm,:d- up ri v·· a· Atr•lu:h· ' ul lhl" c u ;;, t• f sm .. n 

b·•r~··: .. ,l• z· 1S d•·h ·rman••d according to thl' 1nd lc.~uons qh•fln 10 Chaptf'r I, 
l'art A, ~ Jr 

e) ThP cnf!fhc aent o f ht!at input from th~ watt'>r mass to th~ watt-r- ai r 
lnt~rf~c" (co •fflclent of hut transfer ca, coefficient of heat Input ca.). The 
, u. fhc.arH t1f h• a t tran~fto r a is d••wrmincd, a Jt l oz· rh·e rs (Ct..-.ptc r I , 

l' •• rt n. ~ 2{). by 125 I) 

• - (174517+ 106~)cp col/cm2• d.<)' cl· ·~r·r•·. 

Alv•r e V tS lh•· nw .. •n Oot~.· ,., ~nc:aty dul'intt th•· t:'od<:uln11nn period on th•• 
r•· 'i<"n't\t r )\•ugth tHH d 111 th,. c u lcu1allo n. an m/Sf>~. 1.7 ts th~ m•""'an wtnd 
\'•":u,· aty ~• t th•• h f' l j;tht o f th£• ,·an~' durm't th~ c .. lcu1a t inn p enod zn m/St_•C; t 
tt~t f p ..o r •• t h o• 10pt ('t f iC' }H•..t.t and d PJl!tll)' o f \to* otte r ICp IS tak~>n t•qu:.l tn 

1 ' •••/t n l lf•·st r• • ). 
n1• m· ' '" Oo ,, v•·IOC'"a ty u is do·t~r-mtn•""'d h.' · dh·iding tht• cnlcut.,tuJn t• ~n~th 

••t th• r• .!'• t' \ 'Ot r L hy tho• tim(· o f now ~ (St"'~ suh~t>ction cl 

(1 0 . 111 1 

n • (·po fft c:"l• ' O nf lt••at i npUt a. j:; 3 !SO df'~ rtnlllf'd b~• f O J,nU) ll (15 n 
ltro \' '\'Pt. 1n HHs c ... ~, .. the rtn ,. ' ' ('l<>elly,• s wk••n .lt tlw r1o "'HH! (C'a lC'u l;tlJC"n 1 

~ It• fc' r-uf'..a :"i• 'C tiou t and the wu1d ,.,,loc:ity 1n l ht· samr r~"J:: IOil .1t th.-:• hm,.. 11 •r 
A·h 11 h lh·• fH tth,•blllty <lf thc tw~umi ngof ic•• fnrm:u wn 1!' C"~ilf"ulatt•d, In th • 
<""••:--• rJf 11 « .. !ln. l h •· "'ind \'f"'lority 1S as,:mm l"'d Pqual tn 0 . 5 m/"'Pc 

f) The pa r ameter• d a nd II. i'N• Chapt<·r I. J' ... ·t B. S 2•· 
g) ThP specific chaMP! hea t Inp ut (q•qb+q. +q) For lako•<. a~ ...-~ 11 .&s 

f•lr s tu r .t" .. ~ r<"SPn ·,,i rs 111 pt> r 1C'dS whPnth r-y .; n • n()t dt t=c1MrfZ•"d. 11 •~ 
fXJ, stbl". ~•s a rult.~. to n··~l~'c t thl' lt••a t·•.:chdnJt•' rompClth' nt q , ttht• sp.-•· ,ftr 
h••t.a t tnp l: t fro m tht.• ~~~ound'Adh."r} ;, :; 14 • !1 :lS: ltl• ht""~H f''CCh;1!1Jl!' ~nmpnOt:'OI qt' 
( l h •• ~f.H"C t f, r- h• dl 111put duo• 10 •' U• r•qy dtSStp:lti ('Hl}. ' !111• qU.Itll l t\> q IS th .. •rt.•· 

fn r•· to.~k• ·n ••qu • .t ro th,.. srwr tf u· h· · ~tt tnput fr·nm lh•• r1\·• · r botlltm q,.. 
(. ' d lc'U ,ttPtl \ ' , i h J I'S .. f q b Olr•• ~1\'t ·n In l'hapt+> l' 1. P.tr' l R §:! (Tabk IJ L 

F n r th• up'it rt .•m ( r t\'t•r ) ~trNch•·~ o f ~ to r :-• g• • r r:.•·n·01 r~ wh ... n th•· 

t.~ck .,3kr ts com p.t rativt!ly AM~lt i t i!: po~tSiblfl tn tnkt• 

111.111 ) 

Ah·· r ·· m I!'- a fac rr"r smatl• · r than uni ty, 'Ah<,~r roxart \':t lur· has M('lt bt~("n 
1nv•·~t1 5t:..t~d . It can be tukt:n ;.ppro ximatc-ly on lh{· h:-&~IS o f a lml'.tt' 
ul!•· rpr-•l.:~IJ .,n f rf'lm umty, at tfw rl \'•• r n t tht· r ud n f thf' b:lrkw.H••r an·:t.. to 
z•--r n o.tt th•"" bt"tfC t nmn~t o f ov•·rf1o·"· (lJ.ttlf( f1o•.~o•l u p tn th•• ha~ 1c ~h,•rt"'S o f tht' 
rt\'•·r ·.·all rv 

Fnr lh•· ·\·~•lu•·R nf f u s •·r Chnptf'r I. Part R. ~ 2. 
h) The s pecific heat transfer of the water surface to a ir, B.. ·n,.­

ru:-.(tmt·n f• n( 8,. t~ cl••tt' rm tncd fro m (27 , I} .u; th•• {(Unl o f lh (" llt C'rm~d 
t ur r ••nt!-= fll •·vt.por;thon. LE. ••f ••xch.m(.!,. P and g f rffecth·f• radi •• tlon l tu 
I:• I:. •Aa tt r· s urfi1c •• t r mpt·r·arur•· ' ''lll:.tl to n l 

s.- U+P+I.ro· 
"rh•· rnal!m tud~''i n f LE. P. ldt C"~tn b{' t.l' l•·rm1n•:d from (20. 1), 122. 1} and 

(:!.; ll fc:_, .,-. C'h.tp t• .. r I, l'..trt B. S t l 

IIU 

The magnitud .. • o r B .. Cdl'l hf• d•·l•·nnuh·d \l'l t l t ... urhe l o•n1 .. l (' t 'lll"-lt''\' t ! tl'h tw 
me ans of nomn~raphs (F&gures 4 ond 51 Is• .. · Chapt•· r J, l'a• t 11. f i 

In th<- cas~ of a c a lm, th,.. wi nd vt·locl t)' as to.kt n • qut• l f f') n !l m /-.· ·c 

S 3 l\tNhod ot ca lculatlnR th,. inu ia l "'·•H•· z· t f'ntp• r nrur· 

In cas·""'~ ,,h,·n th t• r· · ••r•· no d{l'ta n f ~,·~ t•• r - t ' mp• r·:uun m' ..t-ou r·· 'l "''l l"l •·r 
wh··n th· ·~ · · m• t•..;ur" tntonts arc c:onduc t,.d only :.at , h• n •• " t'-t l ' " , If . l lllh J : 
"''ill e- r tr m p••ratu r f Oo uppenrana tn (~ti t) and (3 . 111 1 ("3n O•· C' ~ :ru . ... •· d tw "''"' 
m P tho ds d(•:;;e r ibed bet," . 

II lhl.' daa l~• .. n · tl'mpt•r.,lur• M dr•• USE'd IJl th o Cwlru!., •tun eo t'.,~n l u 
cah'u l.Hed fro m .. 

t,-,I[tt(e-1"'- 11"'-e- 1"'-'+t' .. l] + f + l • -'-.:1' ' , 11~11 1 • ·-· wtw r•• no tS th' nu m1J<'r C"f days 'P I'"t"f'IUln&t th· d ..o ' •' ( ' r At . " o I"' 
dt•t• rnun··d ) 1.\hn~u-· U ll~ l<-mp,~ rotu rri'l rutd Hh•· r ' I Udfl'lll ' .o: t , , • • " ~,·,· ri· , • ti 
111 th" r..olcul .&tJ on . fo r thl?' n·s t ''t tht• uutanon~ !io• • • 1. 

In tha:; ca~e Ito t s ddcrmtned f r om 

·;-f-~ 
(a+ II) ikl I~ 6._ 

"• ~ -----,.0 .• 4'-JI~ •• .-='-----
whf•rt• ito• IS th o w .. tl'r l t :np• rJtUrl .. ._.,( f'H. bf"'(111tll!1~ nf lh • I I• t I •·I fl r,f \ J , t h 
IS us• .. d fo r hndutlt fte : A .. i~> th•· p·· r nns:-t b' ~ • r mr '" tit• d · 1• tlfll 't •' "" 
,,f o. 

~lfiC t."" thf' \';'l \U t" Of Oe• 1~ UllkflO\\n, 3 dlli~('",I 1 'V ,, r ~·· ot ,\ l•· II d••' • I :t ;t.:r,l! 

"• by (13 Ill) rlll:' •·an tw t•\'ct l ' (·vmt• h.' ... d,..p rutr .m . ' ·•1!..!• ,.,,, f1 '" •• : • 1 

~.· lrt t~ll" r .ts••. ,, som••., fhtl {' :<flttJ,!• •·:, • · rl \~• l• 1• , ... 11~·" "' t1 , .... f ~> t •1. 
lllltnht' l ' no J'h .... lnhJUI1t (If (',_• !C~Jl .atlOU :-. IJ\ fl~ II II I .. -. t .,,,,.,, •• '1 ' \ 

111C I''"'·'<;O'•d n~lt tlH" Cotlculnll()tl t r•r(lr Ae~ \ 1 ft. ,. ,., ... , I ro:n II • ... • r ill . u• 

n ( furtnu l:l {13 Ill\ 11 fnllil·"':: th~d (' \.'• •f"ol:,.ti !U.tll ·n ,,f lie dth '- t •'+ •\\'• r··· ... ltn ... •, ... , 
o f o.· i~ comp •• t •• tl\' 0 !y ,5:m:ll l. 

·n , •• c~• l<"ulaunn o f "o by (1! 1111&:-. t.d.nrt'"'"" .\ ~1~· •• ,,.tJ f , . ,-,, ·, . ,,,,. ,.,~ 

&o fr om t tw m 1•n n •• t r h·mp· , .• tu n · .-,: b•)tn•· pr-" • dmq p· : 11•tl h•l •• l· ·utt lli • 1 
ne tt, ,:-·~ l ts llw r•· hH·e l'\.·co mm• ncl• d 

i· 
•·- T · 11 4 111 ' 

rh.~ nu nlbt•r• "- 1n (",. ..... ~ "" h ' n 11..•· m • .ar\ d· pth <I•>·"~ '"'' t , , • • • d ' ' IH , ... 
d ••tt· r nllfh'd {p•nl 

I I~ Ill I 

lmu •• ll~ Ul•' \a h:· · o1f lie · ~ fuuad , ,, ~· fll!"ot ·'PJ.II''--'"IH·•• IIm lr·· m .. , ~ IJII "t !) 

rlu!'l rn .• ko :1 lf Pfl!"o~tbl o • t o t!t•t · r llolrl• th t• .o ppr u , l rU ••• \oo oH' to •• r ,,, 
p.trdm•·h·rs. 1nV111\• d an (15 Il l \, 

In ea~e~ o f l..•r&:~ r d,•plh~. th•$ \ .t lUt' o ! lie fnund ln~m f1!l lll 1 1 ... • ••r r• • l t•• l 

,,, 

l 
I 
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{by traa l and e r r o r ) by thP equation 

.!_+~ +(~ - ~)"+[•: - f- T~-• •• 2 ,_,-.. 

- .!!.±..!1.!!. + (~ + ~),.]·--=o 
' •• 2 ·- ,-... • 
l:• 

·~dt~:> re f = J.._· ... 

(16. 111) 

In · ·~uataons (1 ~ . 111 ) • nd (16 .111) 6 as the air-tcmp~ rature Ouctuatao n 
fiunn J,t on e cJ,,y td•' grces/day): ' " the case o f a gc-rwral drop of the a 1r 
tem pt•ratu r t• 6 as negative, For the r e st of tht notations see above, as wt\1 
ns S I .. 
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FIGURE U. lit n. l h\t: mu ft d<Cpth A:. 

6 18 rxpress·;.? by . 
l: 11, ( ,-to,- o) .. _ , -to, -1+11 "')1 - f(l-t- -) 

I"",., (17, 111 ) 

l ... ,-.. (1-·- .... )j 
"o--y(l-•- .... )- 1- t-"' I 

lfow~v,. r, 4'1lh a n accuraC"y su(Cic aent fo r the c alculation o r e •. a can be 
d•·lf>r·mmr-d :1 1~0 morf' stmply by drn·A•ing on a hme ~~traph of the m~an­

dtu ru:o t h:·m w · r·:ttUn."!S, a Slr ahthl li n £> Of th.-. gene ra l (t.w e r·aged ) air 
l f' rnp l•r a tu r£' ''~t ria uon (FagurP 36). 

Th•" ,.aJw·· o f n1 is c:orrPc ft"'d (by t r ia l and C' rror) by m eans of Pquau o n 
(16 Ill ) a s follows . Thr value or llo. determined f rom (15.111), as well as 
th•· num,.n c nl v.•tu,-•s: o f all the r c malmng quantitie s Involved in E-quation 
\16 1111. a r .-· cmhsu tutc d in thf' latl f" r equation. 1l u! ,·alues '1 obtai ned on th ~ 
l~' ft·hand su.J•• o f thr• •·qua t i on in the general caae differ from zero, and may 
a""Um" po!tHh·•· r> r rw sroui\•C' stgns (I n d£'grecs). If a pnstti\·e quantity is 
obt •• tnl•d, th• numb•· r n1 is und~rrnt~d. whf'reas a neqa live quantity 
l'ldu ·a t··s tl1<1t th•• n u mh .... r n0 ~~ o v•· rratt:-d 

U d pn~ith··· fluanuty i s o b tt•lnt>d, a value o f 111 Ia r&:c r by a unit Is 
suh~t e tul ~d In th ,.. J"•qu:ttlon and ,.o on unhl tht• }t' (t.hand 8tde of th~ l"quahon 
b~'comcs nPJit'ahv•· ·nee vd lu•· of 11e ust"d in tht ca lculation is that which 
SC•\' ,.H in th~:• l•· ft -hand fl adP o f cquataon (16 .111) the teatllt deviat ion Cram t.ero 
·· lth~ r posit l v •· o r n· ·~ati ,,e , 

I Of> 

ThP procedu r e ts tumtlar wh('n a nc g-:. t.ve quo.ntaty lS obtaiO••d 1n th~ h •fl. 
hand side o f equa t ion (l 6 .11J ) But an thi s c as f' small~r ,-.. lues o f "- ha ,· t" to 
be subshtutcd in the equauo n. 

• 10 

'~ LA ·y I"' ~~ ~· ~ 
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rm I~ , Ill 

FICURI 30. !-turt•<Jhurwl • tt l t'm ,_, , 1Ut1C o~«:o:chn£ to 1rw Ttin~~ .. 
~tntrolog1c.tl 11.1Uon, 19!.&. 

l t s ho u ld be bOr Ot.' 10 lnlOd th iit StnCt? •A·t~ a~SUtnl' ,&n 1 1\t f'~ ro~l num l.J••r Of 
d;~ys. th t" ltft· hand s id e o f th t• t."quauon may ,-am h ()rtly m '" r y r.,.,,. c·4•s•·s 
O( 30 approp rUlt(' combm aUOn OC tht.• \'d)Ut ~ o ( t ht~ QU~Otlt H'S lll\'Oh ' t ' d tn 
(16 11 1}. In g,·nc r -11, t he lcft· h"nd stdl .. o f lht.' -._•qu..t.tto n ,·.uushc"' f("' r ... 
ft·ac ttonal ,·aluc o f ne. 

Th~ c or r ccti<'n o f thr va tu or n1 {by t r tal ,,nd ·· rrC" r ) b~· •'flUatuH\ (1 6.l ll ) 
c an b C' shorU:nf·d \\ho n a "~•lU!' '1 - t 0 . 20 - !: n 311 1,.. C\bt.nrh·d , In th1s cas•s. 
tO CJbtatn th(• r t."QUirCd_valut" or 6o th•., corr··~pOildiUI,! \' ,l lU •' O( " Shuu ld h•• 
a dd t'd to lhf' \*.t iUl" o r 8 I I\ tht• l~t" t calculaaon ~,.•unduclt*d '4*1lh •~qu.HIOn (16 . 1J I ). 

l ltc value of Oe can a lso b,• dt•h?r m Jn('d f r t'm .. 
I.• 

8=o I+..!._+~ . ~ . .. (I R. lll ) 

... he re ,., , is s:na ll•· r· tl l.lll " • ,,,r th t• ~.101 1' c ctnri llll'flC, It ~~ tltr. r · r .. , .•. 
('Xpt.•d ttnt to u:h • {l8, tll} \A.h ("n f• r som•' r• .. ;.& 'lt\nc: 1t l'l n, s ar:tblt· tn "'"'' r t•·n 
t he prnnd o t avi'r.a ,:an~t thf! a i r tt•m pf"ratu r f' In t'·•r' H' tllar, thp; fnrrnul~• 

c an b e us(•d wh•-.n th t• ,·n hu · t1f 6 , .._ tle t~raun• d ~tr•• Jl'nt•.•llv 111 ·· ·•••·,; 'A' tl• ·u 
a t the beginnin~ of the p• ... n ud nol (ln 1ts Ya r!) p ... r t 1 •• nd h,-,. t il t• t••~tt o f th,. 
per1od the n., tur(' o f the 'wn• .. r .,t ., t r· t•~mpt"r.Hur~' O.Jc tu.tii "'~U t !'O tt ff••r,•nt 
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Th...' numbfor tte' I S d••tt•rmuh:d, u1 thas cuse, to a fi1·1'ft t.ppr·oximation by 

. :a.- ... 
··-~· ( 19.111) 

Ttwn If 1!" r o t· t·· ·c t (>d b) tdal ;,nd t.• rro r :.ac cor·ding to 

at.~(~ - ~),. + [.;-i- ..!. - .!!.±.!!Jk. + 4 ,_,-... • .. 

+(~+.~~~ ... )~~]--¥- . (20.111) 

T lw \'a lUl' (I ( n,' is corn·c~t·ct until tht• \':tlut:' o f 4 .. is a minimum (s ec 
·""'' ' ' ' ' •uwi·r·uiu..: tlw Ct)rr•·c tlun of 11e by t rial ~nd c r· ror accordint; to 
(11;. 111) ). 

S -t. E";nnplt• o f calculation of tht· beginning of s ta b le ice 
Cf•\ ,. r c• r1 ~td l w~Ht·r 

l.•·t us t· •. dcuJr,t~ th e h" ginni ng o r s table ice o n Lake C hu cJskot' t l.ak c 
I '• qJtJ<; ( u, th·· Kudavf"' r C diSt rict in J!JS... • 

\\'•· dl't•·rmirw th t· bounda rie s o f the sec tion or th t> lake in\'o lvl·d in the 
C" :.Jc ula t io u fo 1· th e givo>n r £•M: ion a ccordi ng to the indtca t ions o f § 2. 

Th .-. mf'tr•nroJo~Jcal do,ta is taken fro m the nearest m Neor o !ogkal s tatinn 
Tudko ya, S ituate d 30km to the north · no rthweM or Koda\'l' I'C, 0 11 ttu~ lakt• 
t; hnr,.. 

Th·· ··x is ti'OC" o r m('tiSUr('m('nt data for the wntc-r te mpt>rnturf' IS c heck<>d. 
W·· fmd t ha t th~"rc a r e no data o r m (•as urri'tcnts fa r from tlw shore , 

whf' r '"' th ,... tlr•pths arc c haract<· ris tic or the given watf· r a r·l'a o f tl1~.: htkc , a nU 
~d~o that til'" .~o·atf' r t ('mp,. ratur~ nl(>asur·r•mt·nts c o nducte d at th<• g~tg i : l~ s i t e 
o n thf• :..h'lr r· cannnt , 10 this caS{' , c h a r ac t t:- riz • thi• m(•.,n water tempP r • .uurE" 
o f th(' gl \'t' ll pa rt or th1• JakP. Thr r~.> fOrf", the irutial 'A<I t (• f tt"mpt . .' ratUI"t! ~ 
is c alc ula t•.,rl. 

Wh•·n c hOQs ing lhc llal lo r which lhP valur or to will be c ~lculalcd, lhc 
rollo•,o.i n~; in~tnartions a 1·c takt•n into accoun t (c r. -s 2): 

:1) It is d i"'Sirabll' to t:hoo~(' the d~te fo r whtch &o i.s d t_•termin('d s uch that 
the ~lr·tf"mpcrature nuc tuotions up to t hi s date do no t complicat e 
S l m pl•• g r~aphlt•:l l de te rmi nat ion o r the mf"aO r ll l <' o f the general tt-mpc r atur<" 
dr" p (41 ); 

b) Th,·· d<~ t(' o f It fl: ho uld he chos~._·n so as tn pro\'ide a sufftcif"nt fore­
~.. arnntl{ pr ri fJd f,,r l h •· Cor·(·c as t and a·educe. to sorn•" minimum, thf" e rro r 
11 1 th,.. t.~ ·J IC"u ! ... t ion o f tht..~ •A•at(•r H•mpt-.raturc fo r the assume d dav or the 
h··l.!tnnHll: o r ,.H,blf• Icc c o" c r : the e rror isduc to the fact thatfi. is c a lc ul;ltcd 

F r~''I01 f-a gu r ,. :JG w (' find that on 16 November not only d id a nc-.:ativc air 
tt·mp,., r :.tur£' tx·~tin, but a t about this time an abrupt change in the te mpera­
tun• cu r v,. occ u rrf•d. Until 16 No\•cmbc r tht.' ;u r tf"lnpt"raturc gene rally fe ll, 
thou~h w ath consid•' r ahl c fluc tuat ion~ ; thr- mean rate of fall was 
cunSiad•· r t.ably J'Omalle r than m the sub!JNfUt.: nt perio d . 

c· hl th r• fltr• ·n~th o ( th•· a bo v t> t~nd 1n accorcl.ulC•" w1th the cours~ o f thtJ .,i r 
t• ·mp•·rutur~" (l· agu r c 36) we tl••tc rmanc the vealuc o f .. fo r 15 Nov~mbcr. 

I liM 

11H! \'alu t: o f .. (an o.cco rdance witn {& 4 . 11 1) ) 1 o;o ta k f' n ••qua l to th(' m e ... n 
ai r temp~rature durin,;r some preccdl fll p c:- r 1od of 11e d ... y~ . 

We d t"V· rmine the approximatP va lu e or ... from 1-"i.rurf' 3~ 
n w m•"an de pth Of the CiVe n pa r t o f the JOj ko• c an b•• takPn frnm trW .z:raph 

o f lt-f(H) a nd is ~qual to ~bout 920cm (th t:· wate r l('vt~ l 111 the l~•k •" in lht" 

r•v•·n pe riod var ir d 'A'I thin na rrow limitS ). 
For a d•·pth o r 920cm we rood lle-60. 
L••t us c alculate the valu<· of Itt from (15.111 ; 

.., 
wh~r~ .. - (o+t) ... 

'lloc \'a lue s o r fl, t, 4. Cl. ~ and I are do>lnmlnrd ro r a pe r iod or 60 dayR 
fro m 17 St pt..:!m bcr to 15 r-.:ov cmbf:' r . 

Fo r th•" m ean d~·pth II • ·c fi.!ld a \'it l U(> o f 92 1 em. 
The m e a n air t e mpe r ature 8 during the- pe r iod fro m 17 ~··pt~>mb~'>r to 

15 i'\o ve mbP r is found to equal 6. 2~ . T he w1n d vC'lOC'1ty is ta kt·n eq u a l tt l thP 
m;•dn \'a luc fo r the autymn cooling p e l'iod (5 m/sec. FiRUr " 2L 

Fr·o m Table 3 (fo r I• 6. 2° and ••5 m / sPc ) we fi nd i•45 ca 1/ c m 2· d<tv . 
· ~~. . 

F o r rh <> m c:m \'a luc o f II. during the C;t. lcu l :.:. t ion pe rio d .... . find. fro m 
Ti:tblP 1 (r.,·gton I) (fnr the gt•nf(raphical lut uud P a nd the date of th t~ ma ddl•• 
of thP period - 17 Oc tober). t h<' , ·alur 47 cal / c m ' · day. 

Tht." valued the t.eat-tranRfc:' r cot? ffic i ••nt Cl is d t•t• ·rnn rwd fro m (25 I ) 

• = (1745o + 106w)c-p. 

Fo r a wind vdoc ity :.1-5 m/ !'lt'C (the rat('d \ 'aluc ) and 3 flo w \'Cloca t~· •·q ua l 
to Z \' r O. 'A' 4-' ubta in a • 530 c al/c m2. day. dc g:·t·•c . From Tabl •· ; " ' ' r111d , on 
011..• 3 \' (' rag· ·. fn r the ca.lcu!;U!On pe r io d ft,• 1Bc al / cm2- day . 

In o rdC'J" to dt.•tl' r mine th e m f"an r a te ~ o f the hlta l aar· t f:':npt•r:u u r .-. 
va r ia tinrt wt: dra '4', 111 F igu r e 36, the line o r th ' " tal (:t\T I''-'~rd) 

t emp(•ratu J'(• drop . Wt? o btain 6 • - 0. 1 5tk~r·<'•~/day 

t..--.t us c atcuia tc the va !u<'~ of 0e and r .. 11l\'Ol\•v d in (15. 111) 

(se .. • t\pp t•ndb. 1 ). 
Subst11Uti ug th(• vatu··~ round in (15. 111 ). A'(' t'bHIUI 

If- ,... 2(i)0+ 4~111 + 2 · 0.ts6 
• - - •~· l · t 01~1 s.to · 45c o.a.» 1-o.iiii = 

= 13.9 +5.11+43.4=63.1. 
Let us corri·c t th r \' alut .. of ne by roquatio n (16 J11 l. 

..!.. ..L. C•+tlt• +( .._-~)"+ 
t • .. T ,_,-.., 

+[•:- i-..!.- f• •• ,.., + (~ + ~)''] ,-· ... ~o. • •• 2 1-,- .. 

ll u ,, J ,tlicull '" ~·t-Utu tht vo~ IUC' ~.•I I ry ,. , m,r lt .:.••1-t'ur al t'"u w..- u,•n, 11 •• , "''!.I t-• C"• ll to ! .. •• J 1 ,.,,. 
(17.1111. 



-

\V c.': det e rmlne- th e va luc8 o f the paramt.'te r s fo r a pe r iod o f 63 da ys (fro m 
14 S~"p temb~'"' r to t 5 NovPmbe r). Fro m the tabl<•,!. and g raphs i ndlCC.ted in 
the prC\' l OUS ca lculatio n W{' obt .. in · A- 9 2 1 e m , e- 6 . 4•, ·-45 c al/ c: m 1

• day . 
d·~~ rct• . tl- 51 ca1/cm 1· d.ty, f b• 18 cal/c m: . day. The value of ca r e mains 
as bf' fo r e, i. c., 4 •530c a l / c m2· day · de gre e . The value o f 6 1.lso r e m ains 
31{ hr-fo n .. ( - 0 . 15 d~"" r~"l.'/day). 

The wa\C.'r t<• rnp(• r a tur o.· at UH" bc g•nnang o f Ule cons ide red period .-.r 
63 days , tS take n a pp roxi ma te ly f'q ual to tht• m ean a t r tcmpe raturt> during 
a pPr tod o f the same du r ation p r ecedint thf' conside r ed one, i.e. , during 
63 days f ro m 13 Ju ly to 13 Septem ber . We obtain to"-15. 4• . 

W e- have 

~- .. :a e-••-= 0.956. ~- .... ~e-o·•·• :s o.osa. 

Substitut ing tht' values obtaine d in (16.111). we o btain 

4+ !530+45!11 +(63 _ O.lM ) · l ·(-0.15)+ 
.. MD · 43 T r=1iJ!6 

+[15.4-6.4- i} ~ <t/.:1" + 

+(~ + 1 ~·r.'m) · • · c-o.t5)]o.058 - o.or. 

The fac t that the result is not zero, but + O. OG• , m cons that the m e an air 
tPmperaturE' dur 1ng the 63 days (6 .4•) gives a va lu e o f 0. unde r est i m ated by 
0.06" Fo r suc h a s mall dc \•iation from .. e ro. furthe r correc t ion or 11e is 
unrwce~Rary . 11u~· valueof Ot is o btain,..d by a ddi ng th t> ,·a luc o f a.e, 
o htautecd fro m equation (16 .111) to the m e:.t.n aar temperature dur i ng the 6 3 
d~1ys Roundint:t o ff to frac tions of a di'f: r ee, we have 0o•6 . 4• +0.06• • s. 5• 
(a t the ~nd o f the day o f the 15 Novembe r ). 

;\ nt'gative met.~n· dlurnal a i r t e mpe rat u t·c (acCOI'dang to the T ii r i koya 
m•·h. . . , ro!ogacal statinn) ht.•gan m 1954 on 16 NO\' t.' m t>t• r a nd was m aintain ed 
until the bC'ginmngof Decembe r without ~harp rtuc tua tions (Table 24 ). 

Bea r ing in mind that the most favorable comUuons for the beg inmng o f 
t c~' formation arr lo 'N wind velocu y nnd 10 14' c loudiness, we check th<' 
posRfbillty for ict> to fo rm on 22 Novem ber (at 7 hou rs whe n the wind 
vclo c aty was I m/sec . and cloudln<-ss No. 1). 

S 1ncc th (' c alcula t ion pc rrod i s s hort (16-22 'lo ve mbe rl and fluc tuation:; 
10 the :ur te mpe ratu r e during this pe r io d arl' not s harp, we c arry out the 
c a lculat ion by mea ns o f fo rmu la (2 . 111) i n which the a fr temp~rature is 
3\'t•ra~£'d fo r the entire calculation p f• r iod 

•.e-""'+[i + ..!.+ ~](1- ,--)c;;;-..!4. . a d ~ 

Tit•" numb••r n ~A:ill b t-- 6 3 (the calculation pe r tod 111 fro m &t'ro hn u rs on 
1 fj t't>' • ... m b t"• r to 7 hourA o n 22 Nnvc mbe r). 

Fo rth,.: nV' .Hl d"p th during th e calculatio n pe n od we obtain 941 em fr o m 
the graph 11-f(H). 

110 

The m ean a i r tempe rature i a i--2.3•. the m e an wtnd velocity •• 
• 4 .3 m/aec (Tab le 24). 

Au tC".mprr.alt.Ue Wnld 'TIOCUJ , m..\n:: I( .. ~"'' ..,. ("j! •.t \111 

Dt le 
1 h. 1 h..l l 1h.Ja 9!1 ~ -.1un 1 b.J l h. p h~ J'lh. I h . l h . 13h. I !I h. Mf'.an 

Novr ntbf'l 

14 2 ~ - 0 . 4. ~ ~ b 4 I 4 7 4 .0 I 2 10 0 
IS ~ -~ 2 4 2. 10 10 4 5 7 2 10 10 10 10 
16 : b 0.7 -1.4 -0.4 5 4 3 2 3 $ 10 10 0 • 17 ~~:; 04 0 .! -I. 2 2 5 4 3 .2 9 8 10 10 
II 0.4 0 .1 -0. 0. 2 3 3 $ 3 2 10 10 10 10 
19 ~: - 2 .4 -2. 1 - 4 . -2.7 s 7 5 6 S.7 10 10 7 10 
:20 -3:~ :t! -3. ~3. 6 7 6 $ 6 .0 10 10 10 10 
21 -~-~ - 6 . ~-4 s 4 4 4 4. 2 10 10 7 10 
'22 :l:! =n :U 5 I I 2 2 .2 10 I 10 10 
23 ~:! r=::~ 1-4. 3 2 4 7 4 .0 10 10 10 10 
24 - 4 . ~- -l:i 6 .3 7 7 10 12 9 .0 10 10 10 10 
2$ -S - 5 . - 5. - 3. - 5 I 14 14 12 12 13.0 10 10 10 10 
26 -::; -1 .~ - 7 - 7. - 7( 12 10 12 10 110 10 I 2 0 
27 - I . -9 I -6. -4 - 7.1 10 14 12 14 12 s 0 I I 10 
21 -3. -4.! -6 I -5.1 -5.~ 12 12 12 14 12.5 10 10 10 10 
29 :t~ -3.~ - 2 - 4! -3.3 12 14 12 12 12 5 10 10 10 0 
30 - 7. -71 -s 1 r6.6 12 12 10 10 110 0 0 I 10 

t)ec:tlllhf-1 

I -5.1 -3.4 -4. -3 1 1-4.2 12 12 12 12 12 0 10 7 10 10 

From Ta b le 3 we obtaut t•40 c a 1/cm1· day . degrC'c; fr o m Tabl ~"'z.. 1 and 
2, d• Gcal/c.m~. day (n~'=ton 1} ; fro m Table 7. f b• 21 c .-1/ c m 2• day . F z·o m 
(25.1) 

We obtai n 6 3 · 4S6 · 40·1 2 
1101 ~ 1436 + 40) 941 • I ~ O. 46: 

,--= ,-.... - 0.7S. 

Substituting thP valut•s o bn 1n('d tn thP lt.•ft - h a nd Std{~ o f thf' uwqua h ty w•· 
o b tai n 

[ 
6 (4S6+.40)2t 1 6.5·0.78+ -2.3+-.o+ 456 - 40 (1-0.78) = 4.72". 

Ld us determute the r ig ht - hand sa de o f the ,•qualtty. t t: . • til t• ' d l ur- o f 

- ~ . fo r 7 hours on 22 So,·r mbe r . T h(" ,·a lUI~ o f B. ts fnund fr nm .. 
~quati on (1 1.111) 

B.= LE + P+I.11 

wtth rhr a id of Fa~ur€'s 4 and 5 \\' t• t.' b t:o n LE + P - - t 15 ra1/c·M7 d.,y {(•l r 
8• -R a• and~P •I m /scr , T abl(" 2 4\. /~11 .. - IRR•·al/r m: da'" lfo r 8 --8 R 
and N1•1 . T able 24 l : B,.• -11 5 -I RRs - J03 c o11/('m2 d.ty. 

Il l 



! 
I 

~ -

F u r· t• =-0 .a nd w-1 m/!i<.rc \\'{' obtaan fr·om (25.1) •.-H)6 · 1 · 1 • 
'lll: 10Gc.•' / t• m ... day dt.·g r"~ 

r o 1· ttw 1"11:111-hand Hide Of lh<" f'quaJity 'A' f' find 

--!-=- -: - 2 .... 

·pn, ~o: , un th•·l··h. ha nd ~i df" <lf in(•qua Hty (2. 111 ), wh1c h ~ives the mf'an 
. ,., , •. ,. t"rnp•· r·;_,tot,·c 111 til <" t•tms idercd r€'g1o n of thf' tak e , wc o btain a t 
7 ho u r'S \ '11 22 "1\o\' ••mtwr -& . 72• . a nd in the righ t·h:uld sick, " 'hic h gh rc s th~ 
·n· ,w • . tt· I' to•mpr' r·..tturf" a t ~·hich the bP~inning o f iCt"' formation on the 

: d .u·· 1 <o: oro:-: ~i h l f', Wt' n ht,d n 2. RG• ·nw jpft-hand ~ide lS l n rgcr U1an the 
' ' t'hl-h .• nd •qfl,•, ("nnf:f'Q\ICntly, o n 22 No\'Ctnbt-.r 1c~ formatio n o n the 
t' "'' "'lft• r··~d 11art u f th•• lak .-. 18 ampossiblf' . 

In t h•· n·~xt d.ay!': (T ;, lJle 24 ) clnuchnc~s i nc r·· ·asN t, thr "'' ind v.-• locity rose 
ad s" fiHt tht• ._., ,. h .·m pt· r.ttun: . 11u:n·fo n: , since o n 22 ' 0\'Cmbe· r th,.. 
···t· ~o• nd l" l th • nf tlw hwqua1i ty ',\•u s la r~e r· th o.•n th t· right -hand sadc l>y 

·• tt ru <.,. ' 2 , ... ,.. C'OII~ldt"' f' it itwxp••di<'Ut t O prc diCI t hf' pro babi lity Of the 
h• .!JnHin~ 11( trt· fn l'ln.ltlon fn t' a day c·af'la c r than 27 1'\0 \'E'mher. 
. 1.· 1 " " d l '' C"k tht:• J>4'lg~i hd ity o f iCC' fo r m atio n to t;,..gin a t 1 ho urs o n 27 
''" •·mh•·•· dw"l, .u~crH"rhng to IIH~ nt(•t••n rulOt!t ... 1 data (Table 24), co nditio ns 

. 1 r·· · : n•JJ t · 1.,\·urahlt· fn r the bP~uuung of i~r fo rmat inn . 
'.\ ' •· t.•:t ! t~utatr• Htr· left· tland S1ch.• of inPflUality (2.111) fo r the end o f the 

.!1• "1\o,·· mh·· r (lh(' ht•gumi ng <l( 27 Nov~mbc r). 

"') I ' In;• uu11a l · -. oHC I' t '·tnperatur•· le we usc thf' valu £> obta in,--.d al)()\'f' for 
7 1·n1..u·~nn 22 "\r., -, .. mb~"'r . Th(' numbPr 11 will in this c.iS C b<" equal to 4 . 7 . 

.\«·rt')nfJng tn th<· d <-\!,:! ouHI m t'"'thuds i ndicat ('d 111 the pr'f' \' i ous calcula1io nt:t 
" ~'bww ~~~- (j!) l'h · m. 8- - G.o-, :. - 8 .2 zn/ scc, Cl• H69cal/ c m2 • day . d~grcr. 
t - :J') c.d /('m· d:1y. ch-gr.•f•. d•-1 Ocal /cm2t day, , .,- 21 c a l / c m 2- day . 

•.v •. nbt~• i n 

4.7 · liM· S6 . I O -· _ .., -• na1 = lllti!I+Sii)liSO·I = .•u, ' _, - 0.77. 

...,uh .. ttt nt tng tht• ,.,, lu (•s l)bta in£'cl i n t hf" h~fl -h;utd s td c o f 111<'quatity (2. 111), 
t•ht.q n 

4.72·0.77 + [- 6.0 + -;,o + 1~ :-:
21 ]tt-o 77)=2.2!r'. 

I . t II ~ d · ·l ·· r min·· th · · rl~ht-h.and s ide o f tht' iru•quality, I, c .• Ute value o r 
8 
;; . I'H' 1 h• •U t' "' '•n 27 '\'ov<>m h•• r 

1
\ " d ··l•·rmua,.. lhl' m<-~~mtud(! nf 8,. fro m eq uation (27 .1) 

B. = LE+P+Icfl 
' ' ' h tit~ · •nd ttf l"l(!ur•·s 4 a nd 5. We obtain : LE+P--4B0cal/c rn2 . day (fo r 
~ - -P. '• :• ·ui-.·= I O ~t~/~:r•c ). l~,& - 2ll0 ca1/cm2 . day (fo r l• -8.9" a nd N1 -o. 
r . .t, l·· 2-L. B .. <a --l:ifl- 2 ()0 :::: - 690 c a l/c m 1- da y . 

I '' r t' - n .• nd li.' • IOm/ scc ,.. ,... o ht •• an f r om (25;,1) ••-1060 c a l/c: m2. d••Y · 
tl· •: · • 

n, .. , .... tu.· ( J ( lhc· d ghl ·lm ndsidl" o f tht•i nf'ftuality t8, the refo re , -~-
- - ~~ll·:~' . .. 

II~ 

Tht• lt"'rt- hand s1de of the uwqu~lity (2.2!>" ) :s iante r th.m tht"· n~ht .!!t id"·· 
<;ons~t.lu•·nt1y. ace fo •·m .. t ion .also c~nnot b\·~ 1n a t 1 ho ur·s on 27 "\o,-.-.mber 

F r·o m th t. m f'tt.•o.-ologacal d~ta f J";..blC' :?4} rt c •• n bt• c• ·IICiuUed th .. t re t• 
fonrlo.~ll•lll \\il! nnt b•~R:I Il in th t' n eare st Umf> <>Hiw r : tlw ,, amJ w !l'nsrfit-...d and 
thP clnuditu•ss rnc rt>;ast•d, and d.(t<> r 7 hours Cln 27 ~ow• :nl:wr th .. ~ur 

t~"•mp~·r·., tur·f· , , }f;t) rt1~f'. 

' lllis o.~ppca rit.nce of th(' clouds and a d r o p rn the • i r h.·mp(· r atur f• fvdth tht" wind 
v•·loe:i ty r emaimng high l began a t Uw end of 29 ~o,·emher . 

l .f•t tiS Ch ••ck the p r n b;..bl lity fo r IC~ tO f01~m at 1 hours on :iO ~'W••nttW t", \Vr 
Ci.llcu1atc th e- l<'ft · ha.nd s ad '"' o f the int•qua lity (t h<' medn wl:ah' r t"mp\· raturt>) 
fnr tlw ••nd •Jf til" 29 "\0 \1\.'mh•'· r . 

t f• l ' t h t> l llitt:ll \ :I t \..' I' t('mp••r ,t t\l r t-• lft.) \' •' t ;l "'-t • 1ht• \' ,ti ll • t tht. tino db\' 

ch•CU I.Jtif\n fo a· tile t•nd Of 2h "1\tJ \' t"lllfll'l' t 2.2''~ \ \ \' • h .,,., . 11 - :i "' 
I l'f•:n th(• ,-, ·~rwct iw• (t r ... q>hs, rabl · ·~ .wd (tlf' llHI L·~ t~t·•" .dK.'~\'• ~ l. fo r tht" 

l! t' rlod fl'(lJl'l 'l i to 21' ~o,· , ·rltbt•r· , .... n l>l .tltl' A• "f, 'l f· n .. •• l .!, ,j m!~~"'C, 
0 - - 5.a , 1t- -; a<".t1/c m2- d••.Y · d •·q rt'P, l•-25ca l / c m1 .cJ.-,·,.,- I H\ • .t / c m·' 
. d .. •y. 5•1 3:!5c~1 t / <"m7 . d •• y- d•"gr e{O, ,..,,.tl.2:J~t . ,..-.. O. i t' . 

f'o r the )t>ft.hand std(' o f thf' u tf•qua l ity v.c obtat n 

[ 
- 25 (ll2:i + 11111~ 2.29·0.79+ -u+rr+ 1313 .u Jlt-0.79) "'"o.w. 

\ 'Jro d•~tt~ r·nu n<' t h (' ru;ht-h.111CJ o;;. idt• o f th,.. 111•'q\: ~J. t 1,\ f t·•·IT' lh•' tn• ' l l'''f'IJh) · 
~~c , .• , d a tafo r 1 hou r:-;<m30 :'\ovt-mb•~r l for 8•-6 .0", • •12 m/s•·c :-.nd 
N.•Ol. w._• obta1n: fro m Fiqu r l' .. L£ +P•- ·U 5c .. .t/c m 2· ct~.~y , frc~tn F uru r·, 
5. l .. rr •-172 c a1 / c m2 - d:..y. B .. •-415 -172 • - 5A7 cal / cm2. d ... y. F r<•tn 
12 5.1) "A' e ftnd a .. • 1272 cal/cm2

• d ... y · d('g t·p,• For tlv._. l'i[!IH-ha nd !' ad.-. n f 1hr• 

1 n ro4u a 1i ty we obta 1 n 

.. -»7 .. 
- ..--- -mr==O. • 

T IIP leh·11and std '--. !S l" l'gL' r than th l' r1ght s:i df' n f tht!' an.:>q l•·•l lty. k• • 
form.Jtt•m (; ._,mw t b•' l; lll a t 1 !l ( iUr!o/1 o n 30 ~ovt:mh• · r· . 

:\t 7 h (..tU t')'O on 30 Xo\'ctnh{' l' a furth~r dre"p Ill tht" ~•ir t•"mp•·a· •• t un " ' 's 
l'l'CUI'd f'd . \V\· fCf.)\,iU 1hC cah:u1tt\l tl Of \lu: prt~l),.,ln hty co{ .c-•· to fonn .,. t 
7 hour·s, F o t· the imhal ·A o:~ ll·r tc mpt" r .tlUrf• \\t' t..tk ~.· th'-' , ,,lu•· f'l h\ .il nt·d hy 
(' .• ku:dtion ro r· th•· t•HJ o f 2'• NI"W\·rnhC'r !0.6!l"' t. Tht• nu·nh~·r II '-'In b·· ···l'ta1 
!•' 0 .3 . For· the lime tnh·n .11 f r'\•0'1 tht•~t·~wntnt.: f •f th•· day to 7 hour"~" 

<lll 30 :\o\'t.•mbt•r ·Ac t.lbt.-111· ll• !•50 <"m , l•-6 W , ••12 rn/ :O:cc , t -74c.d / 
/ c: m : . d.1~· · <h·gt·~(· . d• - :!.! .._·~ . / cm2· d..iy. f_t, • 17 <"a l / c m 2- d~'Y· • • 127.! (' ,d / 
/ cm2- d.•y . d{'gr·t' \', IIQe• o.o:n. ,..... _ ,..o,. - o.us. 

F o r tlw l ··ft · h •. utd "':d ~,.• of Utf' Hl\'flll·-' llt~ , ,. r•hl., ua 

069 098 ( 
-22 11272+74)17) . · . + - 6.11+-.,. + IToZ. 7t (I - 0.98) = O.W, 

(l l ', r·nundina o (f tv h~nths. 0 , 5 . 
l.f't liS d,•tC' I' IlUI\t.' th t' rhtht·hand s idf" o f th•· am•q t: 1'1 1'- F r o m th•• d :, t.t 

fur· i fwurs <'n 30 1\:o\l' mh<' r tl•-7.5". ~~t -1 :! tn l:-•·c. A'~- 0 1 ·,, •• ~ met 
L£+P-- 5nO c.tl/.;m~ -d.•~· (FI~UI'~' -l l. l f'ff = - 1RK(·,,:f• :n= "··~ ( l ' r t.:u n · 5 1. 
B.•-500- t UR • - GRAc-al /c rn3- d •• y, ... .. l :!l' lo•,,lh:m' d.ty , \Vt.· nbt .. u n 

-~- - ,;.-o.w, 

ur, 

I I' 
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The right·hand side is equo•l to thf! l~ft-hand side or the inrquality.• 
Thus, we sec that icc may be-1in to form on the surface of thl! cons idered 
r CRIOil or the Chudskoe Lake on 30 November. Since ther e is no str eam n o w 
lht~t'(', an ic£> covrr o n this pa rt of the lake should fo rm on 30 Nove mber. 
1\ c co rdtng to obsen·atton da ta a t the Kodaverr 1a1in1 site an ice cover 
fo nn•"'d 1n 1954 o n 30 Novembf>r. 

S 5. Example of the c a lculation o f the be1finning o f stable 
1ce o n a rivf'r with a consiMrnble s t rt-am now 

Cal c ulation of th t- t ame o f th e b ~gi nn 1ng of s t a bl e ic e 
o n t h e Kuibysh e v s t o r a g~ re8er ,·oi r a t thf!' Verkhni i 
l ' s 1 o n . ;\s initia l c r oss s ectio n we t ake that ut the Chebokeary gagi n.g site, 
si tuated 133 km upstre a m from the \ 'er khnii Uslon. 

t h-rc a fa irly high flow ve locity t s m aintain('d, which amounts during 
::Pl- . d epending on thewaterdischarg~. to about from 0.20 to 0.70 m/sec. 
1 h(• ,, ·atPr t e mpe ratu re is m easured at a steep shore, in a place with a 
dt·pth r h:'lr:lrtt_•runic or th1s part of t he wate r r e se rvoi r . We a~sume that 
i :1 t ht•sf! c o nditio ns the 'A'atc r te mpe rature "'casure d i't the Cheboksary 
" a gt nq stU: IS so c lose to the mPan 10 t he c ross Bt>ction that taking i t as the 
initial te m pe r ature ( l o) does no t introduce a n additional erro r in the 
calc ul atio n o f th <' Urne o f the bC'ginntn'f o f ice fo rmation at th'-' Verkhni i 
Us ion. 

For the calculatio n, in addit ion to the initial wo.~tttr t empe ratu r e a ud 
ml.'tcor o lo g ical d..ata, it is nf"ce&sdry to know the time o f flo w "" from the 
utiti ~&l to th~ calculatio n eros~ section, ; he mt•un n o \,. \'C'loci ty u and t he 
rnc:tn de pt h A on th is part o f the r ese rvo i r , th~ fl~w velocity u and th(' 
. , idth b 111 the gi\·Pn c r·oss section (at \'c rkhnii l:slonl. 

:\ 11 these q uanttt ic s dep~nd o n the backw • .uer lf"\'Cl H a nd o n the ·.vat e r 
d ischar·g <.' Q, ·.~o·hic h \'a r·h·~ he re fro m yea r to yecu · with in wide limns. In 
o r·de r not to calcu late" thes l! qua nt i ties tn e~•ch calculatio n o f 11,.-• b<" ~:t: anning of 
1re fn r nwtmn and th<· brqinnin" of ~tab!l' IC<'. thr ~rdphs t•• fiH. Q). 
v-ICH. Ql and 11-f(H) fo r the st r e tch • nd v-f(H, Q) and b - f{H) for the 
c~lculation cross s ectio n. a r c p lott t>d . 

,.,) obt~un tht.>s e graphs o n the Cheboksary - \"f' rkhm i l ' slo n stretc h of the 
r · ·s,.n ·oir 27 c r·oss sec tional profiles o f charac te ristic c ross s ections 
(tnclud tn~ the im1ial and c a lcu lation one s ) w~re drawn . 

Fo l' e:-ach cross s ectio n ( t~at l th e value s o f 111 we rt" calculate d for· s evE"ral 
.\~'t,.. r· levt>ls , and forth~ s~me leve ls and se\'(~·ral water d ischa r g<"s the 
\'~lu r·!"O o f "' we r e calculate d. 

·n v · tt nH.• of n o ·.t.• •c: fo r Pach o f the indicated wate r dischar1c s and !c vcls 
A' ·•S t~:.l)c ulul l"d fr·om (6. 111 ) , 

~c ~2 ~ • ''+• • 
f::l ·-· • 

F r~m tht· thus o t.tamt.•d ,·a tucs o f 1c the g r aph o f 1c. \' S, H was driiwn 
fo r S~"\'t• ra l \' .alucs Of Q (FI IJUI't' 37a}, 

A , o~ h:1,1J h"'' !•'T ~U Sm <ftlb•tr 11 hot.n g1vts O.·U' for rhr l c-fr•h41'Nl tldr .&oJ 0.~4· forthf' n~ht .. fl.an.S 
,,ck. 
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n 1e m ean n o .. • vr•locaty cr fo r a give n wate r leve l •nd d1scho~r~f" 'A' dS 

d etermi ned as the quotient of the distance L between tl\e H\i t1al ..&nd 
c alculation c rose sections to the now time ~ 

L . --.;· 
The values of • can b t" detcrm111~d from Fq~u r<· :l7h. 
The mean depths o n the s tre t ch '-'' t'"re calcu la tPd fo r se\·rral Wd h .' l ' }p,· f·l ~ 

by• , 

1: l'•<•·-·+•,)J 
t = !.' ·~'---.2:;-L---

Tile value o f II can be determi ned from F 1gu r P 3'ic . 
t\ number of va l ues or thr m ean n o"'· , . .,.locity 1n th e eros~ SI-'Ct tnn a t 

\'crkhnh Uslon fo r d tffe rrnt 'Nate r discharge~ and st.lg•··s w(' r f' nhtai n"'d "ly 
div id ing the water discharge by the r <'!!!pcctive cro!lls s~ctional a rt ' o:i . ,\ 
graph was drawn on the bas is o f these data (F.iRUre 37dl. from 'A'hich i t ~ ~ 
p oss1blc to f tnd the mea n flo w ve-l ocity in t he c r oss sect ion at \ ·P r khnii l' ~lnn 

The value s of b fo r the c alc u l:nion o f t hP bPgtnntn ll o f stablf"' ~~ <' ;,r<' 
d f't!.! r·mtnf•d from F igure 37P. 

l..N us culculate the time o f the bf'ginning o f iC<' fo rm•tion and nf 1h'­
b<•ginmng o f s table iCl' in 1960 . 

Fro m Tahlr 25 we hnd Uta t ra,·or~•ble mNeorolo~:ttca 1 c o ndith.ms fo r thf• 
bl'l.!tnmnq o f icc fo rma tio n existE-d o n 25 Octobt•r at 19 hourl". A hen at .m 
a1r umpcratur~ of -$.4• t he wind v •locity f,~n to zer o, and cloud t rt··~s 

~·as o f point 3.•• 
l.t'l us c hf"c k the po ssibility ro r ice to fn rm a t 19 hour~ (\fl :? 5 ( '\ ... t nt,.--•r . 
L f"t us d e te rmine the time o f flo 'A' t c o n the CtH'hnk~~,ry- \ 'rrkhnli t '~lon 

str t:tc h . In th~' pt-riod undt? r cons idcratton the '·'·a 1 ~ r ~t:.l ~(· 1n th~ r•·~•"rvo1 r 
.. ·as close t o 51 .7m. a nd th<' w3te r di scharges we-re clotH• 1u 1700m1

/ !H'C . 

Fro m Flgurr 37a W(' find that fo r th~se \':tlues or H and Q the tim!' o f fiOIA' 

is 'tc z 10 day~ (rounde d off to a '"'hole numb<>r). 
l.ct us correct thP ,·a lu<'s o f H and Q. W•• obtain :t m • ... &n \'alu•· nf H 

during the I 0 d .... y !( fro m lG tO 2& Orto tob~r ('qun1 to ~ I . 7 m . ·n,, \• .• tuo tJ f Q 
a t ClwbOksar\' e n 16 Oc-tobe r IA'3S 1730m1/s\.·C. Ttw valm·s t>f H ~lnd Q 
rPmained un~h•nged. ConsPQUf"ntly, ttu, \'alur or t \, al!-'o rl'm:un~ t O d.ty!" . 

11u? calculation pf' r 1od nt i s equa l to th(' t im•" of flO A' t c (1 0 d:..y~) . 
Wl" calcul ate th~ bt-ginning o f ic r form a t ton by me:~ns of IO£'QU&l t1y (2.111) ' . 

.,-,.:r. ... +(i' + f + I• ::If )(I-~-~.::..,)< -~ . 
• R1j:,.•IOlh&, )pt-.alun~~:. ~hC'.n lktt'.Un 1n1ng tht' m r•n dt'pch Cfortht' c:alculaHc>n of 1~ .. a!C' r t r mpc-r.&IUI't') 'hi' 

depthf of 1nJ1v1d~l 'IC' ~mc'nH \ IIOUIIf ~ loo t' l~h<'d not ~ lib '"' j'C'<I 10 rtx'u lt' r:jl;lh 1,. bul • Uh lf" ' P"C:I 'fl •hf' 

C'Ofrc-~portd •"l h nlC' l.f flo~ ''· In th1• ~·; •hf' l<'llo• mjt h: r.:ml• •tH>u ld br u•C'J 

I J( •• - I+ •• , ... 1 ·-·-· "' lhotl1 f•'l ltlul.u .:H.- " '') rh't\.t' :, • .Jit\, 

•• (ltr-~h 1n ~"'~''~" .&nJ AtTM!' ' IC'.t n l <rm•n •l.'f V l •d l c h !IJ•IX•' •dr "' ,,. • •lry t' to•"'r l· I• I• t"· " ' .. ..: to\ t' l1• J • 

!dr~ rcr 1 ?n thf AniC'Uc .a n w-.a lr "' 10 m :ht' o~,~,,,, n tc.1ld nun • < •J"'•• It " ' t'I"IJ•II''" ••f I'" n 1-0 '" 

m 1hr AtM rtc .tn rc- rn1int'l•'!'f· • nd c.f cii"'U•hnf'n r f I H• : \l 1n ;'u','"" lf' •n""''l'-);) I 
t In Cite'\ " ' ~.up nuc:tiUIIU)IU ' " lht' JU IC' m O'C' ' JIUlC' f rflm thC' M't" l""'"f *" 'fl! t'nJ r l t"tf' C'&lt'!.l&tl•!ft f't' l l~. 

mate- relublr rc,uh ' .1rc ('hf J U\t'd by'""'§ t 1.11U ' " •hiC'h rhr ar· •r nrf't.t•u ·~ ,. ""'' " 'f'' "'' J "'""' 11'tr 

w l\iJI~ c • IC'ui .&I!C'n rC'IIo..-4, bUI cn•r r l!ay\ . 
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In ~•'-"Cn rcJ..anc• · ,•ith th• • lim•• o f rto"'· Wt' ta k(' the 1mtial "'·"'wr tc mpe r a turr 
h "'m Tht mt .. vSU J'(' m t"nl at 20 hou rs o n 15 Octobe r a t h~"bo .... .-..:~ ry as '011- 7,!)• 
h h t- A'.Jh'r tt•mpt•ratu rP lS m Pa s ured a t 8 hours and at 20 hours). 
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rt• - l~r • t ~i'h' dlwu fit~ t~ ulc:uh wm cf ttw bt~anntnR of n .ablr tef' on th~ 
Kut~tllf'\ H~JJ;_~ r('~n'l"ll ..at Vrtlthnll U t lon 

.m 

.a-urn. I l ltn. "c- ftom C h ('t-.•kt..ar; I ~ \', tdof\11 u.a." r lorrcoJ .&)i!.UR\1 th t u.a;:(' H (OJ 

•·'li'· · - 1 ' •h• ., •r 'ht ~.IIT("t .J1"' '1 • .,.,. 0 tn m11W'c ; b- nw.ln II· •• \ ri..JCtl) t on tht 

1 ~~"<·k ' ") - \' .. , ., . ·w U1l -n urt'tc~ r'!lt-:tC'd ,.,,. IIUI rhr '"'E:'" H l w H"'tC' '4l vo~luu of thr 
• I ' .! o.•t' l\t';:1 Q I n rT1

1 1
W"C C' - W,Ift .lll"lt tft rnt'.6A d q>th ,. !Jft the- \ _arfk Uff'1Cb With 

d >1" • , ,.. ot: .I\.T H , d-mt'.&l'l II -w-t'IOCII) • ,., y,, . :,nu Uti•'" n . thr w.atrr IUJrt: It; 
r - r• • ••hf .. ,\Jrfl t .n V\"r .. hnu IJ• Ion n . thr W.&tC'I u•gr 11. 

lh• u .• '' "'";" ttt<' .itl tl., ta (.ot r tf•mpi" r :H u r r and ~A:ind vdoc tty' arp ta kf' n 
1' u ,, · ( fl· ·!,. .h .._ ,, r:· anti t\.1 7 .111' mf't t •nrulogtc;~ l s t:llinns m ~•ccord.utcC' w i th 
' h• f trt • 11f Hn ' (thll tng th•• f1r~t Hn·f•P rt •• ys .. tCC'Ordt nJ! to C'lu-'hoks.•ry, 
·1 11'\J I(! t h o• fo!l•1 \, In~ th rl't" cJ •.• y s thr .trtthnwtk lllt-.oti\S o ( the d~•t:l oiCrorUing 

, .. \ h·~b,.k .... u ,\' .tnd Ka7.an' . dudu~ thr- t •• ll' t !!'u r d;.ys accordwg to Ka7.an' ). 
I t.• thul"' ..:.dt"tdottf'd m c .. n al r tPmp•· r :uur•• 8 from 16 :o 25 October was 
- .!. 1· . ·•·•d tltt• m•· .• n Aand "' "loc-r ty 5ml~··c . 
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The m~an depth II on the s tre tch for a stage H•51.7 m {f rom Fiii\Jre 37c) 
ts equal to 6 .90 m. 

:-\ccor·dirUit to S 2g, we take for q (by intrrpolation bet ween the \ 'alucs 
fo r the n vr r p:.rt of the rf' se n.·oi r and fo r the r ese rvoi r itse lf) a va lu e of 
30 c"l / c m 2

• d.•y . 
Tht· m t:an v;slu•· of ~ for thf" c a lculit t iun l>l'rio d iA fo und from Tahlc I 

( J- •g un· 1. r •' I: IOn ll} t"'qual to 4S c nl/c m2. ddy, 
Fro m Table 3 {for B•-2. 1" and Ill• 5 m/sec ) w~ find .t-~ 3 cal/ em'· day · 

dcgr~•· . 

Lf't u~ detf' rm int' th~ mean flow vr lodty o n the stretch . F r om F igure 
37h, fo r H -51. 7 m a ncl Q-t 700m,/scc we o btalfl 0•0. 16 m/scc. We 
dt.:'h' rmine tht"' coeffica('nt o f hea t traruder by (25.1}. 

•={IH5 · 0. 16•106.5) ·1 •810 cal /cm' . day . degree. 

F o r the quantities na1 and t"-... (acco rdina: to AppPndix l ) we o btain 

10 · 810·43 OS - -. _ .... o~u 
IIQe= (ll0+43)6il·l = . 90; I =-I - __., 

Suhc:;tituttn~ th<' value-s obtaine d in the left · ha nd s ide o f inequality (12.111) 
•A•P obtain 

7.9·0.554+ l- 2.1 + ~ + 111:1:~*' ]<1- 0.554)­

=-4.38+(- 2.1 + t.OS+0.74)0.446-4.38-o.l4~ u..-==:4.2-. 

I r t u~ c..e.lcul.Jtt• th r \' .Jluc ~f the ril(ht.h and Rid e n f the inequality (o r 
25 0 tob, ... t"' 19 hou r s . The maa.tni tude o f 8,., equal to the sum o f thP rate s 
o f h ... · .t t • t·.tns fc r hy evaporation LE. turbule nt e xchange P. and c ffecth·e 
r .H1 1.ttiun / d f. IS de te rmi ned by m eans o f th~nomographs (Figures 4 a nd 5). 

Fn r the values o bo;·· n ·cd a t t !J hours o n 25 Octo b,.. r in Kazan• 8•-54o-. 
a:•() ff, ,r the r•"1H"r\'01 r ..,..~take •• 0. 5m/sec), and N.-J. we obtain 
LE+P•-6 5 cal/ c m' · d ay , l,rr • -t30 cal/cm'· day, B.•-65-130• -1 9 5 cal/ 
/t·m2 . d ... y . 

'fh{' va lu•"' o f a,. i s rlc t e rrnined f rom (25.1). In this conn('ction tA'C hnd 
lit• ' n •.•• V!' lt!eity In th ~~v~n erogg &eetion (on 25 Oetobc r ) from F igure 37d 
f'J r H•5t.G m and Q•1700 m 1 / scc . 

We obtain u-0. 12 m/sr.c. · a 0 • {1 H5 · 0. 12 • 106 · 0.5) I• 253 cal/ em'· 

. d .• y- de gree. - ~: =-=i:--o.n•:::so.a•. 
11,(• left .hand pr:trt or th!' irj \.!qu::eH ty (4. 2" ) is conside r ably large r than the 

rt ~ht · h~•nrt Sid(' (0.8e~ ) . Consequent ly, ice c annot form o n 25 Octo ber. 
F r·o m 21i to 20 Octo hf.: r a relath·e ly high a i r te mpera ture prevailed with 

c!l'luduH! SR of pomt t O (Table 25 ), Since fn r 25 October thP left·hand side 
o f (2. 111) I!'C ~o much qr<'at e r than the right-hand sidf', we assume that under 
th t" i nc.Jt c a t NJ mC'tPoro lo g ical cond1 t ions ic:,.. s hould no t begin to fo rm in the 
pt· n o d frl')m 26 to 29 (k:: to be r . ;\·1o re favo rable condihQnS fo r thc beginni ng 
o f ic ,..fn r mattt>n CXI St"d i n the evN Hng o f 30 O .:tober. whe n by 19 hours the 
~•1r t•·mp!.'rdturc h.· II to - 9• and the wind ve locity to 2 m / scc : a lao there ""·as 
nu in ·N·lt>v••l c1oudtn•·s s whde the tota l cloudi ness decr,.ascd to point 8 . 

L Pt us c alcula tP th~ poss1 b11i ty for ice to form at 19 hours on 30 October 
from (2.111 ) s 1mila r to the calc ulatio n for the 25 October. 

We obtain on the left-hand side 1. 4" and o n the r i jfht-hand side 0 . 6". 
In thas C4lae, too, the le ft- hand side is la rctor than the r ight-hand Aid~. 
Therefo r e . also o n 30 Octobe r ice- fo rmation c annot bt>gt n. 

We set~ fro m Table 25 that o n 31 Octo be r (fro m 1 ho u r s } lht· a1 r 
t empera ture was positive :.t 13 ho urs and at 19 hours. the " 'md ve lori ty 
r ose, a nd low-It-vel c loudi n (>SS dcvf"lo pt·d (So. I 0). On the n(•x t d..ay, on 
I Novt·mhc r, lht• :.u r t e m p.-. r <•hlre 'N:.&S eomp.aro•tavcly hu~h (frnm - :t to 
-5.3•). the .. ·tnd v~locity r·os.:- to 7-9 m/:;ec "'"d conti nuous low - lt•ve l 
clo udines s was m a int:tint·d. 

\Ye ass ume Umt unde r these conditio ns i c e formittiOn could not bf•gi n on 
31 Octobe r and 1 No~·cmb~ r. . 

r.1o r e fav•) r..ablc c o nc.h h ons fo r th t• ht'i!UHHn (! o f tc •· ff'•rm .~otion PXHHt•rl :.t 
1 hours on 2 ~ovt·mb{· r. wht~n tlw at r t£"mpf' ratu r e f€'11 to - 9• ;. nd thi" 
cloudi ness dccrc.!s t>d to 10 /0. although a r.-. latt\'f'ly h1 2h 'A"tnd \·e loc ity " 'a s 
matntal ned (7 m/ s ec ). 

Le t us r~pf•at th(' cttlcu l atiOn o f thf" p<.•ssibill ty of th C' b• ·ginntn~ o f icf" 
fo rmauon at 1 hours on 2 ~ovembf· r. 

From F'igurr 37n fC'I r Q• t700m3/s~c .:md H• 5 1.6m, w t• f1 nd T, •I O day!!. 
As the inihal •J.·ate r t ernp f> raturc ~~o•e take that m easurE>d at CJlf'ty)k~·•ry at 

20 hours o n 22 Octob~>r, fe• J . J• . 
We dNt!1"m1nc the m··~tn ~u r t e m pe ra t u re dnd the m f? an w1nd \'t•loci ty 

dunng th C' period f rom 23 Octo be r to I Xov~mber, as mdlcdtf'd abovf•, frum 
.!!.tc d .tta or th e m e tro r olo g:IC31 s t a tions Chrbol(sary and Ka z.m ' . \VP obt<:ttn 
1•-4.2'. •-4.2 m/ sec. 

F r on.:_ Table !' 1 a nd 2 Wf! fmc.J d - 32 • 2 • J4c •. il/cm 2
• d .• y. 

For 8- - 4.2° ;-tnd ••4.:?m/~ec 'I>C h.u·.-.. from T~bl •· 3. t• 38ca1/cm2. 
. d..i.)' . d t--g rf'<' . 

Fo1· o• 0.16rn/src a nd e- 4. 2m/ s~c ..-.·c nb ta!n fro m (2 5.1 ) ro r tht> hr~lt ­
t r ansfc r cOf"fh cient Cl th .-· \' :-J.luc 72 4 c a l / c m 2. d"'y . d •• J! n ' f' . 

SubStituting these valu•~s 10 the l<·ftpha nd ~1 dP of in('qu-.Hty (2,111} 'J.f' 
o btain lthc w~ter tcmp{'r..ature IS take-n fo r the t!lld o f 1 ~0\:t'mht· r )O, H t•ean. a·. 

l.f' t us ca lc ulate th t"' r ight·hand side o f th~> tn• •q uality (fo r 1 ho ur s on 
2 N'overnbto· r fro m the d.lta o f th ... t-= ~lzan' m '-·t ror ulogic.ll statlc•n, T3blr 25). 
IV•· det<' rm1n•· the magnitudrs of Lf + P und t.u frnm I he 'I mo~rnp11s 
(Ftgur~s ... a nd 51. F o r e - - 9 .0", N.- t 0 lind • • 7 m/!.H·c 'A' t' nbt~un 

LE + P - - 375 col/em' · day, /,u • - 80 cal/cm'· d •• ~· . B. - LE +P+ 1, 11 -
• --4 55 cal /cm2 · d~iy, fo r mula (25.1) gt\'CS fo r V• O.t2rn/src .lnd ~-
• 7 m/M!C , Cl11 - 9 .;3 c.ll /cm 2· d04y . dc" r t'e. We obtai n, for th(' rqzh t - ha nd s1d e 
o ( the m e quali ty, 

- ~~- ~-0.48"==:0.SW. .. -
Tile left pha.nd sade .. ·as 0. 3• la rg~r th:.an th <" nght- !tand s td,• o f th·· 

inequ3h ty. Comtt•qul'ntly, 1ce fo rmation canno t bt· ~::r:n at 1 huur·~ un 
2 ~o,·emb<:r. 

Suv-c: t ht'u' • t'U' no lfo.,.· .z..-,et r i!;"U.:, .u t ~t' &""" tl'h>t" r!o'• t u•n hN t , ·~tr Q l.t' l,M m • ) • · • t • • • • .,,. :•u· 
u~h t·h•nlS uJt' of the tno::;t.~o~ ht; • C'IU!..S noll M l • tS:<t th An 1 lt'l t · h • nd u \!f' 1 0. ~·) tf , .. \, .. , ,. u lo .. ntnlo 

U'("Ount an tht: (" Jtcut .. ,u·•'l. nus cJn t1or ct t'cltt'J b) IS,., ,. ,rnmant · M mo~,.- ·~t·uJ ... rot l ,.u f>) t ~ U lb,. rr 

uno nee-J for th11 in rhc- gn•en cue. u ncc- .-~c::t l<n 111• 0 tfw- • • h1r ot - •• u c:~!Jal e>nly rr O.t • . .. 
ll"u • -z::~ntlt"m1 · <ta t from rtw- rom••&r o~rl ) 
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\ 1\l I 1 h••UI'' \ttl.! '\to\ •' IUbt• r •' fut·du•r rlt t'l'' lith' an t)h.' olll' h 11lJl~o.'r~HUrC•, 

11 ltt o \ 1!' f \• ll{l{~• ... nd Ill t lu ( (ttUth11t' "'"' t~I'U I" rt•d .\t 7 houa•s on 
:? '\H\'I·fllh• ,. 0 •-1-1 .! . w -.t u/:-..• (' ... ud N-.un. 

1 •' ., ... ·),~>t· h. lh• p•• .. :-tha lt t\ c•f u r f,. , ,fl,..1H)Il b••t:uunn~. ~IC't.'1•r,IJ H&t ' ' ' fhP 
d .•• t '· ·'' i I•• -u r ft uu 2 '\U\'••mho r· In tlu~ ,.,,,..,. ' •• ht L!lll \ht· Col ku1.t hOH IJ\ 

ll• l•l ~ll"ld• i! 11•· , •• , , .. rtl _ .!!.!.. _ .. 
i{y ,,. , ttl!'o n( ti l •' llllt1H>i; l'•'PhS ( .. ~U:Ur•""' .J o111tl 5 1 \t' oh1.H11 U•r ti l•' llhhC .. Ih'd 

111' l! nt·H\• :'lf ~.t tJ,,,,, LE +P - - 2' 15 c:, J/c•mz·II~•Y. / , 11 =- - 2:!5 C.J I/cm1 d.J~ , 
8,. - -a•th·-•l/r:na· d.,~ . 

1·,, , u •n.t..!m/,•·c .md tb-1m/~ii• ·c. •t• h:t\''' frt•m l25. 1l a .. • S:!i c-•1/ 
/• au·.q,~ rl• cr' ,. 

I nr h• nt:olt ·lhlnd <l~ th•• ut••qu.d aly ~v ... f'lbttnn-~ • O,•ltl •l.fl . nw 
• ft-h.•nd ..,.Hf• n t lh• In• qu.Jht~ \ ,,._. rim .• ilt I' tO.U') •'\ t'H ..lt l h• 'n<l 11( 

1 '\ •·;··:n iJ• 1 Snu.·• fu 1 fl , ,•r h• .11 u·~,n~h·r HH.•k p).,,., ..aft~· ·· 1ht~. 11 th cl• ,, ,. 
•h I oil-; IHIUI'~ nu 2 \:(\\t' tnh• r 1h• I• il·h;.ncl ... ;4.1• 11( tht• tm••lu~· tl) ,\ I ll h·· 
• f'll,, I • !h,i l1 O.A ou\cf th••r ••ft•r• If Tl• ••rl 111'1 ~ ..:.ilt•U1.tt••d. 

\\ • ·h •i't Hl;t t lrl rh.&t H ,. tc•t·rn~• ll''" ''t\ lh4' h uh,\ 'ith \' ~tnr·.·~ · , ... .;, n Ill I' 111 

•h• ro · t.:.• ·u~ n! \ • r khnn 1 ~lnt1 "-hnu d ltt·t:•n tn tit• nsurmn~ nf:! ~nn•mh~.· r 

r, •t l ' · "' ' ·'' ' ' 11 I h •Ill'" :& t ru~fll ,,.,d j lt••u r·p; It! tl•·· :11•"1' 1\ltlf!l , .du<'li "·':: 

·~·~~·I d 11i1..;1 f "\'t'd 

\ \ lot t" lllot l • ' tin • d oi lt' u ( th• IW~liHHitt.! f\( :-. t .thl• ICt~ l'tl \ ' t ' l ' hJ 1'1\J'~U\~ n ( 

11·111 
I: I_ = - IO.Jt>'·" b'·" 

• • = - 0.65u& ... 

l ''•r H -;1 '\m ~•ntl (l1 ~17il'lmJ/:-t'f' 1f• •f•:! '=n\t' lllh• r , , , ••ht ,tlll lt ;osn 

l t~U: • ~iti ,, ' II• ''' t l'fl~:-o ~~r·tltlll · • l l lto\ \• • ·~ II\,,( \ 't'l'klill\1 l .. Inn 
0 .,. 11.1 ~ n I !·H ,. ollld •• r• ' !<o' 1'\'0o r \ trlth b -~::on tll, • 

<:q'•:-: tt r tunc th• .._, \.t lll • l'- 111 Hi Il l .uul (i'.ll l, ,, n llt.tlll !:0_~:::~: - ltt 4 . 

0 . --.1. •: 
I r'(lttl ., ; h).· 25 .. .. f mtt lh tl lu uanmne I rum 2 '\11'-t ' uttu I 'ht• .,t llll EO- "' l)tt· •n 

d111 1 n tl n~l,t t11\t 11r to n t t ot..•r •• 1Ut• •-c '' r'l'(unl•~cl, r • ,H I•• ... t's r••c nd•~d \ II II •' un 

:1 '\o'l. •'ntlwt• , :-.ndnn t ~p .f•tnhf• r lht• ur t r•rno<-r 11u r•c• h h••lo~ 'h•• 1 ruu·:ll, 9c;r. 
J1111 ... , ,•, • I ot\'(lo ltMt t ..,.t,,hl. IC ' P p ••t &nc;l .,h11 I ,J ho ,;111 Cllt lho l"llli\' hl'• \ 

fl: li J r<.~l,!•' r• ~· r'\ •"~u 1n t!tf~ r·• U:P •n ,r \'c• khn\tl '"''"•' t•n :t ' " \'emot•r, ~ ,, hu·h 
111d• 1·cl n~·,· ur·r··d. 

~ • J • • • t , ..,_1, lJ -1 .. ' d Ull • lllf'll l lf',tl It ),atJon:ohtp:-. oi!UI 

.J •• r,t P • '' cth• I' !nr · ·c \ 

\ '.'• , 'I h••s • , , ,.,. d •I ·• ,,( lt'l\~ · l lt'n • · n hs •·r \' otli nn .. •ut ,, i!l \' t•n l' l ',..f" I'VUI r·, lh•• 
b• ~'•Ill IIU! nf "' t~t 111 • IC•• ('IJ\.'o f' I oiU h• pro•d tC \ t·d h \ 111•' .HICO Of t•n)pti'I C'oJl 

r• i.otl IJOo htp.... r n s lhtc; purp, t'il t "' ' (;tl .. ph..; .. ,.. r lntt•·d U- tRUrt• 38)· 
I It!• r• '·' '' Ht~hlp h• 11.11 n th• mammurn ~utn ,,( th•• rn• ~•n d1urn.•l 

ru ~ tl t\ •' ~• t t• mp• r.1 tUrf>~ . n• r •·...,t" ..a ry fnr th•• IH'g tnmng o f !U,&hlt" tee ... nd 
lh•• 1' , I I ,I 0 •If I I {o n l pt ' J' , i h ll • 

(l;t_),.,.=/(1.); ( 21. 111) 

2 \ lhr re\attonstu p bet-...·et:>n \htl Crll lCoA) ul r h•mp•~ r~nur Ot'Cf'til;..t. ry fo r 
the bcgtnntng Of St able ict~, ~md th~ NHltl \'CiOCtty 

122.111) 

On the gro.~ph o ( rt"!au ons htp (21.111) th~ P'-· 1~11. Ci!o. I 8_ ) ,., p tt• d tnr 
f't~Ch l"a~~ t>f "it .. hle tee, t.h,. ,·~lu•• o f I8- b•'tng ~ur-;m~·d from tht Um•• Nlwn 
thf' ;,ir· tf'mp£'ratur~ passes thr·ough n- to thf' h• ·guuun~ of 1\!t .. h h· l ('t ' 

(tllClUSI\'P}. 
T hP drpt·ndenct' {22.J ll ' 1~ dt .. r'l\'f>d .a~ tullo-. .... 
F'or r a ch cJs<" o r st;~ble- 1cl' tovt r th e rf"cord\ d d.~tl o f C!O- lmu:. dt•h.1'. 

mlnt~d f r om (21.111). a~ found fro nt the obse rvdUOn rf~••·• of tht'th.> .. rl·~t 
Ol•'h'<.)l'«liOP,IC.tl Kt ..I. U On fF't~rt• J8a ) 

u . 
so 

.,. 
· 11 

•10 

., 

., 

b 

. . . . : . ~ 
:...;..----
: • I • . . 

I}JV ro,,,, 

f tC' r 1~ • .a - '~tr\1:'1"\lm•IJnt f ...... ' t'J'o ~ l I \ tot p .. ,., .. 
(;'j\0 fl." Jb 1° l~ ') M"C't'" .U\ f~ ·~ 'c- 1 Cf,l\o ( • ' ~ .... 1 .. 

t',t- .o ",., \ t cw ""' tn \ r •'c ,,'ttl " Jo• ·~ "' t I a. t "' • • .., .. ur• 

rrn.ror,,Uu't' ' J .. , t!rh"'• •1 ttr·ni"t .1'-l'r :01 , ·• • . "' &. 
tho- ., r.n~"' .:n .1 l C' 'ur .1l "' •r 1 ' .ll<J , 8 1, 1'11• •· ' "' ! •lv 
boo •'IMII1o' .. <of ~•ok IC<', n .1 lu~ 11oon " t'lr • tn.! \ fl • •• , r.r f.u c .!· 
•n.: 10 d'i.• K• ,·m,. mt'tro•olf' .:•c• ltl.l lhln), 

ThL•n. ro r ('.& O:t•S \'hnt !i>l:th)· IC'' •' b· · ~·"i 111\ , •• ,f,, , •• \ It'll u:e~ ) ... 
n,cordvd. '-'l th•u• r· znt 'l~· th"' a1r t • mn• ~"·'''" '" .1nrl · h· ' '"" ,,.1 .. , ",,( .,,!., 
day and mark nu lht.' l:! t'.tph . 1 ptH n 1 .,., th •n• ••\•t ' "'' d , 1 n s .r,.,,,,, .. (0. 1&1) 
ntt'S I' rointc; ilrl" d••:>- i i:!O~I lf'd .irhtt r , t rt ' V t:III• A IIl C: l l);tl • ) , •• .nr l• " ' l lf J 1111 1• 

at th•• (!1 \'~n \\111.1 \' o 'l oc:'l t~· t$ "'Uiflt·lli'U 1••1 II• (n: •n., t r••n •• I ,,, 11 • • •t\ •' t {t ' l 

FtKUrl' 3Ub th t• b l.li'k 1..' 11 <. h•sl I· 111tht r , f••r .d th• r• ::1.11111'll! 1 1 

1:1 
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fo r cases when s table icc ~can not on thr d.•y (II . )•mn was r ecorded but 
on on~ of the follow•ng days, the points (1, •I are plotted on th~ graph 
acc n rding to the data for ~ach day, bo•glnnin!l from the day u:t.lonoo w;os 

r-co rd<td a nd c ndh>c with the day or the b<-gi nmn~: o f stab\~ icc (inc tus1vr}. 
P o int.s corr,.spnnd•nc to daylll wtu"'n the r e wo.s no s table ic~ arf" drnot .. d 
t.llff•· r •·ntly (an F i gure JHb th• .. " ' hi h .. rin-h·s) N(" '<t, n n tl u~ c:r:aph a line \ 8 
dr .. w n wh1ch s ••p a r a tNI signA i nd1catlng that the air t e mperature ll' t tht-· rfvt'n 
wmd vPlOCaty ts sulficie nt fo r the forn1atton of a stab) (' icl' c ovf"r {in 
F igure 3Rb the black circl<'s) fro m s i«ns ind1cating that the a ir te mperature 
i~ nnt suffici~nt for the be jlinninl of s table ice (the white circles). In thi!l 
way ... ., obtain the! line or the dependence (22. 1111 

'" -/(•~ 
TI1c d,·p<md nc••s (21. 111) and (22. 1111 can b<- assumed linear. 
A fo r <·cas t of the bt·g1nmn!l nf stable ice by means of depcnd~nc~s (21 . Ill ) 

and (22. 111 ) • ~ prepan•d as follows . 
F rom U:t- lmin •f( .. ) we find the va 1ue of (:Elt-11non which corresponds 

to t h•• watf'r tempe ratu r e obM~rved o n the day tx.•fo r e the ~ir tt'mpt"'raturc 
po.ssf!s throu~h 0' . Le t us deteo rmin<' ttu.• date of the accumulation of this 
sum of nr·~ahvt! tcmp•··ratu r c s . From the depSndenct- f.:, -I(•} w~ 
dN,.rmine th(• ~ur t t-mperatu rc necessary. fo r t he beginning o f s table let:- o n 
th~ d :oy ~lt.)m,0 is r<•co rdcd . 

Jf the m Pa n - dlurnal air te mperature on th is day acco rdi ng to the fo r £-cast 
is .~qual to o r lowr-r than tht' thus det~rmined value ofl~:r· s tablf" tel" s hould 
b.: t•xp•·ctt•d f)O th•" day fii-bun is r ecorded . 

If an ai r h•mp•! r3ture h igher than the crtucal i s •'xpcctPd on this d.1y, we 
d t.•tt•rminc 8C'r from th£" d £'pe nd\.' 0Ct! l cr ~f(•) for th~ nt'Xt day and COnlp.:t rt" 
it w&th the a1r t ••mpt' raturc expec t ed for U•1s day. We pr'OC:ecd thus until 
lh•· dc~y o n which the expected ai r t e m pe rature is equal to o r lower than e , , 
f fl r thiS day. 

t. x ;. m p 1 c o f c:: • .t 1 c u l a t io n . l..et us de te rm in(O the:> datt• o f thP 
be«lnmn~ of stabl l• lee on the Rybi ns k storug~' r cs<•rvol r 111 th<' \' t.• ~•,..gnnsk 
dt~trict m 1954 . w .... h~vc the following data on tht" air te mpt•r .ttu re a nd 
wmd vf"l0c1ty (3ecot•dtng to the Kes' ma m eteoroloc1cal stoatiun). 

TAitiL ~~. •.\un•d lutn•l "IIYeJ of th<r au lt.mpc-•.m nt I .nd of cbe wi nd nloct1y • ..:-eotdu'@ 
10 dM• of d'lt. mt.ttOIOk>JICI I •rauoa. Plonmbtr 1%4 

. 14 I~ .. 17 .. It :Ill 21 22 2l 

2.1 0 .4 -1.1-7.1-1.0-I.S-I.t-3.1 -4.1 -10.4 

• · m(~c S2 2 ISIIIS 

,.\ s follo•,r,•s rr·o m the data o f Tablt' 2fi. the a ir h ·mpPraturt..• passed thro u&h 
0" n n 16 ~ov!'mb£"r. From the olJ8eMTdtion data on the water tf"mpc:ratur-e 
•••t• f md tha t a d.ty be fo re, on 15 November. the wate r t e m perature was 
J ~· From ri~U r~ 38• we fi nd lo r ... 3_:;• a value o f ~~·- lmon ~qual to 23•. 

Fro m T.1bl• .. 26 w£' f1 nd that a sum o f m ran·d1urna l n egative tt~mp~raturt'S 
o r 23• IS r~>t"flrd('d o n 20 Novem~r. On this day the- wlnll velocity wa• 
I I m/ st·c. F n>m t' •~~Ure 3Rb we f1nd tha t fo r a w1nd ve locity o f It n1/ oec th~ 
a1r tr-mpc r aturt· fo r stablt~ ice to bet(in ~hould be lowe r U1a n -7• . The 
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ac.tua l al r tempe rature o n 20 November wr.s - G 1• . Co n.s•• u .. •,u1y. th••rt­
shou ld no t be s ta ble i c~ on 20 X ovcmber. On the ne xt day. 21 NO\t•rnb••r . 
thc wind velocity dropped to ft m/ s~~- F r om F II"I'P 38b w<• find tha t •t th ie 
wtnd ve loc::tty stable icc can begi n tf t ht" a1 r tPmpt>r.1turt" is not h1Rh ••r than 
- S. 7•, B.lt, as follows fro m T"blr 26. the ru r t~'mp•·raturr nn 2 1 S•Wt;mbt~r 

rose and ••a!i '>n1y - :t. J •. Co n.N"'t,uf'nt1y. ••''Vl l'ln 21 "\tJ\"•mbt"r ·• st,~bh• u ·c 
cover could not form On 22 ~,.~vcmtwr the Nlnlt ,.,·lor •ty d ee P ,, .:-.• d to 
~m/sec and ttw air tPmperatur~ drnpp•"d ,ch " htly tn --4.7• . Fr•t)tn F I«'Jrt• 
38b we find tht&t fo r •- S m/s ec fo r stlil bl·· ac •• to bt:gw ttu .. · a1 r tt•mpl.:' r~ture­
s hould not be lolgher than -4.3•. 

W~ thus obta tn that stable ice on tht· Ryb1nsk s to rage l't"!'l'.., r vntr 1n t h,. 
\'es' econsk das trict should belin on 22 N~·c."mtwr. 'Ah1ch actua Jly w~s Ult­

ca.se. 

C FOltEC ASTI:'<G ~IE TIIOOS l:SI-;G T H E 
C Hi\R,\CTEHJSTICS O F Til E AT~tOSPilE RlC" 

PROCESSES (LO~G - RA NGE FORt.C.\'iTSl 

111<' ict" covf"r on sto rag"' r<>stt n o•rs form s '" ad· ftmt• S•' 'lU"' II<'•). F1rst 
tlw shallow areas. v.·hich on lowland riv(>r r '5••rvo, rs a,.,. \•t· r :-· ~~~ndi• , 

fr<'eze . Late r de•'P·"'·atP r rt•gtons. parucut..rly nrt1r th•· darn of to tor .• q f" 
r ese r voirs, ar•" cO\·ered with 1ce In the stn•arn pa r t o f tt ''-' r·+",;••r,·o ar, 
n•·a r· the i.•nd of the b~ckwatc r zone, th t• ftO A' ,.,.l,wny IS low (co mp.,r,•d !A'IIh 

that 10 the rh·erl and the dt·pth 1s !'till sm.d l. ~t .. b l<" 1ee tht•r·f'fn r (J' b• ·um~ 

Uwre e ;t r hcr than o n d , .. eopi•r·, dn"n~tr<-.... m areas of th"' stor .• lltt' r(""•-. rvui r . 
lf on the r h·e r upstrciJ m from th1s z o:w natural contt: &On~ a r o m..atntaw•--d. 
stab)..- iC'-' tn the lndlcotcd s trcan1 p .. r1 or 1hP r f"'ol•· n ·m r bt. IZ LnS dpp rOXI . 
matdy at the same dates ":;: wht•n n uating iN • a ppt ·• r·s on llh• ri\·.-•r. but 
usually consu.tcrably <"arli c r than on 1hitt sectio n o f tht• rh·•·r· ( r t..,zt•n be. l o r "' 
tl11• creauon of th e r c:;e rvo&r. In 1h is cas•·. stab\!• u·e bPgins a1 t arh• ... r 
d..tt~s than b(.•(or<- tin· c r eation ,..f lh~ r e f; t"I"-'Oi r· a l:-~o on cht' m n r··· ups: r· am 
located art~d of till' r h·e r , SinCe lhf' 1C f:" brtd~f· fo rmtnJt at tht~ (•nd •Jf Uw 
buck \\oltc r zonl' Iunde r~ the d r l f11nf( o f ICt'. Thus, tht.' I C~" brulu t- fn r mmg 
in t ht> upstr-:am p .. rt of t ht> r e sel"".otr h nH tf'l nr"·1gauu a a io naz th~o.• n•s.:r-.o: r . 

Som e.,.•hat daffe r'"•nt i~ th e natur(' of frcezmg o f th•· up!'ttr••am p-..rt u f 
sto raJtf' r cse r"VQtrs sltuat('d tn a po•.t~t"r pl.•nt c h.-i n (caFcadc). 11v" h• · .. d· 
wa1P r of such a rt'licn·o~r 1S s 1tuati'd an th"' ta alw.ttt.' r o f t iH· mo r e ups r.-.am 
loc:at t!d plant . Ther~for(•, o n 1t not only 1s tlwrt· no 1ee d rtft f r om abo v•"' 
bu t. o n tht.• contr•ry, thi' wate r d i$charef•d thrnuuh th•• dam or th~'• plJot 
f 1·om the dt.•\.·p- wo. tcr p.:1rt o f tht~ u pper .... ·att·r ro..•Ef" rt'C'II r -.nd ..-.a..-h·lnJt at t in s 
pool IS relatively 'Aarmer. TillS dl'la~·s the bi?JtiOilln!i n ( IC'f' fo rma110 11 and 
the.• fo rm.1hon of a l" ta b lf• ic •• C(')\' l· r 0 1' tht' upp•·rmfl~t pa rt o f t hr- n·~<·n•Otr. 

For stor.tge rt' t:t:•n ·otrs, on ... tuc h t)l-..' rt .. -.~ ~1st S1r•· tch('s which fr t••·zt> 
t"'rtstd(• rably c arlh •r t ha n th•· oth• ... rs .md thu.:t r•·str1r1 na~n·auun. u• 
p ractice 1t ts Ot'Ct'Ssary. f1r!-t t ,,f a l1, 10 w o r·k ou1 r• tt~rhruflu•~ (I ( fprr-ras t ana 
tht• b•'IUln111~ O( !itUblC' l (' f' C\n tl h 'S(' ~trf'tchr~; . 

It '-'' 3 S n t('ntaun. d ::J b l1 \' f' th.tt tht• lC"t' C(h r-r f'n r• ... ... r vu1 r ~trro1rh• ' "' 

luru hng n a\•tR·•tln n, whl<'h a r •· :;:.w.,t, d .... ttl ... vnd t•f th• bart- .... . ,, •• ,. .. t•'l' '· 
fo r m s oippro -.c&mat("\y nt th·· s .• :nf' ri .H•'~ot i :1 A hie; h riC".Ut.,lt ICf' ~r'P" ·· r~d "" 
tht• reqpec hv~o.• r h···· r ~t rctch•~s . It IS, t h·· r•·fu r•·· . J'' '5~t b1,.. to .• pply td th,~ 
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fo rt'cOlst i:•~ v f thf" beginning o f s table icc o n thvs~ w:-.tc r rt"~•!rvoi r s trctrlu!s 
the prind pks o f the techniqu .. · -.•orked out fo r forecastin' a pp<"a rance of ice 
on rave n;; . In this caf!f>, of c<'urse, the s~cific f eatures of control or the 
aut1.1mn runoff and o f the r e gime o f tbc r •sC'rvoir zon•--s undC'r cons ideration 
(~tr••amf1o'4', variation i n inOow, ('( C . ) s hould be taken mto account. 

Ttw tt•chnique o f long- range- forc rasting of &c•• pheno m••na is hwflcd on 
tn•· US " o f lon't-tim c ob!i('rvation series, wh&ch make &t posstblc t o estab lish 
··mpidc :il r•~l.Jttonships bNwc-c n Ou• datt:·s of ic~ phenome na and the 
c ha r·;.c t<" r iSh CS o r thf' atmos pht•ric processe s df'l•"rmining them . Most o r 
th•· "' x i s tw~ ~to r·agC' r·t ... Sf"'I' \ 'Oirs hav£' bct~n c r f'a ted o nly r~ccntly, and the 
p r·arti c a l usc o f hydro lo jiCacal forecast~ for thr nation011 l t..~onomy r c q ui res 
p:--<.'pa r ..t l inn " f fo r \!rnsts for Rto rag£" r eRc r"Voi r s from thC' vPry beginning of 
th••1 r c x is h:once and. co nsf'flUt"ntly, thr fo r ecasting tcchni'lUC s ho uld be 
wf) r·k ed out be fo r e completio n of th<' po wC> r p lant p roJec t a nd thP fillinr c-f the 
S'or·~·~· · t' t'S(·n•nJrS. ;\ long-tim(• s c t"ics of datt!S o f tlac bt·ginning o f Sta blf· 
JCP fo r· a (!'1\lt•n stnraa\~ n ~c r·voir is the refor,~ obtairlt.'d by calculation fro m 
dt• · rnd!'o rol o (!ical data fo r the past yea rs . 111c t echnique of such calculations 
~~ dt•sc r·i h•·d iu Part B o f the prf•s•·nt chapte r . 

T o '-"n r·k o ut tht~ k and o f m~"thod is simplest for r ese rvoirs in which. 
:0'.\ ,u 'd th,... hl' l(tnru ng o f ~tabh· icc formation, t~e s~tmc water lcv PI is always 
m amt;tanL·d . ~uch, (Qr Pxa mplt:, is the r e gime o f the r rsC'nooir o f tlar 
'-= l•\'O~ab i r f: k j'm'.\ ' ' ' 1' p la nt. T h f' water lC\' (:1 in the r f'Sf•r voi r in the> pC' r·iod 
pr·· ·c~;.• th nq th•• fo r·mation o f a s ti:tble ice c o ,·cr is m a intaine d, inde pe ndently 
~>I thf' ani lo w, at ttu~ norma l J>nndage levt~l (NPL) of 113. 5m. P rccisf•ly for 

fl(,''ll 1 . • -f', l lll oJt~~h•p tt<o;l'( n ~ "" •~ D ot t tw bl:tt1lltUng ~f 1u c le tee Ml fhC" 

·~v'"'b:.ul> .. ' '' r r-'"'I'Vi.lH • 111l the" V&tl-'l lnn A, tn 111~ r~nuf" anom.aly tn ti'K' •C"uc rn 
' : • • •lt1· ~~tw·c &n Ulltcvcl•~ hom Au.-uu to Sc<ptt'mMr: b-couttt l\.'1ftl ~ ' " t ht' 
J ,, ,.~ •1f tht' IY; onnm: ol « .1blt' it' ~!: , ~ .. ,n(d fr~rn FIKU«" a, •• • fu..:Hoa of the d<Yi,.ion 

611 frcotrl tilt' """" 11f th( n tcudto Nhty 1nlln: . 

llu s 1•' \'1·1. ,, tnn~·tunc S•·ra··s o f datt·~ o f th t..• b•~ guuung o f sto.hh- ic e in the 
r••c ttm (J f th• \' t llal(• ' 11( CJrdyns koe, wlw r c !1\l~tblt'- ace bc JtlltS c011rlicr than on 
OUI• ' r ~t r~'l<' h • s. w•~r• • c .alc u latc d . ·n, .. rt.~~e l'\'ot r w~dth tht_•ft' is about 
2'ifl0 rn, th•· fluw \'••lnd ty I S 0.04-0 10m/~t·c . In the calculations usc -.·as 
rr. iHI•• o f tJ,Jt ~• n n th•· '·"' .;H,•r t• ·mrwra turc- and d1 schar~cs of the Oh' ll1 vt:- r 
rlf'<tr Ill•" lO Nfl n l ll...ruo.ut :1nd O( mf.'t£'OrO }O"IC·ll d11ta fro m o bsC' n •tahOOS at 
t1w m• t o·tt r (IIOJ.:IC·tl lH..tliOu S n..I. I' UOJUI , Kamen ' and Ortlyn ~-tkOt' . Tile 
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c :.tcu latf'll d .t ys nf stahlc icc ..... r •· <"CJnnroc tl'd with tJw ' h.tt·.trl•'rl!'<.IH'R <•f th•• 
a tmosplv·ric prorrsst's , which dc>t· ·rmrn•· th (' fr" f'Ztn Q: o f th•· t•tv t' r' S o f 
\V C"s 1 Sab•·ria . a. e . . with th•· dt ffl.' r•·nc•• A, hNw•"'f'n th• ,..,a:n ..:; n f th• p rt' S!i=ou r· t 
a no m ali "'S 10 Augus t and ~rpt•·mb(•r, c a 1<'u lu tc:·d acrorda n~ to d .• t il f t·om 
fT\ (·h ·o r o iOI:ic r. t s ta tio n s s itu;:. t ('ti o n th,.. te r r·l to r·y f"OvPr•·•l tw th·• -A · ·~ t · r n 
r idg C' o f th•· S ih•: r ian ant icyclon•· (lrkutt;:k, Y · ·na~• · t "k . ..;unt~ :o ..tncS y,>,th th•• 
th ·d atao n Alt frnm th•~ rct.tC'd v a lu f> of the Ol t;< rtdao n;l li t y and· ·~ Ill "••p kmt.• r. 

C'Oicu!atNI fr·o m thP data o f lhoo map'- (F1gurc 39). Trh.'l:i t' r ha r :•ch n 'O t at·s 

a r e con~ld,•r• ·d t n Clh•pt r r I, P ;.ar1 C . ~ 3. 
,\ mor~" c o m phc d.tt'd pac tu r e is rf"prcs~ ·nt•·d hy the fo rma u rm o f s t.•hl " w •• 

tn th" str~'>am pa rt of the Ka ma s toragP r eS' n ·oi r. :\ ;wi~ :t1 1011 1..: u 'li••·· IIY 
li mttc d tht> r e b~· t h'~ fn:oe7. intt o f the rivt-r s t r t:' tch in t hf' B•' r'•l t.mk•w da:o: t n c t 
Tht~ m t:::tn drpth o n this s trt'tCh is about Sm. the n o " \· · ·!I')C'Ity \::tdu~ f r •lm 
0 . 15 10 O, !lO n 'I/ Sf'C a c co rding to the \·a r iatlo n5t in th •· .\'~l t• · r tnflo •A• tn tL•· 

r •"'Sr r vo i r 
(tn the br·o~u.h.·n • ·d stretch upstn·o.~rn f1·o m tht. \il h· ~·· o f C't.c r m 1'' th• flrt .v 

\'Pi'lcity drvp.S Ill 0, 04-0, 01 m / St.'C, n l(' tun•' " f •tv • b • ' IIHilll't t"f - h•hl • If' • 

in tlw u r .-·a o f th e vill:l~·· of C h•-:- rnHl1. lh •p(•nd~ . th•·r ... ·f .. n · , o n ly - t11:h ' " •HI 
th~ no,~~; v..-lority and, (b!'sidros th..- mt•tt n r(•\"t:lr.d cnnlh:····t~l d • p· net.; m .• n .1y 
o n ttw r eS(' I'\·oi r dt-pth. ·nF• la tt() r rn •• y ,.;,r·y w autu:nn ,q 

1.10 wul" a rmt ~. 
U• ... p t•n di ng on t h " summr•r op(" ratio n n f ltv• rf' !=t' f\.Oir . t · ... u,, ' ly :. "\ 1'1 n f 
10n !)f)m is m ;dntainr d , but Ill low- · ... ·atc r y~"ar-s :t r.-·rtuct :,.n n f th~' X'l' l . to 
1011 no m is ::tall p(•rmt~!i;l hh--. C:. lC"ulations for a ~ ,., •. ..: ,,£ p r <'<·•·th 'l l: ~ · ·:l r" 

(1!} 32) fo r both th<"SC' po nd.tge l..-,·cls iho·.,·c·d th.lt in irutt-.·Jd•t. t! c .i '-' • q .. ud 

~ C'Onlbln::ttlOtl Il l concfitirtn!' IS pO~SihiP , u'h~"' ll ~t.i b l o • I( t f t l'"' t f l'l .. !tH Prl th•• 
rt•f:,•n ·uar :ttt·(· tc h o f th<' l'i n · r n··~ r h• r m o z . ..t n d only th··n 1..•n lh •· whf),• 
r' IVt' r ~tn.•tc h n ···H' Bt"' 1'•"'7.nikO\' , 

T he cff' pC'nd,..nc t:.; of t1h.' ~ •• tcu !a t•""d ct.t to.""~ o f ~t .lbl,.. 1(' 1 on th" "~h~·r·"· to- n!'>· 
ucs of the atm o !Oph(>ric p1·oct·ss e s \\ C r'l"' tts tabb~Ll'd for tht :·· ~ .. ,, ,H t ' 

s tn·tl.'h of the r h·e r nCJ. l' C h <' r m o z 1:1 t'An ,·ari.lnt c:.· ft) r tht• pt'~nd~•t • ' l• ,. ,..b 
t OR. 50 and l OD.OOm hb:;;;olutt·; fo t· til ._• ::;; t ,··tc:h n• ar Bt r · ; m ko\' .\. - ~'' 1:1 t AP 
v :-c ri~•nts : disl't:'g--•nhng th\" inf.ow du rin~ ft·c, ·;~ m~ rw r tt' d :n1d t ..• kmc lt mw 

account . 
·nn• ct,._.,·act~nshes n£ the utmosp!\ ' rte PI'Ot.' ' 'Y..ft !'. \d ur.h C.tU!ii•' Uw 

f•·t~,~zmt: o f rh'<TS (lf t!w no r·t1u .. a s h : rn t'f'g1t~l l!i=- o f th•· f:T~. ~·,·· •·uu..;p l~· r·• d ua 
C'h~•ptt ·r I. 1';11·t C' , f: 2 . T h ··se arc th t.' tn• ndiOI'Mh t~· 1 nth t"' ''~ . d ··t · · :·mta••d 
f i"Ol11 l-1 .:.1)0 and ll~:ku r:;o h . t r l c ~u rf,tCt' countl'\l f' :n·' i>"'· ,\ . .: th t· b.t~H' 
p •lutlo nslup a:;; \\ ·· 11 .ts fo r· th· · fo rt.'.: ·•~ tHi n l.lf ac ·· .• ppt ... r :.uc•· C'lll t'• c:ho r· .• 
H:,·,· r·. '.\'\.' tc~ok th " tl ~'~[h'lldt•nl''-" o f ttn- d .1h"'S t"' f :!•·· h t"'Ct•mlnt u f ~t.ah!t i t·· · Qn 
th <' '.\' .lt•'l' n ·..:,•n ·n u· on th· · anJ ,:... I . T h·· fo n 1· of tlti~ ckj.J•'nd•·nc " ft \ 1 ti l" 
sf t't' IC'h n t'..tl' U· · r~·z·uk('l\' 1 ~ ~llfiWil 111 F t Atl l't' 40.. For ttw .... tp·t c h n··a r 
l ' l wrtnt)7. 11 ts, in J:•' ltt•ra l. s anu l:.r· . 

Til•• h·chnHIU• ' u :St·d fo r t h t• f.\a:n. t r·,·~ · · t -. C'I l' h ..t ' •• :O.JHC'I I U l • u tu t·· · tlu• t ~> 
t ht• O\Ot't' south•· r n locatt•)n (I f 1tn• 1\.t m a t•o:n p •• r• d w1th t h •· f ' · ·•· ltn r.• r \' • r~ . 

thus, thf' fact th.t t the ltl Ow ·nc ,• n f ,, dl sc r···p.•nc~ h · " " ' ·· rt 111•' ll ·· ld"' o l 11:,00 
ami ~~~:., (' lltOU I' S IS m.l!lift•Sh' d tlH r'l' 0 '11,Y .... tJ, ll ! h • • \ ' I I' I' • :11 h~• :: ;t \ ' t • ry 

}~I 'Jtt' r'll •' J' Itlin n. t1 C\HllpOn•' :l l ( -1 ) / ' •· 10J. r h t• :l•ltl'lb • r t• f !<lttrh :0'":tr·..: HI 
tht• •·xr:-otinl! :.: t· r· a,•s ot n b:H!I' \' at H'nS 1=-' ,. , r :_.. ~ m .• .l ( 1"' H•, 1•qo, 1 (qfl, 1 !4 ~. r. \ 
wht'I'"HP•l n tlw £r'·•Ph n f 1hC' ror·rrr:1011S r .uu u t b•· p lu t t•' l..i tlr•TA• ' \ • r . 4'h t n 
ttw points of t h o•S t• y c .• r s 'A' ~" I' C' p lo tted ~ ·tt l!w f •' "'P'''-.' t : \ ' 1' .:T·•Jlh lu 1 lh•• 
P (•chOI'•' Hl\' t' r {F 1~un• 15b, l'hapt••r I, l '.orl t ', C. :!I, 1! A.t ,:o; fu•md tl .•1 ti t· ·~ 
lk\'i~h.' only sla ~htly frP nl th 1• d••p••nd • n•·• tn •· l'l • t • f• ' ' , ,, .:: 1, C .t ~ I ' • 



A """'g..& t iv·· '-''-'luc ot th•• c o nt r..&.s t K shows the presence o f an 1nt e nsificd 
heat transport frtlm th.:- sout hw('S t tO th(' north•••••sh'rn r·t•g•ons o f thf' I::TS 
tn the case o f d t•layed formauon of the Sahcrinn antic~clorv" whereas a 
positive contrast tndicatcs a ce rtatn d tn•ctional ily o f the a : r c urrE..>nt fr"'m 
the northwest and a rnp td fo rmation o f a cold Cf'nt c r 10 Sibt.• ria. It should 
be no h: d that not o nly the cond tt ions o f tht~ no ... .- o f .,.,·a r m or cold atr direc t ly 
to th ..... basans u nde r comudc ratio n durang tht'"' autumn synuptac S(•aso n arr 
connech•d v.·1th thl' value o f tht.' contr·ast. A nt--ga uvc valut• 1~ connected 
also v.tth the prevalence in t he ;\ tlant ic o f ''dnds contl'ibuting to tlw d riving 
of wa rm ,...,ater into the ='lor•J.•c6.Jian and Bart.•nts seas, winch inc r eases the 
stabihty (lf the heat transport to the no rthweste rn r egio ns of thf' f:TS not 
only during thr autu m n synoptic settson, but a lso late r. Thas faC'to r 
tht) r ero r c m aintains 1ts influ t!nce on the icc appe a rance. df'spttc the fac t 
that cvt.•n the norm.:t.l d ... t es of ttus phenom enon. (or (•x~mplc, o n th~~.• \ 'olkhov 
Rl\'•' r ;1nd on the r iver s n f the Lake ll' m en' basin f•ll U\ So..-emb~r ..1nd in 
hat•· cJ.scs - Ill D{·ccmbcr. 

7' • • • 

f iC.t!!£ 1• .• llfotUI\Oft T of lhc 11~ of IC'C" .appr.,r• nce on 

tht t1Htt of the Yolllb" " Rlvn <' #!Chrn .. ru b•,ln from tnt' 
r .61c.C: ••lue .s .a hu-..uon ol the au m C ol i !W l~tmuhn•l 

• nd lon!~Huchul ~t Uf'Olc-hh.,l \l tffcrc nn • In Stptt mbcr. 

nu.• tnfluenc£" o f the intensity o f the westent transport is taken into 
account by tunghnc out a number o{ cases wht•n. for negath·e vatur·s o f IC. 
i.e., fo r a s trong dt.·vt'lopmt.•nt o f the lcctandtan pres •url' minimum. the 
prcsl\u r•~ tn t h t:· n·.;ion of the Azo n •a is also below th<' r ated valut• (o r in 
the case of a ··c ry low prc 9sure in the North Atlantic Ap<-& mb. In the 
r e g ion of the Azo r e s 1t was close to th~ ra te tJ value). In Much"' eitut:t.tion 
the ..... estern tranaport as weakt.~ncd, a fact which brines about already in 
Oct obe r a dec r ease ln thE> nc 1a11ve contrast and, consequently. also an 
e arlie r tcc ilppcarancc than in thl' c ase o f the same value or K and M 
dt!vclop•·d w cMi e rn t ransport 

t\s an \."X;:lmp i · . A ~ ltl\'P i n Fit::•l:"\' t t)d th•"' do•pt•nd\·nC' ' ' (It t h • d~·l•' "i o r IC" 
dpp('~~r ... n~t· etn th• \'o lkhn\· lt t\·~• r .H'I'i '"':' tht.• r l\·· ·rs 'lf tht• L .·k· t''m•·n' has tn 
0 0 th t" COntrast Of lh~• Uh.::Jn pr€'5~\l rP dUI' IOE: Sf pt • mb••r With .. :\HW3flCP fOr 
th•,. dtstr ibutto n o f tht• pres:;un· anomaly m thl! .\t! •• n ttc . 1- t ~u:·•• t9b ~t\• t>s 
,.. $tnnlar d ••p·•ndt.·n c..- fn r thP mt:-dn pr\~ssu a·€" co t:tr.- st 10 0<-to b(' r It can be 
ust"'d to co r·rec t forccdst..s at the beg:u1n1n~ of ~0\'t'mb, r . 
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t l l''lf 1 1 t'r, ,.at ""' T , •• · tb< s ~..-t' .-• , . c •r~o~.rut ton .,., nh ro • t'k \ l ~il , , .. : , ., ,m hu.n 
' """ ~~ f.Jh: J \j'~"· 

44~1 " ';J: : o 'n "' 1'1<' ·~Pr.IT~t'" •u '' C ~l' ,"'t'" .. :o.• <ll:t"f· ,.I.e• on"' r:-.:r ~·. 14 ..,("t. )1 t~C:UI, C 

:"h"tul(' 1:t 1'1• ·c-~ •. ~r: •• tht A.tc:~•n r .t' u;·;J:- sn ~' j1tr .,<r . • - rc-r .lt:un! ~"'· b 4 .~.: .a 'u" t ~>•n •1 

I .">(: lft:t.,,l •• •1 " 1.: tJh .,..t:r of)<.~!" " C'' In I.,"\. I ~('f 

d) .\s 15 f"hr•w n tn pr~ctit' •", and as fCll!o \' s ft·om th•~ · ~~··nee of th t"' 

h·~hmqul', c onsHkr.lb!l• t• rr-or~ a ri.'t.' 111 tct .. · ~~PP•'dr~HIC•' f'Jr""Cd~ts bast:>d on 
th • US l' o f th i• umfo rm1ty of the a tmosph(':-ic proct.:ot~·~~ pr•"' \"atlt'1~ d1J r 1ng tne 
.1utum1al ~~·n,lptlcal - t..•asn n. Th1!; h;1pp('~'"' tn rast~s whPn tht:> pn:•. wmt·•r 
:->yn''t>hc:, l !'>•' ..a:Oon folh."--' 111~ 11H• nutumn b•" Jt t n~ t•.• ri~· and tho-• charact,, r· o f 
:.ht• pr·ocf·~s t·~ o:ha rply d tff,•r f nnn th• ~st• .,, th ·· a u tu:nn. 

TIH)o Ul11fOnni ty or th•"" ~ltrnO~ph•"' l"lC p rU('t·~~··to;; pr •"V~f!ine in th~' p rt•· 
IAtnt~'l' s ynCJp tH.:nl s.t·.•~on ca.a bt• u~<'d t o fontr~L ... t c('•"' l pp··.'f r a nc •• on th•· 
~nuttc,· rn nn· r~ n f tlh~ ETS fln th·'~t" rt\ ~.·r~ 1c• •J~u.~ nv h· · ~::mc: w h •rm 
w tht" .:o>• ·c-ond h .1l f ''f ~O\· ·nbf•r :lnd unlv tn r .lr•"' · · ~•rl..- , ,,.;.-.s tn th,.. t tr"- t t •·n-
d.~y p•~nnd o f '\'ro,···mb~"" t' T hi• pr· ··\\Ultt r· $\"tn;J ' lc.d~ ~· ._. c:rm uo;ua1 !y h•· ~rir~ 
tn tht• muhl!· · o r ('tr(;to'lht~ r C •J'lS• qu• nt ! v. ,, . , ,,nl th· • lid n l t lo•t b• I II 1:00 
.l l r r.tdy pos~tbl•· 10 tn r·m <~n tc-k.- o f th~~.:· fll''' '"·• d &nr:r po·o.·t' "'!'' ~ nf th•· ~··· .lson 

a nd. :.ccnt·thnl!l~t. to foro c=-~t ttw f r• ·,• ;·t n~ of th•" r·n·,.r~ 'A' tlh 3 suff t <.'t f~nt 

f o r ,·v.·a r run(! pt"· t·tod. 
Consid•· rabh.• t~·mp•"r·arurf' dro ps. who$ (' frPqu •'tH" \' a nd 10!,-.rcf::th 

d " tC"rmln" the t;mf" o f tee :1pp••;cr.uu•t· (\U lh ,.. r'l'"~ r~. 'a n ·· ,., .m .. ,·trd tn 'h• 

•• 
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'I+ Ill I l!o >TI A ll1 ttl' "· il"l!''.._ 111 ,JftiH'\'t l+ll\t·' fr ITH tho• 0 0 1 lh, llflf'lfh'f'"\ 

I '1\• •'' \r1Y )1,,.-.u•to 11/ .. tl llll\ H ( till tft''l.t"lt (Hlll'l'l o f lhP !'>t.' J'U'(ot't·S~H''i 

1 ·1 · ,,.. 11, 10 ,,, t. t '"' tot only tht. .Jrrt ·cunn fl( tht• ... ,an:• s, but alfto H H•rr 

~ .,. '• h ,, tl'.Jr,,ct•· nz.•unn <"••n o • obt.J.t n•·d tf th•- d.tys o n ~~o hH'h thf> 

1 r ' • u ,, .. ,.,~,,, . lr'4'•pp·•t l u•'tf th•· prt"""~·rr•~ rn.,., , ,., ft"~und. d n d tht' \ ' l 1U•'S of 

• , 11 p r 1 1 .l l • d11 p d•Jr o'l~ tho.._,. rl,tt• ·~ ,,,., -. 101111• cl n1C" C"3l<·u\auon 

n•J •h ,, .... ! thr<o. rh,\rdct•·n~uc ..,.., 1 b•· rllu-.tr..&lt·d m tin~ cxctmph• of the 
, 1) d 'f f·H• ,, , 10~ I <'•' ..tppt ,,,,,nC"t on th•· 1.0.\ t' r \'oli(•' • 

1 01 · •, !I ,11 n fl .•• '• t: •l''~ ll' •• l ~ t.tfl(lfl of ~.rr.•Ul\' d-''" ••n t"h ust•n •,d u•n lht• 
, •• •I a ··11 , t• nlp•·r·.,l·tn ,, ,,, lo"' ' r .nul Uu ,qr pP "'"'''' hu!h,..r than11H• 
~ t•· 1 •r• f r , .u 1 11 th • d,,,. .. c·hu ... •n tht· t•·mp• ,.,, lttr•· drop twlnw • t5• 

1 •• r: un• I, 1 , ~0 -15:1 - 0 .. d •·ro .10 ts th• t• ·mp• r.J:un· dro p And 9 
· h· • •• , : u n ,,,, r H·n·pt·r ,• ·:n• Tt,,~ r•·ncltrq a uruqut· rltarach" fl!i>ti c 

11 , , 6!, • ,.J· • I,, ... , , tt<"lltn.:: p•:t o(b, OOth lht•"•' wh&ch h c1 to tht dro p 
I• fl j)• 1 ot r• h• \ n oHlCI t ho~· · >Ah•·n I I P ' OI.IIIH'd pOSitiVI 

~·r-~----~--~1~--~-----r--.--,-----, 
....... 
5~~,~--+---~-4---+--~ 

f/ ~:'-.. 0 

5~-+---"--·;~~·~-J~~~~.~~-----+-----+----~ 
• o•• ,····~)!· •. • 

• I ' •"' • 
..... .. - • Ill 

5 ~-+-----+---"':o:-4.,1'<o • • ·~·.,,+::_--+-----1 
.............. 0 0 ............. 

0 -............. u "i~· r·, _
1
, 1- o · l 

• · 11 

-2·SL~5~o~--~,~o~---g~o~--~,~o----~,J~o~--~,~s~o~--~r.e 

•[ I •).,,_.\ . ~.\ •t":f'llf'l'lfUtoiMlt H.ttkt'n thll •tl\'.,1~.1 

,,t .~, d • 1 .. ~ M o~ loon• I• ·n t t'IC' •11n• I48 N tnt trn•pt uh.u~ dr<>p. 

J,r ~ tot h 1 , 14 - r •• 1nt " ' ~Jf1II "C' IRVC'I\1·'11 tJ4 th~ 1ogn ·'' lttr prruur~ 
4. • n .... rn 41DW .ln..t Aroe .o~ngrl'• • ftollr Scptcn:~r t. \.~t • .Ctr 

I-<~ 4 • t: ,,.,, n 'r ,,.. J n·~At.~t' tn • p>'1tti 'C' ptt:~•oiJt Al'll.lf".tl) .11 bo-ch 

:o ~ • 111-4 •U •' 1u .. a •n It •r J ~ "'lti\C' 1'1 .t nc~4l o\t: puu.uc: J&•rr• l)' 

J:.., t' ~ nu r -on!) 1n Ar .. .,An~:t'l'•lt . 11- rc,.. • tn r.s c"''-"· 

·:. xt, tL•• -:u rn IAO o f th~ 111dtvultJa l trmpcratut·<· drop~ dunng October 
J'O t a!(•ql olf•d J't11 ... quantt ty, c allt•d lht' ~Um O( the." tt•mpf'ra tur• drOp 'i, IS 
lh• rl • r·•' •, r 1 .ttr nf thf" dt ~rt'\' o ( d•· , ·•· lopmf'nt o f tht' prOCf'SSl'~ undC" r 

lt ,. , ...:. ~ t••..: • ... 1 • " ,. ~trntuhu4 trtnt•u.al ( h.JtA tcmt r• uf tt t: o~p;w.autw:e on th~ Vols .a 
..: ~ wIt',, 111 Jo ... 11:t;t ,f' ... !><lOft: thf' crt:Ai tC'n nl lhf' Yt<~lg.t ~ydroP""'C'' plo~,.t am. Ltrun .tftd tm. >XII 

r , .. ,., 1 t'lr t..,HT.r.~nut r .trty .,r tht' ' . ... , .. , Ca'"'"· n b~mg u ·td 1n tt:ctN )t.lh fOt 11tt:tchet upouum 
J':Q ·! ~"'If"•'' •! ll'lt ', li~"Kt.ld UM .agr tUf'f\-011, 

c ·n.,.ldt·htl:flll, To m .. k• th• c.dc•ll~uon rr.ur• oh;• r tav;·, th•· .. HI' •·f'h• 

t•·n .p • r·.,tur• "' •JJ"' '"' c~u•.:ul •tq.J I••• t), l w1t• •· nt• •nil 11( ( k. I• ,,. r, ""'' 1 u .• 
d.t l! (If th• b• H:lllnltiJ: I ( lht• 't'd:iOII, o.IS Ad "= .. tro•.JtJ'f Ot• OliOr'l• d, '"" d•·h rnolf,• d 

from \ 'I!SU3l "l>'> •·n·o~hons. 

In Cktnho·r, .. Ion~ -...lth nrw pr<.•C•·!<,~• s rh ... r .H.'I•·n-..uc h f U ,. pr• "'"'t' r 
P ' ' f iCld. thn-..t• •f th• ''Udut~ ... u turnn o..,,,.,on ,,·~, " ' ' ' "' ,.., r t.q•. uti 
I n for•·c .. stul~ .t 1q ll •· r · f<n•· "' •-!-.- .. ,~ H t ~•.._. till' ~••.:u. •ut tin t • ul• 1K) .. ud 
du·f•ctaon t1f tlh: chm.;,uc tr.JnSit.On ( runt tllf .t.u tumn "' rb pn.·- ... ant•· • 
pt•r w d. t:;ulct• fur lh•· .tpp·•.Jr •• rH· • n f ICL o~n th• s"utl • rn r tV• , . ...., tl • 

, ., .•• lopnH nt n f 'liUJ'5:t•''i or dmacyrlnr11·s ~~ t l.• nonh• r n n ~tor. -. r n,. J I~ ~-. 

•lf tJ, C'tSt\' " 1n1p· 1 l.tnr·•·. It' ' ~ ' .. "'• ' ·:•· ,,, f• r 111 , , ., a 1• ,, ·f tl • Jll "• •' •r u1n 
th• \ "d 1'1 .al t•ln ., th• p r o·-..su rt ol llflO~o•l~ n t h• ... If C• ,... II n '" p:• I lob• r. 
tt.1• nl~• •n rn .. ruh n ( .tutumn. tht• pr• ""''U(' .. n··nl .. ,~- tn ~.1a r~l3"':"'" .nld 
t\rk l t.ln~·~l s k t"t O"':!·•ll' '· .tnd Ul ( ~ t flbt_· r 11 "t p• ... ttl\t th•· rot A ,.,,, , •. " 

rh.1 r o~rt• nt•·d hy ' " tnt•·n~tft •• uon •f th~" .,,., . ~ •·· 111 't• c• i t '""' 1 ,. rol ' · 
· Ill oiC(."t 1" 1 ·•1• d f to •1. 111t n f th~· 11\t•r-.. C·•ll b •• · ·:\p• • 1• d t\n lf;\ t ' '' " ' " ' I tO 

th• C'h.t·t~t.· c\( lh• p rt·o;;.s u r f' d nom.Jiy il both pow~~. '' r ,., , .. , tl~l v 111 

,\ r khang ··l'sk \\llh th·· stgn or th·· •. m om.J ly m.tult.tllltd tn \ iu rm.l'\l:t f( , poantt.. 
to .111 attt-n·J . .oiiOII t\f th•• northt> rn "'Ur~e.,, Ahtch 1• •• d-. tn d • lot\• 1 r' 
f·"t n:.Ji tnn o·• th• ti\'Pr~ 

.. l~l:r• 20 ~:l\0\lili tho• d t'\'loHI011 or th\~ l!mt o f ICt' •PP• or.i'l(' HI 11 • I • ·' ' r 

\'Q.~.I from t),, r.t o d \" .l:U !'o .,~.; c.l fU:lCIIOtl t ( tho• 'Y:tl !~9 uf tho 1•1i1p• l..t~Uif' 

drops d•t ruu: <lc'td.)t' r, toJk:lllt u n o dCC'O~tnl tiP• m,.,.,.!-10'1 o f tl.t ~1.:•1 o l lh• 
pr···-. .. •a r• •• nn m.tly l•t t h• n•rth l'f lh•• 1:-1"' 

rtu• IOtal oJC.Cur •• c \ :.>( for •·t .t~tan~ ,\lth ttu-. d• p• nrt•·'l(:•~ , .., c. , ,,,, I• 111• 

h~ th •· r.tt\0 7 -0.45 It shc,Jld bo· 1ntr•d th.u f •r• •r,, c-.ur~ ;~ I, , , •. q ·•t•t·~Jr,l!• 
1 ~1 c.hi'S el l .I t, .. , 'It"•' 0 1 a c: •. ,r·: ~··prn~t •u'lc.···J 'I nO' ncv ( ct .••• ~·., .~ 1 •• 
.,._,·nt: ptu·~· ~ .,,.,,..,,,,~ l£:• tlt't'.Jh/l·d 1n f ~~·.H·f :!0 hy tlw m•· II 

To tnrrt ....... th•· rurr''.\..l r auJg P"f1Ud (' ( t •.t for•·r •• 'llt, II , ... po..:-..d•l • • ) 
nht.nn .1 st m d.• r dt•pf•nd.~nc,• \\h\~n c.dcul.ltt '1J:: !lO for th• ftr~t :!II ct.,, . .., c.f 

ll~ tob,• r Its ~u·cut·.J.cy 1~. hn,, ,., ··r tn., ,·r 1-7 .n (.~ 

ll~o ~no:-ot .:np.t rta~lt fr1r···rust •H! f r r n r ... tn ' hi!<>,.,, ...... u ·,.., .. -A I.• ·1, I!' r ·• 

ttotrn • .t r A·,t rm p:-•-. - \\ tnht pC'rtt"tl ·• A.trnl AIJit••r tucn'l~ .lt ,,,JI~ Jo~tt · '<. 
In •;-~ch c.-.Js··~ tht ·'PP• .lrjnct> ,,( tCt' m .• y b• clt•l."• ·d for,, :on1: p• r 1 

\1• lltl"d -o , In -' t.IC'h tht• Olt'.J il oJ tr · ··mp,•r..a~u r··· d U'll;t: tht ••UI J ll'l,d 
\'IIC p t iC'o tl ~l'tl'li (lll (I I\ d •• ~· .:.. Ahf':l Ct ll'•' r"S of .tiHICV(' Ont ... P·'~~ "' ' r tt.o 

lt•rt'lttlr~ nf t•l•' ~1\'• n b:l!";n , ... II !"• d , t !- lh<' rt·. tJ ,t t" t • n IH' of th• .il tnc p tp r u: 
prO<'• !-"'! ..., otl'• · 'IHl l.1r tO th•• nl• tl.('ldS ci• ~t·nb•· d lrl IllS c;o•('t, 111 n,, 
,., .. ,..:nn f ,r tt'll lnt t h 1o; t~t: • r 1C'1f • t .... th' ' " lt·.H 011 ,;::,. •n•a-,·r,,,,,,-.: ,l' • f •tan. d 

111 th• c:dm•· r ··~tnuo; o f th•· A , ... l • r 'l .. ,.Ct(lr o f th•• \ r Itt' ~nd , ,.ttl , \ll.•ntrc· 
ft '"' ... t .t·rt' ...,:ab..,•·qu• ·1t:y ~1 1"0 th•• •• ; , ~,., c...'ll•· ~ t •• . , ... , ... 'Z I I:·· fr•• ·11•.r • ( 
rf\0 rlili o\l'ri \ 't' l iW otlr l t '11,pt f'oOIUft' dllflll(! olt{ ·lll)l\otl q lr(~• o; t l ,o•tf I yo '••lo• 

I !it tht f\'(('l l'l' oi0 llldt•, (l ( tht• ('Oiltfd"CU\~ p f I· r":t),i ll •'I ·("Uri C... II C• ,on.j 

p.lrll.d ly .J !..;o of th•• C't'mhtaon.; u f •h ... r tr.nt-.f r m.l tl''m nn th• p.t\h t n th•• 

Thts rh~t r· .• c t• nc:;u·~ t"> rl•tf"nntn• ·t .• , f !,,\ ... I r .1 r t'' ' n "" ' ··Jl,, .. ,n 
u r"•' J.: tt.>n fo r <'•\ lcul.lll<"n ~~ ~~·1g •·tf .Jt .\"l~c·t} , .. ~t•:n• ""'"·'' ·•n!• r ttt •• u l h • 
. tr• I o f 1ht• b.\~ In ""'''.r J'or f "( ,t!llJ"'lt . [rlr rn ,-. r,;; t1f th • (' ··ntr.d Fro;.;., ., •. 
C'alru l • .Hion r• ·J!um 111ciudt"S thr \ 'ol e:.• ,, •al l'r,tl htc:, ,... l~r11,1 ''"'"l""..::tf"­
~tn,~ m:.tiC' nhlpc: l t'l r •h1• .. tttumn.ll "·\'Otlptlr v•. t nu d •,Y">. \'ohJ"~ r r ·ntr 1" 1•f 
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o\Olof':OC'l 10•'S J.tld prt-~!ltUrf" rtd~f'lli At'l' l' SJlU..ilPd 0 \"•'r lh(' ~tWt·n r f"SIOO, ar~> 

fouf\d O.t•n, 1tw ffil'..iO·diUrnoll .\lr trmpt·r~llUrt"' fnr ''o1Ch of thf'$• .. datt"S 1-.: 

r l'>C"ror f· d frnn. i.-ua of tht m.u n rn• t• ·<•r·olt.ll{tC"al ~~~uon For nv~rs o f tht 
C' t n!t• r th•• ~~1730' ..,tdtlOO ,.,. t.tK•·n t'i .l lll•llll (rt f1 r t.-.. 1\C•') c;,t.th(ll\, l-urth<' r 

1hP ,ur "• !np• !' .. HU rt' l'i d\'ftraqt d 0\'t'r .\tl lh•"' C"hO-.o·J\ d.tyS Of p3-;s..-q•• n f 

antlcyclon"' 10 Tht• ffi*'-Hl ll mp• nHu r•• lur1n~ tid dJy:-> nf pass .. q~t· o f 
·Hl'lt vclo·t• co:\ d"l b" d · trrmuH' t for rtu· Nhol•· ..tutumn .. l1 ~yn('lptaca1 st'd.SOn, o r 

, 1st th• pt•rt""d o f c.alcuhHtnn c.tn h<· llm1 t ed to th(' day o f tssut• of the­
fo n·cdc:t (fo r c xampl•-... I o r 10 C>ctotwr) . 

fl .1 ~r 1 r .. lr D I I• f" •rrur .. ncr II th .. v lfl,j .u rhr \ttl.a~:r <'( r·lolM'k 
,, ... J .. .., • '• n- tt ·n ,, lh~ n-~ .. ., AU ltn P' foil ~if~ P, liur n,t d.h ~r r~t'.lf.t' ('!( 

4nltC') 1 -~nn , teo: ~.&flf'tn u Jun "' lhr 'N"IIIct r m .t ('( t~r nu·t n ... lf.a~r 
(dasdurFt) on !-tptrro ~t'f .and ul th,. o. .UC'f tr n pt"f41Utt 0 .u 1 l\..totood~r. 

1- • <n.•. O< ,. , u - •<"."' f :>4' , C'r • : 1"1 • • o< • · . Ul- t>0.8, e:>4' 

111' d· P'' 11.dt~nc • • of Hw dawo;; o f IC(' ;lpw•a r ctnC't' o n th~ valut• o f 0, 1~ 

u~lt.t..) "''lfft c t,..ntly <1C'Cu r.H•' fo r th•· rl\'f' r"' o f tht• nor·ttu.• t·n h,d f o f tht• fo:T~. 

but "' t 101 o th• r r•'f:IOII~. In tht "'' r .l k u latlons o thr r \"artahlt s ol l''" .dso 
t . ti<•·n HHII ol C(''llHit Fo r 1·'(3mplt•, to fOI'f'C' 3~1 ic£' app~'aranct.• o n lhl' \' o1J,t~\ 

•li ... n ... l r· ·d m from tht• tuv.n o f Gor'ku , tht• amou nt of olo.l l •~ r <; tl)r<.tl(~ ' H l l ht.• 

,,., •. rand t)1t" o~o :• t (' r tt"'mpt r.ttur•· ar•• ·•lso t .tk•·n m to account. Fil:lJr(' 2 1 
"h•u..;. th•· ti•' p•,m.h: n c,. or tht d,,,, .. n f I C' t ' app···' ranct' o n tlw Volga at tht.• 

~ol.~o.J.'{•' (Jf Pre·'">~ k (b.1d.1 ) u n tltl" nw~u\ ~tr tcmpl· r.Hurc dunng th.-~ d ays o f 
p.-s ... q~t of :a.ntlc)'r!Onf•s (0 , ). ,\II tin.• cust•s o f tct· appeardnce a r e c lass1hcd 

1nto tLrf·P R:roups .Jrcordln~t to 11h' w.ttcr :,tc.r.tli(e of the rn-er and th<' w,,,,..r 
t•·rrpr r.at u ··· Th~· hrCiit 'troup tnclut.h-s y••ars wht n the cocffa CH!'nt It o f tht• 
rn• ,,., d1c::, h;.n~t· o f S• pll mb••r w.~os I• s s t lt .Jil O.A and the water t e mpe r atu r f' 
,,,.,.,.rtrd 1 Oc-tOb" r .,., J.M below 4•. In thcMP ca~cs rce app "'ars rPlatl\'t>ly carly 
llH· thrrd ~ roup lnclurlt•<J <" .a C~ • '=!:of .l t •• nt~ or ml•dtum .,-,,oater ~to rage ( .t~ 0.8 1 

''1 

'I 't'~ ( ·) ~ 
.f' I"' t 
. I 

l·; 
~;. ,' !~ 
'.Iii 

and l.tlt"' (afu•r 1 Octnht•r) tr.m..,att~>n o f th+• ........ , r tt·mp• r ,,t JrP thrnus:h 4 ' 
\l nd••r th{'SI' condl l lflflS U't' ..opp• ..Or"otOC•• 1 . ..; ci t•J ..&yt•d rho• l.i umd CrOU(l 
mclud s all c•th••1 c .,, ..... 

Tilt' u't' o f s JC'h d• pt- •tth'rlC' t ~ 1n ruutln• pr., tic·• t:••'-•' JlO"'Itlv•· r• !ool,l ... 

It ~h mid bt> noll ·d th..&t 1 .,.iluru·oman&;t nl lt:"" m• tn•1d c·.tlr.uloHif'IJ.! t· • 

mt·dn u·mp,·rutun· d u r1ng d ... y-: nf pd .. !'Od'lt' uf ... nuc.,· Inn•:;: 1n w• .•utun.n.tl 
synop11Cdl S t ' .l'iCl ll I~ that t tu d••lt rmJn.tt wn o f tht· dollt·S Of till' ht l[ifUlllll! oUld 

· ·nd of tht-" s•·..o,on .and n f t h•· poRa t.ons o f c•·ntPr'( o f .1n t• _yrlont ..; ~~~d r uJ~•'b 
.,_,.l -1 no t sufh ca+·nt ly •ccur.ite 

§ 3 For.·r,,~ttrl 't: tcf' appt·.ar •. uw•• \'l th •• ll .. o~oo~~h· · tur tl 
C'OndttiOnf" of t ht~ formation o f tlr•• Stbt·ri'-'O ~lntH ' '\ Jp•;, 

Tlw b t ' l! lll11111£t' .1nd tlt'\'t'ltlp rno•nt nf ,tultln ,n,t l ._.tmo-:p h• riC' pr ,,,., ..... , "'lfl 
"'\1ht rt~t a nd tn tlw F.t r t-•• , s t ~lnd, r,m~t·q•wnth . •. &} .. ,, th• b,·~:n·un~: ,,f IC•' 
ft~orm~ltton ttn tht' 1' 1\•'r!-i o f thn; lt 'l'll tOr~ .trt• m •• nJ'o, r· •'l"'\n.:t•d ,q tlt th• 
f<n·m .ttton uf tlw S1h• rld. ll anttcydnnt• .t r'\tl ' ' '" pr1'1CIP~• 1'1dL.t··~ 11' t· ••rt• r 
<.• f th•• '-;aht r aan ~•n11 C' :O'r1fint· t!'l u~u.l l.y "' ll lloU o•d Hl t h•" 1 •'l! lnn o f 1 dKt• B.uK • .t. 
tl~ prHH'IP·'l nr1a::··s ,,r • dar•·ch·d fliH 1•'1 t ho ln.,.,•• r r•-.td t• c; r-f ih• t .• •n.t ,,nd 

" ulym;l rl\"• r·'<. th•• o;··cond to 1ht· h.IS I'l 11f th•~ ,\mur H1. • r. lh tt rd In tl •· 
'c""" ' r ro ·.l\'ht ·~ o t t lw ( Jb' .t•uJ Y··n1 ..... , rl\• ' 1" ·n,, "b· n.in d ' Htcv Inn• 
usuo.~lly Jo>tarh ·o form 111 ''~ l!U!i>t. tn lo.~ h- co.~s•·o; w ..;, p•t mtwr . 
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IS 
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VII VIII tr I 
'l,•t'U' . : ... ·~to~li·'tl T 1f th" II"C' r1!1 C' .oj'~·,u• tt I' l'tf' l'j t"' l 
hru I!.Hrt h ,. l~a t.oh.! \ 4 ;:;, ,u • hoo; 1 ·' t~r ~ .. ~~ 0 1 •' t'l" 
.ari' ,, .. ., ... ·' tub .... u )·l•l'l • •:, .. n t!11: . 11 't ...... , 
lb ~ •I 

Quuht -ltt\'l' ~·\· o~o lu.t.t . , t· f th'-' for:n..-tt.Jn uf t' ·t S11.J• r t ... n •. u.tJcyt'.l ,,, 1 ·'"'· 1 r 
S t.'\'-"roa l Yf.'drS, ~UCCt!'>Sful:y b,·,·n u ... ••d to ftH•t ··~l U • ~pp .. : o..~J ..-• •' v1 t'w 
n vC" r s o f tht• 1\mu r b" !Hn. ~lr"~Ct· t ht• u .• tt s t"lf I C't' • p o•·..- t .. nct• t rt h• .. ,. 
rt\' l' rS v •• ry wtthw n.arro " ll nut~ (:!0 to 2~ do~o) .. l, 1t , .. ,.~ ffact •'IH hr tl •· 
fo rec a sting 10 ('\'.J.lu., t(' th t• l!f'nt r.d Choir.a r h •r Of t!11 · (• .otly l, r l ~t o·l 

devt·lopmC"nl of tl. t• !'tbt•r~ottl d 'll t<':O'~·ionP .t ~ht tt~ at.IJo. r • ~~ b.t nc ,.., .. , , :tt" 
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1 • : l•l .. •tl •1 •"" • .111~ \)\l"u t)u- S1twn..an .10\ll.')'f',nlh' bl.'~ln~ \q form .lo:; t'olrly 

•• .J ', *'1• l' tu ·•• '•' It\· 0\'o' r Sibt'rl•• v.•••"'-••no; 10 thl' sumnu.•r·~lutumn 
m ·'lt~l ..... p.tr:Jcu •r1) ovt r Uw nnrt1H·rn rt''!IC>n~ o.~nd ovt•r northf"aMt•r-n 
t twt.,, ttlf' .J<:tlvaty J( tht• tropacal ma"Camums 'Af' .. kt•ns o.~nd th•• surgett or 
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fl I JH. .. -1'\t \l.lll•ln T llht· ltnl(' ,•f "t o~ppc-.at~n.-... ~n th• •c.nuo~l 
'b t• t"'1 r.tlf'd ~ .&lu" .u .a 1unc11on llht Y41Utn,n .4, tn th" 1\1!41 

r~t·l·un ... .al) m lht ~"" '•bcn"n ndpc tl lht ~tbC"u .tn .lltll• )· l.onC" 

tr " ··'-·-'-''' t, " cptc:n bc-r, b ., ou C"t l t·'l1 A T l ·l lhC" dC"'- 1.&11"'11 ••f thc_ t tmc: 

• u ,.;-~· U 4tl•, ll·•n thr 141td \.llut", lklf'fn tnC"d !ro,)m I he' u·t.uaoo•h•p 
b\lat :'lito• \ 4 !Ut" \1 0 .I oJ lt•t .Jt.,•.lll\)1' .l/1 ••l tht n l'llliil'tl.&lil) 

on~t' ,, ·" I flo: '"'-'"J ¥ .&hac f"' ..: .uC"I ~hC"n A, ..nd .1/1 h .& \r c ppouiC" tt~nl. 

.uHtt.· vr Inn• ..,. ( rum lh•• north ,, r t.• 111t•·ns1 f~t·d. ,\ n tnc rroased 31 r prt'Sf'U r t' .tnd 
,, r •·d w•·d o.~rr l •·mpt.· ra lun· ovt' r tht.• no rth o f SlbPna arf' usually connected 
"1th lh• .... prot". s ... ~"S. f< t.' ph••mJm,•na bt'.i£'" t .. u~ 1f '"July, Augus t and the 
f 1r"'t 11 t!t "' 't· pt•·mb•· r tlw ,\ ,on•s :.nd I ..&C i far" 0<-t·an m.1x i mums a r·c 
.. ,l!l.•l··d n.d:n y .. t ,, h1~h .iltltudt.•, :.nd in tt•ns ahc .JII nn o f the anttc yclon1c 
.e l l\ 1tv ,,,-, r Lltf' Okhot:. k, Japo.~nf'S(• and Yellow S(•as 1s o bserved. In thla 

t . ..... ,, lt•IA -p r ··~<;OUt'(' rf'~IOn 1s situated O\'tor Sabrrta, Medite rranean 
'.dun•·, '':u•rr::• t.n till' nnrth o f \V('sl S1bt"na whtle cyclont:>S p<Ass th r o ugh 

Ct·ntral '"'''to du· lo ·tM R., .• r tr '" t1·• '-U:nrr.• 1' • -' H .:nn m.-'lnlt~ tl.• 
(PJ.t 1ro•:-. o f nnt o f th• ...... l)P' c.; nf prf'l("''"'"'' ~.on not ~1· trl\" prnnotmr1·ct, IC"f" 

USU.llly appo•;u-~ ~H d.tlo ~ rlnc;o tot' o• norm.tl \;,,,If ~~;a;, In rnutlnt flf'.I("II("P 

( l'r th•• pn•pttr-ttlf•ll tlf ol fnr t •('t.t-..t, ~f\l'f' do·\• 1'1'T111Ufl,R dw I!' O• r~d I'IV• f' 

f r o•t'Z.Hig c-har.lC'If'f'l'oUl', )'('o~rS o.~r• dtO~• n ';l.ht•n tlit df·v•lopm• ·nt t f 
atmo~ph(•rtc maC"I'<lpr-uc··"s•·~ and t~··· !nr.1'1 '"of th• m.nn C'• n t• ,-.., "f tt.• a11 
pr·.-ssur" and t•·nlp• r .uun• ..~nr'm •lH ~ u1 .T Jlv, , \ lllt'l!-.1 .tnd <\• p 11 n ~1• r .tr• 
rlosf'COl to tho ... •• &'lhst r·v• dan 1~1(-' ... rn·nt ~· •r l h• • "C' •<· t··d tfo_~l• ... . ( u·• 
olppt•ar.HlCt' on tt1• rl\•'r"' o f l),,. ,\mur o,, ... ,n 111 ltw c•Jrr• nt ~· - .. r .1r• 
d• t• rnunt-d 10 ,lccord.lnf'•· ~nth ho A tCP o_~pp• .Jr•·d nn tlt•'"'' r1V• r.., trl 
rf"f,.rr·nct> (C"Pmp.ln~•·n \i'drct 

TillS (Or• CoiStHI~ m• thUd 10.. <•( l·nur ... •• unp• rfo Ct, ~lfiCl' II ISh,,..,, d 

C·•·mp l •·t• lynn d qiJ,dl'uttv•• und u,,. ,., lor·•• 0ft• ~l ., ahJo-C"I•V' ··~ -•\llat&on tl( th• 
d••,·..)opm• ·nt r f .ilmosph• nr prOf"•·s..,, s . 

r\nnth• r ml"lhud, <·~,, ... , r t<:'l th• qu..~nut ... tl\' rntllu 1:-.., ,.., uo..o ri to fnr• •~t 

teo• oippf'ardfH't' on th l.• na Tllvt'r 

1f 14l! tdkf"' tht• .JPP' '.- f",tllC'•' o f St.Jbl•• ._tntH')&&CJOlt ( •r:nos'ICJtb Ill th• 1° l',IIU 

ll f t .akt• B.nk._, ,1.::; .,1 ftrSt IIH.Iu,atlt\0 n( tht• h• ..-::ann1n~ f (tho fur-n .. ltiOJI t lhf' 
Sth• tl.ill .•ntu·~rlnn••, 11 t"~ PP"'"Ib:•• tt' •r.t(-o 1 d••fl..,at• I• p• nd•ru 1 nf tl,• 
d.ttf'"' o f U"t' .JPP•'JI'",Ifl( (' un tlot· Lt :M It I\ • r •l:t tt.• cJ.II• ... ~AI•o ·1.., H '• lt.lll\ 

fnrmauon ... (tpp•'dt, I o\11 ,.,Jmpl• f,f ..,t, I: .• dq,..nd• •w• , ... (!1\'• :1 '" I tl:''' o· 

:!.! Tht• \lfi;•' nf lhl"' t•·chnlf''''' 1n pr·;.~ IIC't ~ chffa•·•1lt .f•1• on''" II' • ''''I'.,, 
._u;("llracy 10 tho do• t • a·mtn;Htt"'l 01 th•· ll.ttf" of I' • h• .!11\111'11:! f 1h• f 'I L·•'lf·O 

of t!n C\1h• n.•n .uuu;~•·l·ln• It, ... pdrtu , , • •r ~ ddfu '1 1 ' !11 tl• I• 1 :llll o 1 '"' 

d.ll• 111 ~··-• r .., 'lu•n "'·'"Y .dlt r n.otl• ,.,.,. •f <".~·· 'l•·" ,.,tl ·•·llac v f'l n•.., r c:tur "' 
tht B..ukal n·t;;C\~ 1 

:\ tnOrt• Oh)t'(' tl\'• ' ,111d dlS('I'"Ill'\llt.t'l\''' ' '\ o1 '1.tllt II 11! lht• ( ·rn.olll•ll •II t l • 

'th•·r'1,\t1 oi ll\1('.\'C"lfltll .tnci , •. , tlllj:t·· .. f",or) h·· f ht.lln• I h~ \I .. JII~ d tl.t t!ll lh• 
\',tl'"l ttl•>n t't{ .,;, p r • S'oll f "o' ,Ill• •:H,I~I•"' I io"','l.t'l' '•"' ft fl:l 'I·• : I n.l ,tt d ''fl tl' 
pr-o·,·,uhnc J111 c 11nn tl f tht0 ..111- "'''"'-'"' tr .. ui"'P"'' In n,- k r· t • ,., ,, •a.ol•· 1l·• 
(nr·nhltiOO r th•· raJl:· 'i nf th• Sih• r .. ul Llllllt'\1 ""' •• f., •. ,, I P•,l'ol..:- ,,.,., 

,·hc'''"ltn tho• thn•C"tlnn nf •·3~h 1( •h· !n t'l th• \ \ • I ... ,.,. n.t l lt h:·· 
ltt<·tt~k. Y· ~ll't'l .. )...._.:ul~lfJ!It, nth• l•'h• ·t- ~·n.t t ldr;:· -ll'tl' 01. ..._lr•" 
o_~nd\'· t·kl,•~•'l'k . IO ih• }-,tr·L,, ... t•nl rHil.!• lr•l'·'<. I.IJt.t t•ldt .. l..tt,otl~ 
Tll• ..;.•.un ~,,., ll ( th• r rf'S~\.Ir• ,)rl(lnl.tll''fi; ,,,, • I h (!ll IP If p Pit ... o;o•r·v r•c;. ..... 

tht· C"hanu·tt·J'l~llC' tl''r th• dt vt•lopm•·nt C\f th• r• ~p•C'tl\•· rull!• A '·• rL!' 
p t' .. l'l\'t· pn·o.;,.ur t' ,H\1"101.11~ ltl r\Ut;\.l.., t l'td n·.tto"" .t~ l • .11 .~ It• 1!1'1'11 ~~ o( 'h• 

fnnn.lt~nn ' 1 th•· .lf\lu \Tinn•· .r\ l'\Hhld•· r·., hl• ' '' • ..... r th·· "''pi· .,, ~,. r· '" • r 
th•· r\tiJ!~I~t prt· ....... ul , •• :n<'n1.1iy ('i:;.u .• t• r t•.., ,, J,t' • fnt :n.tllto'l •I r• • .o'tll· 

1'\Tlnn•'. fht·r···t·,r··. th· \.tl't.ttiO'\ A ~jp, .. ,- ~~p" r · ~,0 o.;,nn tIt" 
pr•'"'-Urt' oiOOnlol lh'~ frt101 ·\u~ HH tt• ~~·pt • :~~h· r Cnr ~f.·· .lh· \'t -l•lfll .,,to fi 
'-' '.lliO~l~ ~·' 1"\" • fi; .. ~ 1l1t dt \' 0 :flp01• n n.tt',H"t t·t , .. tlt' t't ( I oiC'h n•h!t P.• 

d· pt·nd•·nc•·"' ,,f lht• d.tt•·"' o f ! CO' .tppo·;tr.o:IC'I' ,., 'I • rllr .1 ·u ... •· ••f th 1' C'lh' 
lhvt•r ._..,d 111 tho- uppt•r C'•'liiSt ,,f t't• I • •' ltl\• r" tJ,• r•· .... p··•t:\•' 
ch.tr.IC'tt'rt"'ttcc:o for H,,. \ \ ··o..t ·.;,ho·r·•··n A, o111d t •t.o.~ t... 'L~·:~.t A: n 1&::··.., ,,,, 
l:H'''" 111 Flq' II'P o.,; :?:t .• olllc1 :?.; fil·•..;., cf, p•'lfl Ill' • .... l r· · f'l o .ir'v cit II·' d_ hl l 

PI a tH.nlht I o•( (',l>;o., tJ • ro ,.,,s,; . .,.;;HI• I -ih • tl• 'OI. II l •. .., •f 11·•· d .o' • o.:, 

f'lht.llll• d ft'fl!ll 1)11' ft, 0•"1do llC' t'o.;, fn•:n lht oH ' !,t! d il•' J1 • "' •! '• 1 :1 "I" 

.lppo•.• r· Oll'St ~h.l tpl~ fo r· tho• C)h' U1 ~ •·r J'h•• ro '·' "'"""' (n r thso.. totn 1,.. 
Clol T' Iftt•d h\' (('thltkl'lllt! ' ht• dll't'C'III'Il f'l l it • oiii'•'TI,t"' ll ~l 'l~p. II 

Ttw for~n~•ttC'tll C\f tho• 'lbt·n~ll ,,nttf'yt•lf'!~W otiHt I f ~ rrtlJ:•'S , ... (' 'Hl'l''l I• d 
with tho" act\'~\·ttnn n f c•lld :\Jr ('('t:l 'l''r t •·d ~1111 m• r ;•h•'n .• ! ""1r&;:• "' · f· • rl th• 
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1\llfth If, II.•· I • ... ,, •• c~ll \t ' I • J! IUII"t, Th .. f H 't' \oolillll! dar•·t· ttt•n o f ~· t r· nhl~~ 

lt...ll13 p<H t, • ' P r• ~ ... . cl h \' tlw m • ndtflllU la ty tnd •·'<, IS tllt' n ·fo a·• a n lnlflUI' Ul n t 

l .. et· H.•t . ~,.,turh ~houiJ h •· •·•k•·n mto con..;ttl• · r·.•taun \\ h··n t'&t1maunq thL' 
U· ·n·lopnwnt of tin· J :~ ~H ·"' IIJ<' n ..a n lll .1Xtmmn . 
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" T5 - TO -5 0 5 TO T5 ~~ 
llt •t lo'l I , 1"\ Yioilll>n T l'II~H lin·~ r•• IC•' •Pr-o o~r.Jn. • un till' I' Prf r 
lrn011 Pt\ r '' ' rn thr utr d \.li iTJr .u .J tunuu•n l'l ttw ,,.,, ,.t .. m A, 1 t 

t tJt t•'IC oil pu·t•urt' .anon•• ly m t h l' 1 t'h.a · lo. nlw • ,. ad.,c .,; 1hr S1bt'n.an 

.J ill H"") •I• nr !rf'rn Augun t o s ... pu ttbl'r , 

l - ll1'>l. A:< 'I. 0:-AI, < •l • 1t h A1>0: 1- liw' u ,:;ns,,f ~11 o1nJ A : oltC 
t'k' t<~Uk 

Th•· m•·r· u h ou:d u,.. 1mlt•, /e fo r t hf> r·t•g ao n n f th·· Wt.•:n - 'thl n.an ndt.::r• '" 
c:.. lrul .. ol• t l :.~ l h•· dtrfo•ro •~tr.- h ••I•.A.• ' o' n t h· · d V '-' r',ol.{• ' Q•'lll>o .. H• •tttt .• l !o- o f l ito• !i00 .,,h 

s u rf .. •c •• (1 1 ~00} ov•· r ~plwrical r· t c-td nglt· s w tt h1 n thl• follu· o,· t n~ bulutd:t J' tt~-.. · 

(1 l I Of, and fi fP 1:. lOll(! . • KO •• nd 40, :'\ . l .. tt . • (11 ) I 05 :. ut.l I RO" E . long , HO .H ill 

40 " · la 1. 
F rn· tit•· r•"'~ ''"'" o f th•· l .•~ na ·t-\ C'I I ym:. r·idg·· t h o• anckx 1: ,. , .fll '•'!"t•n tM tlu."' 

dllf~" r • ·rv · ·· h··tw•···n th•· a\' f"'T~H! t' iiJ •·opot ,..nt ia ls O\'C r tipht:•n cal r·£'c tan~lc~ 

.o,•&th J•t th•"" (nllo"' l lll! huu:lOa r i •·w (i) 9 () and 12rr f': . to ng , RO a nd 4fl- :"!. lat .. 
Ill ) 12 0 .tnd 150, E . lo nq . RO and 40, N. Ia t. Con~idt' r .. b lr posi tivl.' \"a lu t.•S 
Of th• "i• 11\fh('••S 1'1 c;;;r ·p t•·mhPr r••pr' t'SCill th ,.. da:vdopm••tlt Of m c ridlOnal 
sur~· !' fr·r1m th•· no,.th t o the r • .. f!IOn~ o f th f• rcspccth •t• r idge s ; nc gath •e 
\~• lu • s o f l lw~~· tnrJ1ct·s sho•A•, o n thP contr·.Jr-y, the appe arance o f c ondl t1 0 ns 
fr" · tlw t r a n .. po r l o f w;t r m air nMS~f·S from the s o uthwe st, caustng a delay 
111 ht• lor·malio n "'f th .. s t • r i~~··s (and, consl'Qu<•nt ly, also a delay in the 
fr• ·•·?ttll! o f th•· rt\' ' ' r !'C }. 

In'' rtu m h•· r nr r a S•'l'> t h •"' r '· <·x ist~ a d .-·fimt .. r!'laho ns hip bC't~·•~cn Uw 
\' il lu •·r-o ,,f tl1•· m ··ridin n:rli ty i nd,.. "< I and tht·· c harach· ris tic :r: A of Hw air 
pr•·F~ur·t"' \';u ·iatlun (Tahll' 20). \\11th pos1tivr dcvla tlons AI o f the value o f 
I fru m th f"' a v t r·ar:'"' (+ 2 . 3 dkm fo r the W··~t-Sibc rian ridg(' and -1 . 0 dkm 
h r th•· l .•·na·Kolyma rid~t·) .,.., . hotvf• positive v0alues o f A, and for nc R;ativc 

ch \ ' IJtlolfl"t ()f th• Ulflo • '( I lff)JJl t h · · r •• r.•d \" •• 111' .. lh• \ol"' ti l 4 .tt • •• I ·' 

n•(!.l \1\ t.'. 'I h iS r• - ~•I I UU'>Itlp ~ h(J \\ ~ ,,,,, . h · f ftiiUotfl llfl tlf 1~11 rid'(• It Ill• 

C::.tlJ• 1' \dfl : • ll 'h.")'C")OII• ' t,tk• ~ p \.H'• du ru1~ tJ, ' I \ ' • '1 oi1Jlll;tll1 ..,, •• "'"' ' Utt•l• I 111011 o 

.,,. 1•· .. .,. u rufo r n 1 t'Ondt t l' ' ' '' · If. fo r· • ... . nnp. •·. th t .. pr ot·· ~ b• c;.•n • '" ' 
thuo; pot nting ton p H'-111 \ '<' \ ' .irlaltun A n( tit · · pP -c:-•t r • •• 'lhlll· • ~- tiP 11 · • '"" 

111 '-.o•p!t•m h •' l' (._o\'O r~.h l •• t' ()rlthft 011S ••n : 11l.Uilf,JIU• tJ fc"' r· l i S f ur l t l' r· d1 ' \ • .np tn• Ill , 

l• lta(·h i~ rndtc.•t· ·d by a po~& tl\' t' dt•vL•tiOn 11f th•• lllf' l uhnu.dth 1~ 1d• "\ I fr·nm 
It '"' l'at··d \'a h a•· . 

lA!I!Ir.•.'-tJ•tn o:. C .. t tu•rJ.nl•ri'-r.ont" • ·r-· t ~· • ~·~rot··~"''~"'' ... ·' 1'-·r '''"~"" 

\.,.rt411"1 M ihc-

I 
\ .. h.all "11 •' I t\ , . "«· . ,. ' l ••.• 

h· .. u r·tt~ur.- '" '' 11, '" '""'' . ., ... .n .. , ;o"·· • 

A , I A, A, I A, ~. I u . 

1901 so I~ 0 5 0 I 7 2 4 2 
190'! 6 .5 1941 -s 8 - 6 .5 - 01 0 8 
190.1 I I. I l9ol2 -5.0 I 5 2 6 5 3 
1!101 -~ 6 1943 0 4 - 0 5 0 9 0 2 
1!105 - 1 2 194~ -6. ~ I 8 -0 4 - 1 0 
191'6 - 3 7 1915 - II 5 - 7 4 I I 2 5 
19~7 -3.9 19ol6 4 .~ - 8 2 .] 8 I 5 
l!OOS -06 I 5 1947 -o 2 - -1" - 4 ~ 
l ro9 -0.4 5 ~ l9ol' - 1.3 - 4. 5 I 1 u 9 
1910 1.1 I 3 19ol9 - 7. 1 - 3 4 -6 5 - 5 .9 
1911 -6 3 3 .R 1950 - 10 U6 - 1 4 I 7 
1917 9 3 0 .8 I !lSI - 24 - 9 2 I 5 1.9 
1913 -9.4 0 .0 1952 I 4 -JI J .S 2 4 
1914 4 ~ -2 0 I!·Sl 6 .0 0 7 - U 6 2 5 
1915 6'! 4 7 19r.l - 7.6 - s.s 1.6 - 1.0 
1916 - 15 -79 1%5 - 55 - 10 1 - 0 J -2.6 
1917 1.4 - JO 19[.6 12 6 4 4 - S? - 46 
1918 2 3 2 J 1957 -5.4 I 8 7 2 2 3 
1919 - 55 - 09 1958 IS 6 53 -i8 - 61 
19.\l 1.5 - 1 1 19.>9 3 .6 I 7 - 1 3 -1.0 
1921 -~7 10 7 1960 I 7 4 I 3 .4 '2 7 
19!'1 - 5 . < 55 1961 13.2 15 8 - 2 0 -2.8 
191.1 -16.1 6 .3 
19!~ - 6 7 3 5 
19!5 - 6 . 1 -5.5 
19'."6 - 76 -5. 7 
1917 -R6 2.5 
1928 7.2 - 12 
I ~1:'9 -11.4 -~ .4 
1930 - 4.6 -7. 7 - -

11•' ' ' ' \ •' 1 . ~~u:h:t1111 1 fonnl·~ IF IUI , , , , ,_, :-:u .. oJto ' ,tn• d ln.•ntt'll''•l'• •f 
~···11':0: I I II !'G. f ll .:lR, 111 :-!'l q t h ·•1'1! • p~~t ' l \• ' \ • u•• .. ,.f t1 t on l ·1: 
...~fl i' I'\' ""'IJOIIdl llg ' " .I ll • oi l !_y h · CI'U1. 'H! ,. , Ill• It •· n • • I ltl I r h , ,, ndc ~ I n 

.... J..H •·znU•• r th· t 'Unrh t1•• r1:-o a•f t 1.• 11 d· ' ·<••pn· • •t: • • r· · ··I· ~• l"i :- ua: .• · · r·.d1t• 

tlh"' 1l• \ ' hl f h 'll 1..1f th•• u uhl'• :-- / 1 •• ·u l 1: fr n:t. tl·· , ,,t d •. • .·1 '· pi• 111~"" ' 
n• .:-•tl \ ' t ' Tlu:-0 a· .~u :•t.•cl ~• 11 tt1f•"' I' I U PII•1l1 1n tl • f•t: :11-•11'1'1 ~< I 11tt 'lh•'tl •11 

ol lllll' :. rlf\11\' .uul lo•d , ,, ,, rJ ,•j ,,~ 111 th• ·•Pi'' .It o'h ... , H ' I ' l ;It· II\ • r. II·· 
t'PII\ ' •' r·.:-o • ,, . ,, ... ,1 ' :>•' n n :. d. f111 t n .. t.llll •·• ttt 1 , , " ••f ,, •• •• 'I I ~,,, ,· !u.•l 

IW J.! IIHHnC p f lh• · ( , .. , :n . ''" n " r th• 1 H.lc.· · .. : t .• , ".d•'· \ oo't•h ' ."'h f, r t•• 
d · \ • !otp tn• u t ~>I till~ PI "( 1 .... • , ,.,,, tl In ..:, p·· ·~· h• r . >\Ill• 11 '• tl I· • · ' : t • "1 lt• 1 
ll' l..'..lPP\' .J I".tll ' '' ' (l!'-1 0 . 1!1 , 5onl lt•· r·l \'•l'-..••f ' ',, .,,t;;tl,.rl • •• ndl '1 41 . 1 ! 1 ~1. 

lfl~:! ' ' " t ht• l .•·na H t\• , .,, 
Tit •' l'•• f,-. , .•.. 111 ;;. • ··• t· ~ \\ ht n t h ·t··· ,, , ,. 1\PII'IIII fn' '" (''' 'lch ' t• ., .. f11r ! ' • 

l)l'gi iHittlJ! . t lld d •' \ ' • k tp111• Ill o f t !lt' IUJ~ ,,f tl'• ..;.l it• 11 ,1 '1 . 1:1'l t \ o ·""I• . I 

t h t:" ""' f!"" 0 f A .• ad "r ~I l th ·· d· \l • t t .• , .. r · h· twl·, I t• ···n . , , . , "' t1 \ .t , . 

. , 
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a rc dtffe r ent•. i t is necessa ry to take into account, along with the variation 
o f th•" pressure, th £' m crid1ona\ity tndex I . This iR done by diffe r ent 
m~"thods. dr-pf'nding on the influ(•nc c of the meridionah ty o n the formation 
o f tht. .. anticvclone and the appl"a r ancc of icc. As was m entioned abOv e, this 
infhwnc~ i; m os t important for the rive r s of We s t !'ib e ria. Thf'refore, we 
use "" auxtlia 1·y rctation~hip betwt•en th.-..· d (•vtations, obse rved i n th<"S(' 
YP""r", of the da tes of ice appearance fru m the e xpected dates according to 
F1gur~"' 23a and the value o f 41t which r e presents thf' deviations of the indcll I, 
from the ra ted valuf' (Fi~re 23b). By m eans of this graph we de t e rmine 
th(• currf>c tions to tht• d:Ht·H of ic(• appea rance f'Xp(•ctc-d according to th<' 
~raph o a nd obtain tht! CX!lCCt e d dates of icc appttarance with allowance for 
bm h charact~'rtsticR of the developme nt o f the atmospheric process es. 
UufC"' r·t unat~ly, s uch corr• .. ctions can bf• introducl.'d in check fort;-cas t~ o nly 
fro m da ta fu r th~ la s t 21 vcars for wh ich the r e arc acrological maps. It 
s h ould, howf' \'l.'r, be c mpi1aS11..t'd th;:at thr m ost 1mpo rtant deviations f r o m 

UH• dept"ndt_•nc.:s T-ICA) occurr ed in r ecent years . 
Tlw introductio n of th~ cor rections considerably increases the accuracy 

of thr· r<"~ationships fo r th e 10jst 22 years <7 for the central Ob' Rive r 

amount s t o 0.53). To forecast icc a ppearance on~hc L '"'na Rtve r it is not 
n··r. •"ssary t o d•·rivc a uxilia r y n·lationshtps, ' Rincc tht! amp litude o f the 
ctc,·iation~ at thf' actual da tes from thos<' dctt·rmined from Figure 24 is 
r··· l;,hv•·ly !'mall . In th is ca~ · · it is po~~ ih\c to b• .. confined to the-· au•lec tion 
~,.,,. e•·n•·rallz;•ll o n o f individu:tl lines connecting groups o f points which 
curr~spond to years wh<"n. for a negath ~· vaaue of At. the index lz h..td 
pos otive dc\"lat inM frn m the rate d values (19 40, 1941, 1943, 1945, 1946. 
19 4R. 1!:'51, t 952l. and to ye ars when, for aposilivt• va lue o f Ar. the i nd ex 
1

1 
lw d ,,,..g;,tiv'-' valut!S (1!1 44. 1956, 1958, 1!1'59, 1961). The first group of 

pm nts c.h'vioJICS from the c entra\ line tcwa.rd early ice appearance, the 
s f•cond grQup t(h-.·ard late icc ~•ppearance . This corrt·spo nds to the abovf•­
consitl~~f'd phy~ica l m•·antng of the n·lation bf•twc~n lht.• quantities A and I. 

i\11owinR for both thc-sc rha ractc ristic~ of the atm osphe ric c1rc ula1io n the 
accuracy n f th" r•·lationship may br int: r <"a scd . ln ttw example given fo r 

the Uppe r L(•na Riv e r f am«?unts to 0 .66 for a r . m. s. error s l ess than 

thr••P days. 
:\J:i=-licatio n o f thf..• d e sc ribed t<"chniqu<' gives satisfactory results fo r 

rh·(: rs o f the Ob' basin, for the c entral and, p artially, fo r the \ower course 
of th,... Ye m sei !liver, and fo r the rivers C'lf the Lena basin upstream from 
Ya kuts k; !"Omt.~wha t lf'>sg satisfacto ry r e sults arc obtained from the Amur 
a nd l rtys h r i vc-r bas ins . In the Amur bastn it is necessary to take into 
accou nt tlw c1 r c ulation conditionB no t only in the zone of the Sibe rian anti­
cyclone , but a !so in adjacent regions o f the Pacific Ocean. The fr~ezin& 
of rive rs o f the l rtysh basin is strongly affected by the atmosphe ric 
procc~sr.-s dc \'c \oping ove r the ETS and over Central Asia. 

This tf'chni4ue is not pe rfect, eve n fo r such r egion s whe re good r cj!;u\ts 
an· obtawf·d . In pa r ticular, it does no t tak(' into account the influence o f Uu~ 
intensity o f the western air- mass tra n !llport which, in individual cases, 
causes ar. appreciable delay In the bceinninc o f Ice formation {for example. 

in 1953 on the Lena River) . 
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Clta(>ler II 

FORECASTING TilE BEGINNING OF i\ S TABI. F. ICE 
COVER ON RIVERS 

A . FOIIMATION OF AN IC F. COVE R. DECI '>IVE FM:·TOII~ 

llive r frt'f:>ZIIlJ.; bf'~lrlS with the JUOCtion o f Ul<h \' tdual bruJg•·~ o ( floatmg 
IC t_' Ill places favoring s uc h phe nomena. tt. g . . wh(' n~ the flow \' ('locatv 
dec n•ast.'S, . whe r e the r e a r·c a stands, wherE> the rh·er bt:•d hilS brnds , · t•tc , 
The formauo n tn such places o f wide s hore ice contributes to U lP fo rma t·on 
o f a conunuous ic (' CO\' t .' r . ' 

.F o r tht.• fo rmat ion o f a suffic tr ntly wid«' ic<· shor·f· anti a ~ufficit·nt a m ount 
o f 1ce nCC('Ssa r_y fo r thf" a ppearanc e o f i cc CO\'Cr in phtc t>sof tht" r l\·cr be d 
fa\'urablc fo r th1s, a dPfinitt:! ~ mount o fh<"at has to be tr·ansf••r r .. d . nus amount 
d••t-,r·~Us o n the va r•ytn~ m u r phn nu .. tnc ch:u·:•c t {' f'ishc~ nf Uw rl\'···r hr·d and 
o n _tht! hydrological cond1h0n~ o n th e lol:l\'('11 ri\'C' I" ~ ~retc h in th•• ~1 ,- ,.n pr r h·tl 
o f 1cc fo r mation. 

~ot always do sta~nant icf" blocks ini t ia l (' the b• ·g innin~ of an ic-.: bl"idfCt> 
In ordr r _ro.r th.e i.ce blocks to fr ee ze togPtht- r· a nd an icc bridaP. 1ndicatinR. 
th e fo~mat1on o f 1cr· cover, to fo rm. it is ncc e ss.&ry that thC' ic•• hloc ks hav(> 
sufhc•c ntly large d1m ,..nsions and that the f n•('zing to~t! ttu~ r d .. •n·lu p:-- a t t i l(' 

necf•ss~u·y r a te . It is thu s requ l rt.~d that tht> air t C'm pt.· rrtture 111 th iS pe r 1od 
be ~uff•cu•ntly low (so tha t tht." heat transr, .. . . 1s sufhc acntly u1t~ ·usiv(') . 

. The a ir t c-mpr' roature a bo\" P whic h s ta blr icr b r idg ros do no t fo rm is 
c a l h ·d tho.! _c •·.•t acal wmpt.· ratu r•". 8c,. 'A'h lch d•·pentls o n lh•• mot·phn m•· t nr 
c_ha ractensucs of the ri\'er bE"d and o n the hydro loji!:i cal condttion~ a t th ... 
hmc in th'-' gi\·c n nvc r s tre t c h . 

Thus, fo r tht.• b~ginning of a stabl e ict• pe noc.l on a rh·<"r· su·~..•tch (i e 
for the f~rm~ti~n or stable ic C' bndi!JCS) two conditions art> nec<"~sa ~·· · (a·l· 
some heat transfer correspond·n~ to the gh·cn condtli nns should occur 
(bJ the ail· te mpt-rature i n the p .. ·n od whe n th t• f1r~t conditio n 1s fu lfi l1 c.d 
s hou ld not be highe r tha n 1ts c r·it•cal va lut"'. 

Ice bloc ks floating up to a fo r m<"d bndgt.• accumulatt· p;u·tia lh· undf' r u 1,.. 
~ce s hce_t and p.1rt ially above th(• bridge, m o r·<" o r l •·~s r~puJly f·n ·•·z 1ng with 
1t an~ with each other·. Und<' r ttl(' lee bridg1•s and ic(" bloc ks fr .tz11 ic •· 
floati ng along the rh· t.•r accumula tt·s. 

lm~ed1 ately afte r· tht• forma h on o f a n &Cl' brid~, . tilt' up'4':1 nl :t~.h· .nu: .-·m;-•nt 

o f tht' JC(' edge occur·s mai nly du .. • to icl.' bloek~ stt ua t t•d tJn t lw 1...-•c u nn 
b{•t wl'en rH' Ighhoring l <.'t..' brtdgcs oH th<" tiatt nf th•~ fu r m :. tt••n of '"' ln" •· r· 
on_c. The nlt(" of pr·opali{ation o f th r- I Ct'· C'•"'~\' C'r t• tlu•· nht" l•'u~l v d•·p•·ru.ls 111 
th1s cat~e on the dt..'nsi ty Clf the ict"' dnft , th•~ th1c k n· ~l'- n f th €.' ~,c ,.. bloc k~ lh•· 
discharg<' o f r razil ice and on the flo'-'· \'elocl ty Th•• tC\t.tl prop.H;:at .or~ ·of 

7< 
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tltf• l C::• ' · CH\'(•1' •'dl!•' riU(' IU ICC hlucks l' )I. IStl nN: o n lhl' S\'CUUil depends, Ill 

addatwn 1(1 th•· l• b 0 \ ' 1' , alsn nn tho• h•ngth o f the 1ce drift s~.•ction at ltte time 
o f t hl' (onlh tlUtn of thf• 1(1'A o•r l l' t' bndgt•, 

Fur·th• r• pa·o p.tgalit lll o f th C' u·•· · cnv•·r ~.-·d~ t· IS d tu .. to IC<' fo .-naatlf)ll nu tlv • 
S l' ('l lnn ltt•t •Af"f •n tht' IC•' bt•lll~,·s. Tht.• J"a t f" o r pr<•pa~ataon d r•pends 011 the 

da st.n acc· fro m Hw upJh:' r bradli(t', th·· r •• tt: fJf ho_•t.t u ·ansfl.·r and tltl' rto •A• 
\.'l'IO <" il\' 

Ttu: upstt •·am prop.t~a liOrl o f th·· ac• · · eO\'t~ r t'dl(•~ Oh •)' t'XIt.·nd Ovt·r la rgro 
:.r,. taK i n th(• urpt' l' btrctctw~ nr rJ\"t_'fS flowing f i 'Q1l'l lake:;, In rivc• r· 
str• rc h C"S do~' nst rr.1m from ltydruet .. •ctl'ic s tatan ns aru.l rn ca~cs or co nsi d,.. r· 
abl· · wil t f' r h'mpl' ratur·(" grad it·nts a lon &: th•• rin• r, du<' to climatic-..} 
corrc.ht10ns tfn r Pxampl(', th(' 1\mu· Uarya ltivf•r\, i n the ab,;cnce or an upp..•a· 
h r·rtf(.!'t' 

In l h· ·~· · rast•s the t•at•• o r U I)S( I' t.' oll11 pr·o p •• gatao n depe nds o n the rotto•4' 111W 
a) lh•• d rstanl't.' (rn m 1ht.• lakl' oi- ~tora(.!'C rf':OP n·oi r o r rro m ~ume COn~t~lllt 

r rn~s s •·c tio n on Ur•"' f'iv,-.. r·. 
I>) th·· ... ·;ltf" t ' tem(H.·r·•tlu·•"' an the 1ak~ or sto ra~t"' r e s c nroir or in some 

con~tant up~tn.·.am r ros~ st•c t 10n; 
c ) th•• r a tf' or h•·:.tt tr·ans fc·r·; 
dl th .. fiU 'A' v••lrlt"t 1y . e 
1\ c ha ractc r'a!i tic rcdturt• o f rcc cov t.• r· ((Jrrnatwn on ~uch s t n..•tc hf's. · ·~ 

'-'. •· lJ .1 ~ on s tr<>td 1"s with tug:h flow vcloci tic~. arc icc shifts occurl'in~ 
dur·i n~ tltf' fn rma tion nr the ice cnve r when tht> ;.dr t Pmpc rMurf" o r· th•· flo~· 
vt lodty ns<'. 

A s t ••bl ,.. ic,.. p P riod on a rwc r stretch bf' RUlS a.s thf• f1 rst s tablt., ICe 
bnd~•"S ro1•rn . t-\r\rtWHIJ; the time o f fo t·mation o f thr fir s t Rt >" b lo.• I C•"" 

bnd( Cs i -" o f pra c tt r..&l lmpo r·tanct•, sinct! fro m tlus timf• v n a s h..&I'P 
rhan~t"' in thl' n ,•VIgation conditiOnS tak••t p1 al"t' . Tiu~ f{•chniquf' o f 
c~lculat in~ a nd ro r,..c :,sting th,.. b ·glnninll o f stnhlr ice p e r ind on ;t gh~o•n 
rl\" ' r str~"tch 18 much more complrtely workPd out at prc ,_t-.nt than tht• 
t ,..chniqu ,. of fo r t·casting the formation of the 1ce cow · r at a spf~ci fi c 

pomt on the river . 

B. JCJ : . C0\'1:: 11 FOHI::CJ\STI !IOG USir-;G i\111 TF: ~l PI::HATUHE 

FORECASTS 

~ I . RPiation~hi ps ror thl" c alculation or t he bcg lnmng of thft 
sta h l•• tc •· period o n a Jtivcn riv••r· stretch 

,\ !-1: indic:ttl'd i n tlw pre \·ious !lt'c tion. for U.t' h!'ginnull( o f a stable icl' 
P"r1nd nn a nvr--r s trdch (tor Uw hu malion o t the first icf" bridgcf') two 
cundatlo us h;.v.-. 10 hf' fulfi lled. FirF t, tu .. · rt• should be s o mf' hf"at tr·au!"fc r· 
t' llrr ' ' "'pnmlinlit' to tlt l' ~ivcn condi t io nR, Se.:cund, when thP ftr!lt condition is 
fu lfi llt·d. tlw air te mpe rature should hf' not hif(hc.or than tht• critical 
h ·rnpt•r ;Hu rro l cr. 

T lw s;um of th(• m c••n·diurnal ne gativ-e air tc mpc- r:ltures f r om the day of 
th•· appt·.tranc•· of flo .,tinl( icf•, II-. is u8ually taken as a rt>lative 
charaCtf•ri ~tic or the heat transff'r, 

A., n l"nh o n•·d p r···,· inusly , thf' rwc('s sary h ("at tranRfer, or thP quantity 
!fL. -.nrl thP v .. lu<" 8c1 d c pt·ntl on the moq,hometric characteristics of tht" 

,,, 

n vt..• r botd .n\ d o n th•" hydrolOICtc .. t condthons :.t th•• t tmv tn t tw [tl\' " " 

r•h ,.·r 8 tJ'"1ch 

Tht• m o q>ltt lm t.•t nc und hy d ro!ot!.(',.) cnntf tt tons •.• r•• r" '•:.tr:. c· t•·ri l'~"d hv thv 
'A':llc r· ~I .. (!• ' H u llin•· o r th •· ~··t.t ·n~ ~ll• ·s i n tlh• '-t l\'':1 ..:trt tf'h . • 

T h· · tirne ,.,f th· · tw~iuniu't n r ~r ... Qh• icf" JWdod vn :. rt\·••r s t r•· tc t. if' 
do'l• · r·mtn'•d fro m long·t tm•• nh~e r,·atttJn d .. t ~• (tl r ttnfil !it t rt> td1 bv th•· I'A'f' 
r"l atwnshap~ (u~rn&r 6(r .• phs l · 

( 1.11} 

\And 

ll.ll l 

"ht· r··· IIi' I S th,.. "A ~t te r ~t..t~· · pr••r • dtng U.• ~t.1!J l • If'" p· r·w c..J . (!8_) .. .,
1 

~~ 
tl•·· s u rn u f tho• nl••,tn diu rn~ l rl'"'l!dth·•· •. dr tt•rnpf·r.• nu·· q n• c•· :--~ .• r \ •• •r. 
r·,,tfl'• r·. •'JlfH1t~tCht n~ tht • m .•Ct:SS,t l')' \o iU••S) ro r• It' • ' t 'l'l\ ' • ' r' (nrm;tf l;lfl (:'" •' " 

~uh..c••cuon h i 
U·•ln ,., u d "bCrapt !On ~~ ~1\·~n o f a t•·chmqu•· fo r· .,.., .,t,nq ·up tl•• \~ url( r u~ 

c:r· •• ph~ and fn r c.•!cu!.,t ina tht• twg1nnint! f the- ~t .thl t se t• P•' rl ''~tf 

·• l I> •· t •' r· m 1 n a t t on n f 1 h •• r i ... •• r . h t r· •· t c h b o 11 n t.1.1 r 1 • • :... • A 
rP.' •· r ;;: tr·t•tcr. sho u ld b t.· m 11rl' o r I('SS umf•n:l'l . Thi s '"" aw;t, llr·z.; t h, f!Mt 11,, 
'•• r1t• ' tnhut••dt·s . ...turh mutht consid.--.rahly 1rtr r t .H;•· ttl" ... .. ,. r· th~~h.•rc· · 
dtJ l'U~tr· · · ... m I rom t lt<>lr 1nflo•4 shou ld • xt~t tJn th•• ~t rt"~tch. ~· ·corui . .) . ~·lttn '{ 
t lh 'O tr·· · tc h rht• m o rpho lC'Iglcal a nd hyfh au lie rh:, r ac t •·rtsh c c;; n f t lo•• rt \' ' ' r 
shou l d b•' 11r11 fnnn 

Th--· l··n~th o r th·· .-i\"•' 1' st r r'tch s ho uld !,.. ~uch :h:rt It!-' m•·t·~orohlL!I t • .t 
coruhhCln~ f",•n b•• approxJm.Jtt'ly charact•· n z.t d by tht d;,t ~i p f d "lng l• 
m • t• ·o r-.tlo f.!h.'UI s tattn n . 

~0 lt"''\.!il than I 'XCI aza e UU! S llf'S (m Or <' ;t rt• d•·~ll';_tblt •) ... t.p u JU t)t' ·•\o.~ t lahh• 
on flat • ~trt• tch In ~t'mf' c- •• ~C"S, wb••n tt tS k nn• ... ·n tl tot l ttw ft r·~t h 'C lH'tdc•·:-o 
f•l rm ' '\'t•ry ~· · ··•f' dlrf'c t l~downstr,• •. tm of d ~1 \'o •n Stt•• {•) r olt ill" lt )f'diiOn \, 

Onl.\' ''Ht• ,,~,.,.t' r\· -..tion p C'rnt IS l"Uf fiC IPJU nn th ·• 1i= o·1 ••t< t ••tl "tr••t<•h 
. h ) l ' ln ttt a c: th•· ~ r aph (!8_) :l1w - f(HPfl') J- <' r d llt.: •• ~· ·s•JI"'t · • b l• · 
rrc C' tJ \ t ·r· Uw d~th.·s o f ats b ~;tnnt n~ o n tfw :-otr·f• tch d rt: dt.•tt., r·ni.l n• d ! •H 

Hils d.at •· thf' •·:tt'li•"'St o f a ll lth.' d..&t t.•s o f b•·Qarlntrttt n f .. ~tabh• · ~· · r ·· n•1tl , at' 
r•·ro n kd on th<.' Stl'l'tch, i~ t ~·k • ·n. 

Fo r· · ··•ch Col ~ f' . 4' t' dt•l··r·muh' thf' \' a lu· · 'lf I8_ ft·nm lht• d~l\ ur th· 
~ PP' '•li" .IIIC't ' C f flu.t tl ll l! If' •• to tlw d.Jy u r t h • bt 2111f1111Q n r lh• ..., t ~;h) r • ll ' t ' p •· r·t nd, 
mcludlll&; IIH' tf'mpr r~•lu • 3 on IJH· d.t~~ uf thr lwa:t ·uunQ .• nd ··nri <'( tht !-4 
p•" rtod (.11 lh•• :hltllC' lll•' II'P r OIC'ICh .:. d ~t:tf i(•ll fn r .t il tho f' ~ht·~l, 

For th•· \\ot1•' r ...;t a~P H p:t t ltf• minamurn :Ot.lCI' prl'(' • 'diO~ o:tabt · ~ 1<"•' v·· rt od 
~ ~ t.Jk•· tL If i1 ~t.t£:• ' rl "' '" h·•fn n · th· · h••ca nnPH! f o~: tahl• · rr •• '"' f' ,tU'=• •I h\' th•· 
tr.• v•·l (o f ~• fl('h •tl ,, ton~ tht• l'i\'••r, thr l.h•l•· r -..t ~•c· nn Htt' tt ..... p r o-c·••d an f! .thr• 
hc~lnmuc o f r-;; tahlt· ac •·. nr· t l!1 th o d •• y r r•·,·· rl1nl.! ttw u1r r• ··· ~ · tn t h• •·.ot•" ••f 
S t,q;:· · l"iSI' duo• lti i l." f' fnnn.; t ion, 1!-' U O: o•fi fo r· lito' t".t h·ul,oflf\f1 , 

n w \': t lur' f''l f H;m I S d •·tr rnllllt'cl rr .. tn ron.-. of th•· £: ·•t:•nc: !-.It• " . ,f ti ll' r h ·· I 

str·••td 1. 

Tllt' \ 'olhlt'S or IO_, l llC'I"o ',I~Ul l! until 111" l•r' J:Ulll' r':f.! .. r th• J' lll f'll •'lfl •· I II' • 
h lnck-:, ar,... uaknnwn fro n l nh~ · ·n . . oflnn!i' . \ \ ' 1t.tt .a r•· kn• •An ,,,.-.. f 'l\ \ ' fl i •' ., ,, lu• "" 
o ( !8_ :u·cumul.ttl'd tu ... :~ nl th " tanw ""'"' ttw l"ltahl•· u ··· P•' l 'i" d \, ,',~o; 
r t•t.•ordl'd ..& t .t p• ·r m .t:1•' nt •'~h~ . ·n·:e : ulll p•l i ·lf "'' t h,. p.artlcut,, r c:tr· .. trh 
tlu~t'\'('r, t lh'!"f" \'. till• d , tn adtlilann to t hn ... . r1•'t ' • o:.:c:. lt'~' foo r d • t• rnu ·unl( 1, 1 • 

blC'Ick.s Jll11t..'1100, al "n C't'nl .tttl ~• numh~" t" ,,r a tld ttrnn •• l \·. , lt:• ~ ··~ ~--- · '·' ' !9_ 



-

dut'llt~ tl.t' llml' fr·om tht• bf' K lll ll t n (! of ac t• Juru· twn to tla : m o nwnt v. h <- n Ou 
w~•s •·· ··•d wcJ ~u •\J tit•' hr~t s t.Jbl•· t c t· bntl~ ··s fOt'IIH d; {b) IO- c.h ll' ll\1! tlw 
time fr·um tht"' fo rm .... tao n of th l' firs t s t:.tJl•· te l' brldgt·s to the bcganmng o f a 
s t .. ablf• ICC p•·n od at leas t at on(' o f tht" observati on pom ts; (c ) the e xc(•ss 
nl:'gat ivc a tr tcmpC" r dture on the d.-y o f the beg ulmng of the s table ice pe n od. 

u . 
• 140 ,.----.--~--.-r----., 

·1D '----,:!----:Nif:!:----:111"!=--.-Jt/1::::! " prr. em 

FIGUPE ':!!». Sum of IC'IUfH'r.uurrs (l8_) rr:u:a otn·u,uy fnr rhc 
JIUlri J('>n c f 1t:r blor'c,, :tf • funcnon t>f rht' .. .atr r "'~'- Hf ,. 
prccedmf tht ~ublr ICC' f'i'IIOO. uunf_lrhf: m.-gnu ud, . (!8. 
fnr 1hc-: pruod bc't ... c-f:n bt'g,nmng ,.., fa•n1ng o~nd m4.'1 of 
t f:lbiC': ICe . 

The gr.tph i n F tgu r·c 25 s hows. i n acco r·dt.,nce wi t h the va lul·S o f Hpt .. (on 
th o~:• ;•bsci~sa), the values o f I9- fr·o m th <' day o f ic c a p pca ranc t"• to the day 
o r th<> bcqtnntng of :1 stable icc pe n o d. Since these v&lues o r I9- C'Ontain 
a nurnh··r· of the abo ve -inch c c.ted a dchtio nal pa r a m t:tt'J'S , th~ points 1I9- . 
Hpt(') a t'<' ~C~•tl•• rcc.J O\'f' r a wid ... fi ••ld. 

In (J r·d••r· to o b tain fru m t hC'SC cto:~tu the sums o f n<·ga tivc tc mpt>r a tu r ,·s 
.tppro ;_j,c hing t h'>S(' ~c tual1y necess a ry fo r ice-blo k JUnc t i on, thecol'rl'I<J t l on 
lin•·' is dr" ·.vn along the lowf'r t.'dg <.· o f t h<.> fi e ld of poi nts. 1. e ., along the 
munmum value s of I9-. ac~umulatcd until the be g i nning of the s t able ic e 
pe r iod, 

r ) P to t tt n g t h t:' g r a ph IJc, -ffllptC'). F'or· rac h case o f stable ice 
fcu·ma non w ... d~"' t <.> rminc from the graph (IO_)nun • f(Hprt) tht..• quanti ty 
(I8-)

101
n F' r orn the ta ble o r the nwan-diurnal a! r t~mperaturf'S tht• dat P of 

acc umula t ion o r u:e_)nun is found. nlen, o n a graph (F'igu r t: 26) with the 
.,.. "' ,,.. ,. ~~. ~ ~··on the a bscissa and the m e a n-diurnal ai r te mpe r a ture 9- on 
tlw o rdina t{', po ints c o rre s po nding to the -.•atc r s ta g e <lnd to the \'aluc s o f 
8- o r ••a('h d<:t v b!'J;IOOi ng f r o m that at whic h (I.8-)m1n WdS re::ac hc d are 
plo ttrd. F t rst 1A'f" p lo t o n the 'traph points fo r cases whf"n (I8-)min is r e ac he d on 
th· · tl.iy nf th t• b• ·gmnin~ o f the stable ice pcl'iod . Si nce the stabl t> ic e pe riod 
tw t:t1ns an t h ... sP c.H~C's on t he day (1:9-)mm is n ·ached, i t is c lea r tha t the 
-.~ ir tr•mp ~..· ratur,. of this day Is e qual to o r lo we r tha n the crit ical value ro r 
thr· ,;:t vr·n condi tions (for the given water l evel ). 

I· ron 1 th.- tic pnt nl"~ 'J. ' ' c- •• n OIJ'..atn an apru·o ,tnlil l• HI• _. p f tl. • P''~t1I0!1 n f 
ttu c.:o rn h otl(lll i &rll Ou - /(lip,, ) "'"'" ' ' tl. ·~ · p•ur.t" t '• t' r• 'i"'"d I''·'' ' 
h·mpcr~• tur<"~ •' flUd l to 0 1 tCJ At ' t' l hO.V't thl' cnt ac a l \·.~ !u · Jo> , .t , ... • I • ,, th .• t t h • 
li n e o f Ocr c a nno t P· •SS ahc.l\ 1..' th..-. ,U A~'r .-•d s:· · u f th .. fll' ld <· f tlw .... ~ p 111111s 1th f' 
abso lute va lu.-.~ o f thf" rv•((oh \' ' ' t•·mpt~ ratu r<"S ,.,n th~· o r dtn;.r·· tncr·· · •J~· · 

upwanJs from till' o n(ttn o f the coo rdt na 1~~). 

. C< 

· rs 

· ll 

·I 

• 4 

!u, 

·-· •-1 • .!!. • 

fl(.l'Ff ::'t qt'h l lt'Tl•h.r ~" ;o, tt'l • .,t' t't.I U Jli • I' f(" lf.• • ' J' o'l ~("• J1 ,,. 

"- oUt'! (l.ii'~ H ('10 lt>t ~JIY ... .,l"Tl fl'!l' f ('ll ;"(" ' Jift 'l 1U 1\ ... \ '1' 0 ~~ I •, , , 

l h t' JUi't' r•<"CC'drn~ H:t •Ut<!t :C't' .... m ,.JJ. 

1- tt'l1l ;'l=loii\JIC' t l lfHUt: .('af:l' /f••tht' .... .:'lf:lr.,·•,' of 't"oh 1• 1 , • ' 1 :'• ,o' •f' 

,. •;~fhtn .. ,· tm ti•C' b..•r c:'Jn.r'.: " f ·• '!,h cr; •t. , n l'lt-
n .. tnl.":.a zor - tl.ac )C'.u, an tftt' dt'n.•m.n.th,. - r· <' J<•: otl nv• • • , J ,, , 

tk·~mtttn' fr!'lrn rho:- J ll)' ,,f o~cc Jonul.u ~o•n f" ·'" N t •· C%1-) 1. ,11 

'J••x t . fo r o thf' l' r.t:·•~:: o f st.lbi t• a~ ,. fo r:n;t tl , ., , •. p ;P; o-1 ;'1· · 1.: ' · '~ ' th·· 
h •n tp\.' r.ll\.l:'t'5 o f (':l('h d n ,\' Ill t h •• p ••J'IOd h•, l t \'1 ll 11 .• !u C lii''I'H! PI n't'J,:n• 
tl f'lll (I( (l:Q_ )t:an ;t nd 111C d , , \' ~h&ht' :, :t' tJ• I otti! I' • I" • ~U d f" 1'1 ;,, , • I' '+ .,1' lh• 

C l'1t i C~I \'~1111 • ' WithOUt p.l~:O::t:lC ••. P \' 1 ' \ ' t ' f' , lh' \ 1~"111 tf • ol'~'> o • l l'f .. ;t;th}o 1\.' t ' 

p t• r·aod. Tht•r e a r t' l llSt •• nc· ••:-o \l't'll tth· d.l)- ,,f th•· h· caut nc ,,: •ht• ... t ~• hl · 

pl, I'\Od tht• h ' !l'liJI' r,o lll l' t ' dnt.•!"l 110\ ! ,a'l tn It\• \,d lJt' [!1\' •': 1 II\ ' ,. • 8~ \ 1111' !'111~ 
l ndt<';lt('S tfhtl l h t• f t r~t ;qt!>J'(1"1Jl , d ll'll lin • Ill 11•1..., l't ~ l•'tl I~ l\ o' t' l tl• ti ol lld 

thul t h(' t ,•:np~• J',t l\11'•'~ th r'1"'11lf!h ~thu ·n I I h.t :-o h••t ' I d! ' .. . tn ,\l' f "f' h • .\1 r t !tO.• tl til•• 

c ntic •• t va luf'~ . In ~uch r.l ~ ··s t ht• f1r~ t .n,p •···, ~n~ . .t tnn 11· .-· , ... 1··~, , . ,., d Sf' 
! hOlt thf' 1)01111 (.'O I' I' t' S UU!ld!IH! l t• th•• d.n · 1 f I ll• b• L: .ltrl,'\( p f l h• '- '.l it\ • It'+' 

,,.. n o d ~ ~ ~ltU .J h'd f'lll tlh ' h:u• o r · ~, ,,..,, ,. , . t 'n:n:, ··t : nc tl ,. ~'·' '·-' ' .... ,, , . 
pll"ttin ~:: on t h•· ~ r·.,ph ,,f lh•· l" 'tlll!-' t' PII'I '"'J'•·ntit"""Q ' " rh · d .Hi \' , , .,, ·.., o.~•ul 

h' l llfU' I 'oi iUI'('~ dlll'lll(! . I ll th~· !h'l'rtH!~ f' l ' • t ' t ' U \'IC {II ... t. l ll l •• I• ,:,,f .1 !1 lh•• t , , .;, , .,. 

a na\y7.t'd, 'A' C' t'OrrPl' l lh t• pOSi t in n 0 ( thC' ('ttrt' • \.l itPH ! Ill•' IU "'UC'h 
:• \\,·t )-' th.H I t p;tS:'\l'S 1n J.! (' l\('1',11 at t ilt' S .o t'U•' dl ... t . l'lt' •' I!"C'Hi ' I' ft • 1 t! P'"'llll:o; 

.,, 
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o f tempcr..t turc·s th~• t thd no t r· •·{lch the' cri t ical \'aluc s (below the line) o r that 
t""Xct:edcd the- critlc .. t v-.lu<'S (abov e th e hnt .. ). 

~:! (',ah: u loJt ton of th~..· be~1nnma,; uf con t inuous tct.• cover 
f r't'nl th•· n•l~• tlonships fo r· •• ~ ivcn r t \' f' r' s t rf'lch 

~\ ~h,•rt- r .•nl!•' for<'c .. st o f Uw ~"'Rinning o f continuou s Icc cove r (sta ble 
w t· p •· rh1d t ( Ill;, r a\'t' r s tl't•tch h ·om r ••lationslups fo r this st r etch is 
pr••p.lr··d as fCtllo.,·s . 

I . Th· · ' ' "P•·rt· •d "'at<'r Sll\q•' fn r ltu" date , fo r which the probabili ty of icc 
h l""rknu! '" r~1 t~ul;ltf"d, is th·te n mn('d . 11tis wate r s tage is tak('n a~ Hr:~ . 
It , .. ot lh 1!-!.Jh l·· ,, twgm the CHlculatlo n for a d .. y wtt(•n icP appt'ar~t llCt' is 
!'t ill t mprt•h.•bl••. 

fi t•· (tq·t· ~"'·u·niu~ P'"r1 od o f ttw calcula tio n, d(•prnding f\n thf> forPwarmu~ 

p••r·a'ld nf 1h~ .dr- t• ·rnp~"'ratur<' fo rt·c.•s t u~c.·d. i~. ;.,sa ntlt·. no longPr thdn 
!J t('l t; d.,y... . \1• thncls fo•· fpr...-ca~ tmR wat(•r disc h .. r~es und levds are 
d•• ..:r n lwd tn " Bukon.KJ ~t\·o' (Manu a l). No. I . A fo re-cast o f the watt•r st3 R<'S 
fq r ' lt•· c~dcula tton o f til!' bt•g1f1alnl! o f slabh.· ice wi~ a forcwa.rnin~ pe r iod 
1'\f .tbout 5 d .• y c c .. m usu.dly be obta ine d hy the a impl(•s t mNhods. 

2. TIH· qu.Hthty (Et-)mm is c.Jl' te r mined fro m the r f'la t lonship (I1- )m1n ­
• /(Hr·<) . 

3 . nw \·., tut' o f DL. dt't,•r·nunt .. d at tht_• date for • ·hid• th f· po!->:Ubt lity 
o f tc•· Uloclc ing tS calcu l att'lf, is detcrmim•d fr"'m the d a ta o f tlte ai r 
l(: m p••r.•tu r···. dur·an~ th (• p (' rtod ht.~twet!n the appearance o f fto o_.ti n g ic~. and 
ht• d;.~y u f p r·· p-.~ r ... taon o f tit"· fo r ecast of th e bCRinn i ng o f s tablf• icc a nd fro m 

the o.~ i r \(·mp,.ratUrP for.,c:.st fo r the next days. • TI!C summatio n is c arrie d 
out from tht> ddy o r th~" ._.ppedrance of noati ng ic~. includin(( this ddy. 
~i nc·...- tlds c:olc u ltH ion ts m a dE' fo r a n Pa r·ty d a t e, the valu e o f !t_ is 
o; m:&l!•' r th .Jn (11-)uun· 

.;, A ~l nn J.,r· c ..... lr; \al:t tlo n is mad ... · fo r· th t• nt'xt d.&y , ~nd so o n up to th.-. 
tf;,y fo r A•hirh t il•• \'~du • o f %8_ i ~ found to bt• highrr thon (o r equal to ) the 
\'alut• Clf (IL)uun d Ptcrman.:od rrorn lh e ~·atc r Sl ll !Jf' of lh i!i d ay. Titls is the 
d.ay th•· \ :. iut· o f II- rtt c"o;o~a 1'.)' fc•r ic(' blnck 1111! ts rt•otch t·d . 

a. R••(.!t nntn.:: f r<•m tlw d.!)' (D-~·.In IS r t".tclll'd. the h.·mperaturt~ o f roach 
.t .• y 1 ~ rom p.o r·l' tl .vath 1h•• \ ' •• 1Ul' of 8 ;:r t•urrt•sp omilnf! to th •• lf•vrl o f th e g iven 
d ..... wr~tnlina:t to th•• funt·tion l c1 -f(#lr,(') . The fir·s t d . ly whose tcmp e r ... tu r l:' 
"" ' '' IU"' I h.) o r· h •w' r th •. m t ilt• r·•·spccth·c l cr is take n as t he d4y o f onset o f 
th ·· c r tliC.•l air to•rnpe •·,.turC'. 

ll . Tht· d .• t•· of th •· o nsl'l o f c ritu;al ai r tc o1pc r a ture ts taken a s tht• da te 
o f th· !J· •g ,nnm&t o f stahl•" 1ce (fo rmatio n o f fi rst s ta ble icc bri dges ). 

11 :o;hould bt.." borm" an mind 01at , in c.ccordance with th(' p roct'&R of tht" 
w ··- ,,\·•· r form :, tao n, thC' fi r s t stabll.' ic" b r idges form earlie r tha n the 
h · ~1a:11 r 11: o f tht· .s t t.bh · ICC p (• ri od, dt.· tc rmin c d from o bscrvoations a t ga gi nl 
... ,t , ~ (!'i t '•· ~· ·ctt<.~n ,\ J. 

• . If. an at.·curdauc~..· Aith tht.· assumPd c ou r se o f the ai r t('mpe r .. turc, 
th• "· r itu· o.~ l u~:nrwr.•turc &r, oc c u rs so m uch latt' r than the accumut ... tion o r 
(!!:f-)1111n th:1t th c fCH' ''t.. o.l~ ltll&:' Of tht• bc ttinninr O( Sta bl e i C(', d ue tO the 
luna:• tJ ,, ,., J.'._•rmnc: po·r1o d C'lf ttw t f'n lpPraturt, forec a s t u s.-•d, can lw 
pr • p .• , ... ,t wtly ••ft•· r· lh•• .u~cumulo.. t ion o f (I1-)1mn· tlu:: dat(' (IL)m1n rt•t•chc d 
'"" . •1• • '-..•·,J fr·" nl ;w tu .d d ,11a o n t lw watl'r ~taJ:•' and a i r tf•m pc r a turc . 

~,, 

Cht>ck calc ulations (for~>ca.sts) d i ffe r f r om t h.-· uol.lfh.·•· ·d••scrtb• d rw tho d 
only by t t-.e fact th.u a ll th{ v.-lues of th~> w .. tt~r sta ~··· ;.nd a 1r t• ·mp•~ r:uur·~" 

a re ta ken fr om act ual dona. 
Exa mpl(• of C3lcu Jatton o f th•• bfl ~l nn1n ~ (' f :-t ~·UI • • t C"t' 

(continuous ice cov•·r ). L•~t us Ctllculat .-. ford 'h0r1 · r dnqo:- f'l' · c-~•st th·~ 

d atf"' o f the beg1nn 1nc o f s table tc~ Of'l a r 1\'t r ~trt>trh fnr .duc-h t'w qu \..tni! 
r e lationslups are given in F igur s 2~ and 26. 

AssumP t hat n o •ting tee ~pp(> ... n •d m tl11:-o ,., • .,., . o n 1 'Xrtt·•·mll• r· ·n ,.• 
wat e r stal!r~ on t h is ddt(' '-''a s I OOcm aOot·ro tht> z.• r 'l tt ... tum hn• ,,t t~ •• • a .. gtn~ 

sit e use d for plot ting th., s ta iJPS in Ftgur~·s 25 and 26 . 
Assume that watt."r·f'tag•· a nd •• t r·tf'mp•~ratur• fo r ·•c '-'sto; ff" r 5 day<~ . 

f rom 20 to 24 ~ovembcr, arl' obtatn••d rr .. b!· · :? 1). 

r ABU: ':1. \' .. ltk t ,of H, • .tnd n_ I ,, ·n.- t .11kt.J .. , ..... ,of 'ht ~. ton."'!~ ... , " .. .,, , It'<'' ") 

r«-btumlh•P" 11 .11) o~rd • .tn 

0 .11(' I .. , •. 1 11111111 It I :21111 , , •• ,,. II :SJII ,., .. "'" ..,.. 
"'o~l cr tt"~"· H 100 1$ 1'6 111 67 fit eo 40 12 

_, 
Autt'~f•hnt' • • -1~ - II -6 

_, 
-6 -5 -3 -3 -3 -I 

11- -12 -2J -29 -31 -44 -~ -37 - --

F'rom Fq;u n • 25 \ \ ' t' find th,t l fo r· a ~'·•C:•' r f JOI'l c:rn 110 ·~o\· • :nh• r· \ , t \.tlu• 
(!8-),111n -- i 0" is llt'Cf"Sfoi',•I'Y forth<' b·'~tnHII\~ , ,f S:tdb1•• •r••, \\ h, ,. , ~•.S , , , 

19 ~ovcmbcr th!S t empc •·a tur(' 'Aas o:1.y - 12 ' t ~r~t b!•' :! 1 1. 
111•" wuter s tatce on 2 0 ~0\'l.'mbt..• r A' I• S 6 5 c:m F o r thas ..:h•C•' ,, ' .J. !u•· 

(IL)m1n .._ 6~" is nccess .. :·.y for th·· b .,:uuunu c•l s ta ble' !Cr' . ,,Jtt rc.· ... :: on :"tl 
~o,·rmhe r the a c tu:•l tt..•n qwratur·t.• """'~ o n •. v - 23. 

t\ simtl.•r c h ec k is m .td \" for tin_• ruo>.t d .• y up 1n 2 -' ~p,·, mtwr·. 111 th· · ~ · 

d.i_YS. tOO, %8_ as lowt-. r th~an (II-)1~1n n· ·~~·:o- :-O ~• I'Y for th•· h• ijii iH111~ n f !'l · • .t_,J • 
i C(' for th<' \\ .Ht•r St.tg••S Of the J' (l,bpl'C'tl\' • • d~.""' 

On 20 :-\'ov~mbcr ... ~ OhttllU ror ... ·caSt:'l o f tlh ,\ .dt' r ... , ... !-:. ,,,hJ ·•I r 
t<.•:-np t.· ratUrt"S fOI' tlh' Jl~flVd Untd 25 "\0 \.' t ' lnb\' 1 lrl~'' 'l"'l\'• ( r. 1b • :i 1. till 
tlu s l'Xanlpl t.• ~ e .ls~U!Ilt' that th.~ '-'' ... t<'t' -st •. IL!• .nul o.~ ll' ·t • n l r lt' "' '"' lor•, .. ... r ... 
p r t•p:tr' \•d o n th·· p r,•nou~ d.,~:-.. ~1n• ,;nn fl r·m · d !'I~ th• f t tt' • t·.,..:t ... t ' f til · 

fotlo .A ln~ d .,ys .utd th~t thl £o r•·c ... st:- o f tht• ·' ,,\! r· .. t.•C• .• nd ·•11' I• mp• ' l",olnt • 

a 1'€." COmplt•h •ly COI'r t 'C I . ) 

Forth <' b""~1nmng o f a ~table 1Ct CC\\'t' r u n :!5 ~u\t' ltlb• r· ,,Jth . ~ " a t•· r· 
s t;tgt: o f G O~:m. a \ 'd lu•• (%1-)1111n -- 59~ 1.s r • tr.artd tlu., . '' r .... , tin ... \f,,, 
only - 5:? ~ wt·t·~ r cc, ,rd,•d . 

J'rom tht" fo r ··c:,st fu r :?:! - :!6 '\('1\'••mb• r· ·• l" \ • nne; f"'1 ;h• , ,,t• I ' :o-t . t~" '''l 

26 :'\o,<'ml>c t• to -'O cm i.!" ,•spt•c t .•d, .. r·om 1 H!tll •" !5 •,t• ' f1r1d lh.tt fr• r tlus 
S t.JQt' (~8- ),., 111 -- 53~ tS l'i'quir•"d. :\ ...: f•'!tt't\ 1'< fr.•:L T.ahl• :!1 . th a.:: ,.&lu· a-. 
n·dch•·d on :!6 X o\·,•mbcr . 

(.(•t us dt;•lt l'nllllt;' tht.• ddt(' of 1h " 1111~· to: th•• ,., ,,,(. ,.! .. ,r t• ·11p • : ·.,tta l '" · 

Fntm F tg u n • 26 \ \ t ' f1 nd lh.tt (Ot' d :-. 1.1~ ,. ' ' ' 41l(·m ,, \,•lut• ftv •-H l "' 

0 CI':H>at·y ; but On 2b ~0\'t ' ltlbt• t• rrahl•• ~ 1 1 a t••tnp• I ~• t . 1 • I f • !J I~ 
l"XJlC<' t• ·d , 1. , . , , ht(!h••r than th•• CTl tu;.,t , •• !u •·. l ~t• r 2 i ~•'\ • rnh• r .• ' •"' · 1 
d r o p to 12 em , ... ',,,...._. , •• d. fil l \l.tllt'h e,.-- "j • Hu t , •• , :·: " " ' . I! h· r I 11 ·' 

>I 
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- J~ , ... t' XP'' Ch.'d Ou 28 ~ov• ·rnb• r" tow••nnte n r the w.-t•· r s t age to - 9 em as 
··xp•"Ch._•d . Fo r· thrs It•\••• I 8cr - - 6"". On 28 ~OV{"mb · r - 8•, l. e. , a 
t••nap•· r.t ' Ur·• tt" A••· r t ltd n lh•• rn tu•,t l, ~~ "'XP•·cv•d . 

111us. ·•·· fand th .. t th e bt·g tnmnfi( o f ._t l't tabh: tc~~ cover o n lht: s t r e tc h (th<" 
fo r rn .. u o n of the hrs t s tabie ace bndgciJ ) should be expect ed on 28 Sovem ber . 

S 3 Some Vdn .. nt~ o f the rt"la ta onstups for the 
c .. :cut~uon o f the bt-ginmng of stablt.· ac <" c ov f' r on 
~~ gt\'<'n r iver stre tc h 

a) F o r r lve r s with s n1al1 , ,,rfahon tn the •Mate r st.,gf:' and, accor di ngly, 
:. :h_·~hgtblt> variatton tn th e- m ean n o w ' •eloc1ty du r ing the fo rt"·A·aming 
pt•r iod o f thf' fo r ecast o f t h t.• bP~1 nntn~ o f s ta.ble ice CO\'{'r it IS possibl (• to 
usC' mst·•ad o f the de pendenc, •:-; o f tii- )011n and It;, on Hp~ the r e l.uio ns h tps 

(l:l_)m,. - /(Hu) (3 . 11) 

;..nd 
1., -/(Hu). (4 . 11 ) 

<A II"rt' Hn IS ttw NdF' r st .•~" '"11 the day o f the app4l rancP o f rto atinjjt ice. 
Wl•"rl pr~"pa.ri ng a fo rt:r.as t o f th(' b'-• ~tannintr o f s table tct• by m eans o f 

th• .,. dt•pemJuw:es, tht~n· ~ ~ no n roed to o b ta1n a fo r cc.:lSt of the w:ate r s t a g l·. 
nw t •~chmqut• o f plotta n~t t tw ~traph o f the dt"" pf'ndf'OCt" (3. 11 ) tn no '4' 3 .)' 

dl tf·· r s fr o m th•• .ibfl \ ('· d ,·sc l'lb<"C.t H•chm4ut .. o f plott ing tht.> gr .. tph o f tht• 
d ... pe ndenc t (1. 11). Tne dttfenmC\.' con s tsts o n ly in that 10 tht• cas(' 
cunside r r>d ht"re "''-' take .aS th.._• ar~Hh.'nt thl' water s tage on thl' day o f the 
app···•ra nct> o f ftoaung ice, •A•hrreas when p lolting the graph o f th l"' 
d t•p••ndc nce (1 . 11) the w.&te r s tagt> precedtng s tlble te l' IS take n a s the 
arl!ume nt . 

Th .._· tPchn iqu t> o f plotting th~" li( raph o f th<' d.-pe ndencC' (4 . 11 ) d1rfe rs from 
th1• ~OOVt"·rlt:SC rtb t.>d fo r (2.11 ) o n ly hy the f~•C' t th.:ll the t••mpe r ... tun: Of t:•a c- tl 
day, b• gtnmn~ from the d ... y at whic h f~8-)m'" I S r e..tch t•d, ts no t c orrt:.' lated 
h•·r " •~o·i th the ..vJ.tr•r s tag•• o f that d;.y but .... ·ith th,_,. stage o n tht• d.ty o f the 
appo•ar·anct: of flo;. hng ICt!. 

b) F o r s m all rh·e r s 1t as e xpedie n t to take for thr c ritir<tl tetnp E" rature 
nn t 1ts m.--.a n diu r nal \'alut_•S, but th<' diurnal mmimums . Such a c r i t ica l 
tflfl1pf·r3 'U r ~" IS used, fo r c x;.mple , to fo rec ast the bc g1nmng o f s table ice o n 
t ht.• ~ .. t:na dnd Osknla rive rs. 

C' l F o r· s mall rave r s with a slo•~o· flow ve locity, t he \'aluc o f It­
n•·ce!is;;ry fo rth£" b r g in ning of s table tc •·. cons idt""rcd from the appca,· ... nc"-' 
o f floatmg 1Cl', 1S s mall. Therefore, if tht" forecast o f the beginning o f 
s tabln ICP is p repare d afte r the appearance o f n o ... tlng tee, its fon·warmng 
p t· r iod m ay tu r n o ut to be too s mall . In o rd(•r to increase th<' fo 1·ewarmng 
P"no d fn r th•-. fo r ecas t o f the bf"(C inntnat o f sta b le ic e, up to a limit 
p oor m rssr hlf" by the fo r c w •.• rmn~ pe r iod o f a rt>liable a i r t CDlpe rature 
fo r rocast. at is possiblP to use the pr~dicted date of ice a ppearance (see 
Ch>pt~r 1). 

If. in ad dttinn to thes ._-. cond1hons, tht• long·tc r·m \'..ar itlttuns 10 the w..ttc r 
o; ta,;:•· d u n ng tht:· irt! fo r maho n pe rtod dr\.' s mall and th•· \'al·iahons in the 
d r p ths 3nd m•·an now \'(> locittc s a r e nt•aligtblc . it is possible no t to 

'.f. l 
;., ~ ! 

, ·~ ·Jr '•. ,., f, •. I ~; ~., ~ j 
I ~~~] l' 

antroduc e the wat" r sta ge in the calc ulat ion and to d t:te r mlne the "·alut> o f 
(D-b,.. ncccsiJa ry fo r thfl' bcg.nnana n f !'t .. biP ic ... as a function o f t t.c­
inlhal wat~r temper atur <" tit 

(l:l_)mlo -/(a.». (5 II ) 

bypassing the c _. lcul..,tion of the dat e of IC <" app•·ar;,nc€•. In thas c asr">, .. s an 
th e calculatio n o f ice a ppea r ance. the w•t tt r t.,.mp.-.rature on tht• ,..,.t' o f a 
d"'y ot-fore the a i r t e m pe r ature takes on n~cat1ve values ts takf'n as th t> 
initial "·a.te r t~mperature. 

Tite c r t tical te mperatu r e l cr is a!ll.sum £'d 1n such cases co bP con:o t .. nt. 
The h ighest atr te mpe r atur e . a t which the bc garuu nc o f s ta b lt!' ic~ •·as 
observed on the 11ven river strt>tch, as take n as l cr· 

§ 4. C.lcu lation of th" b<"l(lnninl Of Stab!" ice COVt'r on a 
river s t retch from 1ene r al relation~hips 

l n th(" absence o f s peci"l r t'lationships, obtdinf'd fo r a gwrn rive r 
!ltrf"tch f r om lone-ti m e Obflt: n·ations on thi~ stre t c h under cond1hon~ of thP 
rl\' l"' r r e gl m '• ex1sting at th,. prese n t timf" , the bel1nninfil o f stab l e ice on a 
s trt> tc h o f a lo w land r iv t' r (the fo rm3ho n o f the fi rst stable ic ~ bridgesj can 
bE' c~ !culate-d by means o f the follo winl fo rmulas· 

l: ·--- 10.3.
1
•• ..... • .. --,.~ .. (6 II ) 

(7.11) 

v•here J:8_ iS the s um Of the m ean·d iurrutl n t>gdtl\' t" air te mpe-raturt"S 
(beg1nm ng fro m thf' day o f the app .. ·a rance o f fl o ..aunc•ce-) whlch is n t!cessary 
fo r the be1inmng o f stable ice (fo r the JUnctto n Of lCe blocks), l c· 18 the 
c ritical (m ean·diu r nal)air temperatu re nt>cessa ry for thP b<·g inning '>f s t a blE> 
ice afte r t he accumulatao n o f I I - det~rmtned by (6. 11); f1 ~ ~ thf' rr.\."an no .... · 
\'elocity at the ri\'t> r cro ss s ection wtth thl' 1o•A·cs t flo•• \'Plocity, in m/sN:. 
b ts the rh·er wi dth at this c ross secuon, 1n m . 

If s e \·era l l!:Sg ing silt's e xist o n the stn:.tc h , the valu..- o f o tas .,.•f" ll as o f 
6) can be deter n1ined a t t he gage with the lo...,•e !U ,·a lu~>8 o f o . The 
dete rmination is made f r om e raphs o r o-f(H) a nd b-fiHI fo r thP IC C-free 
period. 

In the a bsPnCP o f the nec ('ssa ry C:3i;I O't data, and also in c a s C's wtw n, 
from available topographic, m o rphomi' t r ic or othf' r do:.ta , it is obvwu~ th..tt 
in o thl'r c r oss sections o n th(' s tr·c tch thi" flC\ 4' ,·doc l tu~s c a n be cnns td t· r hblv 
lowt:" r th.ln at the gaJiling s1tes. the \'a lue s o f o mus t bt"" dt-- t t> rnH n,...d ft-om • 
the water disch.arg .._• Q and the c r o ss·St"c tio n area F of the rl \ ' t•r at th•~ 
place of lo""'("St flo-.· veloc ity 

~~ Il l 

Thf' time or the bt"Cinnwg o f s table 1Cr' <'11 a rl\'f'r r •.• lrul.al('d I!OI t (" ,-t ll; t t hy 
m C'an:-; o f (6 II) a nd (7. 11 ) a~ ~t·ncr.illy th t" fMmf"' a s t_hr C'a 1cu1.,hon frf" m 
r rlationslups for mdt\' Hiua l t ' l \ ' ' r "'trC'ft'IH· "- f§ :!l. 

To det~rmim.· th P \'alul'S or %:8- and l et the nomo.:r3 ph s (F igur.-·s 2i ;and 
28). based o n (6 .11) and (7 .11 ), can be uso•d. 
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C ,, It'll 1.1 t t• • n ,. x .., rn p 1.. . l .t•t u~ t' .Jku lah• the b'' f.: lllmnt; u f lhP !·Ha bit· 
irt • ,.H._. ,. ,. ' " ' ft1•· t\ .&m a lh,·rr on th ~" s trl'lc h hf' l"-••·cn RPr ,:;ut a nd H:y h naya 
'-;l• •h• td .l lfr<~:n d :•• ·· fo r J ll43) b t"' fo r r lh•· c r t•a tio n or th.: Kuibysh l'V !'lOrage 
, ...... ,-.·••1 r . 

F r••m rn•':l " llr• rn ~"' nt d.•ta wr- rind that n f Uw f;t:tgin~ S ltt•N at wtuch lhe 
,...,If • r tho.,(' h;:a rc•· ... -.,. f' r •· nwd !-m r f·d on th1 ~ s trt'lc h Ute lo w•·st rto w vrlo c lti<'S 

M4 

for tht• Jit1Vt' n 'A ._ii Pt' 'i t.Jq•'~ w,.rc r , • ._~onJ· d a t tt'-· · ua~· .11 th, to \ n ,,f 
L'lu:.;tnpol ' ·n,,. flt• A' ,,,...aocuy and tl • II\ ·· r ' 1drh ~> 111 lot f'"r• for ,. h• d t l•' r· 
muwd t n 1h e c-akulaho n f r o m ~r;•f'h"' o f o-I(H) o.~nd b- I(H) h •• s • d o n 
m .& :-o ur·•·nH·nt cf. i t •• fo r lh ~"' t flwn n f ("lustnpol' t F a:u r··· 2'1) 
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\\"t• f' "'tah h:"h th.lt O,Mtlllg IC' t' .tpp• .,r, d '''I t h· .. t r o·h h ~n J1 llf~li•h• • r· 

In thts ,., .nnpl•·. l'•'nc::ul· ,., tl 11,• 1•' " ' nnl· 1 t•• c'·" 1 f~· t' , . c·.d n rl., tu•u 
ht' hl1 !~U•', '.\ • lll.o\.. o• U:o-• O l .tCIL..~ I cl.o ' . t ~'llll• \-t1o I "' ' ·•C - ,t• td ,tJ ! lt'!llp• r .l · 

IIH •' .11 th•• l ht:-o lt'l' ' 1' .., l ~a tu•n t l.ohl• 2:! 1, I n t ho ,.,, ... , \ h • n II"' ' ' I~ :t t:u'• • !I 

lii!IU \o~lh~• f •tl, .. .arn •rA:.~•-fiM'~.ar··o~!lt\ot .-n..l ~''·· All ' • i • t'tol·· 11..t.a·.a 

of rh~· Clu.ro'J'III' on urn f•" r"'C' ~111-.J to..· .. a ~o.t· lM' J't"' ' •nJ •'>, ~ n "'0: . ~ ''""h 
u·<•on !h ,, _. . ··o r.hl'.. • •- 11' , !-•u\ " •1 • .. -.:.Au.l• l 

·-
t \ """' 8 4S - 6 I -~.9 

29 l(oll -J 0 - 9 72 - • 5 -4.'; 4 
JO 156 -·· - 10 - 5 --42 - •9 .6 
31 146 - 6 7 - 6 7 II - 51 - 40 -5} 6 
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5 88 - 3 7 - :':> 4 17 -95 - 91 -
6 78 ~~ -~6. 2 18 - 1>4 - 12 9 -
7 67 -3 6 -29 s 19 -(0 - 11.6 -
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pr• ·dic t<·d wat(·r ~ tagrs and -.i r t~mperatures, th~ calculation technique 
rf"m~uns the s<~m•·. 

Thr! -.·at~ r staac on 31 Oetober, on the day of tht> appearance of noahnl 
or•'. was 146 c m (Tabl<' 22 L From Fl111rc 29 wr obtain P•0,76 m/s<'c, 
t • 565 m , From (6, 11) o r from th•• nomocraph in Figurr 27 we find that fo r 
th•''' ' v:aluo•R O(. ttntJ. a Vta)Ut ' !1-•-ftft,. i8 nt•rr,.Ma ry ru r thf' tw l(inmnft 
of • tablt! IC(', Out on 31 October. as rollo wc-d r rom thtJ data or Table 22. 
we have only -6. 7•. 

Stncc until 3 November the r e is no conside rable low~rinc of the water 
stal(t", and on 3 NO\•cmbf'r only -l&.s• waR r~cordcd, the next calculation 
i8 maOu fo r 4 November, 

On~ Nov•·mber H • 97 e m, ••0.70m/sec, t•S60m. For th4' bcl(lnnlnl 
or Stable iCP a value or ZL• -79' IS neCC'S&ary according tO (6 .JI) Or tO 
F igure 27 , But on 4 Novembe r (Table 22) only - 22' was r eached . 

Tlv· ne xt c a lculatton is m ade fo r 9 No\•e mber. II• 22cm, •• 0.61 m/sf'c, 
t•55tlm. ,\ value or Z:I.•-6S' Is necessary. On 9 Nove mber, os followo 
from Table 22. only -4S' Is reached . 

On I 0 No ••cmbcr a rurthe r drop or the water stage occurre d. Let us 
repe at the calculatio n for this day. On 10 November H•-Sem, ••O.S8 m/ 
/•ee, t•SSOm. l11c nec essary value or %LIs ..,2' . whereas thf' actual 
one os only -SO'. 

On II November H•-S4 c m , D•O.SOm/•~c. t•540m. 11oc• necessary 
value is JL.•-S2'. As rollows f rom Table 22. on this day !1.--s~·. 

Tims. the value o f IL. n~cessary for the bf'Jinnins o f a s table icll!' pe riod 
IS r e ached on 11 November. 

Let us dctHmlne the c ritical air temperature necessary for the be1lnnlnr 
o f a s ta bl e Ice cover according to (7.11) or to Ficurc 28 . 

\Vc b(•1in the determanatio n from 1 1 Nove l'8bcr- the day at which th~ 
nec,.!-'s ary value II- is r eached fo r the be1tnnang of s table ice. 

On II November, D•O.SOm/scc , t•540m. We find l.:r•-7.6'. But on 
11 Novem bE-r the air tcmpt! rature is equal to -4'. Const-quently, s table 
icc cannot begin on t 1 r-;ovember. 

On 12 :-;ovc mber H•-82cm , D•0.46m/ scc. t•S30m. 
Ac cording to (7.11) o r Figure 28, lcr •-6.8'. 11oe air te mperature on 

12 Novembe r Is equal to -4' . Ice blocking could not occur. 
S1milar calculations a re ma'de for 13 and 14 Novembe r . The calculations 

sho"· that the a i r tempe ra tures on thes~ days a r e higher than th«' values of 
lcr necessary for the beginning of stabt~ ice , and the refor~ a atable ict­
cov,. r could no t s ta rt on these days , 

From 15 f';ovt!mbcr the wate r Rtag~ begins to rise. From observations 
at upstre;,am C(aaing sit,.& we find that the rlat> is not a r~sult of a flood . We 
thc r Pfo re m~•kc the calculation for the minimum watf'r stage of -125 em 
ob~ron·(•d on 14 November. For thi s stage 0•0. 40mlrtec , 6•510m. We 
f 1nd lct •-5.9~ . But on 15November, l--l•. Con•equently, there ehould 
not b (' stable ice. 

On 16 ~o,·embP.r the water s tage continued to ris e-. Consequ<"ntly, the 
n,.c•·~so.~ ry value o ft(', r e mains equal to -s.9•. But the air t~mperature on 
16 ~Jow·mbt• r is rqu>~1 to only -4•, t. e . • there should not be stable ice. 

On t 7 ~ovember, the riae of water etace continued. The ne eeaaary valve 
of 1,, re mained equal to -S.!I'. The air temperature on this day ••• rqual 
to - 9' , i.e .• lower than the c r itical. We obtain the beginning or stable Ice, 
i.e . . the formation o r the first s ta ble Ice brldgc e, on 17 November. 

S 5. F o rt>c aJIIhnc the beg1nmnc o f a stable icc cove r at a 
r iven poi nt and the ~sultinc ris•-- of the ·· a ter Jll lac·· 

Stable ice at any gl\•f'n Ral(1nc site beg1ns o _.dng to thr upstrt•a rn adv~•llC"f" 
of the ict!· covcr· edll(c . At som•· JM>inta a contanuou 11 act.· cov.-·r b•' (I:Hlll dS o. 
r ("SUlt Of tl1e JUnCtiUil Of ICl" hri dCPS . 

11 as pt•rf•·c:tly uhvu.t•tK that vdlt'n Uu..- hr~t lfil.thl•· u··· lu·p)~ .. "'Y~It m .. ll• .dlv 
forms at a ClVCfl pOtnt, o r dt rt.' C t l y l:k•lu w It, tilt• bt•l(lflflllll t •f st .. bh· IC t" ,tt 
a givf'n pot nt can be' calculot tcd by tlu- a bo, ·•· d· ·~c n b• · tJ m••ttmct._ n f 
c;,lculdtion and forec:.stan1 or the bc1inmn't of sto~.h1 • • tee cO\' t · r o n •' rt\' • r 
Ktrc tc h . 

i\ fh.•r· Ux~ fo rrn.,.tlOfl o f i& s tablt• ic•• ltru.Jf,t• (c f St•CtiOn r\ l , tl •• h t ' 

ad\'ances upstream mawly an the form o f I Ct.' block~ ••x tsu ng by th•• unw nf 
fo rm .. tio n o f the brtdgc o n H1c s t retch bc t.t. l' t•n flu s bridg t• ~nd thf'> nf>\:1 upp•· r 
one. 

F ur·th.-•r ac.h ·..,ncc o f t iln I Ct: · l~ov• •r edg•"' 11i' dut· 10 1r ~> f()J'm;• '"" <m 11, 
Stretch b dW\.'1'1\ the brtdgcS. n1(' ro..te nf ad\ ,_.ne t• l i'o d• t •t ' !llU\• d tl\' lho• 
du;tanrc h -om tht· u ppe r b rtdg e . the ultf"nSI ty o f ht•.t t 1 r a n:.ft r· and ih • :-.tr- ·o~m 
flow v eloc1 ty On the upp~r r eac hes or ravc r s 1SSu111g f ro m tak ... s. ,.,n 
r1ver s tr('tCh('s do".-nst r ,.am f r om hy dro .. tectnc plitnts, .. ad 1. 1Ch C"'fm1iad•· 1·"blt.· 
watc r ·t('mpt'* rature r r ad1 r-nt s .. tong tht.• rl\'(•r, dut• t H d~rnttt ac ("Ontll h o n " 

(fo r r xa m plc, 011 t he Amu-Da rya Rl \'(' t' ), l h t-. ro.~ l t• o r .-U\·auc· · o f l h · I('•' td~·· 
do•p{•nds on: (d) th~ diStdncc rrom the l.,.k,.. o r· :Horag, rn!'- r' rvoar or frv m 
som t> constant c r·oss fH•ct ion on the rl\·~r. (b) the w:t tt r tr·m p• ratu r~" u1 tht• 
take o r stor"fCt' rc~C't"\'Oir. o r 1n th t• 1nda r.at ~"d u pp• r runs t .. ut (" ros~ St't. l u •n . 
(c) the mten!'tty of hcat tr·anskr: (d) lhl.' st r t'am t lu'4' , .. w aty 

In connt"ch o n .,..ith in\'f'St igations o f 1c~ ... J3m ph•·nom··n., f n .•m dJt~• o f 
obsf'r\'atlons on some rh·er~ (='•~,· ... Amu -Oary ••. and n tlwr·'l _. t•·chm"'Ul' 
fo r c alculattng and forccastaniZ tht" mo"..-·m·~nt o f Uu .. tc• ·t·o, t r ~>dg• lla!i"' h•· •~n 
w orkt•d OUt, SIOCC tht>SC prOC('SSt':i a r c (:}OS•l ly m t••rrt l.H t•d . 

In som e i nves ti ga tions thf' rate of ad,·..&ncl' o f lh l.' ICt -ro,·••r •·ctu•· on ·' 
g1vt:·n rt\'Cr Slretc h wa s r e lated to th t"' <atr It mpc r a tu r c. Such m ,·.-..stu:t:•ll t•n-; 
w••rt• carr it•d out, 111 parttcu la r. fo r th e :\ mu . Dan·a Hlv••r . 

I n Olh~r ca s r s, tn particula r, fo r t hl' ~ ('\'a H : ,·~ · r, n bst_•r·\dl llm tl.,. r~, 
wer·<.• usrd to in\'('St igate thtt tnflucnce of :., l.Argc numb,•r of ,. ~, l'i~· b l t.·~ ·••r 
tempe rature and itS fluctuatio ns, flO'A' \t.• IOC' I t~· . HlflO<a o f tC'(> fr o m tlu• !;1\o..t•. 

Howe\·e r , €' mpirical in\·eshgauons h3 \' (' n cH n•ndt~d the st~•C{O ~~ v.•hach 
i t 18 possable to r ecommend dt..'ftn ttc m e thods o f s••lt lnc ·up r ••ldt1onsh1p8 
for for('c~•sti nt:t the ad\'a nce o f thL' ice. cn\'(' r edge and the fo 1 rn ... tto n n r a n 
ice CO\'C r at a l:I\' Cn poa nt . 

For calculations o f the upst r f-..tm a d,·anct• o f rhe JC('- ('Ove r t•dg· · Ht•• 
following formula has been propos~d 

19 .11 ) 

-..·he re lf'd is the dist3nct• o f 1he l f"t" ·CO\'t" r •·d,:t" from thP m·, u .. l r n ·o· r ,. n , .. s 
section (rrom a lf011m, an upper lC'-' bride•· ,.,r from ~c.- rnt· C'OnsH•nt r r·us"' 
s ection o n the- rt\' (•r\, a t th r iltl\' 1'11 rnc>m'-"n l , I n ts tht• •h s t.:tm"" t' o r ti t•" u·•· · 
CO\•t!r t..'d~t..· fro m th•· i mtzal c r-. •sf' s··~t u•n :.t Sttrn•· m <'n \•' ltl Utk t•n a!li tl•·· 
i mtial m om ent; It lA tht• d 1stanc c- f rom th(• tmual <'ro~s f't.•c h o n lo tht.' rrns"' 
s ect ion at 'A'htch ice fo rmat ion bf•c ins. I is thl.' b.tst_• o f th t> no.. tural 

'. 
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to~._,rathm, ~c: as thl· rf'sul t~•n t fJI the h.:at currPnt~ o n t i1C' ra\·t~ r surfac(• 
\\he n 1t 1s p.H·t a .. .lly cov,· r ('d by ict•: q i~ the s pcc•fic r hannel h.-·at mno·_, 
("t'" P~· r t A, C'h;.p h_•r· J. s 2 J, I IS tht"' urut tame ; II IS the nurnbt:· r or tilll(' 
umt,t:;; L 1r 18 tht• fce- fo rmataon hea t : P.c IS the ic e density; lt1f! is tiP 
thiC'kn.-•s!" of thP ic<' covl'r (toq•· th••r With s lus h i c~ ). rf'duct.~d tn a d e ns ity o f 
f"U l 2 . wluch is n r•c••ssa r y forth(' ups t rt•am ad\'tlllCC o f the ('dge. 

I t 'ihould be bo rn(' "'nnnd liM I the edgf' advances w!'wn the sum s.~+ q 
as tw~.ltivf' . In this c a !-l(' tht• exp on('nf HI fo r mula 19. 11) is negative . 

·n ,.- ,·a lu~ o f '- ran be calc-u laterl f rom (1 2a . l ) o r (14a. l). 
111(' 'aluc o f h,r, at ~·hich the r·dgc> ad\fet nccs. fh.•pt'nds on thl" 14mg:t h of 

th t· ic£"-formatao n st r t.· tc h , the flow \C\Qctty on this str<.•t ch a nd a t the cdRr 
an<.J o n th£' ht•at.t ~ ansfer tnt ... ns ity H. c., o n m ct f'nr ologtcal cond ttions\. 
J"h('!'h' \' ,lf' i,tbl(•s also a ff•'\Cf th·· amount C'f tc•• formw~. th£' s tat l.' or thf' i CP 

ffl rmat tOUS (fr,•zil iCf", If'(' block~. lh <'ir' dtmt•ns ion ot\ thf> Str·cngth o f tht-.. i C'f' 

htoc k:;; and t hr por·tinn o f ic:f' d rt ft lllg bcnt'ath thf• £'dgc. 
Thus, 1n o r dt• r to calcul~lh' th,... a d \·.mcc nf 1ttf' <'rla.;f' by m t•ans of t9. 11 ), t t 

ll" rt(>ct•ssa r·y tn know th.-• dC'pPn d•·nce u f Ia". o n th P a i'K>\'f?'·indi c-atf'd facto r s . 
1 h a ~ d"p• ·ndC"rlt~ t.• , unfor·tun:.•te ly, has not y<•t b t:\('n i n\' i":O:lJgate d . ConS('QUf'n11y, 
111 d r:: tgn p r·ac1ic(• i1 Is u st•d to detf'rmine the va lue or Ia,~ a s d c p rond<'nt on 
the flow \'•--.)Ocity (HI lhf' abSi"llC(' o f iCt') by 

• *rr :=z Qe, 110. 11 ) 

'.\ h t" t' t· htt is g1vt>n in m, a nd t' 111 m/ scc. On tht• strPngth o f obsP n ·ati o n 
data for· somt' riv..-. r s thr coeffu·icnt G is t a k e n In this case ••qual to 0.3 -
n.s 

Ho ·A't' \' t ·r . Lh .. .1('tf•rrninah o n or lt,r aR d rpC'nde nt only o n thP flow ve locity, 
1H pa r•tirula r· hy (10.11). d Of'S no t Jli'Ov ide a calculatio n o r the i ce-<'dgc 
a d \"ancf• ~~o•i th tho• accur~cy n e-c ess:.1 ry fo r; the pr(•p<.~r·ation o r a fo r ecast. 

Th risr o f thP wate r !'> ta g ,.. UJ>On thf• b <>ginninl! o f a sta b le ict" cov('r :1s a 
r··~ult o r th•· ad,·anct..• of th•· tCf'· CO\'<' r t.•dgc is m ainly d c termm f" d by th~ 
~am•· r:tc tot·~ a s the nHc or upw:.r·d ad\·anc£> of th '-' f'dl:t" f rom an lc f' hridgt•, 
Th~' 'A.:t t••r st ~ l! ' ' r·is · ·s lugh•· r . t hl.' 1a r·gcr Hlf' a m o unt of ice d 1·ift ing twlo w 
Uw •·d'!•; wh(•n tt advanc•·:' a d C'h lll t (' di stom c c a nd th(• IOO!-'f'r i t ptli·s up 
b·· luw tlw tct.· cov.-· r . Th•" part o f th~' ice going und(' r the l'd (!<' ts 1a rgrr. 
lh·· ~m;d1t) r· th£· f1 tmt•ns ions o f the submt>rgcd fl o atin,:: tCf' b l<.,c ks, the largr••· 
th•· p n rtlon n f fr·.17.il iC'(' ~u1d the h igh" r tht.· flow \·c locity . The nature o f t h r 
ir',.. form .. tinns a nd th t• d im e nsions o r th e ice b lock s d t•pcnd on th ro heat 
tr .• n~ ft- r lnt<•n!->ity, on the 1.-.ngth o r the ic, .. _fnrmat ion s tre tch and o n thr 
flo .\' \'•· locity . 

·n ms, t h e· hf·tght o r th C' watl.' r· · sta~JC rise, with th<' o nset o f stablro ict~ ' " 
3 g tvf•ll Jl l ,iCP, tet"n••t·ally d t"po•ndS On the inte nsity Of heat tr·;ansr t--. r , tht" flow 
v· ·luctty ~lltl tht• lt' n~:t:th n f tht• ice · fo rmatio n s tr·c tc h . 

Th· · l:· · i ~hl n f thr· Wl..ltt>r· stal!:(' •·is<· 1 • .u·gc1y d " pc nds on ttH• combin.thnn 
n f th" two t•h:J r,tc t• .. rif' tlcl"· thf' fluc tuation in the now v e loc i ty and in th,.. 
h··.ot.tr •• ns f, ·r· info'ns rty bot h :d ont: tl l(.' riv e r a nd wtth t imf•, Jn a dditi o n 10 
ttl'' f;tct that tll" a rnOlJnt o f icP, drihi nq undPr thr e dge, and its sh·ucturc 
l .• r·v.··'y df'p('nd on the combtnd tton of th<'sc c haractt"rlstics. C(' rtain 
cnmbi n.t t ton s or thC'S(' chnr<.~ch• rastics m<.~y c r c at,.. condatio ns fo r tlu• advancL• 
:•nd r·.-.t r••at o f th\• lc<!·COV4.: r t'd'te . DurinR ath'ancl's the amo unt o r icc in 
Itt•• d\'f•r t.wd corls tde t·ab1y increase~ and accordin~1y th e watP r stage 
;utdit lnr~o.~Jiy ris.-.s. In the tailwatPr of a hydrO!'ll'c tric plant the a mount 

o f ICC carri(d unde r th(• f'dL:C m .. y b e tnflu •·nc • d Uy til· · \' , .• no..~llhn 1n 11••' 
watl.' r d ischarge s tncommg from th·• h c adA•..a te r Sf•c h nn. 

The r a t l.' or ad\·ance or thC" ICt.' • COV\.r f'dge cand th f" llf•igh t o f thC' 'A J t r 
s t:.ge ri s~.._· o n rive r s issu•ng from J.;k c s -nay b"' • nflut•nc ~.._·d by tht• mflnw o r 
1ce from th<• l;;kf•, ir fl oating tCf' on the Ja_k,. at th'? r i\'(' r i~~uf' ~•nd '""' 1ct· 
fo r·mation on thP ri\'c r ltrP observe d in per1ods cnrrespo ndtng t o th · · flm t"' 
o f rh•t.•r flow f r om th f' lake. In ttus C o..~ St', t hf' tin~ o f the for·ma twn u r t h t• 
te e co \•e r in the lak ,.. r c g1on adJaC(' rl t to th e rl\·t>t' outf1f'lA' ts 1mporu, nt 
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up r t.'l.ation s hlpli b<'tween the water- s tacc ria~ or th• hei1ht of tht! ice-J<A M 
" tal'-' ami somt• of the Indicated fttc tors from datw. of long-timl!obsf" rvationa 
uu tlw l(tv•·n nvcr s tre tch . Jn tlus c a se. ai r t empe rature is usually 
Introduced i n the r<"lationahlp ins tead or the heat transfer Intensity, and the 
n o w v•·locaty is lnda r ectly characte r ia ed by the watt'r sta1e o r discharge. 

For 11vers (or thei r upper stretches) whose runoff ia r • plated by la r1~ 
lakes 1t is poll'sible to obtain satisfactory r <'latioMhips between the max1mum 
tce· Jam water· a taae H 1c ,-m and the mf"an water atace tn the lake (or in the 
rl\'<' r at ats outOow from the lake ) In one or the precedlfll mo nths (O<:tober, 
Ha. November, Hu). Such r e lationahapa e nsure a lone forewarninl period 
fo r lone - ra111e hydrololical forecaata and accuracy required for lo"'- rang<' 
fo • <·cast s . The poosibality of obtal ninl s uc h r elalionahlpa Ia based on the 
small •·ate o r variation in the leve l o r lar1e lake s In the liven period. Such 
r cl• taons lu ps hove be en obtained for the Neva (FaRUr" 30), u ~·• 11 aa fo r 
the 1\nga ra rt\'c r s fo r the pe riod prf!'C edins the construction o£ ,.,_e 
hydrvt'lt•ctric: plunts on lt. 

Fo r 8ho rt· r:~ nce fo r cc aa ts which. in accorda nct> •dth thf' sho rte r fon"'· 
wam1nc pe riod, should be more accurate the de~ndence of the m.-xlntum 

ice-Jam ata1e on the wate r atace or 
••• c J&nt discharge alon~ does not cive tho 

neccsalry acc uracy. He re. in addition ,. 
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to 1he water staa e o r diac:har1e. the a i r 
tempe r ature i a introduced into the 
relationshi p. Figure 31 give& th~ 
dt>pe ndcnce ot the water· Mtalc r ise- duri nc 
the freez i111 o f the Amu-Darya R•ver at 
the Chatla 1a1intt site, H1c. J•m· on tile 
m ean air tempe r a ture i n the free zinl 
pe..tod 1 11, ond on the water dl•chorcf! Q. 

Similar dependences with the same 
o r o ther characteristics of the air 
tempe rature of t he f ree zu11 pe riod have 
also been obtatne d for othe r r ive r a:. 

From obaen'ation data for the 
Anga ra River under natural conditions 
(bero r t> the construction of the hydro-

It, elec t r ic plont) we also construc t 
relationships between the water-stage 
rise during freez inc and the air 
temperature amplitude during the pe r iod 
of f razil-ice movement. relatio nships 

FIGUP.f. 11. IcC'· jam waccr•ftal~ rite d'"iat 
tht fteu i"S of fh~ Amu•Duyo~ Alvr r, 
~- J•m· ••· rht' o~h wmprro~tltrr l rr for 

t wo nl~• rof tbr wo~rrr dicharae 0 dur ... 
the ftre.uns pcuod. 

o f the water d iacha r1c with claasirica­
tio n of all the c:asea into three croups 
accordint to the nature of the air-1-e - s~o m' Mc:: 11-0 .,.. l~m1/tce. 

temperature nuctuationa in the p e riod 
o " thP frazil· ict· move ment and others . 

It s hnuld he r:-:>t f'd that the m ethods e xisting so far do not a lwaya yield 
r elationships for s ho rt-ranae forecastinc ot the water-sta1eo rtae upon the 
adv•··nt n f s tabl<.· l C f.' suffic a~ntly accu r a te to con1ply with the r equireme nt" 
of the crlflc lal Oi rections of the Se r vice o r Hydrolo11cal Forecast1n1. Tiai• 
is mainly du~ to th•! fact that in the existinc technique the air temperaturt­
i,; taken anto <Ac count only in an averagf·d or gt!ne ralized form. and lhe n ow 
velocity on the icc fo r mation s tretch only indi r ec tly and in avera1e va lues . 

The way to 1mp rove the te chnique o f s hort· rv.na e forecaatang o f_1ce-Jam 
wate r -stage r ises o bviously cons 1SHI 10 t OAk i Rg into account tn dc tatl a l1 th,. 
dynamac and te mpe ratur'" conditions a flee hnl ice formahon and the ace-covt> r 
advance both in time and ove r the ctvt>n r iver 11tre tc:h . 

The aolulion or the proble m ia, however, v ery difficult . 

C. FOHECASTJNG OF THE BEGiro;NI NG OF STABLE 
ICE COVER TAKING I NTO ACCOUNT TilE 
DEVELOPMENT OF ATMOSPHERIC PROCESSES 
(LONG-RANGE l 'ORECASTING) 

The ti nle of thf" b<'11nnin1 o f ace app~arance u nd tC£' - covPr fo rmation c an 
be J N c rmmcd fo r a long- ran1e foreca s t as d•"'p('ndcnt o n th(· charact (' r o f 
the a tmoaphf' r lc proce sses to which this phenom~non 1S r e latt'd. 

Jf the durataon of ic~ d r ift o r its variaho n f rom yea r to yt'ar ar\! s mu ll, 
the tim e of stabl,. ic~ co\·~r is de t t-rmlne d by the sam e atm osphe nc 
processes tU I the t i m e o f ice appe arance. If the du ratio n o f 1c t• drift '"' lone. 
o the r atmos phe ric p rocesses (in pa r ucu la r the pre\·ail11l~ proc•)SI'Ie s o f the 
followinl synaptical season) bel'" to a ffec t the dates of t lw ~><'Rannan1 o f 
s table tee co\·e r . 

Tia C duratiOn or I C C drift dependS On the acc-noatit'l C3p3Caty Of lht• r i\•p r 
(1n a 11vPn riv(' r stre tch - on the amount o r watt•r '" th~"' R'"~f·n P•' rtod an t hf" 
cn·t'n yea r ) and on the cooling rate i n the pe n od of ae ro drtft . 

Jt i s, t hP r t"for·e, expe du!nt to b~gin to work out a tf'c h mque of long· ro.ng t• 
forecasthtl of the bccanmng of s table ire CO\·~ r by analyz anc durahon o f 
and variation of ic e drift. Usefu l an thu1 connec tio n as to conllildf' r the 
relationsh ip bNwt>en the date~ o f the be&anmng of stahl~" icc co\" ' ' and the 
date s o f ic.- a ppea rance. 

Sance. until rec £•nt ly , th(• da tes on v.h1ch n:h ·lg.atton '4'::tS <;jlnpp•·d wa .. 
deter mined from the date of ice app(>ar~ulCf', a nd th .. nu mbPr of ra, . .,, 
str etches whl"' r e fo rf'Casts o f the beginnang of stab!e let' cov··r art!' IH"Ct•ssa ry 
for planning v.·orks on the ice c ove r a nd on 1ce c ro~;-H\ 11: 1s rcl .lll\'1 ly !'rna ll. 
the mNhods of 1on1·rance fo r ecas t ing of t ht" bermnm c of stahl<- ICP ha\'1' not 
been de\·eloped much. n1i~ is pa rt ly due to th fac t th.u when wo r kanl out 
methods o f fo r ecasting th t> be11nning of stable 1c~ CO\ ' •"' r o n n\·!•r!' ... i th a 
p rolonged autumn ice drift. •dd1hona l d1fh cuhics anst.' c o mpo.tr••d ..,·,th the 
fo reocastina of tee appt-ara ncf' . The amp1itudt' tn thf" , ·aria tiu n o f the datto~ 
o f stable ice Is always constdC' r a bly larger than that of th•· d•lt?f' of 1cc 
appea rance. and e xtremely f'a rly date!' of th1•8(' ph!'no m e na a r •"" usua lly 
c lose to r ac h omer . A fo r t>cast of the begm ning f\f f'tabl~'> i c r- should. 
tht>rc fo r e. have on the a"·eraa~ a lo niJt> r fort•• armn5t pe riod. In add1tton. 
the 1ncre a!lr in the ant plitude o f the phcno m t·non comp licates tht• ust• o f such 
laws as the unifor mity of the a tmosph e ric p roct-.S8r'~ pn•\'ai.Hnc dunn~~: a 
synoptict~. l s ea&on. saner the p robaba hty ancrf'as~"& fo r ('hang~' of thr 
s eason durina: the p i."rtOd from thf" i ssu1ng of tht• fon•C'a st and tht..• OCC'Uf"rt•nc t> 
of the phenomenon. Jn add ation. the loc al featur.-" Clf rach rivt"r " tre•trh 
affec t the hme of the bt!ginni "~ o f s tabh· icf' c ovv r much mnrr th<&n tiH' 

time of icl!' appearance. 
Conaequent\y, i t ia ad\·isable to find out and evaluate r P1atio nflh lps for tht> 

fo recaatinc of the bef1nntnl of a s table ice covf"r on la r ge a nd m t•dium·Ai t.t> 
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r1\·~r11 fo •· tht-l r lndh·idual atre tchf'S. To d~termine the boundartea of the 
Ntr'~'tches anrt thf' da tt"l!l o f the bf>g:anninl of s table ice see Part 8, S la. 

F o r rh· •· r~ with a Rhn r t du r ation o f tee drlft, it 18 pos8 ible to obtain 
d· ·pC'nd~~nc•·s o f the dateM o f the be~:tinning o f 8table ic~ on the sam~ 
r ha r :wt,...ristJcA o f the a tmospher ic processeA ~A'hich a r f' US('d to forecast Ice 
.• pp•·ar~"'<' ' '· ,,san e xample w f' 1h•e the m e thod of fo r !'cotst lnc the b('glnning 
n f !4tahlt· IC'~' '~''small rtvf'rS o f the l cft·ha nd tributarie!' o f the Upp•"'r \'o l1a. 
·nt•• ICf' c o \'•·r o n thCS<' rtvt' r " fo rms , o n th e ave r·ag (', in th~ fi r st half of 
:-\0\' \' nlh•· r ollld !40m etim··s. t"a rli<' r in the middle o f Octo~r. The r c forf', 
th(• lim<· of the b<'ginninl o f s ta ble ice, as wc11 as t he t i m e of ice appearance, 
c· .~n ~· rit"t••rminl'd '" thiS case as dcpt!ndent o n the di l"'f'C:tion o f the air 
C"urr•·nt pr···,·,cili nl during the autunm Sf:'ason (se c Chapter I. part C, S 2b). 

I· f'Jr mo ... t la n e·-· and m t_•d1um-si zc ri\'~rs U1<' dt---pc ndcnc:c s of u,c dates of 
th~· bt· ~uuung of ~•~bh-. Icc on the c haractf'r istics of th.- a tmospheric 
prnc-• · '<~ .-.~ •.t.hich clctcrminf' tht:' dates o f ice appe arance can b<' used only to 
f,J r•·c. , ~t th f' , ... arliPst da tP o f the bc qinni ng o f sta bl r icc fo rmation. 

For somr r 1vt' rA tt•~r•" exist also s pe-cial m c lhod.JI' fo r the long-range 
forr•(·,_,o;;:nn~ of th.-. b,.. lt'inntng o f s ta ble lC'P. As an exampl•"" wP p rrscnt the 
trr hnrqur- o f fo r,.casting tht• tw-~einninf o f lll tablc ice on the Lena Rivt~r . An 
<'~ rly br l(mmnc o f -tlable icc on tht> Lena Ri\'Pr is Obflf'n.·~d in ttu• s••cood 
ha l f o f <lt-tol>~ r. a !at<• b~gmninll in th" middTe of No vem ber. Firs t the 
to \'•'r r• nc h,.s oend th<• Markovo -Kiresnsk"strt•tc h freeze. then th~ s table ic e 
C"'W,-.r gr·adua lly extends over tht" whole rh,cr. 

("'n th•• l .··na H1Vcr with ats la nce now vPiOC.aty, a cont inuous icc rovrr 
ca n fonrl only with .-. lar•c a m o unt o f iCP (bridrl"s( and a low air trmpt'" r a tu r e . 
·n.,. maan r ondition for thf" fr• •eztng of th(' Len~ is th~ refor£" lh<' bc Jtinnin« 
o f c:;tron~t fl tablc frost~. 1l1c l~tter i s connected in thc~e rf"gaons with the 
fn rm.u ion of tht- l.r no J<olym s k r1dgP of thr Si be rian anticyclonf', It h..,s 
lF""" ""Stabli~h<'d th:tt if in !'••ptr mb<' r a hilch·pressure rrgion al r eady for·ms 
10 thr nortilf•r n r t" I( IOII!" o f F:ast !'ibe r ia and towa rd th~ ~nd o f tht .. m o nth a n 
app a··~<-iab1tl drop m th•· ai r t (•mp ... rature is o bAerved i n tht"IJ<' reg io ns, the n 
an 1 .t f'ly onP:O'\ o f st ~ibh.' frosts and of a s tablt' ice cover period can be 
''Xp t·r.:t • d, 

C.2uanutahn..' l)' tht.• d .-.v,.. k')pmf" nt o f these proct'S~Jt .. 8 is t·xprt'Rse d by •~·o 
indlr· ·~. Th·· first IJO; dc trrmincd from th{• m•·~n 11)00 ISObaric surfdCC­
cnnt•->u r m •• p "l; fo r S{'pf£•mb••r . On t he!'c mapA two ll'phcrica l} rectan1lcs a r e 
prc,mtn<'n l, of whicl• thf-' first (norther n) is boundt·d by GO" and 160' E . long. , 
Hll" and Gil"~ lat . . and the S{•cond (Mouthe rn)- by R()!l and 15~ E . long., 
GI'Y :.nd 4'l.., "'\. I at In ··~cit of th i-' r ec tangles the m{·a n val uP of the 
~~~(.JJ)'I t~"'ntla l is calcula"'d (in th{' no rthern Hn. an the southe rn H,), and the n 
H. IS suhtract··d f rom Hn nu~ difference is dCt51gnat('d by the indPX '· 
(.tl""YS ""l:ah\'"· Tablf" 23}. The \'alut~ o f '• is smaller. the Parlie r and 
run r•· rnt••n c;; h •f'ly thr· anticyc lonic formahons in the northe rn rcc tan1le, 
c· :• ustn~:C s tablt• <"OO i in~s and early stablfl' ice on the Lena River. 
l· tlt't r• · :l2 ~ho!.4·S thf' rrlationship bet •• een the da tes of thl" lM-'CiMing of stable 
1•·•· on l h t: L l·na do wnst r eam f rom Kir~nska up to Ti tim a nd the ind~x '•· 
Th·· d• ·p•"ndr·nc~· i lll fairly 'Nf"ll p ronounced . flo wevcr, with thf' larva t 
ll''(!:tti\•r• \•,tlu,..s t ) f 1 •• nb"('r\'f"d in 1953 and 1!1!1;9. s tablr icf" bepn, inllteadof 
,..,n th•" lat''!'t: t date s, t>vt·n somPv.•hat c arhcr than the mPan datr. Thia larl'e 
rl•' \' a:ttion ts a r esult n r the fact that i n Sf'ptcmbcr of Lhc •c years a powerful 
a n ttr\'cl'>n•• ti,..,.,. tn p,..d o n th<" south of thr rt"'llon whil~ the low pressure in the 
· tnrth,..ru •u •a s we.• duP to a hich-al1itudt' cyclone-. A s table inflo•· of heat 

thert-for~ did not occur and the fur th•· r dt•\'" k>pment o f th•· an1 acyc1••rw !t"d to 
a compartttivt• ly cady o.nd s t rong cooHnc 1n Octobe r . It 1hu8 tollO NN that 
the inde x '• is not a stnql••·valul'd charactt> r1 s t ic and, t f rt tak'-•s \'tory la rce 
ne1a tive vo.luPs, whe n prc pa.rinc th~ fo r ecast it is n ecooHsary to c h ~k 
whNhc r a !lltuation s amllar to that ob~er\·••d In St.'ptembc r o f 19 53 and 19~9 
docs not e xist . 

rABt.l Z1, Ttw l»t" of Ch.t•.C'ICU~tCJ of !IW .atmoor-ht>nC CUC\II"t l•'• f l"f lorw ••.anr .. f o•'Tt;. .& \1 1!1@ 

cf tht ~gtnntng o( A.tbk tn "" rh Lc-rw 'h n •r 

Cucut.rl••1 '•"'1"''·'· r'"'"''"l r.no,..oo• t·''"'""'1 '''''1" ... Y<-lr ttf• ...,:::~H.'ft Yt.u ttloJC'~ IU"f" y ., .. , tnd...\ r ~u• 
I ¥.1l U' l<'ft 1 , • • .ot ~n . .. . .. . .. 

1901 -7.1 lt.lD -4.4 "" -II -3.1 
1902 ~5 IIIII _, - 11!0 ..... -4.2 
190.1 -$3 IIJt -10 -4 .4 1!1&1 -II -3.1 
1911 -$.3 1910 -7 -4.4 1!1&2 -7 --1.1 
1911 -4.2 1941 ..... -19 1963 -21 -3.4 
1920 -40 1942 -$ -3.1 1954 -10 -4.4 
19'11 -31 1943 -I - 19M -II -25 
19:12 -$5 1916 -7 ~.0 19M 

_, -40 
1921 -4.3 1945 -14 -1.7 1!1&7 -10 -2.1 
19'17 -22 1916 -10 -42 19M -10 -7.0 
l!ll2ll -$2 1917 -17 -3.2 1!11!1 -II -4. 
1929 -$0 IIIII -10 -31 1., -13 --34 

,\nuthcr, s omrwhat mon• r "-·habt(" andcx or tht' b gi nmn(t t'f ttw d• '\• ' ln p­
mcnt o f str·ong cooling p<'rtods 10 th•• L• .. na Rt\'<>r bo• stn as th•• ,11r t••mp•· r ;4 · 
turt> dro p in the northe rn r <"gions towa rd th(' PHd of 5cpt embt-r. 

/ . / . 
j ·' . 

0 !'" : 
y ·-'--• : . ,. 

J1 
/i 

0 

0 , 
·• ., ·1() -1:/ 1. .,. · 1· 

FIC:t ''"r ,:' . l'.&li' ' D cf the "''(,tnru n;.· ••f •• '"I• n f' on thr- I• "'"' "'' rc"t 
M ICOO. lht' h .,_n ._ ltf'I'J I . u p 10 I h., m<" I'~ 1of lho \ . t '"\ lilt""' I .t0 I f U Y I .t ... 

,,f rht· u-.!1', '• nf t"tC' l!tr~o .. rMu c cul'uhu on, 

Tlu· thff•· r ••nr t• 48 ht twt·•·n , ,,. nu· •• n t• ! H1' ' r . l ln t•'' clun·ts: tlr·· t111rd t•·n~ 

day pf:' riod t;.• f St ph·mhrr· .t~ttl durin..: ., !1 tlu~ m •,nth, d · t •· r·m 1u• ct f r•oom 

... 



,j 
• -

ohs •·r\' ,• 110 11 d .. t~t at two r ""f• ·rf'OC"" po ant s , \ ' • •·khoy~u\Rk and Y ;tku tbk, m fly 
S • ' r\' t ,, , .I ' lioH.u'' \I ' I'" I S llC o r lht s H'lnPI ' f"d lUrt' dro p. T hr r·dauon~lnp 

bf't 'A f'f·n tht• rt-.. t · ·~ o f rht• b(•t:tn nanq o f !li tablr tC~) on thr s amro st r rtch o f thP 
I.•·na h··lo \\ ~a rc nslc up to , 1hm u nd th,• va lut•S o f A8 a rt• ~n· t.·n "' Fai{Urf" 33. 

D . 
' ! 

"'· 
. 1- . 

~ ~-
•. ::'C . "'. ~ . . 

·~ . ..... 

Ill 

,, 
· I · :I -J · • _, ••• - 7 •• 

f u .l'Of "'i, f'l.c rrs D t~( rhr ~~·nntng of n .ab lr 1n nn lht' l..c'na 

P•vrr \ltC'tCh ll~nltrt' ~ m frtom t he' cown tof Kurm k ur 11.1 rh r 

m •ut h nf thr V 1 RIVl' J .ct a h tnthnn nf 1~ o,h ffrtrrrl" l8 
r.. lloo o t tl lht• Jf'<.tn IC lllf" I.IHUC"t ,U Vc- tkh ty .cNk .&nil Y .Cir!,otl .. 

ll•m~ •h e- lh1 ·oJ rc-n~ J.cy pe-riod of "eptc- n1bC'r .cnd eM • holc­
tnf'nth of $.C'rrc-m~r. 

'-'uc r nrn p.a r<ttl\"' " ' ~rmp l f' ~olut aons to 1hr pro blt• m of long · r.HtR:f' 

(lilt' ' I C' .-. 0 1 thf' h t•ganmng n ( Stablf' - ICf' C(lVt' r ~t rf" j)fl~Srt)J (• fC' J' ri \' C" r R Of 

t ltO « " r• ·a u .n "'hach trH<' rruptl o ns and arn·gulo.~rati t•s w th<' dt~ \·f'lopm•·nt 

n f IC' •~ phf f. urwn.1 arf' r a r ·· 
fl •• ~1tuauor a !'I: f .. •r mnr~ nrmp lu J.tPt.l an rro.;:uut~ d carac 1t• r an •tl hy ,, 

fr t ·'l wnt a l tf' r · l tum o f ht•,Jt and cu1d "'a\·~s . "'' Inc h 1 t·~u1t an antf'rrupt tons tn 
tlw tC' f' fn l"m .J u n n. rPpra t,.d l<'~' drtfts a nd stablP~ acr p(' raods . ~UC' h o.t 
d • v•·lr-p m t-nt n f rl· ·· format wn •~ typacal o f th t• nt"' r· tlh\ f'~H· rn n·gron o f Ow 
l' ~"H lf•)'A f' \' l " r, tar~ ,.. a nH·rr·uptinn~ 111 th•• re t" forrn.,t w n d o not td kf' pl~&C (" 

··v••ry y•·ar Tlwr~>fC\r f", tf) forPc a ~ t th r tu"(tanmn.: o f ~tahl C" - 1c ~" rovt- r r.n 
o•,, r\y prf•di r li OJI Of thf' fttltO<AI IlJ,: ( 'AU f"l<"m••nts hl'C(I"lH'S nf'C'f'!Hi tU')' (1 \ thf> 
d<~ t ,.. o f na rlt ··~t :lpp,•a ranr~ o f rC't' CU\' •· r o n s om<' rl\'t' r !-', or tht• d .lfC" n f 11s 
wrsr t o n m iJst or thf> rav~rs or the r e g aon, .md (2 1 ats ra t (' or ath .. uc P, 1. P, . 

r.1 p rd rty " Thf • l"apadtty o f stablt- - tcc a d va nc<> rs r haractt:>rtzf'd h) thr 
n 1rrnh~ r o f da~!ii fro m t he l'arll('st tn th ,.. lates t b<>~1nmng o f 11s fo rm.Hwn on 
,,n·· o f thto nv•~ rs o f th(' ,.,.g,o n 10 tht· g aven )'f'dr, 1, ~ .. th(> d u r ataon o f th t" 
p •• r ro d d'lnnr: •Ahtc h ~whi r tCt" s p r('ads 0\'C" r J l l th (' ravP ro:t o f tlu• rt' g l(ln . 
' I h • m • u1 du r .Haon of tht., pe rand O\' ~" r 60 y(•ars of n bsc rvallons IS 42 d.tys, 
lh ' · l•· , .. , dur;•tiOn i days t.~ nd tht> lOO't"S t du r.Hio n I 06 c.J.ays. [n 30":. or lhf' 
f" ,._, ~ •' r .. o rd " P r";•d (rtu r a tH>n h •S!, th a n 2 0 days ). a ud an 30~ Of thf' cas t'S .. 
'" ''•A !-- pr· ·...,d (duro•tton m o r,.. than ~0 d •• y sl o r thf" s t>~ hh· ac<' ~A· as obst•n e rt. 

J- f'lr a 'l .-·~lrly pr,~dr cuon o f th•-- r.&p id r ty o f r h ·<'r r(•(>zmg an the no t·thwest 
r''Titln tns,..d o n th ,.. p r ~ct-.d t n~ atm O-"Pht:' r tC' cir<" Ul .J h o n, V t tPl's ' mf'thnd i s 
ut.o ••d Th(' a mount o f prccap rtatao n wh1 c h f,.ll 1n th t' basms o r tht' \'o l khO\f and 

••• 

S\•t r' r tv•• r c; '" "'' P'''O"'tw r IS us •·d ... s .. n oHidt t l f lll.ll ili'"J(Unt• n t Tht 
lrH t tJdtl r tan n u l ttl•' pr·••r1p t t .ot11111 u aJtrr·rt l:v l.tk• •"' l 'ltol ... r 'U!H tin o14fu• n r t• n f 
th•• A.a t f'r ..,l•t l'"o' it' n f \ ht ~1\' 1 '0 1"1\*" f" '10 t lJ• ( IJ f"lr. ol \ 11•'1 ' f t h o ;o , . ''')\ ' I' I 

1 1 • .-• rdplfhh• d tdr .. rt,.n"tltc~ o htutn••d fr.,m tl•t co ri• p •·n !• n·· · ,, ,,. u~· ·d o.~ S 

••rl< n l t h o •Hit111lll' f11' 1"1 fo ro•c·,, ... ttn &::; tt • h·-~tnfl .U C: o f .. t .th1• u· • 
Th• t•·c:hn ' ' IY•- ,,f r., .. , ...... l lfl~ u .. h• l!o ll lliUL' ,,! ' I II) 0 I• I I • , .. q f tho 

u o r th.\t'S\ , ..., • .1 ~•) hd ... •·d ' HI t h •· c..h-t ·· rnu n"'taun t r( t il• h • r t• -• · '' ,,,., . ... ! 
d r •• ractf'rt s tlc~ .. ccorc.hn~ t o \ ' rt • t· ... • m l'thnd '-! ~u t c· h ... r.H_ t• n ..:. h .. "'r•· 
tl•' 1+ rm u wd f•u · t h t· prl•v .. tllrlR dt• \ t ~•li On~ f ru:11 t111 t.lt• ·d , ,, Jr• ... o n tl ··· n vP rS 

•l f th• r•·~um 
It ... 11 ' Ul cl h~"' " ''" 'd th ... t tt" fn r • c. ,a,t rn l! ., •. ,·u r .•• ', h\ tl.r'i n l• lh•·d 1n ,., .u · ... 

.,q th r .. pu t rl\t r fr• 1 / 1"'11! ' ' c-onc;ad• ·r.Jh v hr ~h· •r th.1 n 1n v• .~rc;. • t l ~ •. , w 
f rr·•·7tnl( I •r ,.,_.mp .t•, f•• r tt11• \1c;t.i lh \ P r .ll t h r \ r1u •t!• 11f 1>• ·\" k iiM:) ttl• 

I oi ii', ~ (C"' r tho Ahfl ~ i ' ._ , lll ' 'i j .,. f'I _7R, fu r c~, .., , . .,. Cl ( I tprd fr • 1 l:r1(! f'l f1": oUilJ 

0 !J() fo r ...,,,, ' f r • •' I Hl't . F •-r th•• P • la Ur\· , r .u l h • \:II .. Q:• ' 1 f 1'\fl. ••,oh• \ ·o, + 
f11r th•· d1 · ..... n .•s r o;; 0 . i 7 , !"o r r •• s·· -. o f r .. p ad fr • • l.tn~ fl . 57, .t~'l~t n '14 ft• r 
...!•) \ fr• t•.,. ll ' , a,! n • pr H' l !Cd ) to f ft•Ctl\'t ·'1•·!\ ~ ( tl o f, r f·C d-. l Ulfit f•'lr \ "t•lt ._ IAith 

~, ,fr· .. · ·-~ ·""'- '"r' O \ 

[ 1 •' ahc.H• .,J .... rta t)•·d rn •lt d t .... ~ ~·n • .,.h er ! ('( n n£t ;o; C.'l.,r.n ' • t . ... ti\· •·f 
,, ) ' ~ · I • f tr•·r.,lll l l:l £:!: •n o· th••ft '-' h,&'ll t d Ill \ ' , • , S C..t , ! l )ll' l f h.ar ,c· t lrt"U .tho:t 

( h.J r .• c.· · · ,. , .. , , ... rt-. jl ll'll p •• : d ! J .\ h , , k ... t lro i- • r~o.: · r.•. :-n h·· r f fo r••c .• ~\lr. S( 

rruh C'l'~ . lfl tlw (',1 .... of p• : atl\ •·! ~ ~ho r t .., , r :•· '- . • 1n d tl' ll"••·,, r ,, h_\,IC .J I 
I ' o•. IHiti L! ,,f 1)1! 1 l~ll l"l ll ~ h l p h • t \" ! • 11 t ho• ~· ·I • , . ,, d {llr••c·, , -. tl•l f:t 1/lrl lf • ~ ,ultf t h,.. 

p !wnomt Ti''Jl •arHI••t rqn~rd• ' I'<Ji c• n 
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FUI/f:C,\!> Tt.vt; TilE Cfl.VIJITIONS f 'UR TilE.' IIPI'EARANCE 
! W Kl:' AXD TilE f 'OR.IIATIO.V Of' A STABLE ICE 
CIII'ER OX 1 • .41\F.S AND STORII(;f: RESERI'OutS 

. \. ( '():\JI ITI<l:\S F \IH Till: BF:CI:\1'\INr. OF ll" F: I' OH\1;\TION 
A"U IC" CO\' I::H ON L ;\KES ;\NIJ STORAGE R~:SE:HVOHIS 

T lw cnmht iou~ fn r· th(' h.:g innin'{ o f ic{' fo r·matio n o n a wa t•~ r s urfnc l' 
' ' ' I t ' c·l")n :o; ldr· r·C'd in Chapt, •r I. J.':u ·t ;\ , Tile conditiOn for the bt~~t nninc o f 
If'• fnnn~d I 'Ill e<ln b· · r• •pr· .. s t..•nt(•d by (5. 1) 

• -.•.<-B. 
t il ' (1: , 1) 

.. <_..!.,. . . .. 
d1 l r<· ••· B,. ;m d ._ an~ rC'~ f-'"c ti\'f•ly tit(' nwan dP(Jtli Wdh' r ternp t.•ra tur't\ 

th•· h ,..o1 t r .tns f,...r nf t he waU· r surf;tC"f' ~ind thf' cOf·ffic H'nt o f h, ... a t u ·ansfc r 
fr o nt lhf• 'M t••r d•·ptt1 tO tll<' WoJtt•r-air inh_•,face dt th<• mom~nt Of thC' 
h· ·~ i nui n~ f•f ic r fn nna tin n . 

l n•·q u:. Iity {5. 11 i nlfJIJ• 'S th:H ic · · fo rma tio n ln.·~ms 011 th .._· w:..H·r s ur·fJ cP 
\hf' n t il· • s o d a , t • t •·mp•·r·atun" drops lo tht: f rf•<'zi ng h .•mpt.•r atur·<' and th• ... 
l~t •at t r·,.,u:;f ,• r· o f th f' w~• tt · r ~urf.tCt· hC!cOmf'~ l.t r l!' ' '' tha n thP twat i nflo w to it 
ft·o rn th \.· .\:.tt•· r d t·p t h 

(n .. qun!i ty (t; 11 l'l h n •A' :'-1 tha t ict • fonn~ tion un d wa11..•r s urrac c bf'COn'lf'S 

pos:-o ihlt~ wh<·n th(• CI'ORS-Sf'c tional o r nlf'Cln d c p th "'ah.· r tc mpt.•rOJtUr(' is lu"'c r 

th:.ut n r ~"qua l t,, !!.. .. . 
11H" Cfllttf ltiPil (r J r t}tr• It• {! i llllill~ Of IC' I ' II.J I ' Fllo• t i U!l t tl\ : 1 .\'3t(;' l' SUrfaCC, 

r •·pr·· ·"i•·nt • d by (5.1) o r {ti. l t. as \',tlid fo r· l;.tkt>S and s to r i• l(l' r cst•n :oirs o f 
~·ny d•·pth . ar 11F' w.tt c· r· tf'm pf' t'aturf" 0. i~ cnns u.J••rf"d as the m f'an 
H:mp• •ro.~tun: Ill tht· mixin~ layf'r , 

fn th •· bank ~~ n·as of mttural warc r bod ie s the de pths a rc us ually smalle r 
t l1otn an th~· m~Hn part o f th f' wat e r body . :\lUw uch ho r izontal m i xinc of 
» at• ·r rn ass,..s t:_.~k ,:~ plac<'. tcc fo rmatio n in p1aciJs of s malle r depth, where 
th t> .\'a ll· r· CCJOJin~ i s fa~t• ·r. bc 5: ins ~·al'l it ·r. 

tf ic·· ft~rmatiun takt: s pt .... cc i n tht~ prt:sf'ncc o f a ~J~o•eak wind, lr;tdua lly, 
:&l"' f'CI I'dlnl{ tr> til •' ~Pn('r.J l d (·pth di~tribution, the w;.tc r bo dy, b<-t~tinning frnm 
a t~ b:u1k~ (_o;; hn t·• ·~\, is COVPJ'ed by o.n IC(' c rus t and ;, Rta blt' icl' cOvt"r fo rms. 
It is Oh\'lous that m this cast.• llw tw ginninc or ic c fo rm..t.tio n o n the main 
p.J.rt o f the· •,o.•;.t,.. r body alf;o m <· .... ns the l,..!ginning o f a s table i c <" pe riod. 

I f w•· fo rma tio n an tlw sho r c zone (on s ha llOI4' wa te r ) takes p liiCC i n the 
pr• '" ' ' llC"f~ fJ[ Ot SU[fif'it·ntl.)' hi~h •A· iud Vf' loc ity, flo ating iCC fOrR18 there, 

H an icc cove r (s ho r e icc) 1s fo rmed'" the ~h,.~ r·· · ~:t.., rw l~f~~ r·· · t il• \ I lid ~ ~ 

i ntt_•nsi ficd , t hen o n inteusi ficatio n of the •.-.and 1t "'·'Y h•-- r.• •mp !• t• ·l~ .. ,. 
p l•rtially d c s t roy" d . fo loa tin'{ icc, r c co r d•·d ~~ t ' ' t:·1~, n~ ~ ~~ · ·. IS u ~u.d "Tit• 
t·csult o f icf' fo r·m ataon '" a rf•)ati\'1'\y !->h a1111 .\' ~ho r f 7 'tll• •·f th• · •I· r ty uJy. 

The role o f this flo~ti nr ic(· in tlae fo rma t wn , ,f s t .. h.il ac •· d·•p•·nd .., ••n tht · 
da r •·chon and fo r·ce of the 'A' ind in thf• subs c·qur nt pe r iod, lht.• r·· ! ..it ivn~t 1p 

h t.•tw{'CO the wat f' r·bo dy areas 'A'i th diff£>rPnt d1·p ths ~·nd, ••f r •HII':o.• . n 11 t ht• 
suhs<'quent intens i ty o f h ea t transfe r . 

Flo3ting ice fo rming a t t h t' sho r ,..s m a y b•· t r unspr>rt" d by th• \ lnd rn 
re q:ions o f the wat<~ r body o f lance r de pth . ... ·here j(o.-~ fo rmd\IIH1 ·• l ·tu s 11m• 
is still i mpossible. If th <" arc:. o f re tau n ;;oly !a nt•• dt•pth. tl) du..:'• n•· 1:­

tr~nsported, is s m all c omp:.. r Pd w ath the arf'd on v.:h tch t t IS l llt"! t .• d , llw n 
a stable ic(' p •riod may b ttgin duC' to tl1e r r~n~porh d IC\' Ttu ~ ph· :l•Jrn• nf>n 

usual ly occu r s o n s to rag•• rc·s~n~oi rs c r l' .. t ~>tJ i:1 fO t":lt •· r 1'1\ ,. , . t,. d .... 
tr. ho A:f>v<·r, ttl<.- a r ea o f r•-.. l ~• ti·.·cly !.1 r·c:·· •.h ·p ti•. ' " \\hwh 1c•· , .. 

t ranspo rte d, is larg•· comp:..rc d •.dt h th t:' art:·~·' nu .,·fHch at as fn tm· d . 1rw 
ict..' trans p u r t f.!d m;ua lly docs not pru tJucC" s tab h.· ic• . . t~· hl• at· · ·•Pih ,, , .... 
tht· r·c 'A'ht--.n ic~" fo rrnation o n m ost partsufUt .. ~ 1 \' t n ar• ~• hn.>~ :n · ·~ p• •:o- ~a hl ·. 

Ohs(>r"\'itt ion data s ho w th_.'}t s ta h lc IC•· hqpns usua lly n n ~ h·· ... .. m• rt'.' · II• n 
art· fo r matio n b r·g ins on m ost part of th \.' "Jtt.•r t>udy. o r o f .... t ~•l rl~· !.ot tt· 
p:• r t (zon(· • of it, of P~• rt1cu la r m nrphcmwtnc ch;·•·~· t. t •·n -.: tu :-- .. nd um h 1111 
m,-. t , ·orolo~ical cond1 t io ns . TI1is IS d lso c onfar·m··d h~ t h·· r• ~u lt:-. p f 
numt·rou~ r a lcu lattnlls . 

"I11Un. bo th ict· fo rmat io n and stablt• IC\' m~ty lwg111 111 d 1f l • r·· ·:lt P·•r1~ " I ,, 
w:..tC I' bodv at diff(' r ('r"tt tinH· s ThP ,·:.~ ri .... tin n Ill th .. ,t' ,\ \ . J. \l ' lti• ' S olo011i,! 11H' 
s to rago:- r~Sf' f''Oit· m ust bf' adde d 10 the ~~tu· r·:, l r·•· .. ,~on., £u r· th~ f •• c t 
(\ ariatio ns Ill d e p th and rn mc>tt•or·o ln~tac~. ! C'•mlhti\•n~· f•n ~h • t · · ~· · r• St' l .. n 1r'R 

C o nditic•ns for the for·m .. ~tion of an !Ct-. CO\ ' (• r· on ~UJ r·~·tt·· r •"'"!!> ' r'\ t•l n"~ 111 th•· 
c ase wh t-n wi th thf' ~·x i~tintt b.tCk'-\',lt,.. r a ~Hem fu ... m t f1 ., \' •~ :t~OJ IIti •. •UI• ll ·• l't" 

s o mewhat d iff•-, r• ·nt tlhm 1n t l · · a bscru.f' o f c;o uc h a f"•l \' , n , .. rht'ft r·• m • 
cons i~t c; in that ~t r.~a:n no .\·, ;• J; 1n rl \' \' 1'~ n f natur·a t f' nruh t : .. n ... . 1tJ'1d • 1 .... t h• 
fo •·m at10 n o f a n icc cc•,•f••·. Thf· b· ·c.anmnc: n f ,,.. ltn·:n .tt n m 1n ... tu h ;- · • l- • ~-> 

dm_-.~ nn t Imply, i n pr.1CIIC\', also t h<" b•"~111111t lt: 01 ,1 ~t •• hl· · l l'.-. C'tw ~· t .•~ HI 
tlw ~ .. b~Pncc of ron~ld•• r·abh.· flo w {i n ~t ill ,,,,t• I' ' 

If. a ft e r th~_.· c onl.htion fo r th 1" bt·~innmg o f If'•• f<' l nh.tH•n lt. 1l I !' tulh li· cJ. 
O~t• he at Jnrtn .. \' to th.-. I C "" b··gins to f' "<C•' • rl tho• h 1•;,at ll·•ll "'f· r frt~m t h• ... u , !.tt' •· 
o f the ace co, ·c r·, lht..• for·nllng ice {ict• CO\' t•t·l m., y th .h' . 

ThN'P an" rasf's wlh.:n ;t r onl"ittc r :ah l l • inll nstflf' ,tttnn o f t h • ,, ll ,tl l· ·.,tJ ... ,,. 
bre .akins: up o f a thin iC f' t'C'\ 't' l" al rc~~uy rnn11··d. 

B. F'OIII:C',\ STI:\G BASED 0 .._ C,\LC'I.:I.ATIO:\ (I'~I"G 

1\'EATIIE II FOIIEC',\51'~) 

§ 1. Calcult~tion fo nnul.1s 

The tim t..~ o f the bt"ginn in,:: o r i c·· fv nn.ttwn d ··p · 1111 ... Ill! 1~11 fuit :1 lrno 'It u t 
condttion (G .I) 

• .,.._.A_ .... .. 
(s ec Part :\ o f th e pt·l~st·nt Ch.qH•·r·. ,, :;:: '.\ ••11 a:o: t'I! .• JJ1•· t I, l '.1t1 \ ) 
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In not h')() O(..., r p lakrs and stor;.g~ r eservoirs a s ta te clo se to ho m oth.-rmal 
l S ohsf•n ·,.·d an lht' 11eriod precf'dmg the twg1nntng o f act" fo rmation . Jn this 
c ""se the mt•an·de plh wate r te mpera ture (fo r the wate r body under conetdera­
tJtln) is ta ke n a s t • . 

Condition (6. 1) IS valid a lso fo r deep wate r bodies \tdth t ('mp(•r a turc 
s t r;.~. tific::.. taon. In tluH caH.-., however, the u •mpt.•ratu r e m the upper, m lxi nff 
lrtyt•r. sllo uld b~· 1akt•n as 0.. 

11H• m••an v.•a t t:'r temper a ture 6. for wate r bodies 10 which, in the p cnod 
Pr<'Ct.'d l ng the be gmning o f fer fo rm .. tion, a s tate c lose to homole o the rmal 
IS o bst'rved c~m be dt'tcrmined by the formula 

,. 
wlwrt' 4e =- (• + i) iCp . 

(1 . 111) 

Ttu• urnr- o f the bc t;:inmnli{ o f ice fo rmation fo r these condations can be 
t1••tcrnane d by means o f the inequality 

(2. 111 ) 

\h~' r· e. ~ ~ lh" 1mual wat~r H•mperaturc; • IS ~hl' base o f the na tural 
h!iJ;~ rathm ; II IS tht.• numb,.r of time inte n ,aTs (numbe r of ddys) fro m the 
b• ~1nnmg o f lht .. CoJ lculation (fro m th i! time for whic h e. ts ta ke n), t 18 th e­
lllnf' unit (2 4 hour.J ~ ; a IS thP cof'fficl ('n t o f hPat trans fe r from the wat(' r 
m. ·~~ to llw \lator-alr lnt e rfacC' o r in th e opposi te di r ec-t ion (the coeffi cient 
llf llt'ut tra nsfr•rl ; • is the c oeff ic ie nt o f h('at e xchange: It ie th,. uvcru ge 
d,. pth : Cp is the Spl'clfic heat p~r um.t wate r volume; i IS the m ean aar 
lt·m r e ra rut'C' du nng the pe riod o f calcuJation Jdurlng tht> time nil ; d u1 the 
s p ··ci l1c heat ('Xc hangt• a t an a1r t e mpe rature equal to that o f the wate r 
surfa c "": q 18 th • J~;pecific c ha nn c•l h e3t 1nflow. 

In cases o f s ha rp a1r· tempe r ature fluc tuations fro m the bt'ginmn~ t o the 
t•nd of lhe c o:t lculatio n p•• r iod, the calculation by an inequali ty in wt.ach 1he 
air t<'mp r 3turl" is aver r•gc d not O\'er the whole ca lcula tion pe r iod but ove r 
days, ~~ m o r·e r eliabh" . 

·~--+I (t,(e- ,._,, .. - e- •• _,.,, .. )] + ·-· +(f + l• ~aAlf)(l -e--)<- ~: • (3 .111) 

wht r f' i is the se raal numb,·r o f the day f r o m the bcg111mng of the calcula· 
llt>n, 81 IS th E." 01 P30 31r tempe rature during the i·th day, 

If th£" m· a n flo w v.-.Joci ty in the r e gion o f the givPn wilter body is tess 
than 1), 05 m /scc. thE' date of the be gtnni ng Of ice fo rmation, Obtai ne d by 
m•' ·n~ •• r (2.111) or (3. 111). 1s taken as the date o! !he be ginning o f stable ice 
C'OV \ r· . 

H the m ean flow vdoc ity e xceeds 0.05 m/scc. the date of the begtnnine 
n! sl.•bl~ ic•· covr· r is delermined by m ean• of (6.11) a nd (7.11) (see Chapler 
II , P ari A. S 4 ). 

~·--- 10.3o'·"t•·
111

, 

••• - - 0.651> ... , 

A.ht· re %8_ 18 the sum of the m~dn · diu rn.al n•·~tatlvt• afr u •mp .. r ... tur•"S, 
counun~; f r o m lin· d .. t c o f th£+ b•·gmnmli( or 1c•· fo r ma110n (•nc1udml H) 
accordJn l( to (2 . 111) o r (3.110. l c, IS th•· c rltfc .. 1 (m e .... n·diUrna ll ~u r 
h:'mperaturt· n••cc.ss..a r y fo r the b·~ Riumng o f s t .. b l c 1c c aft f' r th•· sum II-. 15 

r eac hed, usi n'{ 16. 11 ), o u the nl" drl now n·loci ty 1n m/ sec: t as t h~ • ••dth 
o f the w ott•· r t)O(I,\• lfl rn. 

It !'tiouh.J tx r·,·m··m tx•rl·d lho.~t !:0_ IS CtJU n tr·d h• ·g1nmn~;t f rom ttw 
calcutat,.~d and nu t frt.m the obs ... r\' '-'d d ... ~ o f IC<' .app~'o.rance. t\ s and1cat~"'d 

in P a r t ,\ , the ddtc of the a ppcarctnce o f n o .aung ICl', r ec o rded ;. t go.1Cinl 
Sl1~'s, IS usua11y tht" r esult o f 1ce fo r mauon only 1n thf' shor~ zonr· o f th t> 
\311• 1" body 

F o r rin,. r~ the tim<• o f the fo rmauon n f th{" hrst stablf' IC_.. Oru iJirs IS 
Cdlculav•d f rom (6 .JU and (;. 11 ) . In th1s cas£>, th•· 1o•A•cst o f lht• me ... n now 
\ ' ' loc:-itws fo r th·· ~tvf•n w.:t f"' r stag(' un lh•' 1;1\'C'n rl\ t• r $ tr'f'ICh IS ta k (>n ref" 
thl' C' .tlcula u on \'a lu• · o f t.t: a s the c:a lc: u l.•t iOn va lu ··· of b, th~ ri ve r width an 
thP scctto n \' 1th the lo A est f1o•A" \' t:> lochy 1S ta ki'n IC h.apt c r II, S 51. Whe r t' 
Ol.Jf"truc tions c r••<tt(l bac k water, thP \'~ri d. ttons 1n tht• d pth and 1H t tw flow 
\·elocity a loug the s t retch arE" smoothe d nul and the flow ve loc•tu•s ttnd the 
tnn.-. o f advan<:t• o f tho tee CO\'t' r fro m a bridge to a gi\' Cn p tac!' d"C" r~asrs . 

Tlw r PfOr(•, m t h,. ca~£> o f it cons1d~rablt- b.tc kw.H f" r on th,.. nvt· r are .. uf 
sto r a g"' r t•s'-·n·o •rs (fo r••bay}, 1t IS possibl,. by m~~_~ an'i o f {&. Il l and (7 . 11 ) tn 
d l• tc rnunc th(' dat" o f th ... b<'~1 nmng of s table tCf" an 3ny p la c<·. u:u ng th,• m£'an 
flo "' \'f•loci ty 1n thl' cros s !otect1o n 1n th1 s p!ar •'" Thts. ob\'IOU~Iy . do'''"' nt'1 
rf' f l" r 10 s tretc:hr>s along xh1ch 3 c o ns1de ro.ahlt.• dJff'".., renc~"· m th~ d··p th.lli ts 
maintained -'' lth th'"• g1\ ' \.' ll flo " ,·~tocl llt'S 1n pl ac:•·s o f comp.tr:.ll\' t.> ly ~ma ll 
depth . Such co nch h ons m ay C'XISt, 1n pa r t1cul..t r , in the l o f"ddWdh~t· rl'ft10 n 
o f s to rage rese r\'oi r s c losr st to th,. zon•" o f the u pstri:'am limit of th (' 
backwa tt' r l e \'(•1 o r , fo r e xamp le. whPn thP b3c kwatc r le ve l CO\T r S ·• !CU'~"tch 

full o f rapids. In th<'se cases the begt nntng or s tabl£" tee 1s c a lculo.h:•d tn 
the samr way as fo r r1ve r s 1n n•tural co ndthons ICha ptt> r IJ , Part B. S 4). 

S 2. Drt.-. rml nauon o f th(' quanut ies nC'ct•s s a ry fo r 
calculating t he bcgtnmn~t o f ice fo rmdtton 

a) Calculation watt? r area. Wtt h c o nsld<'rabl•" s trt•a m floA' 'i t il<' h·n~tth o f 
th'"· predicted s t rNch is d" tcrminc d frum tht:.• fOh' ~A'A r:u ng pe ru~ o f th•, 
calculatio n o r o f th e fo r e a s 1 and from the now \·\.·locity 

It should be bOrnt• tn m 1nd that "''h f• n dt• t P rmunn~ t hf' r.u "· \'t'lOC1ty and 
the m e an d('pth 1t as not n \.'Ct.' SS3 r y to US(' 10 tht:· c~llcu1~,1ion th t> -.ho \P -.at*"r 
a r e a on this strPtch. It ts •·ecommPndt•d to C'xC'ludC' t h(• an•.Js of sh.1Hn w 
waters wh1ch .tn • s ·•par3lf:'d from the central pa r t o f th·· &:1\'Cn rt\'r r ar t>a 
of tht• s torage re~u."n·nt r by ~mergt ng, or f'\'t•n o nly by sut,.,m .-. rst""d bot to m 
radgcs . 

H Uwrr ~~ no cons1d,.rablc s tre a m fie•"'' · wh~"n d t h.,rtn ana n st th" b(•umt .. nt·s 
o f th(.• ''•'t<' r ar••a necPs~ary fo r the C.Jkul..thOn v.·~' j::;hould US " t'1(' f.-c t that 
in dlffC'rt•n t p3rt~ Of }ar~(' 'A',I I C' r bot.h('S Ufl {Ct• ('0\' t' r m<tJ for m :tt t,hffr rt•nt 
tltn t"~ - in a cC'o rrlanc<' wi th th~" l r d 1ff,. r!•nt tnflr<p llo m•"t ric ch .• r.•t: t • • ri~t ir" 

and rnN•·orolnQJc a l c-omht1 ons . 
Fo r t ht" bf' l!ll1ninJ: n f lcr CO\'£' r fo rm.ua on 1n •·arh ('On !ot ld··•···rl r•' 210 '' o f a 

lakl" o r stora~(' r L'S('n·OJr, a nd 1f obst•n·ahtm~ :lr<' C'\l nductt'd f•·o n! tlw "hurt. 
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ll P' ti<.;U.u t n '' "no:;:ul• r tht.~ C"Cl\••·rtn~ nf th·· ,.... ,u, r .. r ... Uv an ICl' sh•'f't 
{rmt nuuus n1 \lth polvruv~•'t) ~•llun ttw \' HUblhty ran~:~, .. fro m t h f' oh3 e rva . 
(lfon ''')oft\ 0H dl ;;r.laOCt J fi'OJI\ A hach thf" '-141•' (I I it ld.C:£' (Or gtor~ll;t~ 
r • .. , n •oa rl o:;:urfac ,• IS o bst.•n •t..•d un::h· r normal n~tbt hty vartf'S appro x1matcly 
(J'I Ill 4 (0 27 "m (tJ r .j hf'tgh t 0 ( the 0 b8t'rv3h0U JX}l llt fro m } \ 0 50 m 3bove 

th• A.&U·r · t-urf .. c•· 1t•vt.•l. 

-z:: :Y ' ·*»»emm. :suse» 

h 

""'€l::::=..__=, ~~~~=.L. -. --
--O•m. l( ,.., 
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d 

c::: :7···· .. u s • 

f h · · \I !' h I t r tnr A lfrr ar•' " l 'i f"CI 10 t ill" C;\IC:u1atton can h O'Nf'V C r bl' 
'l'hr•r I •rl!•' l' f 11 .. rn;l I ,- r t},,,n ltw d t:-.I.IUCl' S 111(• d t•pth d il'=i,lrtbUhOrl ~vcr 
•!.• "'·•·· r .tr• ·• c;:; hc•u'd h•• t.ak<.n ulto o.~ccnunl (Ftg'o-trc 34 ) 

If tf.·· d· p:h nf th• .,., ,l'i r bocty ,•artL'"' 3'i cochl'tnahc •• lly sho "A•n 1n Fu(urv 
1 ; • 'I .·· dt·l • :P.;zun"i fJ ( trw '"' · '' '" r ... ri•, , uq•·d 111 the calc:u l .. tton oJ r t--. hmttt•d 
'"' ' h) ' I•· ' '1(1• nt tn NtH < t th•· m ••tt•..-, rolog acal cnndttanns can be rc~a rdt•tl 
•• ..: runft, rm O\.· •· r th" •• r ,--.a :'lnd d !on,;: the dtm•·nsao ns o f the wate r body (the 
A. adth o f th• !'>tnr .tw · r • ~··r.·otr). 

If th•• m••tPOrolOI(I c ul cundtllUfh ( .,.., bt- r• ~ ... rd••d t.fol forru U\• r til• , .. ,. •• 

u.uJth o f th\~ b..stn, th••n thf• Ahow AC.t• r .sr•· .- for th•• A·hult Alliin ol th• 
•NotPr bodv c-.~n br- u~t:·d 1n U .•• C<~.C"t,..t.l!On 

If thfll dt>pth v'"'r' ''" · fo r t~,ampl~. •3 •~ ~h""'"'n t n .. l 't'Urt 1 t r., c d, ' • 
dun~"nSH•n~ o l tht• "~•tf'r ar•·a ~•n' d•-t•·rmtn' d bv 'ht ..... •tr• t n • tk p t h 
v '-'r t..-llon <,,·,• r lh·· o.~r t.•., ... nd, {'If CO\Ir~·, b,y 1!1• • \.t• '' . ,, ,~11• t tt • 
m, • o tt'lol!u·.d conrhttfm~ c~t n h•" C(ln~u1t · l · ·d 'l"'\ f •rm l•a ~ ~ <·•'·· \ tlt.Jft•·ll .' 

an d• pth fr ••lll thf· ot \" ' lol~' \o~)Ut:' f'H\ th1 l(l\' rl , .. t• I .of • u • • 'I Jf .u.pt•tl.o'1' 

but occurr uuc o n rumpd!"dh\'••lv :O>m .. d :ttn~u n.-.:-, d r ~-o • •· '' • to 1 .. ""'"' t• 
10111 .t. t·cuuut ~ht.>n d•"tf"r:tunanq thP ouuud~•t'tt'S n f th·• \J.,Il•·r· . r . , 

It -.ht•u ld ho• born• t n mt nd that tn .. H c.ts•"" ~t·C' 'H n-. ' 1< t , 1 • ..,, fl •• ·•' • d 
fr••rn th•• m~' '" · d•·c:-t~l\'' .... l· ttun n t t hf , .. ,,., ur• .- ,. tl• r r '"'' .d• r..~t. • 'l' 
~"nl• n~:mg n r t '\ • ., only ... uUm•·rq••cl rtdqt· .... "hou1d ·. 1 h • t' I . •I• d nl · , . • 

A~tt·r J.rf'~uc;;;,•dtntht• c.t.ku:.u•Jnllth• cloptr ~o.f,tD\cl•fJ•••.., , • · • •n. 

b) Imha l water temp e r atu r t . Duratton o f th~ c .. lculauon ptnod dOd 

fo rtwarmng penod. 1 1,, tnttl a l "" ott·t ,,.,. P· I .• • Jlo O~t ... jo ••. r" ,.,. I I :'" .t 

d.\tl •hat prn\tdt ~ .J :--u l fH"lt nt1y h,)rt(l fO I \ .\.ll "llfl~ p• r1 ti I tl ' h• I• t ',,.l f 
lht• bt''!lllnll1~ O l II~ fn t ffio.ltl •)ll tr o f 'ht.• ht'f.!1'l~'1.'1i!: I ._ . _,b • I\'' ( • \ "• I 1• • 
fort' .\',t rntng pt· n o d o f thf b\.'f. hno nQ: n f I• •' !I r m .. ' UH'l oHld f I ' ) • •• .: ar 'l 't: 
nfstJhlPtCt' i~d··t•l manhl b)o th t· f r•~t. .. rnU1~p·rt •d 'lf ' •• , , ' !: Ut • -
c .. st u..; ,~d an th c·.t,c·•llu n. J.na dt · ~ . ,, ; (' \. • • d • • I' It • • J ·: d 
PI t ·C•'thn~ tht · bt l:l ~ll '1~ (l ( .c• t t" rrn ... tlolll o.~ nd th• l)o t: n. ~ f ... . ,,,. \( I f \• I 

tlh' rt• occu1· Ltmsadt r,•bh \ .art..ollur, ... 1r1 tl.•• "'""'' ' 1 tnt!· ' .·.~ 01.• !'-t, ·~· 
r• ':t' "r\'Otr Jnd tn tht• dt:o;ch .. rg•· anto tit • t..ot.A..ol• r d t• · '• \ " ··•1.• ., .. ' •~oa ll..o'.' 

~• C'Or\~ld••r,.ble efft'CI (' f1 t n•" fln A \'• .lCHy t:l t l. • r • !--• n.·f .: . • J, I' .\.,rTu' .J."! 

JW r tOd Of tht' fOr t'Codl l:J011f'll bt• :.tr't•' r ' h .oll lfl• p • rtt 'J f r A'.( b t ' l • I• 

fon•c • .un o r ~o~ohL"re bolh tnflo ..., ... nd d tEich .a rgt .. , , < o·nro •. •·n h~ n . ... "': 
If th ,• nv" r flO A' vt•loclty on th• ~l\t'f1 ' '"':-. • r\'lllr ... t r •tct, , ... )n,•· r· th.tll 

- ll . 05rn/'->•'C, th••tnlt t.Jl .to.~t• r t €'mpo•r .,tu r o• r .. n b · t.H. • "ltn til• .. _.:,, r · 2'"'' 
o f th·· r esf"rvot r fo r .\luch th•· c ... lC'ul.u um .,f ' h • ri.Jt•· c f t h o n· c: ·u. ··e: .. f 
~tt ablt.• tCI" t:-- m.td•. llu '·. ··n ttl h·· C·• ""f o f -. .~cl :o ' ' ( :fK' ~ tit'!'-, .,! 1 '· 

do•t ('rnttllltlll( lht• c a lcu!.t hO , .•• ~u t• o r Go l t , .. n··co·ft.-..lt ·' ' c• :uk•• 1rllC1 ll ( I u rll 
the morpho m,.trtC" rharacPrlstacs lf tl•" ~. .. •• r h-•Lh :r.n t• ' t. p ... trt>.,u If • n. 

thf• !'ttrt•tch ·md~o." r CllllSid~o.•r.Jtt·tn . Tins as p ... ttt '1 .r •, tmpcH ' '" '' t'l c .. .... -
',\·hf"n d tr.:'C" t ly ' lpStt• .lOl from th •~ ~trt•tc-h un•J• · r < o:\..,:c:• : .u,on Ito• 1 ._, t\'' '11 
ha '~~ Ia r e:·· .JI t.'..&S wh•• r ,• thP d. pth <"t"~nstd· r .ah ::-· d ttf• r ' f ··< m tt· 11 m. ' h• 
~1n·n str('tch 

In h t." c a ..:,• o f tu(!h••t• n o y \'("IOCitiC'-. H 0 aru t.a. \ ,tl• r I• n .n• t ot. l ro .. •t:.d 

tJ•• tdkt'll for· ,, C'r(•~ :- ')t 'C' t l Jn ~i;i tiU3h ·d 1p~ 'l• :11 fP•'I '1 • r •·t:; .••n fl! A wl ' ' • 
t: l lC'ul.t tl011 of th·" t.f.at•• n f t ht ht.l! lt'I'U:IR f t .. •,,IJ • tf'"• , .. h•·t·r~ mo.~ I· ~n ,, 

di ... t.UlC•'t' fJUt l tO t hi'Jl•l'lltJ,t\ • ,.t•dbvtl• !" ' to,,:: drrt"li.!ltt f·II!Atl'l'lt;t 

pt• rtoc.l n f th•· 1 •r • ,.,,.q 
If dolt;~ 0 1 ob~ · r\' ,..ilJ C':\ c•n tt .•" \\o~t•·r •, np• tdtUr•, th.tr.~rt··n.rlt. Q: t ho :I t • ~.~ n 

h•m;>••t·.Hur•• tn th•· ~n·· n u p .. · r•· •. t m cn1~$ .. ,.~,. • tf\:1 • It t'l l h·· c:Pn• '"'P •ud uut 
ro (!101\ o f th•• Wdtt• r bno~ 3r•• .t\ ollloi.hl •'. t h•· \ ,t !U• C f " 0 l c;:; t , ,k• '\ .\\t • nh'"i! tn 
th ~"-..t' cla t.t 

F n r con-.af!•·r · hl· t int' \t•IOl'IU•~tnth• 1' 11 '·• 1 111 ... c;:;•ltiP~I f.tpp! n ' 
nt.•r•·h• J.,r~:· r tl . ~•"l O. :?Omf.o:• <'l. t il• .... ·,•r '• u.p • , ., •. ,,. r . ._. ... ' ' ' o! •• t •• 

c:.o~:n n~ :OO ilt' ( t! th• · mo .. .. u r • tn• :H p J.,, • .... u .. f •.., ' h • r i otr • n1• ntcz .. :• • • •I 
bv th•· f nstt.,_H~ hono; fnr .::I .H tcm-. il :ul (i .•CI:tc J•,.cn .. \ ',, ., h• t.ok• ., '-' .. \)0 

- I n r:~so·fit , ( l•"'I A• r O•l ' • lt•l"t' ; • ._ 11 , .. '•fH r• t"Pr.,ut· ·u !• t t•• • · k· <to 
a~co r·J,·tc tu :111 ,t-.u r •·n .• •1' " •• t .1 !"I'IC~·· p •11 f 111' .. , , , I· •t "1 11 • 

,,, 
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necessa r-y to hav~ mcasu r Pme nt data alo ng SO·c.alled profile s or at lf"ast a t 
St.'"'""' r aJ pomts ,t long th t! 'A' adth of the ani hal c r fi&S s ection o r on the ,.·~ te r 
arc .a unde r cons ,der<~hon. 

If s uch m~·.•surements do not ex1st, the vatu(> o f .. can be calc ulatt.-d bv 
the mNhod desc ribed an S 3 It sho uld, howev er, be r emc mbt'red that on~ 
~hould st nvc to o rco•ni7.<" l routmcl m casurc m t•nts o f the watt"r te mpe rature. 
nliS COIJ<ii:td C' r:lb\y n'dUCf'S the amount Of calcul<ih OnS, a fact of creat 
tmportance In pre panng short.ro.n.rc fort•cast.!; 

T ht> c a lculated fo rt•waming period for thf' fo r eca s t o f the Umr of th~ 
bt•gmmng o f 1cc form atio n may exceed the ac turd fo r e ... ·aminc period o f tht• 
fort'ca s t In t his c a se. o bs t' rved mf'tf'oroto r ical data a r e- utwd for the pe riod 
fro rf'l t h•~ d.at,. o f the Dt.•rinmnc of th~ c a lcu lat ion (fron. the date fo r whach .. 
IS tak••n l tO th(.> d.&tt' Of t he prepa r ation O f the fort-cast . 

I "'ngth<"mng th"" pPnod fo r " 'h1ch t he calculation ia c arri('d out is 
d~s 1 rablt· 'A'hen th f" d;.ta o r " 'ate r. empf•raturf'" m e asureme nt, according to 
'" h1ch O, i s t akt_•n, are not s uffi c ie ntly re presentative , o r whe n e. is 
d~termuu•d by calcu lation 

1l1,. numbe r of days of the calculataon peraod c a n be determined from ... 
· - - .:..:!§.. .... (4.1111 

'4't~t• re 41 11 the p c r m i5l'l:l b le ~rror '" the c alculation of th t" ~·ate r 
tvmpt" ratu r c fo r th~ day of thf!' M-c uminst of ic<• fo rma tion (t.); 6 .. is the 
ty pu: al t•r·ror n f the dc tc r mtnataon O ( e.: fo r .. (f'C<" ( 1. 111 )) 

e) Time of Oow (travel) from the In itial to the calculation eroas section. 
Th,. rulculatt_•d for('warnanc pe r 1od fo r thf' forecast o f thr be11nni ng of ice 
ftH·ma t1on f C" r a Ja rg(' s t ream flow, aa 1rlf1cated abOve , is equal to the time 
o f flu...,. • r fr·om the matial t.o the calc ulation c r oss sec t ion 

Fc•r riv~rs the lime of flow c an be determined by the ~ethod of 
c o r r esponding s ta g" S (Chapt~r I, Pa rt B, § 2b). 

Fo r stor~~(" r (·s e r \'Oirs the tame or no~· s hould tx- known in c alc ulatlnns 
o f thP bt.•gum ang o f ICC fo rmation 1n s uch river zone s where c:ons1der •ble 
riv""r n o w is o bsr• r vcd . Uo " 'fl'v c r , und, ... r co ndttaon.s of s to rage r e s e rvoirs 
an ri\·r r s t r ,.tc h,.s, the corresponding s 1a1cs are insufficient ly det~rmtned. 
Fmdmg tht"' t imf· o f flow ft·o m corresponding s tages i s i mpossible the re. 

Thr· u mc o r n ow on such s tre tc hes can be determine d from the m ean 
v~lorit1es "' in c haracte r ist ic c r oss SPCtio ns a long the rive r st retch. The 
m,.an c ro~s st'c t10nal ve lociti es arc de te rmine d, in the absence o f data of 
d1 rt:c t m t·asu r .. ments. by divid1ng the water d1scha rce Q by the cross 
~;~: r•ctional arf'a Me 

··- .i.. .. (5. 111) 

1 he ma ~:ni tude of Q fo r the ups t r c;,m (rh·~r} zones o r s to ra1e r~scrvoirs 
c.-n t.Y> ta k• •n <'qual to the wo. te r daschar~e in the so·called inle t (upper) 
ga~ew~e Slk o f the r~scrvoi r. 

If con~•df' r.&.bl ,.. flo w \"Cio citics arc observed in the lower pa rt o f the 
r es·· n :o 1r, thf'n there. an th t• abs ence or direct m easure me nt data, the 
Vfii>)Oc lty "• c .. n b~ dete rmined by davidin(l the wate r das eharlf' throu1h the 
hyd ro<'h•ctric s ta h o n hy the c r oss · s ec tion a r ea unde r consideration 

The va lu·--~ of tt, can bP d"termmc d from the b:tlthymetric c hart ~r the 
r f>Sf' rvot r ro r di ff~'> rt·nt •.va li•r lev<' Ia. TI1e datu m line an a give n e ros£ 
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s••c t ion, in l h(' .t.bS• nC"•~ o f 01 't•• lllnf; "H U'. c ;..n o.-. dt~ t <'rm i:-~••d bv an ~rp. ,l;a taon 

be t "·c en n•-.h"(hbf' n n.:: .S IIi'!lt o r from b"c "~ d l"" r C"u r ves 
T h £> hm(• of flo w from th~' 1n111;.l to th<' c .a lculauon C" ro!lis Sf'c taun fl) r d 

)(: ' '-'" discharge a nti stag{•, 18 rh,•t•~ r·m1ned f rn m 

" 2~ ' · "c- ~ .. ,_, ..... 
16 1111 

o r 

" 1:t- I"'· ·-· 
16a 11 11 

•A he re N 1~ th•• numb ... r o f P••th o;o.-.~rnr•nts h•·t , ..... n tilt' :ru.h c dl• ·d r h . r .• c t••rasttC" 
c ross St'<:Uou:oo. 1, IS tb .. lcnttth of th,• •·th ,.(·gm· u t , '' ~ ~ tilt_' tim~' of no .. 
along the , ·th SPqment . 

Wt• then de term i ne th" t im•• of f!C'I ., .t long •"'3C'h pdtl l ~· R n(•nt 

•;- ··-···· . 
\V1th the \·a!ut s of~ . c ... !cu!a ted f rom (6 lll l fo r da ff .. r •'n! d:!"rh:lrR· o; anct 

8ta g~s. u IS poss1 bl P to obtcun th~ rPl~flor.stup 

'c -/tQ, H). (7 . Ill ) 

-.,.h ~ r<' H IS th~ r .v~ r -;ta ~t.· tn th~ ups tr t•am a rPa o t th•• ~s· .. n ·mr 
F1~urt> 37a gl\'t-'3 :cuch ~• d "'pendf'nc•· fo a· th\' ti m• of fl OIA' fPJm Ch• h<,ks:a ry 

to \ 'c rkhny1 Uslon o n the Ku1bysht' \" sto r ug•· r o:>St' n 01 r fi :il. 
If a C'OOS1 d .. ~rab!e part o r the d tstance L fro m Hw 1!ll ll . ol tO th·· (' alcu lallnJ( 

cros s s ec tion HI on an undamm,-.d stn•tch of the rivt-r o r on a damm('d 
s trc trh w ~·h1ch t he pa r ticula r c ha nn ... J.flc.• A' cha r acH•r IS matnt .• ln•~d. th,. 
l\nlf! or n O'A' fOr thtS Stre tch 15 dcte-rnuned, 01! (Or .. rJV('r , fJ•Om the 
corres pcmding stage. 

The tOtal ti me o f flow Te I~ de re r:n1n'-•d 1n tins C3St.' oiS the- Fum o f thP 
t ime et( Oow a long th ,... nvc r and o( th(' hmt_• of flu A· ;1)ona: tht• r f•!t••n·o ar 

d) M~an depth, Th~ m ..-• n d~pth II o f the ,,·at<' r ar!'a us~·d t' l th•· 
calculation is d Nermrned as a funcuo "' or tht' sta g H 

II ~ /(H). tR 111 1 

In o rde r to obta in the abo \•C r t'! .atio ns tup, th~'- \'Olum •• cur ,·e V• /(H) a nti 
the arPa c urve F-f(H) • r t_• p!otted fo r this " 'a H•r a r cu . 

TI•(' \ ' 3 }Ue Of Jt in (S . JI I) IS found fro m 

(9. 111) 

The ,.aluc of It can a lso b t.• d ... t(' rmmc d by d r a"ing cross ~· c u ona l 
pr o file s in c- tl.irhctt.•r•s u c p l.aCC'S o f the """tf" r arf•a us •·d In th•-- c., Jculahon 
(o r o f th t.• st1·c tch US €!d 1:1 the calcul3t•on wh•·n tln•r t> l!'it ~tr• dm fin ~ t 

If along th<' s tretch lll\'Oh·r d 1n th<· calcu!.lh on th t..• m•·.an ·d· ·pth '·•rl''" 
cons1dt'r.tbly, tlw !tt rN<' h shnuld b t."' d~ \·td••d 1nto p •. trt~ IA,tlu n .~o lndt d· pth 
3\'t• raging cannot lt•:ld to .1n ~ddtttona l ••r·1·ur ' " thro c., lfoul.1hOn o f lhf· t un• n f 
tht..• brg1nmn~ of tCt' fo rm .. H IOtt . In p r .• ctJC"•', • ~trf'tC'h r.t nnot h,. t..h\"l tf··d 
into parts if the tota l \"a n auon tn tht_• m•·• n d' pth amnunts h· 1· · ... ~ th.ul r. 

fac tor of I . 5. 
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1 ut· m• an d ·•pth on d.tmm(·d·UP riv ·· a· ~tt'f' tch· ~ ul t lw c:;hH' Ctf sm"ll 
b...- rl..\\ ..a • r· 1s d•·h · r muw d ~ccordmg t o the tndic;.. t&011S ~,·('n an Chapte r I. 
P a r B. ~ J. r. 

e) The coefficu~nt o f h~at input f rom the wat .. r mass to the ·•at~r·air 
iniP rf,oC~ (CO~fficlenl Of heal lransrer •• Coerflcienl Of heat inpUt •• , , lliC 

-.· n· ·Hac1cn o f )!Pa t t r~•nskr a is detf•rmincd, a:1 f o r· rive r s (ChHp1Cr I. 
I''" t H, § Zf ). by (Z5 I ) 

• -(1745w+ 106m)tp cal / c m2· day . do·~··<'• '. 

.t.h~ r"-' D tS the m"~•n OO'A' ,.,•!oc1ty du rin« tilt' co..~ lculat o n pe riod on th •• 
r •·"'f"r'\'Oi r lt.~ n~;th uRt.~cJ 1n the c a lc u la h o n. '" m /sf'c; W i~ the m••an w1nd 
\'l'!O(.'IfY ot t tht• hP1 ght o f th(' \·an<' dur l llfjf thf:' Co-a lcu la t inn p f" r iod I ll m/st•C ; C 
.,,1 p ,, r •· th•· ~P• l' t f tc ht'-'t and d t•rH!ll t .)' o f wntc r fC' is takt'n t•qua.l to 

1 t , , 1 /(· -:1 ·
1 •l··te r • •' ). 

T h • Olf'ot fl no\" \' t•loc at_y " is d t• IP r m hwd b~· dh·id ing th f• ct•Icu latlo n knl(lh 
o f th• r s• rvot r L by th r- t i m e of no~A• tr (st•c subs t.•c tion c) 

(10. 111 1 

0 1• f't~· ffict£'n t n f h f•at input •• i~ a ls o d•·11 r·m inPd by fo r m u la (l ~ t L 
Jfo \ ''\·O>r, t n th1s C' .. !-o•·. th(• £lo w \'l' IOC: ityJ s tak••n ~ll th<' elO!->trlf: (f'alcul~ tt C'n' 
~it • fco r·u~:o: !"t•Ctio n t a nd the wmd \'e loc ity in th~: s amt" r••~;ton a t tlw hn-'1" fo r 
A"tlH h th·' p r ob..ibth ty o f th e b c gtnni n g o f ic•• fnrmarton 1 ~ C'.J.k u latc_ ... d , tn th "' 
r~,~ · o f a c~. tm, tlw •Ni nd \'f'lOci ty ts asRum~d «>qua t to 0 .5m/St>C 

f) The pa r ameters d a nd II. S~o> Chaptu l. !'a rt A. i 2•'. 
11 The apeclflc chanMI heat input (q•f.+f u+f.l f'o r lak.•s . ns w<'ll o~s 

fry r· .~ tordl(•" r('SPr\'oi r s u1 pe r iod s wh!'nth r y ;~ n• no t dt :;;c h .Jt' f!N t. ' ' ~~ 
possi!..)}P, as a r·ule, to nPalf'c t thr l " ·at - •ec:chon~.-. r o m p<lrwnt q,, (1lw ~p• ·t·Hic· 
h"\Jt 1n pu t frrnn thl' ground"Aater) :u~ ..,, 11 i\S th•" hC'at exch ttn&::c_' <'f"mpfl nc>nt qt 
h h·• s p ec d ar ht a t 1nput du• · to enc n:y dt sst p :t t iCin ). Thf' q uunu ty q IS thf' l't'­
fo r •· tdk•·n ,•q ual to th,.. ~w·e afl <" h'-·"t i npu t fr·nm tllf' rt\·f· r bOttom f l'!· 
t'd lc'u:dtt-d \':t lu•' S l'f qb art! ~i\· t·n 111 C'h a J.)t f• t· I , l'~• rt R. § 2 (Tabh: 6). 

Fur d w ups tn.•rn {rt\'l•r l ~t rctctws o f s to r ::agt• rrst'r\'Oir~ '"''" ' '" th•• 
l!o.~ck ·., a tt• r is compa ratl\·ely ~mall I t Is po~stblr• to ta k t.· 

(II. Il l) 

Ah·•r t_• m i !" a fac tor small• ·r than unity, 'A hose f"S :'Ic t \':l lU{' has not hf'Pn 
tn v ••s ttg i.t t f'd . It can b t• tak e n appro ximatf'ly o n the ba~is o f a li nr~tr 

1n •· rpn ld tl ''lll fr<'m umty, at th r· rl \'" r at thf" f'rtd o f thC' h ackv.•atl•r an··a . to 
z~'rn a t th•" b~"A:inmn~ o f O\'•·rflow (bank fto·A·) up to thr- ha~ac ~hnrf'S of ttw 
r t \·•· r o:a ltrv 

Fnr th €' ·,·atu..,, n f f u SP,. Chaptr r 1, Part B. ~ 2 . 
h) The specific heet tranafer of the weter aurfece to a i r , a.. ·n.,. 

Ml:l~mt•ad• · orB,. i1 d e termin e d fro m (27 . tl ;a jll tlu • l'lum o f fh(' tltr rmal 
~ u rr···n t~ n t ,.,·apo1·ahon. LE. r)f ,•xchanJt"' P and o f rfff'Cth·,.. radi •• tlnn lrtr 
t:.r ~~ •.t. att· r- s urfac•• tf'mpt·r aturro ••qual to 0 ) 

B.-U+I'+I,,. 
Th•· mo ~n.tud~'R <>f LE. P. l,u can be <.<' lc r m incd from (20.1). (22 .1) >111l 

~~~ I) (•··•· Chapto•r I, l' • .rt B, S I ). 

10~ 

The m a c n itude Of •• C::dn bC dt.: IPf'ffil ll•'d "'1\t1 ~UffJC I •'Il dCt:ll l"ol <'y ~• }Ji;O t'W 
m~ana o f nom ographs (Fa1u rf!s 4 and 5) (5''' ... Chaptf' r r. P art B. r 1 

I n the c ase o f a calm, th•1 'A'ind \''L' loctty IS t;.k• n • (Jual to "t 5 m /r...· ·c 

S 3 . Method 01 ca lcula ting th,. init ia l \\•att.•t· t t>mp• r :11u r·· 

In cases ,,h,...n the r t• ar{_· no d~ta o f t\'..a.h' r· t ~" mp• r« tu r • n"'t ..... u p n ··•ll<i: , ., 
wh•~n th<'~ .. m• asur •·m ••nts a r e conductPd n nly ta t ..,h,;r •. <~ttta t :..,n . t1. uuu~d 

<A~'ate r tt'm pt' ratu r f' .. . ppea n ng: in (2 . III) and (3 . 11 1\ c a n b~ c.l!ru!.:a'• d ny 1!,,.. 
m f' tho ds dP!'crib<"d be\r)A' . 

If t in .· dad· ni r t <•mpt.• r d tun•s .. rr used 1n tth calcu ! .. uun . e. r ... n h· 
c.tlt"u lnt c d fr·om 

~ e,-,I [e,(.-• .. -,.,_.-•~-,..,•J)+: + , .... !"' 
·-· wh•~ r·· "• ts tlw nu m h(" r o f d•ys !pn•cPmnat th· d .. .. r l r .d 1· . • 1")0 ,.., 

"~ "" 
d t•t••rmm• ·d ) ,..hn~ · · u ar l<'mp~·ratu rc!' {and cHh•·r qudn lttl ' ~ · , , , , lntr,·d· r • d 
1n the- co.~lcul.tttoll , fo r tht• r ,.·s t ,,r the nnta 11on~ ~·. :_ t . 

In Uus ca:- ~.:· tie i~ d e term1n e d fro m 

t;-f-~ 
(•+tlkrlc "' 

"• - o.43ftla 
whf' r l' t o• ts t h ·· w~h~r t ••rnp~ r.uu rc ~~ t Uh bc>~tnrun~ n f tn· · p• t t".! ncl . \ ll tt h 
IS US •d fo r· fll1d lllC 8t: 4 .. i~ Ulf' p ••r miSl"'l b l•• • rro r· tO th • d · I• t'111P1.111ttrt 
o f to 

~1nce th i' \'alue o f ... i ll' u nknown. a dt ff ·<" ~tlt\' h t" fh' " " h·· tt d··t • • a·m;~uu(! 
"• by (13 . 111 ) ·n u s c an lw-> 0 \ '{' I 'CU!n(' h,\ .idnp ' lnC ,If' • '•'l!U' 1·11· r1 \ ••'11• f• •r 
.,. In thu;o c.,&Sf', a ~om• .\ u .. t f'X<l ~:t £;t· ,·:••· d ,._.,.,, 1'- t.H.•In• cJ •• "" f,, , rl• 
numt}f' r' 11e 11v• amo u n t of c~• lcut •• uon:- h' ( 12 I IJ\ t-;, 1 ,., . , .. nt ,• "1 ' \ 

111Cf'fl,l$t.•d . 14ut tht"C•llcul;t iiOn•~rror At3 ., i' d· r •·· .~,~ l ' m:ntl• .., •r w ' u• 
o f fonn ul .:r. (13 Ill) at folio"' ~ th .. l o ,·r r .-:, t t nl..H t ~n p f 11e d m:." tH "'"-, r• ·oc t 1 m .• tf•"'• 
o f ••• i~ c<•mp ... l •• tu···lv ~matt. 

Tilt..' c~• 1cu1ation of Oo b~· (1 :? Ill } tS ! .• t~ rJfiH..-: , . \ m• •r ' u'd f·•r ,.,l 't·•tl.,r l 'l t! 

&o ft·C'Im th·· nv •an .11 r h'mp•·r ;•tu rt· o : St-'m ·· pr,.,. , tJmf! p· r tPtl ln t .• l · · u~ll l ••I 
ne d.ty ,_) as tfh• r f'to r·<· n·co m m· ·nd•·d 

... ;• ··--.-;--· r I~ lil t 

Tht· numlu.•r· ftt an c .. ~t'f' -.ht n 1!.,. m ••,,n d • ~Hh dt)•' "' ,,,. \ M ' • • • 0 lt 11' 1 ... 

dPh· rnurwd fro m 

,.. __ l!..,- 2(• + ···- + ,-. ..,, .... ,_,-... II ~ lil t 

lm ta .d l~· lh•• \' llht•' u f lie I S: fnund to •' f!r ·:.ot .tpprV, tr11,th u n fr•t•nl t- 1a,! UI• ·, ;, 
rh il'l Ol.tkt :1 I I Jl{'~liU blt • IH t!t•t• r n\l fl1' t h t• :t pp n ._t, lfll .. tt' \•,, lu • S: , ,f till' 

P·• l' d lnt'h' f'S l flV O I\ft d IJ\ ( 1 5 . 1111 . 

In case!" o f l .tr&: \' r d•·plh!!f , ttw \ .du t• of "' fC\umt fn•m (1 5 I II J ~~ , t trr•·• tt·d 

,,, 



,, 
,. 

F . r~·· I'' ~~ : . . .. 
i r ·1 r - -

.!....+~+ (~- ~)t& + [a;-r- .!._ 
• .. I. 1- ,- •. • 

1•+•1 ... +(,. + ,-.. ) &] -· ... 0 ' - --,-.-- -,- I- ,- ._ I ~ = • 

- ~· "" h• rc l .z:=-· 

"" 

(16 Ill ) 

In. fllldll' "'"" f1 sIl l .- nd (16 Jill 6 IS tht' alr•tt•mp<'ro.ltUrf' nuctUdhOO 
r! 1 nn~ ':H d.t.y (d· ·~rn c;/da)"l. 1n tht• <"38t' ()( oi g<'m· rill l drop of the 31 r 
tt tnpt r .. ttart· 6 1s n<'Rilllv t· For tht• rest o f the> notduons see abo\•r, ~s wrll 
3!'9 \ 1 .. 
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fl o .... . •v··r. Alth an acr urar y ~uffacu•nt for tht• l' a lculatton o r &0, 6 can be 
U· ,_.,·man,·d nl~n morP Ramplv Oy dra~~om~ on a tunP ~raph or the mean· 
diUrn.d t• ·:n p•'filt.tn•s. oJ struh~lll hnf' or thf' ~f'tH'r.-1 (a\·~r.tgt>d ) 31r 

t•·rn p• r.lturr• \ ',l rJ. ttHin (1-ti;Ut'r 36 ). 
Th•· \'3hJ!• o f n 0 as c·or r"C"I~"d (hv tr1.tl and' rro r ) by m('ans o f f'qua h on 

{If) Il l) ~1.:; follo~As Tht• \'alu(• o f no. dPtPrmtn~'d from (15. 111 ), as well as 
tlw n~t mr rll'al \'•t lu•·~ o f all thf" rf·matmng quantttir>S IOVOlved Ill equation 
(16 Ill). .If'' COIJh~htut••d an th' latt•• r t:'Qt lo.~llon. Tht• valut>s '1 obtained on th~ 
\t>ft·h:&nd sad'' o f th•• · ·~uahon an th(• t:Pnt•ral case daffer f r o m z.f'ro. and may 
a~ .. ·m., pncwa\·•· n r tli'S(<itavf ststn'> (In df'gr~"'~'fot) If a po~ltt\'C quantl ty IS 

(, .,, . .,n•·d, tf,. r.·1n.h• r n 0 t Ci u nd•• rr.ttPd. ~hf"re-.s a nt•I:J.II\'e quanuty 
l'l·IH •t••o;: th.ll th•• n••mh••r n0 a-r ov.· rratr·d 

If . t pn.:oatt\''' qu.tnttty tR nbt •• tnt•d, a "'alut• o f n, lart:""r by a unat lR 
c;uh'- lltut••d an ' ht• #•,patlon dOd ~o on unrtl tl1t' t"ft-hand J:tde o ( thP <'quallo n 
b•·t'Otll'"S flP~,ill\'•· fh~~"' '-'.IIU•' o f flo U~t·d 10 lht' CdkUldhOn 15 that whiCh 

t(I\"'S 10 thP l··ft·tlomd ~Iff' o f • qudt10 n (16 Ill) the least d t.•vtatJon from z£'rO 
• t th~'r post11\'•· o r n• ~..l.t l'·t• 
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·ri,P procrdureo tfi tum.I.Ar 'OIIt. • n .. Oll(•l.\t' qu .. nuty ~~ vt,t .. ,r'll d 11 tht J, h-
hand Stdf" o f ,..q•Jdtl00 (1 6 111 ) But an U11S C a!IP 41:m. :,t"r \4 1i.Jt o;; ( n. h.,.\ I' tQ 
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Fl t:IU: 'II. ''«~· · .. In-' " I tC'mplP· &fU t' .ICC~U:' 1,' l"w" f 1 1~ "\.a 

~·~.:lr-'1·~·" •1 .,.,,,.,n, ll~.a. 

It <~~~hnuld b .. • bo1·n, tn mtmJ th.a' 'tnct.~ , ,. "'sli n .· .n1 n~t ~:-- .• ' 1 ~~~ rt• 1 •f 
d.iy5. th<' lt>ft -hand stdf' of th•· • t1't.AUC'In m.ay 'dl1l'h '•1.y m ' · n ro.~a •' ..... c;; 

of an dppro p n \'• ,:nmbt . ;o.~'l\.ll\ tlf tl:•· , .... :J• ~ I tt,t· qao.~n~1t 1•..,. LIIV«. ,,, d tn 
(16 IJil. In gl·n,·ro~l, tht~ h•h- t ... nd :.ldt• o f tht· ' I"I,Htnn ,,,.,,,!1\'' f •• t .. 
fr.lchonal , ... due o f 11o 

Tht• corn·cuon •lf th(' \'.i! Ut• t\f no tw 'l l d 1 oUl<J ··r r f• r b' ··q•hltl t•'l (lb Ill\ 
c an bt · shortt·n··d .d1··r1 ~t , . • lut• 1') - • n ~"' - • n )ll ... nh:.qn; d hIt,-;< .1s• 
to \•btJ.In th•• n~q un.·d_\·,du· o f <to t l11 .... ,rr• ~•H ·1d1tH.t \.d\1• ot 'I '"' 'to'd h• 
add•·d 1\."' tht' , . ... lu•' ,f 8 111 th•· ·''"' t,;~t h::•ll,,uun ~ n• l tc l• d Allh • •IU·• ' :'"' flh 111 1 

Tht.' \' ,tluf' o f Oo C' dll also h• dd• t•num·d !rC'm .. 
~· & =-'-+~+~ 0 ~ • .. • 

(I K. llll 

v. hf'r(' no' tl:: ':na.l•,. tl•-•n n0 f r tt , ..... nt•' ,. ··.t ·u ""' It ... ' h"'r• f •r• 
cxp,·dlf'llt to u~·· IlK 11 1 "h•·n t •r ... ·rn• r•··•"',. ' at,.,. f!• .. , , .. t.! ·· I• ... , rt···t 

th (' pt>rtOd C'll a\.'I'I' ..IJ': Itl~ th•~ .ur lt 'lllr''' 1 "Jrf In P·•f't r I .tr. thl"' , , '"'I ol 

Cdn b (• U"'it'd "h•·n th• \:J:UI' ( 6 1.._ dt·t• rl1ll'l• d r r.tp• ,,,, }!v llll",t._,.!'< A ho II 

atth~hcganmn~ of th~ p• ,., ... d n0t ttn 11~ t'.lr.~ p .• rt •• nd fo~r tl ,. r••Cit ,,1 rt • 
p enod tht" n.tturc o f t)h' 1:1'11• r .• l .l\1 • 1• mpt T,tlllr• n ,,·tl.ot tr·n c;. , , H• r···lt 
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n, · numbt .. r· ,.., 1~ dl'tc raun~..·d. Hl t!us case, to a fintt .appt-oximauon by 

. :a,- ... •.- ,_.:..-.. (1 9 .lll) 

·n"•n at rq r n r· r t•c t.f:'d by rr·i ~•l r.nd t.•rro r :.ccording to 

».- {.S.. - ~)•+[.; -l- ~ _1!±!1.f!..+ 
• I - ,-"' a --..-----

+(.}+ .~~~ ... )~~J--.w... (20.111) 

T h•• ,·;•lut' o f n.' it' cnrrf•cu~d until thr> v3luf' o f A .. is a mini mum (sec 
.d ll''' ' •· ·t~u• • • t·ui u~ th• • t' llrf'••c taon u f 11e by trial a nd e rror accort.lin&: to 
(1'> . 11 11 ). 

oc 4. t-: x ... mplt· o f c alculatio n of tht· belinning of s ta ble ice 
C.fl'l.• · r ' " ' ~u ll w;.tt•r 

L ··t us c-oJ !c u l<•l,.. th l' b,..ginn1ng o f s table icc o n l.akt"' Chud~ko£" jLa kc 
I '• q>uc:; ( tn th·· 1\,,,.~da \•f' rC d•s tr·ict in I!J54. • 

W•· d •·t • .. nnilw lht• boundarie s t"'f th•• Sf'c t io n o f th£" lak(' i n\'o lvt•d in the 
c~· lcula t ion fo r· the gi\'~""'n r t>M:to n according to t he ind1ca t ions o f § 2 . 

Th~< rrw tr•pr·ologtcal d ••ta is take n fro m the nearest m ••teorolog.u·al s t.atinn 
Tttdko ya, S ituate d 30km 10 the north · no rthw~~t o f Koda,·,·r·c, o n thr la kt· 
~ hf)r•• 

Thr- (•xistt ·nc~' o f me:u;urf'm ~nt data for the water temp{'r a turc JS c hecked. 
\V•• f tnd t ha t th~' r" a r c no d~tta o f nwasur~JllCil L"' fa a· fro m thl' shor••, 

.vh~"" r,.. th,.. d1·pths arc c ha rac tt.' r tstic o f the cch·cn wah·r ar<'a o f the h•kc, and 
o.~ l~o tha t th~" .va t t' r te m p,. r atu r r m..-.asur .... m c nts c o nduc t e d at thC' gotgm~ sitC' 
o n tl11.: !-oh'l r •· cannot , 10 this cas e , c harac t e ri z4· tttt"' mc.Jn wt:•h·r t~mpf' ratu rt• 

tl f lhc ~t v• ·n part o f thr• lak••. Thf"' r Pforr·. the inttial "':ttc r tt'mp•·r a ture &., 
is calculat•"'d . 

\Vh•·n c hoosing the dati' fo r "'h ich thP vaha(· of ~ wi ll be calc ulated, the 
follo·,o.i n~: in!'tt1.H't ions a r·c takN1 into a ccount (c f. ~ 2) : 

a) II il" d ('&i r a ble to (!hOO~£" tht: dut<" fo r ~A•hich &o is d t•t e rm ine d such that 
t he tt1r·tf' mperature fluctuations u p to this d:..tc do not complicate 
sullp l•• gr·apt·ucal drtc rmination o f the m ,.an r .a t<' of the ge ne ral t emp <' r ature 
d"W (II): 

b) Thr· d .atf" 9f lrt !":ho uld be c host.•n so a s to pro vide a sufficif'nt fore~ 
Am rnnu: p (' r iod fur tlw fo r·cca s l and r·e<.luce. to sum .-. mini m u m . the e rro r 
111 t fa,.. c.d C"ul...t t ion o f t hr· •~o•atf• r f(>mpt.'" r a turc fo r the assum e d day o f Ut(' 
b· ... ~1 nn111~ n! _,;: table icc C'O \ ' C r ; the e rror is due to the fact that tt is calculah.·d 

F rnm l- 1gu r r· 36 "A' l.' fi n d that on 16 November no t o nly did a ne ga tive air 
tt•mp•· ratu n· t·J~:· Ii{i n, but at abo u t this time an abrupt change in the t e mpe r a· 
tun· cu r v ' ' vt:cu rrr·d . Until 16 No ve m be r the our t···mpt•raturf' (Cn~rally fe ll, 
th0u~h w1 th c onsidPrablc fl uc tuatin nR; thf' m•··an r a t<' of fall was 
con~ldt · rttbly f> m :tl1(' r than i n the sub!!ff' tlu•.:nt pe r iod . 

( Ju .. h .... Alr, ·n~:th o f lh•· abovt' and 10 ou: coralanc•• with the c ourse o f Uu: ;,ir 
h'm p•·ratur•· (I· '~u rc 36) • ·e d••h: rm rnc the value o f .. ror 15 Nov~mbcr. 

I liM 

il I , • 

~~ I I l ! I ; ' 
J I ' ., ·,.., .. ,. 
• f ,, ' 

I ~;r ·t , ,; 

'

•i .j."' I 'I 
' :( ,{) I 'rMJ .. 
, .•. 

TI1c va lue o f .. (1n accordance vdtn (1~ . 111 ) ) t s tak,.n •"Qudl to th<- me-.~n 

a i r te mplt! r a t ur e durin• some prec edint pe r 10d of "' d.eys . 
\Ve- d totc rmine th.:- a pproximatP valut.~ of 11e (rom .. ti(Ur(' 35 
n w m• ..... n dt--plh o f the cave n pa rt o f thl• 1&k t• c an b< tak,•n f r o m tn~,c-. ~raph 

o f ll • f(H) and is equa l to c.bout 920cm (tht> ~·ater l i"v el ul the t .Jk•"" 1n the 
giv••n pe riod var it..,d within narrow limats ). 

For a d··p th o f 920 c m we f1nd lle-60. 
l.e t Ul calc ula te the valu e of 11e frorn (15.111) 

wh~r~ .. - C• +t)ii; . 
111\.' value s o f t . t. ~. a. ., a nd I a r e d t."'tt-rm inrd fo r a p t• n od nf 6 0 days 

from 17 SC'ptcmbe r to 1 S No v (•mb(' r. 
F o r· th•" m ean d t·pth t we fi!!,d a \' ;.a }U(' of 92 1 em. 
The m e a n ai r tempe r a ture I during the pe r iod from 17 5•"'p t,..mbt"' r to 

15 ~ovcmbPr is found to e q ua l 6 . 2~ . T h(• wtnd V(."'lOC" lty i s t a k•m equal hJ thr 
m ••un ,·alue fo r tht.- nut.!!mn coolina pe t' iod (5 rn/ Sf'C, F'i~u r~ 2 l. 

F 1·om Ta ble 3 (fo r 1• 6.2" and •-s m / sPc) we find t•45 cal /cm' · dov . 
· ~~. . 

For th(' m ('an \'ol luc of ~ d u r ing the calcu lation pe r ind ~·· · ftnd. from 
Troble I (l·,·g1on I) (fo r the geographical h•tl tud P and the dale o f th• m1ddl•• 
o f th.-. p t"' r iod - 1; Octo be r), t he \'alur .p c al/c m 2. day. 

The valued the he a t- tra nsfe r coeffi c: i ••nt a i s d•·l•· rmul• d from (25 f ) 

•~(174511+ 106vt)tp. 
Fo r a -.•ind \'eloc it~ ~- 5 m/!l.f!C (th~ r at('d \'aluf') and a fl o w \'Cloclh' ··~ual 

to z,· r o , wt• o b tain a • SJO cal/cm:. da y . d i!IP '"•'. F r n :11 T~· bi · · 7 wt fw d, on 
th{' a \·c rag· ·. fn r th\.' calcula tto n pe r iod fh-1 R l·a!/cm . d<.~:o·. 

In o rder to dt. ... tc rmin~ the m~an r a te 3 t' f the· tntal <alr-t r.o:npt•r atu r·•· 
variatinu we dr:a••·. 10 Figu r e 36 , the ll nr o f th t." tn ta l (il \' t'r'<aRr d ' 
tCnlpc- r a wr·e drop . WP o btain a- - 0. 15 d a' J!'f'('o /day 

l.t·t us calcu ta tc the \'a lues o f Gt a nd r' 1m·oh·•·d in (15 .111) 

.... ~ ... ~ .. 
•,~ l•+llkf ~ tSii+~JWI·i -0.00; 

(s~,· ,\pp~ndix 1 ). 
Substl tut iug th t· values fcu nd in (15. 111), A't.• nblot trl 

11 
_ 2 · to 2 (SJ) + 4.~111 2 · O.W 

e- - 4S · I · I O.JS) - ~ · 43( - 0.I.;) + r=o:ii.i =o 

= 13.9 + S.ll + 43.4 = S.'U. 
L e t us rorr('ct tht~ ,·alut• o f n1 by ~'qua tlon (16 llll. 

.!. ..L. l• + tlfl, + ( ... - ~)"+ 
• , .. T •-•-"" 

+ •,- •- - - - - - + -- :---- tl e- •~o. [ 
• - • •• + ..... ( ... , - .. ) ] • 

• .. 2 ,_,- .. 

If II ,t.,J.fiiC: UII fi' •'t-U m thf \' • lur ~·f I loy ' ' llllj'lt' .:r• !ohif""a lo' l'll I Hk II•'U, U •'t "111.1 t-o (' • II ul • l • J I •'ft1 

111.111). 
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\Vc d~term1ne the valueA o f the pa r aml!te r & for a per iod o f 63 days (fro m 
14 S~'ptt_•m bro r to 15 NO\'~mber) From the ta b l t:'S and a r aphs indiCdted i n 
the prcv1ou~ ca lculation Wf' obt.A1n· AI • 921 em. i- 6.4•, t- 45 ca l / c m1· day . 
dros:tre!" , tl- 51 c a 1/cm1· d ... y, t b• 18 cal/cm1· da y . The \•alue of ca r -em a ins 
as be fo r e , 1. ~' . , ca-5J0ca l/c m 1

• day . d t-R:rre. The value o f 6 a lso remains 
a~ b••fo r f" (-0. 1!) d ,.. l{r••c/d .•y l. 

The water t<'mp••r a turc o,• at tht~ beguuung or the cons idered period or 
63 day s , IS take n app rnxi ma te ly f'qual to th£• m ean a1 r t e m pe ratur e during 
a p~"rtod o f thro same duratio n p r ecedint the cont~idered one , i.e., du ring 
63 days fro m 13 July to 13 September. w~ obtao n .. •-u. 4• . 

Wf' ha\·e 

•Ill So:IO · ~ · I 
Ge- (• + .t).tcf - tlii+45)·i!H·I - O.CM5; 

.- -.~ e-••_. 0.956, .--... ~~-•·•• =- o.OSL 

~ubshtutinethe va lues obtaine d in (16 .111). we o btain 

4 + tSo30+451 II + ( u - 0.151 )·1 ·(-0.IS)+ 
"" M0 - 46 T r=o!6 

+[•5.4-6.4- it- ~~.1.'" + 

+(~ + .~ru) · 1 · (-o.l5)]o.068-o.or. 

The fac t tha t tht- r esult is not z ero, but .. O.OG•. mc•n8 that tht"' m ean aar 
t Pm perature durang the 63 dayfl (6. 4•) g ives a valu f" o f tl underet~t1mated by 
0 .06• Fo r suc h a small dc \•iation fro m t!e ro, further correc tion o f 11e is 
unnrc~ssn ry . Tiu~ valueof e. ifl o b tainf'd by addang the \'&luc o f 60. 
o bta 1ucd f rom equation (1 6 . 111) to the metan aa r tempe r a tu r e duri ng the 63 
days Roundinr off to fr ac h orts o f a dt'R"ree, we have .. • 6 . 4• +0,06• •6.S• 
(a t the r·nd o f the day o f the 15 Novf'mber). 

,, nciiJ&tive m e.an· diumal a i r t e mperature (acc01·d•ng to the T ii r i koya 
m•·teoro!ol{ac a l s tatio n ) be gan '" 195-t o n 16 NO\'Cm t>f'r and was m atntained 
unti l the bcginn1ng of December without sharp fl uc tuations (Table 24). 

Bearing 1n mind that ttie m ost favo rable condatao ns for the be g inMlnl o f 
aero fo rmatio n a r f" lo w wind vclocaty and low cl('Udlncss, we c heck th£' 
pnssfbilaty fo r i c e to form on 22 Novembe r (at 7 hours when the wind 
\'eloc-1ty was 1m/s ec, and cloudulc ss No . 1). 

Smce th t_• c alc u lation pe r iod is short (16-22 'lovembe r ) and fluc tuations 
•n thro a tr t e m pe ratur e duri n,;: this period are no t sharp, " 'e c arry out the 
ca lcu la t ion by m e•ns o f forrnu la (2 . 111) i n wh1ch th~ air t~mpttrature is 
3 \'t' r agPd fo r the cnhr~ calc ulation pe riod 

.... - ... +[i +...!. + ..!!..±.!!..!k.](•-,-... )< - ..!a.. r .t ~ ~ 

Ttl,.. numb••r It ":all b f• 6 3 (the calculat ion per1 od 111 fro m zrro hour~ o n 
1 r. :-.;,w,..mh~"" r to 7 hou rJJ o n 22 Novt-mber). 

F o r th•· m•~.m d"pth during the calc u latio n pe raod we o b tain 94 1 e m fro m 
th~ gr•ph 11-f(H). 

110 

n1~ m e a n a i r temperature i l i•-2.3•, the m ean wind velocity •­
• 4. 3 m /aec (Table 24 ). 

Alt l~mpc-rAI\1~ -. ,nd vor lotiiJ , mA.foc: •• • ,t't.t f •i " ' 
O.ate 

1 h. l l ,h .~9ht t,1Uft I h.) 1 b. 11 h~ l'l h. th. l h . l3h. lt h. Mt.an I h. 

!'llown1bet 

14 ~I - 0 . 4. J.! ~:~ 4 I 4 f 4.0 • 2 10 0 
I~ 2 4 2. 10 10 4 ~ 7 2 10 10 10 10 
16 

~-~! =h 0. -0.~ ~ 4 3 2 3 ~ 10 10 0 • 17 0 o.:; - I. 2 2 ~ 4 3 .2 ' • 10 10 
II 0. ~ 0.1 :tl 0.1 2 3 3 $ 3 2 10 10 10 10 
19 H:~ -2. ~ - 2. 1 -2. $ 7 $ 6 $ .7 10 10 7 10 
20 - U :::; :b -3 6 7 6 ~ 6 .0 10 10 10 10 
21 H:~ =::l ~-4 ~ 4 4 4 4 .1 10 10 7 10 
22 r-•-; ~H - 6 $ I I 2 2.2 10 I 10 10 
2.1 ::.~ -6. - 4. f-4 . 3 2 4 7 4 0 10 10 10 10 
2~ - 6 .4 -6. - 1 .1 f-6. 7 7 10 12 t.o 10 10 10 10 
2$ - $ - $ . - $ . -3:~ -5 I 14 14 12 12 13 0 10 10 10 10 
211 ~:~ -~:; -7 -7. - 1 ~ 12 10 12 10 110 10 I 2 0 
27 - I . r-t:g - 6 .1 r--4 - 7J 10 14 12 14 12$ 0 I • 10 
21 - 3 . -6 I -~-~ - $ . 12 12 12 14 12 .~ 10 10 10 10 
29 :~·c =t~ -H - 4 -3. 12 14 11 12 12~ 10 10 10 0 
30 -u - 7 I -~ - 6 .6 12 12 10 10 110 0 0 I 10 

l>r.«ntbc'r 

I -~. 1!-H - 4. -31 f-4 . 12 12 12 12 12 0 10 7 10 10 

F rom Ta ble 3 we obtam t• 40 c a l / c m 2. day dc g r <'c, f r o m Tabl.-•:- 1 and 
2. d•Gc a l /cm' · day (regoon 1): fro m Ta ble 7. f b• 21 ca l / c m' . day . F o·nm 
(2~ . 1 ) 

• - 106·4.3· 1- 456 cal /cm' · day . de gree. 

We o bta m 63 · 4S6 · 40 · 1 2 11a, - 14g + 401 til • 1 ~ 0. 46; 

,-... _ ,-·-.. - 0.78. 

Substituting the \.'alues o b ta tn<-d'" thP )('ft · h~nd 81dt> o f lttP m •·quala ty " '' ' 
obtatn 

[ 
6 (4S6 + 40121 ] 6.5 · 0.78 + - 2.3 + 7 + 456 - 40 (1-0.78)~ 4.72". 

L t• t US de te r m i ne the r tght - hand SldC o f th t" t•qua hly, I t.' ,, Uw \ u lut• Of 

- !•. for 7 hours on 22 ~0\'~"mbcr. Thl' \'a lut~ o f 8,. 1s !f'und fr•"~m .. 
~quatlon (11.111) 

B. - LE+ P+I,11 

wtth t hE" a id or Ft~Ur('S .. a nd ~ \ \',• P blolln' LE + p - - 11 ~ r al /t M 2 d oi)' (fo r 
8--R s• a nd C •l m / s cc- , T a b1<- 2.a l. l ru • - ISR ··a l/C'm: da \' ffo r· 8 --R R 
and No• l. Table 24\: B.•-11 ~-t RR~ - JOJc• l/<·m' d.oy . 

Il l 
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r n r t·-o ~ .. ,,u ~t-t rn/Sl'C W(' obtain f •-om (25.1) •·•1 06 · 1 I• 
• ltlo c._, /t"m ... lf.iy dt.•g rf'~ 

1· 01· l ht• nqht-hoHld Sid f• Of lhf' equalat Wf' fi11d 

- ~= - ~!' - ur. 
'l !tu ... fill th• 1· ft-ha nd 111d..., o( i n•'tlu~ lity (2.111 ), 1Atuc h l{iV<'S th~ mf'.-n 

· ~• t• 1 l"mp•· r~•t•rrf' m thr t'' lll.~hlert'd rf'~1on o f thr t:ake, w f" o htAan at 
71u ·u n. ''~"~ 2:? "\nv•·rnb.'•r 4 . ;ze, and an th{' right- hand stck-, whic h cn·es the 
·n· ·"' • .tt· r· t t•mp••r·..tturt' ·'' Nhach the bPRin niru: o f ict'' fo rmatlon on the 

I I r ..... j <ol n· ·~ ..:ahlP , Wt.' n ht.ti n 2.RG T ht• lr•ft-hand side IS lar'l"'' Uutn the 
r •rh · · •t.on•l .. u1,• Conrf"flU''nt l~· . nn 22 'JCW("tnb,•r ace fo rmation • n the 
, .. , .. 1d• r·•f! part o f thf' l. tk •"' as ampnsR1blr . 

In t1 •• n··~t d.•ys (T.oblt.• :!4\ clnurlm•"!-IS anc;:: r f"af'"rt, thf' wind \'Ploci ty rose 
nd :--·1 du1 rlw ~ur· t..•m pt•r.ttun_•. ilu: r t>fo r·t:·, ~:;mcf' o n 22 ~0\'<'mht· r tl1,.. 

' ' 1· hond <.: t tl•• Of t lh • lfl••quali1y w~as l~ r~er· tha11 tlu.• right-hand tHd~ by 
• 'I .., . 2 , • • <"Oil~ 1di• r· it ilw"(p• ·d a<'ut to pr<'d act thf• prn b.1bility o f tlu." 
h· .!'ltl unr: q f IC't' fo rm.Hio n fnr· 01 d ..ay ~·:• r·hc r t han 27 Sove-mher. 

1.· 1 tP~ • I•· <"'k thf> pnq~aodity of ic <- fo rma ti on to bt•r i n a t 1 hours o n 27 
·"·· • m...,·· r • h•"l, ,,c-;.f"ordmJ: tn l ht.~ rnt~t • ·nrnlo~a..- 1 ctata (Table 2 -4}. condations 
• r· :nw \_' t ,, ,., ,r ,,hlt· fo r· tltt.• bf'~lltnt ng of 111f' fo rmation . 

\\ ·• l· .• t ,· ut~tt'· thf' lett-nand s td\.· o f inf'QU..tlily (2 .111) fo r the ~nd o f the 
.!'• \:, ,\ mh• r ft hf• t'll'glflntng (1f 27 l'\0 \'•-..m b<>r). 

"'lt' ' ' '' 11111tal •~~o ;).tt"r' l t•rnperatur•• ft "'e use th~ v.J lut> o btai n••d abovl~ (tl r 
7 r·nur~ "" J2 ~t. ,·.-mbt"'r. Til(• numb<'r 11 wt ll in this cas(' bt" f"'qu ... t to 4. 7 

.\ c'("'l r·,.hng t,., lit<" d.l!!!_ and m~thuds nuh c ..atcc.J 1n the prf'n Ous calculati on.; 
" :lbtalll lt;wq5f'h'm, 8• - 6.fl&, W• 8.2 m /sc.-c, C1• 869cal/c m1. day . degrc f' , 
• - ·••· c~ l/< .. U d;ty · d t•grt' \.', d•-1 Ocal / c m 1tc.J"'y. f h- 21 cal/c m2· day . 

\\'· · o b ot lll 

4.7 · 8119·511 · 1 • 
, ... = t11119 +16)11fi0 · 1 = 0.261, ,--. - ~- - 0.77. 

, .,h .. utu t ul~ tht• \'.oiU t'S t>btaln{'d 111 thr h •ft -h:uuJ s ad{• o f an('quahty (2. 111). 
f•tJI ._t lll 

I · t u~ --l· ·l · · r rn an•· th• rr~ht - IMnd fiili dc o f th(' lnf'quahty, a. (',, u .... v a lue o f 

~ . , .. ,. 1 h•·urq ' ln 2i " 0\ff•m h•"' r . 

' \ " d . ,. , mtw .... tlat' ma'tmtufl,-.. n f 8,. frnm t'quation (27 .I) 

B.= LE+P+I,11 

\ l 1h 1i"" .• u t " r Facur.--.fl 4 a nd 5 . We obt aa n: LE+I'•-4tl0 cal/c m2 dav (for 
o-.n ... o·.rJ 6' B II'lm/ fl ••c ). lru. - 200 c .. &l / cm2 . day (for ·--8.9' and N,-o, 
r .••• ·· ~_. . 8 ., .... _,.,.0- 21'10 .- - G9ncal/ c m 2- d..iy. 

I r v - n ' "" • ••IOm/sf>c .. ,. ohtoun from {25.1) •·-10ti0 c.al/c m2. day . 
tl• . , • 

ft, .. \'-.•Ill•' to( I he· ri ght-hand Hu;IC' o f tht' i nrquahty tS, thc r r fort'. - !: -.- ;::: ~n ··~ . 

II ~ 

Tht- lt•h -hand sadl' of th(" Jnf•qu.-hty ( ~.2!) ) IS i~l't(' r t h..-n tht:' l ll!ht b~th· . 

C..:onse4u•""ntly , •c•" form.-tion .. lso c.mnot b,·~ •n a t 1 huur on J7 '\o, ••mi:M'r 
f-- rom th t m ••teor·otog•cdl cJ.HOi (T ~bit- 2 -4 l at c .an bi• c • •cludt>tl tu..e t 1C t • 

f~nno.~tl•m t\. 111 nnl bt '~llt 10th(' n••,u'('51 l lffi~'' t1 l11t• r : tht• \lhU wl• mu fit·d "rld 

th•• clttudin~"'s ancr•· ... s,·d, and ,..,ft<" r 7 hours('" 27 Xov••mtwr th•• •. ur 
t'~mp•·•·--· tu r·f' • .!s•• r'f)~!'. 

'lllis ..appt.·arance ofth('clouds a nd a d rop 10 the a1 r t••m w · r atu r t• fwath thr wmd 
, ... locity r t.>matnuur lughl began a t tht• e nd o f 29 ~uvemiW"r. 

l .•·t us Ch t·ck tl~t• pro b .. bt l ity fo r ac ·to fo rm ;u t hours on 3 0 ="'•V•·mt..-.r. Wf' 
c.,!culat<' th }(Oft-hand sad•""' o f the an•·q ualhy (th<" m eot n ,.,,.h' t' t•·mp t•raturP) 
for lh•· •·nd 'Jf th•• 2!) "\ov,:ml••• r . 

I t q· tht> 1111t1a l \ oih• t· ll'lnp• · r~•tU I '• ' lite) \• ' t;l~• · 1t1•' \._du• 1 ht .• 1n• d hy 
c1:..cu .. •tlf' u f rw t it•· • nd r,( 2f• " tt\'f'lllh•·r· ' :!.2' ' ) \ \ ' • IM\ ,. 11 - 3 

I 1'Y1:n th~' r•• ... r••ctn·•• c:rdPh!-1, l ,ibl•·:oo dnd fp rmu l •• ~ t'"'P"' ..~Itt'"' •· for 111,, 
l!' 't'a(l(l fl'•nm .!.7 tt" 2'1 ~O\*t·mlx•r· 1\ • ' obt ._,an· A• '• ~, t') r n .. • - l .! . .l m ' s··c, 
0 - - :..:t . t - iU t•.•1 / c m 2· d •• y O• • IJ re•~. ~-- 'l5cal/cm:. d..o\' , .,-IKf.,•l/ "· rn· 
. d ... y. s•1 3:!5c~· ~ / c-rn-z. ddy · d•"'g rc-•". ,..,.n.233, r•- n.i•l . 

F'o r th P 1..-•ft-hand !i'td t"' o f th\_• am·quality " e obta •n 

.... [ -z ull\ +l'llli!J 2.~;o · 0.79+ -53+71+ IJ'J3 . :i Jtl - 0.791~0.69". 

\'.'.-. d•' H ' l'I"'I IH1f' l h {' rH;Ill·h~lnd ~ id•• •1f lhP 1nt'(1 UJ , I I,\ f r·••ll th•• m ••tt•t+ t"tJit'· 

l:liC·udatafor 1 hour:-oon JO :"o,·emb•~ r tfor l•-6 0, •• t :?:ra/ s •-·c .onU 
,Y.•OI. \V t_• nbt~un· f r om Furure 4 L£+1'•-4 15c..al/c m1

• duy, fn•m ltQ'Uf't 
5, l('u • - li2 c.d/c m1 . d -'Y· a.•- 4 15 - 172 • - 5A7c:. 1/cm1. d~· '· · frt ,tn 
125. 1) we fa nd •• - t2i2 c .. l/cm1· do.~y. d~itt'•" • For th •• t' tL!fH · hand !iitd•~ o f th •~ 
llll'qUali ty 'S<' Oblo.tiO 

•- -S17 ... - ~- - -,m-~o.- . 

T uf" l l'ft· t1 .Jnd ttuh ... tS lu. n.: l' r than tlw ru;ltt ~idP n f th~ llh qu •• ht~·. h .··· 
fn rmo.~ttun , .•• nrl(•t bf' 'J&Il a t I hnu r:;; on Jt) Novcm lu ·r·. 

At 7 h\.•u r·~ n n 30 :\"P\'cmht•t• a fu t·t her di'Op an thf' •. ur t•~mpt• t·.•t ur• "" ·•S 
I' I'C U t'dt •lt . W\_· n·p· ·at the C._t lcul ..& l 1Qf1 of t1w p rob .. •btllly tol , ('1' h l ( o t ' lll .. . 

7 hou rfiil. l ' ot· th\.' amttal 'A .Jh•r t~mpcr.th1 f' t' t\ t.' tdkt• tht.• \ . t iUt · f'lh tauwd h\· 
(' •• tcu .• .nw n ro r· lh•· t•nJ o f 2. ~fWcn.bt-t• (0.6!' L Tht• nu·nbt.·r " '-Atilt.t.· \'~lllo&l 
t•' 0.3. For the hme tnh · n .tl fl'·u m tht"' h ('l!trllllnt: (•( th •· dav to 7 huu r.; 
f1U 30 :\U\*t.•mb•·r "e obt .. otn· A- !•50 c-m, i •-6 H', W• l 2 m/.s t.•c , t -7-44".; ... 1/ 
/ l'tn~ d.ty . d··gr·f't', tl• - .!~ ,· ... dc:n1 · rio.~y , tt- • li C"a t / ... m1. d._,~. • • l.!i:? r .d / 
/ cm2. ddy . d,.R,.,., .. IIQe• n.o.n. ,......._ ,...,.. •0.''8 . 

For tlH• J,~ft-h.md ~!d\.• of th•' wcqu.• h t~ , •. ttht •• au 

069 · 098+(-&a+-22 + Cl2n+ 74117 )cl - O ... , oe-. . . 14 JT.2 . ,. ·""' - ..... -. 

01' , t•nnmhll'l t'llf IP lf•nth H, 0,~ . 
I.N us: dt•t(' J'muw tht· rl'lht- h:-.nd ~adf' o f t )w ' '" '"tu . 't f\ Fran• lh• · t1.1ta 

fu r i ht•u r~ t ,n 30 ;\'tl\t·mhr r tl•-7.5 ... ll' • l'.! rn l:--•·c /t~- 'H ...... :wd 
LE+P- -:.nn c.&t / crn-z. d.•y tt- t l:\11""' "' '- lt1t • - t t-.:\~· •• ' 1• :n: ct .~ o·,&:nr• !J'. 
8.•-SnO-IUM • - 68AC".il/cm3 · d ~'Y · ••-l :!il c .• l/l.:m' tl.ty. \Vt• oltt.un 

-~--;:-o.w, 
• w• 

or. rnundma 11ff tu t•·u t ll,:.. , n. 5 • 

I l l 
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The r i jlllt-hancl side Ia equ;ol to the lt'ft-ha nd •id" oC tht' lnc>quallty • 
Thus . we see that ic e may ~lin to form on the surfac~ of the consid~red 
r cgoon or the Chuda koe Lake on 30 N""e mher . Sinc>e tht're Ia no s tream Oow 
lh•'r~ . an icc COV<'r o n thla """or the lake ahould Corm on 30 November. 
r\ccordmg to obsen·at1on data a t the Kodave~ 1•1in1 site an ice cove r 
furm•~d tn l!)S4 o n 3 0 Novrm~r. 

§ 5 Example of lh<' calcu lation o r tht' belinninl o( s table 
1C C on a rivf"r wi th a considf'rnble a trtoam n ow 

Cal c ulat io n or the t ome o r th e bf'g i nno n g or stable i c e 
o n th e 1\:utbys h C\' 11 t o r arc r etJeorvol r ar the \'~rkhnii 
t: s I o n t\s initial c roas s~chon w~ take that a t the Chebokaary 1a111l1J site, 
slluatPd 133 km upstr eam from the \"er khnli Uslon. 

tf('re a ra i rly high flo •A• veloc ity ta ma intained, which amounts duriniJ 
:'>~PL. depe nding on thewat~rdischarge, to about from 0 .20 to 0. 70 m/sec, 
Th(• A·atcr tt'mpe r ijture ia m easured at a s teep shore. i n a p lace with a 
th•pth r h:lrnrtcrunic or t hts part or the water r eservoir. We al'sum c that 
1 :'1 these conditions the .. ,·a te r tt'mpc ra.ture nfcaaured at the Cheboksary 
(altn~J stte t s RO c lose to the mf'an 10 tr-e cross section that taking it as t he 
i nitial tempe rature ( "o) does no t intr oduce a n additiona,_l erro r in the 
C&t. lcu lation o r tht' time o r the tw1inntn~ of ice fo rmation a t the Verkhnii 
Uslon. 

For the calc ulation, in addit ion to the initial wate-r temperaturt' and 
m(·teoro lo gical d.ua, it is nrcess,.r y to kno w the tim e o f now 'r from the 
1nitial to t ht> calcul:.uion cros8 section, l hc m t:•an n ow \'Cloci ty u and th (! 
me an dep th A on th is part of the r csf!rvo ir, th~ flow vf'locity D and th.:­
" id th t m thf'l' tc ivPn cros s s~ction tat \"f'rkhnii l"stOn L 

AU thes e quanhtics dcp•~nd on t he backw.uer lf'\"E'l H and o n th<" · .... att· r 
d is c ha r g<" Q. •.t•hicfl ,·ari••.f:: flf•rt" from yf'ar to yectr with in widP hmlls . In 
orde r no t to c:tlculatf" thE"se quantati<"A tn Ntch ca lculation of thP b('(mning of 
aero fn rmah,ln artd th r· b.-·q inrunsr; o f 8tablt· ICf"'. thf" graphs 'Cc. -f(H. Q). 
o-I(H, Ql and la-/(H) !o r th~ st r e tch ~nd o-I(H, Q) and •-/(H) ror the 
f'al culation cross s ection. a r c plo tted. 

To obt~un the se tcraphs on the Che bok!'lary - \"f' r khnu tlslon strNc h of the 
r• 'S' 'M10 ir 27 c r'Oss sf.'ctional profilt!s o f c harac te ristic cross s ectionA 
(lncludulg the in1 tial and calculatiOn ones) wer,. drawn. 

Fo r each c ro~s s ec t ion (Wi) the value s of It, W<"rf' calculated fo 1· S('\'('lrat 
,\ ,atr r 1~\'t- ls , .-nd fo r the.- so..mc levels a nd se\·er al water diAcha rgrs the 
valu~"•s of o, we re calc ulated. 

·nv-· ti m(' of r1o A• l c: ro r ftach of the indica ted w.&ter dischar1c • and lt.:.•vels 
"'·•S c alcul..aH'd h ·om (L. III) 

Fro m tht• thus ohtaant.•d \·a lucA of 1c th e graph of 'c vs . H wae dr•wn 
fo r S<'v<' r>l ,·~lues or Q (Fotur• 37a). 

A r .l lc: ·.l,., ...,., I~ 3(1 S I'U"n' t>cf 11 boun ~'''' 0 .41• for thfo lrh•twftd ttdt ,QJ O.M• fOt lhf' u~· .... ftril 
• ICk . 
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nu~ mean n o "'• veloc t ty ., fo r a given water lt'vt>l 40d dascho.~r~P <A·.-s 
d ete rmtned aa the quou e nt of the distance L between the t nittal .t.nd 
c alculation erose se-ctions to the now time We 

' . --.;-· 
TI1e values o f e can b~" detc rm tned from f- agu rC' 37b. 
The meiln de pths on the str e tch \l't're calc ulatr d fo r se,·rr .. l w.1tt.•r l~'\ t"'ls 

by• , 
I P•C••-•+•,n 

• - !•::-.!'--.n,----
The value o f It can be de term ine d f rom F tflur t- 3ic . 
A number of v a luf!s o r thP m e-a n flow ,.,.loc i ty tn the c ross SPCtton ._, 

Vrrkhnii Uslo n for dtffer~nt ·Mater d t!u· har(lC'R and stag••s w€" r f· obt~un•---d ' •~· 

Uh•id tn& the water discharc~ by the rcflpecth·t" cross s ec tional a r•·.. . ' ' 
araph was drawn on the basts of t hese d.Ha (F't.rur c 37d}, rrom -.·tdch i t l.f" 

p assable 10 find the mean nov.• v~loc ity in the c r oes section at Vrrkhnli t '~lnn 

' f11e \•alU<"A of t ro r th£' C_,lcu lation or thfl bt' gtnnaniJ Of s t-.b}P I I'' (' d r(" 
dPtl.'rman t>d f rom F i1ure 37P, 

L e t us c~lculate the t ime o r th,.. bt•airmin; o f icc fo rm.,tion a nd o f th'­
b<·ginnong Of Stahle ICt' i n 1960 . 

Fro m T .. b tP 25 '<'"f' fmd that favo rdble mNeo rolog1ca l condthuns fu r t h ro 
bl'~1nrnn~ o f te e fo rmation existt"d on 25 Octo tM, r at 19 hou n• .. d 1t'n at •• n 
aar t <>mpe rature of - S.4• the wind ve loc ity rt~ ll to ze ro , and clout.hn ... •ns 
v.·as of point 3. • • 

LN us c heck the possibili ty for ice to rn rm at 19 h ur~ on 25 Clc-t oh•"' r . 
L N us d e te rmine t he tame of flo A• 1r o n th~ Cta·bn k"'·••·y - \ 'f" rkhm i l'f' ln n 

str~tch. tn thf" pe-r iod unde r co nstderatton the ....... tf' r !'tt::.~c m th,. r"~•"' rYot r 

v.•as close to 51.7 m . and the watt' r disC"hargrs v.•t" r c clnth to 1 iOO m 1 /s••c. 
F r om Ftgurf' 3 7a W(' find that for thf'Sf' \"alut-s o r H and Q the t im·~ of rlnw 
is tc • tO days (round~d orr to a whole nu mherl. 

l.c t us correct thP va lu<-s o r H and Q w.- o htain a m i'Oo&n \·aJu,~ or H 
du r mg tht· 10 day~ fro m 16 to 25 <Jrrtobc r t>q ud l to 51.i m. TitP \" ~•lu ,.. r,f Q 
at Chl·boksarv on 16 ()("tobc r was 1730 m 1 / s t•c . T11l' \13 1u ,-·~ o r H ~md Q 
rema inf'd \m~h .. ng(•d . Consf'quC'ntly, the va lu(' o f • \. also t"<'mai n~ 10 d.ty~ . 

11H~ c alcula tion P<"r10d "' is equal to the t i m~ nr flO A' l c 110 d~y~). 
\\'e calcul :lte tht' ~ginning or ice formattonby means or IOt.'QU&ht.v ~ 2.J1t)' . 

.,-.. :r. ... +(i + f + I• ::If )(I-,-•. ;:: ... ).-; - !: . 
• Ra,:.~ro~l) ,pr.a lu ng. "'htn lkrcttn1n1n5 thf' mun ~pdl (for fhr u lcuii iiO"' of ttw · .. .at~r t t>mPf'r• ture) •hr 

dt>pthl of tnoltVIJu.&l W'~mc'nU \houltl bf' ~ "' ''IM'd not ... u h trtj't"t'l 10 rht' u lr n, th l4. b-wt • tth rr tp«t •n •hf' 
tOfrf'~H'lt u nw l.'lf flo.,. 1f. In th " '" .a'< lhf' frllo- 1~ fc•,:tull •h-N id bf' u""J 

• I IC••-•+•J"I 
• - !'.:•::'""'"~2iC~---

I!h .. t1 lo'Cr>lu l.l \ otHf' \1'1) fi.:~W h l ol,lt. 

• • ( lOch an'"'" ',." .an.J Amf'•.ro~n t c- rmrn •lo•p .. hall d . i.JJ11M'•t rt'ft., ' " • '"Y crt""rl· , .. ; \ • .• .,, ,. ' "'\ d r J • 
'l.kf t« 1 on ttw Amf'ucan w-.alr rt 10 '"" thf' J< uu , .. n te.tld nut• "' ~" ' r" .~ f'l I" I ... J.n .. •· "' I , , . 0 1- 0 .. 
an thf' Artwuc .. n tf' rntuwh~ . .atW r( c iOU.:uwu <'f l tr 10 tn ::~u.an tr ·tT"•ft"l\: ~ I 

t In c:••t "' ~U!p OtKtll&'ront '" 1br .au ttm~•.a111•~ fH"m thr bt'j! ;nrurlf 1 rM t>nJ f'f I 'It' t .a!cul.a' tOf'l r'f'llt'ot. 
mort rt'lub&~ rc'Hiht .&IC" C't.. .. uw.S by UtlfiJ t 1.1tl) 1ft • b t('b lhf' .It' TI"Mr'f't.a"u•(' I' rt~•• .1\t'".tCtJ r \1" ' l ht' 

whlJW c .aklll&ttM rc'lh.-4. bat 0 \' t' l ll.l)''· 

II~ 
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In ... N~C\rd.anct· with tht." tlml' o f f\O'IA.' \, . .._. Htkt.• tht> 1mt ial watf' r temp('r :ttu r e 
f i·Om 1hl' ffit'.J !oOU I'C'ffii.'nt dt 20 hours o n 15 Octobe r at ChcbOk~ary as o, - 7,9• 
(the w •.• t, •r H·mp£> ratu r f! is m t'asurcd at 8 hours and at 20 ho u r s). 
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FTt · I"P, 17 <•t~f,f'U alluu r .. ung 11'w co~ lcul.auon of 1~ b<~'""'"S of suttlr acr on lhr 
Ku a~''"'" ""'"J:e' rc:Mlrvo u .11 Vl'rkhnu U•h"' 

.a ~ !un. r flu .. • c faum C tlc to.lkYr; I t> \'~l olkllt U •l.·n p iOIIC't.l .. ):.11"'' thr U.lj><' H for 

.. ..,. ••I \Aiu ·s .. r :hr · .. . u c r J a"Ch.t•rr 0 ' " m' ~c: b- mr.an II•''" vducl1)' r on 1hr 
C,hd.,•lt .\') - \'"r - t , II U~l on \IU'tch r iot l t d .1~.unu the 11.1gt H ( ~oevt•.ll v.tlucs of t he" 

.. , . , .. d 1•r hHii:'t Q 1n m1 1~c. c -v.uuu~'~n '" 1nr.1n ~plh 1111 on rh" ' .lml' ti!C'tch wath 

It"' .. .at('· \I .tO~ H , d - mt".l ft f l ,..., Vd«ll) w .at Vo rl.hnll Utl<.'n Wt, lhC' "'" ' f' l H.tl~ It: 
t" " lt' • .,,,, , ... 11.1111 t .U V" t lthnu U!l~n VS. I IW w•lf' r U.lf',(' II. 

llw m•· • nr·q~n c:ac.·~· l U ~ata ( •• i r tPanp" ra tu t' " and A:ind ,·doctty} arr takc:- n 
f r·••rn 11t• • ( ' h••hnh,~.u:• :m d ~;17.. 11\' mt'lr·oru lng tcn l StalhlnS in accord~IIICC with 
lit•· t rnt•· o f fln , (dun ng th,.. ht·~t Uu·'"'f' d~•ys ~•ccordtng to Ch('hoks..try, 
•l•l r to i,! lh ·· fulhl•., jn~ t h n ·r ti~•YS thi" .. rrithnwti c ITIC'ans o f the d a t a ~•ccording 
to ( 'lwbr•k .... u ·y .tnrl f\a7.;1n' , d u r-i nJ!: th~"'- l~• ~t !!'ur d~ys accor d · -,g to Ka7.a n'). 
rh·· thu~ t; .olcuh•t('cl mc~n air tt·m p••r :l tll r . 8 fro m 16 to 2~ Octobe r v.·a s 
- .! . 1\ .• n~ ttw m r ... on Annd ,-,..lo raty 5m/S•'C. 
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The m~an dr pth It o n the st r etch fo r a s tage H• ~ I . 7 m (from F igure 37c) 
IS equal 10 6 .90 m . 

A c:cordarut to S 2g, we take fo r q (hy intt'rpolah on bet ween the values 
fo r the rtv<"r part o f the r PSt"rvoi r and lor th('" reservoi r i t self) a value o f 
30c a1/cm2

• d.•y . 
·nu:- tnt•an v:llu·· or ~ fo r thf' calcu lttt H"lll pe r iod ' " fou nd fro m Tahh.• 1 

If 1-:un• 1. •···.:: to n ll j <'qua l to 45cal/cm 7.ddy, 
Fro m Table 3 (for i•-2. 1' and IP•~m/sec) we find i•43cal/cm 2· day · 

d " ll{rf'• .... 
l .f•t us dt.•V•rmlnt• th{' mean flow \' <"locaty on the st r etc h. From F igure 

37h, fo r· H -51.7m a ncl Q-1700mJ/ scc we o btalll o•O. t 6 m/ st"C. \Vt" 

dt:.•t t> r·m,nc thP c-.>efficac•nt o f heat transft>r by (25.1). 

• = (IH5 · 0. 16•106 . 5) · 1 •A!O cal/cm' · d•y . degree. 

Fo r the quantiti e s noe and ,.--.. (acco rdina: to Appe ndix t) we obtain 

10 . 810 · 43 0590: --- --- 0 c.u IIGe= (tl0+43)6ii · l = • • 6 -6 - ~· 

uh~ti tuung thf' "•a luf•s obtaine d in the left - hand s ide of inequality (12.111) 
, ........ obtatn 

7.9·0.554+[-2.1 +~ + 111%,!~31']11-0.554)-
= 4.38+1- 2.1 + 1.05+0.74)0.446= 4.38- 0.14-4.2 ... :::::4..2-. 

1 N u co Cocilcu l., tt· 1h,. \' oJ lue (I ( the rlght - ha nd t:: id c of th ·inequa li ty for 
25 0< to bf•r I ~ hours . The magnitudP o f B •. equal to the sum o f thf' r ates 
o f h• ~• t t r·.msfc r hy C\'ilpora.tion LE. turbulent exchang(• P, and c ffcc ti"e 
r .idl. t ion ld f. IS dC'tcrmined by m eans o f t h(\no mographs (F igures -1 and 5). 

f*,,,. the values ob~ ~._· n·,.d at t!l hours o n 25 Octobf' r in Kazan ' 8--5-1° , 
lr • fl ffur the r ••.st•r\'ot r >A'<" take •• O.~m/sec). and N.-3. we obtain 
LE +P•-65 cat/em'· doy. 1,, • -130 cat/cm' · day , B.- -65-130 • -1 95 cat / 
/rm2 • day . 

Thf' va h tf' o f a~ 1s cf!"fermined f rom (25. 1). In this connection Wf' f~nd 
Uw nn"" v~"IQci ty an th•• ~1 \'Cn c ross section {on 25 October ) fro m F igure 37d 
fu r H-~ t .6 m and Q•1 700 m ' fscc . 

\VP obt~in 11•0. 12m/sPc, · o.• (IH~· 0. 12• 106 · 0 .5) 1• 253 cat/em'· 

u • 8• -•• o n· o r · ·•Y · <egrec. --..-= -'2!il'- . == . • 
111,.. left-ha nd part o f th(' ihcquality (4.2") is cons iderably la rge r than the 

n~tu-h._o.nrl s idE.' (0.8~) . Conseque nt ly, ice c annot fo rm on 25 October. 
Fro m 26 to 29 Oc tobe r a r elative ly high a ir te mperatu r e p r eva i le d with 

dnuchn1'SS o f po1nt 10 (Table 25). Since fo r 25 Octo be r th e le ft- hand sidr 
C•f f2 . 111 } 1~ so much [~Tt:>dte r than the right-hand sidt>, we assume that unde r 
thP tndt C<•f J'd m Ptt•or o logic:a l cond H10ns iC:P shou ld n o t begin to form i n the 
p,•r 1od frr,rn 26 to 2<) Oc tober. l\·1o rt> favorable condi t wns fo r the beginni ng 
o f acro formatln n C'XISt Pd in the e verung o f 30 O .:tober. whe n by 19 hours the 
.11 r l•·mp"r~• tun· f•·ll to -9• and the wind veloci ty to 2m/ sec : also the r e was 
no lu ..v - 1('.,.•·1 c louduwo;s while ttu• t.ot a t cloudiness decreased to point 8 . 

I.Pt us c alc::ula t t> thf' possibility fo r let" to fo rm at 1 !J hours on 30 October 
fro m (2 . UJ) Similar to the calcu lati o n fo r the 25 October. 

II ~ 

We obtain on the lef1· hand s ide 1. 4• 0\nd o n the ri ~ht- hand 81de 0 . 6•. 
In t has c<Aae. too, the left- hand s1de ts la rge r th a n th •• rig ht-hand !'1de. 
The r e fo r e. also on 30 Octobe r ice fo rmataon c anno t t--f"!tn. 

We see from Table 25 that on 31 Octoher (from I hours ) tho' a .r 
te mpe r a ture was posith'C o..t 13 hours o~nd at 19 hour s, the .. •md v E." locaty 
r ose, and to ... ·- level c loudaness dt·v~lopt•d (:"'Jo . 10). On the nPxt d •• y, on 
1 Novc m ht!r , th•· .u r tr· m pf"rtltu r c •otms comp.e.rt~t&v {'ly haah (fro m - J to 
-5.3•). the 'A' tnd "'f•loclty r·c•st> to 7 - 9 m /sec and continuous low- lt"\'el 
clo udiness was ma !nt.tine d. 

\Yc assume that under thest> condatio ns ic e fo rma tlon could not b~"gin on 
3 1 October and 1 !'Jo \·e mbe r. 

Mo re favo1·~blc c o nditions fo r th €• ht.:q inna nQ o f 1c •~ fn n n .• t ion f' !O~t,.d 011 t 
I ho u r s o n 2 ='o n · m bt•r, "ht-n tht.• a1 r t(' mpf' ratur ti' ff' ll to - 9• and thP 
c loudiness dcc reast>d to I 0/0. a lthough a r·~-.tatwf'ly h1 gh 'A' tnd ,-.~tocity "''as 
matntaincd {7 m/sec ). 

Le t us r t'pPnt thf• cnlculoH10n o f thf' po!'Sibi!Hy n f the b·)~pnntn~ u f 1Cf' 
fo r tn.ttiOn ~H 1 ho urs o n 2 :'\0\'Pmb.-.r. 

F r om F tg u r·.._. 37a fo r Q• 1700m' /sec .1nd H• 51 .6 m , .... ... f1nd 1'c • 10 day!l! , 
As the initt..~t watt' r tempe ratu r e ·A•e take tha t m e a s ured at C h-:·noks ... r y at 

20 hours o n 22 Octo h£>1', te• 3. 1 ". 
We de tcrmmc tht" m··~•n a t r tf'mpe ratu r c .-nd th t.~ m e an wmd V\:loc lly 

dunng th\' p("riod from 23 Octo be r to 1 XCI\'~mbE> r, a s mdiCdtf'd ~•bo\' f' , fro m 
!!.tc d.,u. o f thC' rnt-ko rolo g1ca.l s tations C"he boksa ry a nd 1-\a z .ln'. w.~ o bt .dn 
l•-4.2 ... •-.f. 2 m/scc. 

Fron~T:.blPs 1 and 2 we ft nd d• 32 • 2 •34 c~• l/cm2.d.,y . 
Ft.n· 8 -- ·L 2;) and •-4. :? m/~(·c we h~•,. ,~ from Tdb!t· 3, t• 38 c rt l / c m 2 • 

· d.J.y· d €'gr·f'c. 
F or 0•0. 16m /s r c a nd e -4.2m/ s C'c " {" obtam fro m (25.1) fo r tht> hPd t· 

tr·;wsfc r c:oeffacient Cl t h .-. v.du•• 7 2 4 c a l/cm 2 d ..r.y . d· ·~ ree. 
Subsutntlng thesl· \' a lut•s tn t he IC'ft · hand ~ldt• o f uwqu:Jlity (2.111 ) •AP 

Obt.liO (thP \\' .e.te r t C'OlpPr..ttUr(" IS takC'n fo r· tiW t•nd Of l ='0\:t'mbt.: r )Q. 8 t•A0. 8•. 
l.N us C.llculate thf: r i ght-h.md sid <· o f thP nwq ua!ity (fo r 1 hu u rs ou 

2 ~0\'(>mb<.'r fro m th t> d .e. ta o f thf· Ka z an' m'-' tf•o r u lo gtc .. il s tat1t•n. T .ihl~ 25}. 
w •. dNt•r:n t nt" tht· m~tgnitud"S o f LE+ P t.nd l ru f r nm thr r'IOnlfl~ra~lhS 
(Ftgu r es 1 n nd 5\. Fo r e--9.cr. N.• IO .md e •7 m/soor 'A'f' n btaan 
LE +P- - 315 col /c m' · day, l,u • - BOcol /cm'· d.oy, B. • LE+P+/, 11 • 
• - 455 ca l/rm2·d.ly. Fo rmu la (25.1) gt,·es for o- 0.12m / s <'c M1d ;.,. 
•7 m/ SC'C , «.- 9; 3c .• t/cm 2· d.s~ . dr~rt'e. We o btam , fo r thC' r l i!h t - h;• nd s td tl 
o f the mequa H ty. 

-~~-~-o . .r::::o.S". .. -
Tile left- hand s ade >A'as 0 . 3 .. la rge r than th e right-hand su.t•~ o f th·· 

inequality. Con~t.·queontly. tee fo rmation c anno t bt.· ~tn at 1 huu:·~ u n 
2 ~ovcmb(· r . 

,,,..~ tht'tr • C'tf no k>-.~ · IC', t'l th.-u.a .u r!'l;.- ; t , r n t't-11' 1\ ~ll<>n ' · ' :tf' q a;_ot :,,.., nt~\ • · t .. ..... 11 :"1,. 
11,:_ht •h .. n~ Sllk of lht' UW'~tUht) • •"OtdJ h;)t ~ I.Uj;t'l lfl &n Utf' t.-h •h &nd n..:.t' 10,11") d , 11 t • f' ·~ u\ .. n tRIO 

.IC'I:OIIl\1 tn tht' C&k: vh ru·m. : h n t .an tlor C'h•ch ·J b: dt"f" r•mn~n" 1M mo~ " ·,JiuJ,. ut 1,1f t-\ r. u p, .. ,~ 

uno nt'rJ for rh11 t n "'" JIVt'n t.ll~t'. taner ~'r ;,lor N 1• 0 tht- • ..,, ..,,. 1 -
11• u rquo~ l +Jnly ' " o t ' .. 
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\ fl• r t h· ·u· ... c•u ~ '1\n, •, IIIIH· r , , ftu~ t1 tt t' d• ,. ,., J:,•~ t n t h""' ~, ,.h. mpcraturf', 
ar tl•, ' •' 1 '' '\\.1 t~· ._u\Ct , ., t ht rl•)11thn, .... , c.•rt;rn ·d .\ t 7 hou t'!t o n 
2 ' "'' mt .. r· 8 - -1 4.!. :11 •3 .u/ ~t.. C", .. uaJ N a: .?. /0. 

I • t ..... ·• •·-.· ~ th t P''' l"'thtll1\• tt f at· " fn rrn., tHm ht"~Huun~ •• IC"l:u rdul l! to th•• 
0.11 '· •• t f llt>Ut :, n n 2 ~'''''' ffill' r In thl~ r .tf:l' \ t ' h• I! Ill tlw c ,d f.,.:U l ..ttwn b\' 

tl• I• I O'l'liiH! 1tlf' , . ... t:_., u ( - .!.:..!... 
Oo 

lh· 'l • •n .. tt f tfw m•tno~r •• phs U·tlrZUI"'""' 4 ,t ncl 5 t \ t' f'bt.un tc.• r· th •• IIH.hc •• tt-.d 
' t 1• " "''1'•1• ''''"''1 d ... t .l L£+ P - - 2fl5c • .l/c·m 1- d .• y . / .--11 • - 223 c J I/ c m2- d •• y, 
R,. - - 5 •0,: •1/ C' m - d.t~ . 

! '11 t ' u -U. I.!rn/s •·c- .1ud • -3m/1tt'(", "''' h;t\' t' ft·••m (25.1) a.- 5:!i c .. t1( 
/t I ll~· tl •,\ d t 1! 1'1 ' ' '· 

t n r h • tl '!.il · h .tnd <•,. tht• lllt'qu tllty w•" obtatn - ~ • O!lfl 111: 1.0". Ti l<' 

• ft.h.uuf '"'HI•• (1 f t ilt H I• q u ..thl) ., ,_.~ :;m .illt r· (0.8 ' ) •'\\'1\ .H 1ht • • ncl n f 
I \,q~· · · :nh• r S1nCt fu r tf ,,•r· h• ~H t r·~• n:ooh• r ICX•k pt~.~· t ~th • ' l" thi S , t l t:-. c h ,,,. 

th ot .1 \ i ii"Ur'« f'll 2 '\0 \ •' tnh••r lhL' h it · ht.. n U ~Ill • n f lht• 1!l('qll , l .i l.) .\l ll lh' 
-' :11,, I• r· th,lfl n.R a nd th• ·r ••fn r o It 1\t ••d llt•t ho ._:,, kul.1 t• d . 

\\ • fh·,..; "hl .•tn th,, t an• h •r·m.aunn t•n h~ K uh~ ~h· ,. ~ tnr···'tl. n ·.,.t•r·vult' 111 

tht l •'lti'Hl ,,f \ • 1 "h011 I t;,lun ... hou!rl b n!lll 111 th• mnrmn~; o f :? '-.:n \'t•mb ... · t 

h .• tl r· , b• t.\ t ' • n I h Hur ... ;\l!HJ!hl •• m ..l i huur·!" ftt tho• :u•H'ntn~l. ,,fn c-h \ ' ...t!'l 

l'ld •, d nh-. t ' f'\'t ' tl . 

\\'• ~·t.CH(._il•' til t.> lf,olt• u f t~w t.)t 81111llf1~ o f ~t .1h l • IC t~ Ctl\ ' t r· hy tnt.•am·· n f 

If· Il l 
I•- =- 10.3o' ·• •'·" 

t ,, = - 0.65oll01
• 

, .,., H- ~ 1 1m .uul Q •-- 1770mJ/:-.••(' lf,,f. 2 .....:tl, (' lllh•· r ,, -.,.~Jt .• m fr"m 
l 1 ~u ro ;t7ct ' ·11• " ' ( r·n, .. -.• r tJ nud tit"'' , •~o. ll\' •• t \ ' \• rkh n)l l' ... lon 
o "H. I.!nl ~·•l.' .u ut ·• r·· ~•l'\'n&r , ,d th b •.!:! OOn1. 

"uh :-> t l l ' l\111'! th• ~· \',thl• ·!'oo 111 (fi II) .tnd {j. ll ), \; nhl.llll !Q_ .. - 11;, --l, 

0 . - - :r .n 
I rum 'l .bl•· 25 \H' f1nd 1h 11 h •· l.!•llll llla! fr u m 2 ' o\ t•mh• r· t lw ~1111 1 I 9- pf m •· 111 

tfHit rnl nf:'~ 111 \t ••r l •' " ' f' ' ' r .ttur r•q '" r " c- o rtl.-•ct, n •:t t ht , 1'~ r•·t·o rdt·rl \ ll \1(' vn 
:t ' •\POilJc r, a nd on J 'u.c-• m hf'r thP ·ur !f'l'llfWr:ltU rt~ 1 ~ h ••lo-. ' ht• t rtti C'~tl. 8c:,. 

11tu<.::, I,,,.,.. th., ,, l'" t.ahl• u • t• pt• t tPd tooh<>·1ld 1 .. .:•n 1•11 tl11 I'Uihv ,..h• ' 
~t•l t•• J'• ' r • ~ · · r·\ nl r 111 thf~ r •·q:1••n o f \ 'cr· khny l l' .. lou ,,11 3 '\(1\'l.'mbt• r, ·,,lllt' h 

u uh ··d on·ucr·•·d . 

~ 1. I • ··· , •• -. t .. b.•«· ·d 0 11. rnpl t lc • .t r• J ,,t ,un~htp:-. ~•nrl 

.1 .. • ' h, 1' • ' ' t hu I' f(t t • ' t 1 ~ t 

'.'.' •;• n ' l.• r • ••r•· d ••·• fo f lt\1\~· l t nt • • ohs ••r \" ,olinnJoo fUt ,, g1\ "' " r c !'r r'\'01 r·. ttw 
h• .;;rl' ~~of ~t.•hl • 1C•' c,,.. .. r (',10 ltf' p r· dtc h'd h:O m~' .tnS o f (·mptt•t r ..tl 
r • l·•ll u ... tu p -.. l'n r !In~ pu rpHc;o lAP 11'' -'Ph "' o.~r•• plott-~cJ (lr J:Urt' 3ft}· 

I I th• r••l,•'l ·ll thh tp h • t At •·n tho• tnllllffillfn ~urn o f ltw m• ·•ll c.hurn.t l 
n• ~ 111\ • ' ..a tr l •·mp• r.ttUr'"P' , U• ('•"•;o:;;,J ry for th.-• bPglfllll lt2 Of Rtahlt! IC C o.J tld 
th•· I ' . 11 , 1 ,,. t• ,. t• mp•• t ., l u r•· 

<It_).,,. ~ 1 (t,); ( 2 1. 1111 

2) lh~ relationship betA·~en t ht> c rlt1Cu 1 ... , r tt ·:np•"rdture, nt-..C('S~ ... ry fo r 
the begtnnmg o f s tabl e ice, and the 'A' Ind ,·elocny 

(22.111) 

On the groph o f r~lauonshop (21 .1111 t he p<>ont (jlo. I t _ ) ,. p ""' d lo r 
f'.lCh c as t'" of st ... ble tee, \he \' o;a lu ... o f II_ b ,.•1ng suM m t•d from tht• ta nh' ... hPn 
th~ di r tt'mpl'ratu r e pass(>S through 0" to the- ~g•nnmu o f ~t.-bl • · IC'-' 

(lfiC lUSI\'("}. 

TI1e dependt~nce 122.111\ ts dt.~nved J.s tollo..,.'s. 
For t"ach case o f s t ab\{' lCt" C'Ov r r th e r~cordt •d d •• tf' o f (~9- )m•n· d c t<,· . 

m 1nf'd f rorn {21 . 111 }, IS found f rom th~ ObS('rv..ttiOn d ..tta o f th\' nt.•ar••s t 
ntflt<>O J-nloR''c.d s ta tion ff'uru r e 38a) 

tl. 
so 

•c· 
·t1 

·to 
., 
· I 

b 

i 

0 . 
0 

:. ~ 
~ 
: • I • 

0 0 

nc:~·-·r , __ .a- \~tnt~.amtumc'n ...... ~h'"'".a'o\l lj' h r• .. ,.,., 
( r.a•~tn.: rb "'·_,~ ··• ncct>•Uf) fat t~t' "ti-1tt:n•"i' "' •t .~,,. ,,., .... ·"l• 
~, to,r.!CW\l I 'C''i .. ,, ,'11\ \t>•'t' ,''HI \o J,• •·,.·•.a• .a t I 1.., "•' • • til'' 

tf'r.,j'C'!.III U't' .I J..lo tol:'lo"• .II ' lt''llj"' .ll\ol't" j' l (" • I ~ , ., I fe J. " "" 
lilt' '1 C'• O•\It u rulr- •lltC'.I I Hllt'!llj'('f.atu ·•, 8 ,, 11• t"" l '"\ I •t>,. 
bo. ~oMtn,.: of ~uDir IC'C', n .a fu"'- ' "'" ~~ '"r .. tn! ' d • ., c l,ol rr·.!· 

tn.: to , ,.,_. lft:t t'm.a Hk'lf"O"'II"' ,,;;.;: o~ l ''"'"'nt 

Tht"n, fo r ca~,·s ,.h,•n ~t:.bl · IC' t' b• L:·•n •lll l 1 • f!,, ,. ., ,, Juris (II . ).,., ..... .. ... 
r.-•cord~d. Wt~ dl~trnnuh' thL' :ur I• mp• r ot hll •" .&nd •h· u snd ,.,.., ~, •'' t•f t111 " 
d:•y a n ri mark nu ttlt.• c t·.,ph a pfl1n 1 "" t th th· , ,~t.n n· d ,., •' t •h·~o~ t· · .. (9. II' I 
TIH•St' pointe:: Ur~ d o•:;h:: na t ••d ,t r lu t r ,tn!v, o;,IU• AtllC: t lt,•t ' h •• .tlf •':'l UI t IIII I• 

a t th•· lti\'C'n ""uul ,.,•loc 1 t~· IS •n :fftC'I\ n t ·t··r t1u• f,q ·n.1:1"n • 1 , u :' . , '~\ .. , (n1 
Ft J(Ur f• 3t\b 1hc_• b i:H•k c t t <h'='l l· u t·th l r , ft,, . . tl t•l• r• :n.tl ' l1'1it <..t'"'' ... t •• . 
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for cases wh f"n a tab'e ice be( a n not o n thr d.ty (II ... )m1a was rt'COrded but 
on one of th.e followanc days, the points fl. •I are plott~d o n th~ IJraph 
accnrdlnr to the data for .. ach day, ~r•nnlnc from the day u:t. lmoo ..... 
!"'corde d a nd c ndinc with th" day of the bf'gl nnan.: o f stab!~ Ice (i ncluslv~). 
P <'ints corr~"spondin« to day,; when the r e was no s ta ble ice a r t> denote d 
thff.-•r .-·ntly (In F igure 3Mb th• .. ~·hitc drr lf•s) Nc ~t . o n the ~raph a line t8 
c.Jrawn wh1c h St•p;arateS SilOS indicatin- that thl' air t e mperature at the liven 
wmd vPlocaty is sulficlcnt for the fo rma t ion o r a stabh• ice cover {in 
F igure 38b the black ci rcle s ) from •••n• indacatinc that the ai r t" mperatur " 
I• not suffici.,nt for th" ~ctnninc of s table ice (the white c i rclu). In this 
way we obtain the line or th" d"pendencr (22. 111 ) 

. .. -f(•). 

n ac do•pendPncrs (21.111) and (22. 111) can ~ a u umed linea r. 
A for<·rast of the bc gannanc of stable ict by means of dependences (21.111) 

and (22.111) •~ prepar<•d as followo. 
From fit- I,,. •11 .. 1 we find th<' vaau e of (It-lmon which corr<'sponde 

to Uu• "''at~r temperature o bserve d o n the d01y bt..•fore the ai r t C'mpl'ratua·e 
passes throu!(h 0". LPt us det~rmine the date o f the accum ulatio n o f thi~ 
sum o f nl't:atavc tempf'r.uu r es. From the dePindenc~ lcr •#(e) w~ 
d et ,. rmine the atr t t>mp('rature nec ess a ry fo r the begi nning o f stable icc on 
th~ d<•Y 1It.)m,0 Is r ecorded . ' 

If t he m ean·diurna lair te mperature o n this d•y acco rdinl' to th~ forf'cast 
is ,.qual to o r low<' r than tht• thus de-termine d value oflcr• s table ice s ho uld 
1>~ <' XP"<"ted on the day fii.Inun is r ecorded. 

U an air tc mp••rature higher tha n the critical 18 expected o n this dJ.y, we 
d ... "'t••rm inc 8(', f rom the depe-ndence fc , •#(e) fo r the "'~xt day and comp...~ re 
if w1th the atr tr•mpt•t·atu r c t'xpcctcd fo r U•1 8 dt~-y . We p1-occe d thus until 
th•• day o n whlch the e xpec t e d air temperatur~ iii e qui.l to o r lowt'r lhan 8c1 

fo r th1s day. 
Ex"" m p 1 e o f c •. t 1 cuI a t io n . Le t us d•~tt>rmine the datt ... of thf' 

beat l nmn~ o r st:tble ICC on the Rybinsk s to reagc rcs{• n •nt r 1n the \" t·~··--gnnsk 

d1 ; trict in 195 ... w .. h ... ve the following data on the air tempt~ rdture otnd 
wind VPloc1 ty (accor·du1g to the Kes' ma m etcoroloaic a l stat io n ). 

rABl£ 2'3. \ h ·,.n·daurn• l u l•• of tiw air t~mpt'l.&lufC' I and of tW • and wlocny • KCOtdlftl 

co d.c• of rh~ mettorokJ&Kal • •uoo, ~~m~r 1"4 

. 14 15 II 17 It II 3D 21 22 2J 

2.1 0.4 -1.1-7.1-1.0-I.J-1.1-3.1 -4.7-11.4 

• · mJ~c 12 2 tllltl I 

,\ s follo•A·s h ·om the data o f Table 26, the a1r tempe r a ture pass~d throu1h 
~ on 16 S ov,.mber . From the obsen·.,tion data nn the wate r temperature 
...... fmd tha t a d.ay bcfor(', on 15 l'io,•cmbcr, the wa te r t e mpe rature was 
3 . ~·. F r om Fagure 3Ha ,..c find fo r ... 3. S' a value o f U:l. )moo ~qual to 2l', 

From T i•bl•"' 26 we fi nd that a s um o f m,.an ~d1urna l n~gative temperaturt-s 
o f 2:t• ifl r{'t.:nrdt'd o n 20 Nl1v<'mber. On tttis day th~ wintl ve locity waa 
11 m/ st·c . F rom F acu r e 3Rb we find tha t for a wand ve locity of 11 na/ eec: the 
~ur t..-.mpf• r a tu r '· fo r s t ablf' ice to becin Mttould be lower U1an - 7•. n,~ 

111 

actual air temperature on 20 ~ove:nber was - 6 1•. C o n.!e••qut:n t1y , h••r,. 
should not bt! atabl" ie" on 20 :'\ovem~r. On the next day, 21 :'\'>\'Cmt~·r. 

th" wind velocity droppe d to R m/sec. From F aiUt'P 38b ••' find that a t thla 
wtnd ve loctty s table ice can bei(in 1f the a1 r t•"'mpt'"r;,turC' is not h li(h•·r t h.tn 
-~.1•. But, as follows fro m T;;b le 26. th~'' a1 r t"mp·· raturf· t,n 21 So\'cm bt•r 
roK<' wnd ••aN only - 3 .311

• ConR,..qu•·nt ly, :.6l8'l nn 2 1 ~fw•·mh• .. r ·• :<t .. h l•· u·c 
cove r could no t form. On 22 ~o,:cmb• · r t t ... "'''"" \"\.·locity d<·t: r• ·• :-.• d to 
5m/sec and th (_• air tt'm pt! rature droppe d .9t l 11ilhtly to -".7". F"r•Hn F 11u r•' 
38b we find tha t for ar•5m/sec for stablt• IC•' tfl ~~an tJw a1r t••mpt-r ;.tu1·e 
should not be hl tlhc r than -4.3' . 

\Ve thus obta in tha t stable ice on the Hyb1 ns k stora~~~:e rf'~rn·o 1 r 1n tt1P 
\'es'eeonak dastr ict s hould b .. ai n o n 22 r\0\•r mlw r , ~Ahtch actua lly w •• s tht> 
case. 

C FOiiECt\ STI:\G ~1 ETHODS t: 1"\G THE 
C IIJ\R;\CTERISTICS O F THE ,\T~10SPHE H1C 

PROCESSES (LOl\G- Rt\I'(GE FORECASTS) 

Til<' ice covf'r on storag~' rcsen·oirs fo rms 10 a d• f1nat•• St"'i.\ ·~nc· ••. Ftr!"t 
the shallow areas, which o n to~:Jand r ive r r~" -t• •n·u1 r~ a rt~ \'t"'ry u h"' , 
freez e. Late r de••p·wat~ r n .. ·~tons. paruc:ut.,rly nf•ar th•· dam o f sto r .. Ct' 
r e servoirs , ar(• cO\·ere d 'A*tth 1ce In th~ litn.·arn part of tta'" rc~ ··n·n1r, 

n••a r· the ('Od o f the back\\·atc r z o ne , th•• flOA' \'~lrx·u~· IS low tcomp .. , r••d • •1th 
that 1n the riv~ rl a nd th e d~pth as sti ll snt.t li. S!.Jb!(' tee tht- r Pfo r eo b•~ llltiF 
there ea r lier than on d i'epe r . do'>' nstr~ ... m areas o f th '' stor.•a~· r cs.-.rvo ir . 
If o n the ri\·e r upstream from th1s zone n~uura l c f"nd:t&ons ;,,.(' lll.Jintou ru"d, 
s tahlP ic" m the indlc~t t..•d s tre a m prtrt of thtt rt" '<~ • ' I''OI r 1.>• guu; app r·oxl­
matt•ly at the same datt>s dS wh£>n n uating lc•"' appt•,&rs on tht~ rh· ,~r. but 
us ually consadt•rably ~a rlt ... ·r than on that sec tion o f tht' rt\' Pr· fro zo•n b,. fnr,. 
thP c r eation of thf' r csen ·o1 r . In th1s cas.-, stabh• 1rc b..-.gtns at ... a rhC'r 
d .. te s than bt•fore tlw creation o f thr reo~·· r\'Oir a l so o n the mo r.· up:-H r• dill 
1oc3te d area of th<' rh·t>r, sance the acf' bridat..• fo rmm g at th<' f'nd u f 1.11,. 
bt!ckwatcr zone hande r s the drifting o f IC(" , Thus, the ac' ' br1dgf' fo rrnma 
in tlw u ps tr ... ·am pdrt o f thtt r eser \'Oir hm1t ,. ma\'tgat aun along th~ n•s(•n.o1r . 

Som e what dtff\.' rtmt i~ the nature of fn•e zma o r th ... • upstr••am p ... rt o f 
storag<- r ese a"\!Oirs situ:~tcd u1 a po ... ·e r pl.tn t c h •. un {c a5.cade). Tia•• h··-· d · 
watt"'r o f such a r c sc r\'Oir i s s ttuated an th•"' t:u l watt:> r o f tht· more ups t r.-•am 
loca tt:'d p lant. T hercfor i:', o n at not only 1s thr· r•· no ice drt ft rro m aOOv•• 
but, o n the contrary, the water d ischar'!l'd throuuh th•• dam o f th•"' pl.int 
from the dc'"•p .watea· p .. r1 o f tht" uppE- r ~~.· ate r· r••fH' r \'oi r and ur·riv1n~ at th1s 
pool i s r c-lahvdy warmer. nus dt."lays th<' bt'~1nmna: n f acr fo rmatio n and 
th <' fo nnG.ho n of a ~tabl<• kt~ con·r o n the upp'"rmo~t part o f t hP r t·.s.-•r vOI r . 

Fo r stor .. ge rf'~t·n.·oars. on "A htc h tht•n• ''~&st st rt"tcht-s wlu<'h fn •t•zf' 
consldt• r;;;t.bly earlie r th3n thP otht"'rs ...1nd thu~ r t•s t r ict n:t l(t\·auun, an 
p ractice It iS nt'C'-'SSar y. f1r~t o f 011t. to "A'Ork OUt a Urhn~QU(' o f fo r~"'rashn• 
th{• b•' l1111li UJ! O ( St.tb)f' I("C" <'rl th'-'SC ~tf' ("1{"h("l; , 

It 'A'US mcnt wned .JbOVf' that thf' ICC en, f'r o n rt ~~"' r"\'Oir :o:trrtC"h•~ "" 

lun1hng na \·i g~• tion, '>''h1c h ;• r•" S i tuated •• t tt"· o> nd n f th·~ bac lo.'A .tt••r .to n••. 
forms .1pprox1matt•ly a t th•• ~.a:nf" d.u··~ in •Ah1("h fiC'.ttl"'lt I C P a pp••,, r·t'd {\ft 
the rc~pcch\'C ri\' f'r ~tr·ct cht"'s. It IS, th••r••fo r•·. Jl''S:O.Ib!..-. to .tpply , ,.., Lh•• 



-
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fu rPc.-o;tm~ .. ,r th•• b· ·~a nmns;: o f ~tablt• u·t· o n t lwsf> w._t t••r r+~f\Pr\101 r s t .-..,• trf +'8 
lht• p nnf't pl• ~C)( tht' l~ChllHtU• ' work f' d HUt fo r (O f"(>Cfi5l11l lf appr~traOC"C' O f I Cl' 

on ra\·~ r~ I n 1 111~ C3!2!', o f N'u r~H', t he sp• c1 h c ft·~uurt's of C"Ontrol o f tt.r­
<Hihtmn r unoff .mn n f th•• r• • ~:anw o f th(• r t•s••noar ?nn••s u ndt:> r C'On~tdf' r.Jtton 

t~tr•·~• mfl•• '· \.~•nauun 111 1nOnw, f' U·.l shout.t b•· t.•k•·n u n o .tC"count 
nu· t• ·rl: n 1Qt1f' 1( lnng · r ang•• forPC'3"'tl "lt n t ac•· ph,.no m• na '" h~ .. ~ ~·d o n 

th • ''""'' c'ti Inn~ · l i m(· oh<;tf'n·auon ~t·r· lf•s, .... hu·h mak•• u pnft~lbl€' tO f'f\ta bllsh 
· n f>l r u · • .t 1 • I.J tton:o,htp:. b•·t~A f'• •n thf' d.Ht:s o f ICf' phenomf•na ilnd th" 
C"h .- r·;u .. · t· · n .,. tlc~ o f thf' ,l ntO'l:phf r1c proc('+Uif'<C~ dN~'rnumng Uw m . M ost n f 
rh· • '1Cht& l1~ ~ 1 0 1 · • '!l' r<' !;~'l \'01 rs hoH ' r' b C't.'n C' r<'ah~d onl v r~'r(•ntly, and the 
pr·~u u ro.l U~t(' n f hyd r nlORJ<'al for"-cas l~ forth~' n .lh on .. t economy rl'qUirE's 
p rf p.tr .. t n!l o f fn r·•rd~ ' "' fo r· :nora~· n~'-t'rvot r'l\ f rom th<" \'f' l')' b~g1nmng of 
rh. r ' X l~t · ncr"" <:~nd , c fHt!olr 'qU' ru lv. thl' fo r t castnu: tt't'htHflUf' sh€'uld br• 
" ·r k 1 d out b• for .... romph•twn tlf thC' pOv.f•r· p la n t proJf'C l and thr~ fllhn(( o f th t\ 
.. ,, r· •'!• n ""''r\HII·q t\ lon5l-tu nr :-.~' I'W~ o f d~rtt•s o f th{' bf>R&nmnJiC o f ~tabl~· 

u.· · I to t , , l!l\'t 'l\ o.; tnr.•l!' ' ', -.t.'r\'01 1' 1S thr"" rt•fo r··· obta uwd by calculntton fro m 
·h· u .. td•rnlncu · .tl fl,~t..J for ctu• p~tst y t.>ars . Tiw l("chmqu~ o f such c a lculntions 
, ... •I· .... <. ,., ... d 111 J•,,, l B fl f th•• p r·t•s• n t chaptt•r. 

t o ·' ' ,-k out t h t"' kuul n f rn• t)uwl ~~ stmpl<·s t fo r r· r~s,-. rvoirs in wluc h, 
' n" .t r d tht• h• t{tllf'l ! ll~ 0 1 "'t,Jbk tC't.' formnt i o n, tQe s.tn w watt•r· )f"Vt'l IS always 
no.orlf·•Hl• d !'·1rh, fnr • \am p),, IS lht• r<>~ lml· o f th~' r~H,.. rvnt r o f th<' 
'\••\·n~uHr-.k P~"~' ' 1 pl~nt T h• w.tlt'r h•\{;1 111 th•• rt'~f'r\'Oi r tn th r• pt.., n Od 
pr ··t.·• rhu~ th• for m~t1nn o f •• ..; t.•bh~ tee CO\' t~ r 1~ m auttaul t..'d, m d .. •p('n t.ft.·ntl.v 
" ' t , •• snllo ' . lt th• norm.,l pond~·R~ lrvt•l (~Pl .. ) o f l l3 .5m. Prc-r ts dy fo r 

•" 
D 

J 

:Q'\,. 
b , 

.. ,; . 10 ,, 

' I '·- t in, .•h't'""' "' 'e-n hrJ.ur 0 ul thrbt'oHnn n~ f,ubl~tU'tnthr 

•• ~ ""'"•""'. , •• , "'""'""·' •• J rt.~ , , , .... ,,.,,. A, 1ft II" r•r!•U'I' .. ~ .. m .. l', tn rhfo .. rtiC' rn 
• '''• thf"•un •nut· ,, h'f1C" ht~m AJMdt rn "ocorrC'mkC' r: b - c , u·r t h'IU ~0 ' "' rhr 

,. t f r'• rw-, otm1n.• nf ' '"' lr lt'r 1 l'o• u MJ h ·lln Ft guw .1, u • f uN:I ICMI of rht dc-:vu ucn 
&lr f• ·tr du· ttotnro •I rht: mr udtf1rl.lllly 1nJr• 

1)11..., lo \ • I, .t '1111&:: - 11111'' !<> • ' II• '.._ n ( d..J t ' 1& of lht• b• ' J,!IIlll t n~ Of 8 t,thlt• ICt' 111 t : tt • 

r• c,,,,, ( t h• \11 1,,1!'' f l ( ( l,dvrhk n , ·, ···'" ' ' ' ' ' co t.•h lt~ rc •· b··~~~~~ ••t.• rlt r·r Ht~tn o n 
,,,,.. r· ..;. t• • ! (}, . 't, •· ,., c" •• lt ul.Jt• cJ fh• • 1 t'Sf' l'\ ' 01 1' "'-tttlth th t• r t.• I S uhout 
2 1,fl0 :n, Ill" ( !tt.A v•lm It,\' I" 0 0'- tl tOm/~t·c. In lht• ('d lcul:at tnnR USt"' "'-aS 
:-r. •• d · · ()! •• .• , •• llfl 1h• \otl••r t• · mpt r.lt ll rt' ~• ntl dJ Sci"IOJrQ\.'S o r thf' Oh' 1hvr r 
'I• ;,r Hw I0.\11 n l H •• r n .•ul .uuJ r, f n~t•tt•nroln~u· .• t d.• t~• fro m o hst• n r,dtOilS •-" 

th • m• ·· ·o' nlnt:u·,, l st~•tTCm~ J!,,, n •• ul, h~•mt.. n' •• n d Ordyn~kol'. Tht• 

I . , 
l j l , 't 
L
, . • . •. ' 

! ' ·;, 
• • .• }f # :r· . 
• 'rtl • I ' tJ I 
I iri >t - ' '• 
l · ~r· · · . ··. 
L~;~ir l ~.; ~ · ·.1 ·~. 

r .• tc-u1.H•·d rl~rys n f s t.1hl•• trt• ._. r• c unn•·c· to•d ,q t h th·· t 1,, ,,,,.,,.,,...,11,., " ' 11,, 
..-tnln'lpnf•r rr prtw•' lii!'-• " · • llct d•· O'l'!lHOt t1. fr• I'Zifl£! " ' ftu II\ • r~ nf 
\V• "" ' " t h • na 1. • · •• Alth th• ddlt r • ·lr .~ . h ••t ' ' 1 n tt '"'•:n ~ ,f U·• 111• ...... ur • 
>ulo m ... h· · ~ rn \u~u" l ~• nd <\'fll•·mbl r. C"~• rulo;t•d .. tf" rd1'11! II tJ •• tt : r n o 
mt-t• ornln.t~r· .• t t ... tt n n -. c;;. n u, 1 •t r.n 'h• If : r tnrv r- ''-' '• d "' 11 • , Kl• 111 
rtdR'"' n f t lo• ' •h• rhlll ot"1t1f"Vf'l*lr.• (l rk111 k, Y· n ... I .. ). '•<rl; , • ,., I , , • h rt 

d• • 1o111nn ~/1 zrnm th•• r a to-t.J ,. ••. dtH n f tt • m • r1d1nn.•l11y ·td•·' 1n '• pt · n.t.. r, 
r.llru)·ltt..,d frn rn til• d.il o.~ ('( lt ~o- map o,;, o·IRll r t• 3!H 111• !'ot' d t.lt ,trlo 1'"1 1 l 

.. r.-~ cunc.ord••r· d U1 (.'h •PI • r I, l ' ... r t (" : t 

\ mnr•' c·ntnplu· .. t•·d p! C'IUr(• 1~ r • pr•·s• n~•·tl t~, th•· f• r n ·•'1 •n i ..,, '' 
t'l ' h• ~tr• .tm p.trt of h •• K.• m..t ~tnr~Qt• r• ' ' nntr. '\,1\'l~d .O'II, '''"''"I" 
h 'lllf• d tht•rt• b' th'' fr• •'7 1n~ o f tht• r t'\ ··r ~,,., tC'h 1.., lhf• ll· 1• t'Hk• ' .ft .. triC ' 

Th· rn• ' '" rt••pth on hr~ st r• tch IF ~·bout 5 :11, th• r ' v. \'• • ~ ,, \,l it• ft ., 

f'l } ';tel 0 50 n/~o.-'(" oA('COrChiiJ,t to t ilt.• \'a rJ .l' IUil'"" 10 If • \ •t• r l'lfl tt,\ ' ' tl• 

( )ft tht• hrto,tdo·n· cl "'' r•· trh up~tr • •• m 11 t1tn · u •. I ·~· ,,( ( • n-:.•,. ' I • • 

\'• l"C'1 1) d ! nprt til 0 fl4- f'l 0 1 11;/~• t. Th• l1:l · d ' h• h• .,• '''11''\t 1 f 1 h • , 

111 ! It t •rt'd .,f th• \ tl.;l '{•' of Ch• rmnt tl• o· ·td-., th• 1 •' 1' ·'•. ·•• y .. ~~ ' u 
th• fl u ' v•"1nrll\' ~•nrl, (t)• 'I '··c; t h 1• :n• t • •rt• •": , 1 ••I • ., ... I d · ll• '1•1 :u • 
llrl t1u I~•'S (' I"\'Ot r d • pth n1 • ,31 1• r 01o1)o \•II''\· PI ol lt .t: t I • ' 'IU \ ld ltl 1 

d • ·n• •uhn~ On t l•• "'Untnl• I C1p••ratlo n 1f th• tl ''" 1\Hi f" t'ly ,, -,1'1 t f 
JOt\ !Jilm 1..: :n ... 1nt.t1n• d, but m lrq . ·,a t• r '' ar-. .1 r" hu ''"'l ·•f t' ' ''I 1 
tO• Ofl m ~~ ... , , ., p••rn" .. ~lhl · ·. (.',t!f· .l.Pum:-. f,,,- ,, .. I !• .. 1•1 p·•• h·.c ' .• , .. 
(l'U:!I fn r h•llh th•">•' p n 'ld H!•' I• ,., 1.., "lh • , •. fi · h.•t 1'1 I'Hl t' C" • .. ,.,,, 

,1 C'tH1llJI 'Uthn n •"' I Clt!Wh tt•n-. I~ p ,..,.,. ,,,}!·, d1• •1 ' ' t\)l o- H • I J t I ''1 "' • 'I •b•• 

r t ~· n ·nlt' s t r•t· tch C'( th • II\ r n• •'' l'h• rn .t z, ·•~uJ t•fl ' . ,,, •· f•t I' • ' II"· 

1' 1\'• r ' '" t<.~IJ n. ,, , B• ,, .'fllk" ' ' 

Till· d t p ~nd• net·~ o f ' h • <'·•'ru .lt• I d.it• .. <'l "''-' b '• u·• ,.., ' 1· • I ·•I u I • r 

tic~ 0 1 tht~ d rno~pht•rtc pr•oe;;,·s~· ~ H'P', st~~ 1 .. l. •· d ttor th• n. HJ 

""tl · · t~h Of th•• 1' 1\'1 I' 1\t. ~I ("},, I'Ul07 l'l T.\ '' \ ..1 I I 1n' .;· fc I tf • pt>'ltl.t~· o' 

tOR 50 .lnd 10o. 00m ,.1J .. tl:Uh. fur tr, ...... , u·h n•.,o,r 1"~ ~·. • ;.. \ •- 1 I I ' 

\ •rt • .trH.; dtSI ,~lt••nhnq t ltt• tnr:u"' d r r nlU 1~ • • ,.,,,(' p• r. t •• nd '·'" 11~ •' nt 
.lCl'OUilt 

nh Cft._.t ~•Ch rt..,tlCS t1f I lot.' at tllt'~ph • · t IC p n '!'. "' ._, "o\ h '- t .. ,, p,,. 

fr·•·•·nnc: t) f ' ' ', n· o f th, n•n·th• ·•"h rn '' ~~ H!>o C·l 11
1' 1 1...... '"'"" •i• '' f 111 

(.' h,, plt•r I. l'.,r· t (', l :! Th••&t' .trt tl• m· ruLnn~•'tt\ ar·drt: •·,., d· t• !'llil ' t• d 
t1·um ll,..uo1 .. H H.I It :'...u ISU"'·• I H· :.;ul'f.tC't (.'t'l'it\: .11 :1 .1p.. \- t:t• ''·'-."' 

t· ·' ... httn ... l.ip .1 ~ ~'· ·1, . ., , ,,. th• ll ' n ,·,t :--Ltl~ { • .q>p• .r.,r ,. 'I 1 · ··~ '' ' ' 
ftt\t 'l', \ •' h •l k th•• tf• fl• lid• Ill'!' t' f th\' d 1' • .. ( 1 •j ,. , U'C,, 111'0&! ,f t .d1t I • I ll 

ltu "' ·' ' ' 1 ,. , .. , r'\'411 1' '''l th · · 111oh ' I l'h· f '1"11 ,,( •ln-.. t. :•• ·.ol•nc f 1 t it•• 

.. , ,.,tchn· ~t B·r·t·uk ·. '"""'' ' u. u l-ti!'·'' .;n .• t "·t· ' ' H·hn•.• • 

l ' h• • t'tnO/. I I 1 ~ . 111 £:•'111' 1'•• \, Slll\1 ! or 
l'l t•' l t ·CIIIti iU• u ... ,·t.Jfc l th,·~,i :tl.ll t - ..: •1 \ 1: l._a • p•c I( I• ot ll• ~tl • 

tht• nuw~ · S:oluth• r n lO<" . li i P n o f tht ~·'"'·' t· •··• ·P·•'' I q'1 tL• I '·•· ' " ' ·• , ,, .. r o;., 

thUS, tht' f, C" t th,t t th<" l llfht t•n,·o• 11( ,_a th ... C' I p • '•l'~ ~l• I \• 'l I · ' 11 ltf..;, I ( fl •,()o• 

~oul 11 1~ ('Ofl ' UU t ~ I!' m.• lllf••st• d th, r • o•, \ A h• '1 • 1 •• ' 1 t• ·H • - ~• .. ,, • • 1 ~· 
t .. r Jl• zn• 1 td1nn •• 1 l'•Hnp!ltt• ·u ( - 1 > I ... • tO• I · ., ~ ~• · ' • r f .. u h ,,. ,, .. •ll 

l h•· ' ' l:- ll tll! ' ' ' ' II'S nl ob-.•· r-, ... n·'"""' ... '' ' ' ~·n.• t'·t··. J"l i O 1''' ~"~. J!l ~r., 
\ \11• ' t•"Up llf1 l h t J::l'"otph o f tht• ("()rrrr : l t"lh C'ol'il t \ h• !')!1111 • d lie • \ • \t I .rr. 1l• II 
lh•• pCt l!\t-.1; (I I l h • ~' \''"'•• r~ o\ 0 rt J1 I lti·t.J HI 1:· 1 I • p• t I \I .: r •rh 1111 1h• 

l' ••,·hlll' ·' Hl\·•· r 1!- t J:Ur\ I '•h. l h.1pt• r 1, l'.•n \. c; .!I, 1' ..,,_~.;; t u·t•t~ t 11 ,,, " " ~ 

d • \ 1.1 l \.' unly s: H:htl~· f r ·•m tl •' 1f· p•" d • 1"\ • 1'1 • '• t ~ ·' 11 
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number nf y,.a..-s for ploumc an tndep t>ndent craph o f correct ions for t he 
t-\a :na sto ra. ~~e ,. r t-.se rvoa r is still 1nsuffacient, th~ app rop r iatt- cor r ections 
c a n be mtroduced by means of the above·ind•c:ated 1raph fo r the Pec hora. 
River 
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• 11 

f , 
i ,, 

5 
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. 11 

~ 11 I! ,, 

a .. , 1-
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•) ,. 
~· ... ~ . 
~ . 
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&I ... • .. .. ... 
1D v b • v 
ID . v v.-
D . ......... . 
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. . v . 

· •D 
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... v. • 
1 ll ~D 'Dfl m / 

FIGL'Rt • O. •-Pd•tao..ttlp bttwtu ttk d11t: D of thf bcgcMing of tu blt> K'« 
on th~ 1<1 m a MO:• gt> tt:~rvou At Betet nalto¥ u d the catculll ion u~tl I in 
""r tcmbel: b-contthon &D to t M d 1tt: ot ctw bt'glnnang of n •blc tt:t>, 
d~,•mu\td hom .a. •• .a tuawon ol1bt combuw:d w•ttr lhtch~ttc Q of thf 
!(Ami lb~f't Mil I!IODdJUJ i rW of tht Vuhtt.a Rivt:r tw.a-r lly• banano. 

Lon~ - range ro r eca,;ts hy this m ethod can bf' prepa r e d a s early a s the 
maddl,. o r SPptf' mbPr. F'or th£' locality Be rezntkov it is possible to corrt-ct 
lht• fo r ('ca s t by taking anto account thf" wate r d ischarge which will pass 
th•~rc• dunng ICC rormat io n . TIW influence o f thf' ma gnitude or this discha rge 
C'Jn b(' seen tn F 1gure 40b, whach g1ves the depe ndence of the ct t rre r c nce 
b'' t A•PPn t hr actual d~ttes 01 s table 1ce near Bereznikov and those expected 
b'' lom~- range fo r ecasting on th~ s um of the wate r dtscharge o f the Kama 
H P.r .... r ncar Bondyug a nd o r the V1 s he r a Rive r nea r Ryabimno. i. c .. o n the 
1 nrto~· to the 1nOow fu te o r the Ka m a s tora1e r ese rvoi r . The i nt roduc tio n 
o r dischd r~ec ·dep,.ndcnt cor r ections by m eans o r F igure 40b makes it 
po~s1 bl~" 10 lmprovf" the fo r••castlng accuracy noticeably. The r . m . s. L-rror 

I tif'C rPaS~"S frn m 7 2 dOAyS 10 4 . ~ ddy&, and the ratiO + dec r eaMCS rrom 

0 .7 [) tn 0 .47. The time o r n ow r r om the indicate d sites to tht! site of 
B• .. r,.zmkov is 7 days. A short-r•nge forecast of the discha rg~ in these 

saws can be prcparl"d •A'ith a forf' \'armng pPnod o f about 8 - 10 d.l~ b 
Cunsequ('n t ly, a m orf• r e f1n,d st.J bl"·IC ~;.• fo n ..,ca s t may ha\'r a fon• ..,., rnln iJ 
pe r iod o f about 15- 17 day• . 

In both ~xamplt ll th(' e stlm«tes of thP atmosph~ri C" p roceoss r ~ \H •re 
apphed to th~ fo r tcashng o f 1c e appt•a rance on t.hf! r1ve rs o f tht> sam<" rt-1110n 
wher{! the sto ra~t"" r ese rvo ir 15 c r~>ated. 

11te r e art>, ttow('vc r , casett, •• hf'n an lnth·p··nd• nt h ·chntrtu•·· fur fur~, •• 
c astine sH•ble ice on a ~Aatt- r r esen ·oar 1s nt>c•·ss.-ry Llt us con~Udt• r ~uch 

an e xa mple. 

TAilf 21. C hi t.-tf'Tb l!Ct of tht> p-ru1lle& du« IIM ..,, trl "1&pott of 111 "'._ .... aa lic'p-rn•..,.•. 

wbic.h i~ t;Kdro f<"' ttA»thtbt:an•ur:~ "f t•a lcaCf'm rl'\~ l ta·r · ~ .~ .. , .. 11 'f .IO"t " 

Mt>t1• 
Acglc ttt .. «n tht> I ...... All£ tt' bort .. t>tr: lhf' 

d l lfl:11\llll llw~t..» .. ... .! al'fl:t.oncf•M ,,.'It!,.·\ 
Yr:ar l!aUCii h N 

o~nd the p1 r1l1C'I 1t tM Yu r 4oGr.AI. I) .1ftJ the r.u. tl~tll.! thr 
anJu I 

IC,_. n of KiiAC~, e 
aftiC.t1 I 

1.--n IJf ~~l.,. t .• • 

19.18 -4.5 200 1950 -1.5 ~ 
19.19 -4.0 4S l!lr>l -1.5 50 
l!MO -11 0 2fJO l9S2 -13.5 :1{,0 

11141 -J.S 25 liM -4.0 25 
11142 - 2.5 20 l!IM -4.5 220 
1943 -2.5 to l!l!oS ~s 200 
1944 - ss 2..'0 l!a>6 0 .0 JO 
1945 -2S 50 l!lr>7 - 11 .5 340 
1946 -s s 10 19()11 3.5 flO 
11147 00 11!0 l!IS9 ~.0 35 
I !Mil ~.s IS I troll -•.s 25 
11141 • 0 Ito 

For tht• Tsamlyansk11 stora~~ 1''-""t' r\'o ar a nd r~r thP \'ul ~td ·l>1n r a ual tht> 
CXIStl ll" ffi ( thOd o r ro i'CC35hng IC t.~ a ppear31lCt' Oil tho• lOA't' r \'ol ~<l dlld On th( 
Don Hi\'C'r b.tstn ( f' t'(' Chaptf'r· I , Part C, § 2 }. dOt' ti nOt PI'C" \'tdt• !'tuffarl• 'nt 
ror·t• warmng pC'raods. PrPp3ra twn o f 3 rorecnst rro m d ata on th~ pro(' • li:.Ji;o•IIO. 

at the bt•gmmns; or thl> synnptl~a! pr,•v.ante r S("a~on I ~ Pfl!"Stbl ~" not ··arlt,-· r 
thotn Ill thf' !.HH h 'll-d.ly p rand o r 0\"tobc r . wh t· r·•·.atr tH:· ror·m •• tao n n r , t.•bl•• 
l Ct' o n th t• ltm 1 t1n~ str,.' t<:h or t h r''E<'n·oar occurs. 1n t' .lrly Cd~··s. alr·•·ad;v 
l ll tht> firSt l t•n· day p~rtod or :"\0 \' l'mbt' r , 111•'rt' rOr~", (o r the ro ro•(';\!'f tO bC' 
i s suf'd in hm t.• 1t ts ni'Ct'S!"ary to tn\' t•sugate :-ond ~'Shmd.tf' th(' d•·\ t>lo pm••nt 
o r the 3trno sphcr1C p rOCeSSt'S from th~ :lUt llffill :i•..,3SOil to th(' p rt• A'lllt ••r 
s .. ·aso n. ,\ g f'lh.'r·a l solutiv.l o r th t~ pro blf'm uwoh·l'ft l.•rge d1 fhcult 1• "'· but 
fn r the gt\' f'n regtl.ln r~"la tl\'f'ly stmph• l;aws go,t' rntn~ tht• \' .Jnauo n tn tin.• 

dtr<'ctlo n o f transpo rt o f atr ma~st•S hu \' t' b•'<'n fC'und. o n tlu::.' b.a~t!i of .... tuch 
~hlthtractor·y stable- act• fo r t•cds t !t c .. n bt• prt>p:l rt d 

1-\n est imo1tl' o f Itt,.. p r~\'.uhng dtr•··cuo n o f tr.-n ..;p""rt '" gn·f•n h~· m• ~'n" 
of thf' o.~bo\'e·df'sc nbcd two c h .. r.Jct <' rt~t1c~· tht• m••radum a111y mdt-x / , 
calcu la tt.'d fr o m nh'.ln-monthly 11)00 .1h~olut~" aso b.,rac ~urf.Jc ,.. c ontour tn·•P 
o.~ rtd th(• angl{' ca bf't 'At'•'n thc- d ar•·c twn of th•"' I"'C'bar" • .md tl ·,. p.t r :t.11• I .1t rht• 
h'l'IUI o f K;.t.u~·h (Tnblt- 2-:- 1. T.1k10~ ulto .JC <.'t">unt thf' p• ·,~u tta r l tl• Iii: ,,f th,.. l. l ft -

.l lhtud•• b0li'Om••ti'r1C" fi f'1d f o r ttu!f r f' l:;lfln , nt lh•· ' .l !C"ulatum of tit • tnri•' 'll I 
tlh· ,·a lu•·s ,,f th•• ~f l)pOt••nu:d w• ,., • • n'f IJ~"rt. fo r t tl• .. . •c: t ,.r'l 1• c ' n ""' ' r 
thf' st.l110n~ HtJJ3, :'\hns k, :\l<'SCO\\, t\u r~k. t\ 1•' \' ,\·ttl \ ' " ' ""'"'· 0\nd f, 1 r ~·· 

east, O\' t' r th·· st.Haons On.·nburg, Jo\ uaby:--h•' "'· ;., t .•• r ·;...,,. f ~I· ... "'·' · H '- ' ,. 
A stt·"'khan and 5-odu 



-

Buth C'har.lCh' &'a!!t tacs: W\.' rt' d t"h ·r m in c d fo r Scp tC'm tx· r a nd Nov• mbt! r . 
Comf>.l rJsn•a o f til•-- ,·a luf"a o r I fo •· both m o nths sho~·s th.Jt they ar4" mnst 
u f:•·•l u mf'-' riU, hrnvt' \' t ' r , a !'lh·••·p \'a re .. tum an tht• lllt.h•x as Ob.'\•·· r vt.•d in y ear s 
Atl• r Ill..;, pt• ml>o ' l' th• r u rr•' nt d1rt•c t1nn f'lf :tlr tra n"'f)Urt ne.& r th •· 1round 
dn•' ' HHI c-orr,..~ flOnd to th.J.t pn·,· ~d1in~ In hi l(ht• r la_yt.•rs. It h.iS also t:M.••·n 
• ' '· !. ~~h· d th.tt th~ , :llul"'s of I .Jnd o f • a r t• anft' r· •· .--- l~• t ••d, but thr natur·e of 
1111 ... ,., l..ttaf•n~hi r as d aff•• rt•nt an t il•• c::.ast• o f a 1wrth•· rn o r o f a northwf"'st •~rn 

•h r- ' 11on n f the asoha a·s 3 ntl in tl1c cas'~ o f a south'A'(•!(fc rn o r southeo~s tf> rn 
d 11 • C'twn . 

• ... 
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~ ,, ... -!f. ,D 
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- JO 
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n r.t 'Rf 11. ll.llt to u f the fw>S tM&r'lfl of no~blt lcr a n tht lHttch bttwetn 
K o~ l.:~ h•Sklt" o l the- 1 un ly .atbk •t ot.IJ;C" tt:K'r\'cttr .n .l (unc tton of tht> 
n~ertduJn.lh 'y 1nlk• I . o~ nd thff"tl"'nt Yolluu ol th.- o~nglc • brlloO'c-en lht> 
d1•tc rwn of rhe b f"b,u t of tbC" ~•n·m.3nthly prt:nurt ~n Slopuunbtr o~nd 
rtw- :..:1p«:h\'t' r .u.al lc-1. 

1- U U'i w~n ZO' <e< 110•; 11-c:a.sc.t whe-n •<~0' Of •>110•. 

1 ht S \. !.t WS S• •n•~· ... ~ 1h•• b~•S iS fo r the t f"Ch iUfJUC Of fo r e-ca sting lh C 
b, ~111nu1J:: tJf st~hh· icro ou tl••• uppt~ r· s tr('ttc h o f th(! r f'S<'r·, ·oi r . from th f' to ·..,·n 
o l r. . .t:t('h to the n ll.H.V' n f Ski tn, \\'h rc h n?s trac t!'" t h.IV I~t:ttion . 1lH'~ cJ.lcu la t ion 
o f 1h1· d .•t•· "' o f S la b lfo ic ..-· frJrm ::uion is made fo r the lowf"r (32 m) and h ighe r 
P 4 111 pr.ndo.a~·· l•·v• ·ls c•f th•· r·••s t•r \'m r . ·n.c d•ffr r c nct• bf"'twct:n the 
C'~•ku •.• t• d d d h 'S fu r· th•·.sc two l••,·•· l!-0 i s r l' la tiv f' ly sma ll. As a n r xampl£" 
,, ;• th• r• fr, p • [!n't• 111 F1gu r" 41 oru · d· ·p••tadl·ncc (fo r thl' 34m pondage l t·vc l). 
rtt .. tf .• t· ·~ nf l'tab l•· 1c •· C' O\'•·r ;_,,... . co•u lcc-t('d th t.• rt• •.-t i th tlw va lue- o f the i ndt'x 
I du n n c ~. p t••mb• ·r . a ll tho• CitSt.'" h •:ing d i\·ic:h-·U uatn t wo gr·o ui>S in 
d f t •H'ddnc •· ,\' llh tl•f"' a bo,·csaid on th C' r e l ations h ip h t•twct.>n I and • · One 
tnmp rnclu d• ·& ras · ·s wh•·n till' a i r· ru r n·nt neot a· th f"' ~round p••n••tratcs f r o m 
th·· u•• r·th n r •w r·thw••st «2 0' fl < 11 0' ). th•• s t•cn nd ~r·oup inc ludes :to ll the 
r• m .•utlllf! c:• :-,•·~. It i~ n ~•tu r._al th a t wh••n no r th·•rn o r· nn rthwt"sh·r·n 
Jl• u•·t r .•t HHl.S: pr1 ' \",J i1, fprm rt 110!1 Clf a ~t:t blt • ((: ,-. C0\' •"'"1' t)t:,;: fn s fo r the SOJmt• 
·:.du••s o f I • .• r i ll r• th;tn in f'd~· ·s wh~"'n oth••r d i n ·c l io ns o f trans port o f a i r 
n"' ··"' ' ...; p r•·,· . .tt '. 

r :~ 

As mf'nt ,o n(td, an th'' r f'Sf' rvoi r st r fJ!am wh1f'h fo r ms th· · dt '"'"~tr· 3m p . .u·t 
of the prf"'ce dma: powf't' plant n f Lhf" ca.$C"~df'. stablf• u ..... tl''iu.ll !y ''' 'PH m u,•h 
la t~r tha n thf" day 1c• ... ttppt"arr d ftn Uw· cor r.-·s pondanl! rw• r :-.tr~"" t• h t .. t ll rt' 

n.an,,ff con t rol. "l1••· rtdor(', a p plac .. tt io n o f thP prtnrtp j•"' ttf th• t • chru''"' 
•.ttn r·k• U ou t fu r for·.-.c.-" linat 1cr· .. Jll:h•:.. r ;-l nC'•' n n a 1'1\'• r· I•) l rt •· l l•rt t 3 ... hu~ • I 
t-o t.ib l•' IC" on ~UC'h r &vt r r~scrvoa rs m .. y n 'lt c: iv• j)U~III \ • , • .:un~ f •l !'' h 
c a l"· R , a 1otp ••r 1a l t l'r" hnif"l ll'' mu:-.1 bt• dt.·v··lo p'•d . 

,\ ~ ...t.n Pxampl•· \\' f ' cons adP r tht.• u•chn1<;Ut of fur· ·<' <~ ... ' lll C t'l • h· · t.! . tlfllll l! 

o f !'tabk if' t" nn til•• \ 'otktn'\k !l'tora ~ r··~,~n·nt r n •. \'ot lr-. w.s~ ··· · "•~ r·,·n•r as 
c r• · ~· tt ·tJ by tht.• hac k •• • ... tt.·r o f th•· \ ' o t k t n:-.k po '' r p 1 • .,H t.p!-t ro -•m H"l tl· " ·•fll,J 
lhv• r u p to th•~ rl;I m n f t lu · mor· · u p c;ot r • m l '•Cdt• d t-: .• m' u l.•·•t n · 
····'i~r\'Otr 'Nidl h ·~ rool ,ltl \'t-ly ... mo. lt - fl 'lr"n I k m In 11

• ' l fJ { ' t • .,:Jl p ... rt I . 
10km n••a r· tJ•c dam . In autum n tht' r•• .:,t~ r,·nl r !•·v· l , .,. :1· • ltll ..&lll• t1' I•·'' to 
tlw ~1'1., bu t th e watt·r disch.a r~•""S pa .ssmc th r nug'' th• 1\.:..nM ,.nd \ 'utkl n ... k 
p lants may \' o:i ry withm fa irly \\' Ide lim1t~ - frum ROO to 2200m1j .... c lh 
acror danct· •Jo'ith th~.;.~ t.l1~chaq~e th t...• flo .v \' ••ltX.t U• s: ... t:..o \' .. ry, .,. fdCI t... ·.ltl f 
a COil.!!tl de rab lt• influ t•ncc o n th~'• fn ·e1.1ng of Ltl l· r·P:-.t r \'' 1r. Th· ,., :-••n.f••r· 
c a n btc" st•parat('(l into th r tle p .. r ts· upp• .. r f r o m t il •~ town o f P • t m ' to t fl• 

tO\\n o f Okh .. ns k , m iddle - fro m th v tc ·.,·n of C'kh •• n~k tn lh• l l,tn u f (h ••• 

.. nd d owns tr·••.J.m - from th •· to wn of Os.J to th• Cl .nkovs kn \11 ... q• . ·n,. : " "" 
vE'locitt~& o n t tw u ppe r st r e tc h for a m~ ... n d••pth o f fi. 3 m \'<t r·y fr om 1"1. 14 n. / ..-: • e 
ffu· thi' sm.Jll~'st d ts chu rgt· to 0.38 m / st"c for tht~ , ,, , ~··~ t d u .. char e • On th£' 
mtd tlh• s tr·t•tch, with 3 m~"'an d t:pth o f 6 - n m, du ... n o .\ ,.,.!ocitl•' ' r .• ' l 
rc·~ptc llvC'Iy to 0 .05-l'l. ll m / sC'c. The m t•Jn d • pth o f th .... lo.,··· r p ... ,·t '" 
10 m , and th t" flo" \'Ploc hies do n01 ' ' XCC'•" d 0 .08 ml~··c: PV"n lf'l th• ca , . or 
m a xnnum d ischa rge s . 

llH~ m ost fa vo rable condi ttons for the fo nn.1110n o f ot. ~Jabl •"l ic• CO\'~>' t' 

, .. ~i st 111 the a r \."a o f th e town o f Okhansk. wh•' r l" tlw fl<' '-'' ,•,•1f'Cl h• s dnC" rl"•' ~'­

appr·cciably (to 0, 07- 0.t!l m / s~c) .md the nu·an d··pt h ~~ .H1JI n•) t ,. , . ,..." l •n.:" 
Ca lcu latt c ns o f th~ d~tcs o f tlu• bt(!umang o f s t •• b ! • ar( m .t r Ok! ... n~k. ~~~~~ 
111 th~ ,·, •gto n o f th<' !':o~hO\' k:l n 11ag l' (on t ht to•"'' ''~ p.tl' t o f tht• n •..-:• n ru1 r ) 
f rom m N c orolog iCtt l data o f P·•St w •a.rs wc ri:' m ad, ... in tw \'anant s · ff' r ttu~ 
condit ions o f th "· m n umu m (8 00 m 1/ s· ... c) omd o f thf"' m .lAttnu :n {2 li10 m "/ .,.··c· l 
'A'3 t f'r dh;ch~,rgco tt.rough th<' hydro p lant. Thus . t h'• >Ahn l·• r.ln~· · n t ;,..,,.;.~ahl • 

tr\flu-:nc c o f th\' v a natto ns in t he flow \'doci ty Cln 1 •• f,>r·mauon nn th • 
r~~st'n•ot r ~·.:.s co,·r rr·d . 111c i nitaal •••ate r tf'mp<'r~· tun· ctur •nl! y ,• .. or s stnct· 
tht· commissiomng o f tht"'" 1-\a m a p l:ln t "' ''s takt ... n w th t• c.-lcul.ifu'n frt...l nl 

o bs t•t·vat ions Ill t tS t<Ul ·v.•a t..~ r :..I'<' .J (tltC' g.l~tns: Si l t' n •• 1r l't>rm'L T tn · i ni t ia l 
tc ntp(' r a turl! fo r ti l\• prt:-C('dmg y•~n rs •.t..I S oht .IIIV~ct h.Y c~·ku l.Jt iOn fC\ r th• 
pal't o f th e Kam a stor·ug .. · I'Cst.· n ·oir nt-•a r th"• d .lm. 

·n tt.' dJ.h.':: of tht• b· ·~tnmng o f :-: ta ble ict• CO\'t· r· \4 f' r•· r alcu ln t • d fur Uw 
p r·r iod from 19 33 to 1961. ·n.r~ a ' ' t! t'..iJZC date o f th<" b•·r:um •n.: etf :: to.~hl l' ir•• 
w tht:- an•a o f tlu! to\'" O kh.Htsk i~ for,, ctt <.:.l'h..~ r~·· o f tWOm1/F>•' c o n 
15 NO\'\.·m~r. and fo r a d ischn rg•· of 2200mJ/~··c n n 1 ~ ~o\· • ·mb•• r·. ow tt fo r· 
t th• a rea o f tht' ,•i ll.•gc o f l\ozho \·ka o n 1 !l a •' d 22 :"\u ,·, ·mbf•r. l'"~p·•cth· ,·ly 

Titus. th <" d lfh· r,· nc , .. in tlu• .1\'t' ra~ ... (1 .ttt•..:: . .. ,. t il• h •' l!IIHH'lf:t ~· r q,, b1· ... 1<' " 
alon~tt lht.• rt·~·· r\'ulr, and fur difft•n :nt w:ttt.' l' (h~ct. . o rJ!• '"' throut:h t ho• ).~U rn 

p la nt IS s m ol! t. ·n u.:. d.ttc s th ,•m s t•h ·t:>s .11·f' 11-1 7 d.t~·~ l.•t • r· th.m th•· av•·rae:•· 
dates o f ac ,• appt·.t ram~c on th t" rl\'t..' r und '"· :- n .J.tural conchh·m~ ;h·•fo r •• 
construc t ion uf tht• ddm l. 

T lw t';a d i t•!l' t d .• tt•s n f thf' h·· s;:uuu :•~ f" f s •:.tJl•· t C' •' P n Hu• n ~\~ 1'\ l •tr '"' .If 
tht! b<.•ganmng o f X O\'<'Illbt:' r . a nd th<• !~•tl·.-:t d .lft s .11 th·· h •'E1111Hnl! t •t D· ,. 1t1h• 1 

r:• 
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F o r fo r .,•castu'\C, 1t is pos sable t f• us .. the un.fo rm i ty o f the o. tmo sJlher ic 
pruc\.'SSP~ Pl"' ' \' a ihng duri ng the synoptiC·• I pr .. ·wint t< r st•;,.son. As s ho wn in 
Chdptcr 1 . .. n 1dca of the c harac t e r o f thc•e proccs~es c an be obtain~d from 
thc tr de velopmf'nt •t the be&inninl of Uu! s eas on - in Octobe r . 
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FIGURF 42. 01tt: D of the tlriJlM•ttt or ~abll' tc t on ttw Votkm\lt 
stor~gt: t~wrvou 1ft rht ·~• of thf' t OIIif'l Oll:hmk •• • ftutction of tfw 
mf' ttdiot~.ah ty •-*• I di~riDI thf!: fit• 20 4ay• of Orc:lokr fot • wattr 
dhc:harp •roup the Kama power pl.- cf 'l2:00rn' / wc 

The m (' ridionality tnde x I is use d a s the cha racte ril"ic o f the 
atmosph~ric p rocesses. Since, n()rma1fy , in Oc tobe r and Nove m be r the 
lc-.,d ing current in the troposphc rf" i8 d1rcct{'d to the Kama RivPr bas in from 
th r· no r th we s t, t he r~=·gions fo r the de te rmina tio n o f the inde x wf>r e c hosen 
in thf" directio n of this current : toward the no rthwest a nd the soutlwas t o f 
th£' \ 'otkir.s k sto r a ge reservo i r . The firs t (northwPStE" rn) r ('glon is bounde d 
by J OO o..nd ss• E . long. a nd 7G• and 60'- N . lat . . t he second (~outhNas t ~rn 

r Pg ion) by 55' and 8 0" E. long. and 62• and 48"' N . la t. For each n:.·g ion the 
m <'an geopo tential is ave r:ac ed ove r the stations loca ted within its boundarie s . 
ThP g~>opotcntial is a ve rage d over the first 20 days o f October (to prov id e 
il s urflct f" ntly long fore warning period). 11H~ indPx I is obtaaned a s the 
ditf~ rence be tween the m ean value s of the geopo t e rltial in the fi r st a nd the 
srcond r egions. 

Th'-' r '"' Ja tionship be h\'een the dat..-s of the- beginning o f stable icc o n the 
\ 'otki nsk rf"sen •o ir i n the a r ea o r Okhans k and th t> inde x I is given in 
F i ~ure 42 . The r e latio ns hi p ill lairlyaccuratc, but for aome years (1945. 
195G) conside rable e rrors we r e no ticed, which arc.• d'Jc to the high rate of 
at mosphe ric coo ling. It should be no tPd that a s imilar de pe nde nce was a lso 
found fo r the a r c a of the v i llage of Nozho \•ka . The a c curacy of the 
r•·l:Hions hip is som e what h i ghe r for larf{rr ·Mate r discharct'a t hrough the 
d .. m . T h ts as du e to the fact that, an thts case. a l a rce r t otal heat t ransfl!r 
is "''c ... ss •• ry lo r the forma ti on o f an icc cove r and, conseque ntly, the 
influe nce o f the rate of individual coolinc decrease s . 

1.!0 

Cltaf>l~r IV 

FORECASTING THE THICKNESS OF ICE COVER 

§ t . Dete r mamng fac to r s 

Th•" thtckness o f th ,.. ic•~ co,·e r on n \•t' r s. lak~>s and ~to rae ~"- rt'St"" rvo i r 8 
i s dNcrmant.~d by m any m t•u:o r ologJ. c a l el··m c n t s , '>' hlch a fft>ct tlw hro.t 
exchange bl..!t NP...-n th~ sur·face o l the 1ce o r o f the s no •N o n the 1CC and t he 
t"' xtc rna l ~pact: . The m ost important facto r s a r~: ai r t~mperature, wand 
v f'loci ty and clo udm t.>ss . 

~rll ... th1ckn<'SS o f the ICC cov•· r and its , ... noJUon ov•~r th-" s urfac ... ()f a 
gavt'n •Aa h · r hody a lso dep~nd on: ta ) the faC" t t hat the ICf' cove r dt.l t•s not 
fo r m ~1mu1tanrously o n t h~..• wholt .. su rf.;.c ••; (b) thC" c ond itio ns o f at s 
fo rrn.,ttion ((c t.· pt!tng a nd a ccumulatio n} : (c) tun·· and antc nsa ty of f'nowfall 
o n th<' acr !=Oh• •~"t a nd th e t r bns fo r m auo n o f th,... f' now co,,e r anto IC~; (d) 
fo rma t ion o f s nO·•· ICE-; (<') int•·n~at)' o f heo.t anOO.\' f r o m the "'at e r de pth to 
th• .. innt• r s u rface o f the act• C"O\·er; (() th<· formataon o f icc sla~!' tS . T hf' 
fac tor s h s te d va ry s tro ngly O\·c r the ~urfdC I..' o f rt\' f> l"'~. lakPS o r s to rag•· 
r••s:crvo ar s and O\'~r the give n tc r n tory. Til•' r Edo r to. 1n e ach llVCn m oment 
t he th ic k ne ss o f icc CO\' \..' r both on r h'•"' r s and r r.:;<•n ·oars, and v.•ath1n one 
pa rt o r a r ive r o r om~ rn~a·n·ot r_. may consaderahly \"ary 

a) No n s i mu l t a n ,.. ity o f I <'.,. · CO\''-' r r o r ma ta on . Tilf' IC£>(',Jvt• r 
forms f'.Jrllest in thf• s ha l1o·.t. a r l'a o l rn·e r s. la kes .1nd r CSt' r"\"Oi r S n··a r t ht> 
short· a nd in th~i r sta .::na nt zon~..·s . Tlte d•• ~,tr• ''-' o f t hl' d t'lay tn th,· (f\rmah~m 

o f t h · · a c...- cove r t n oth_.. r znn•~ lli of r H•t.• r s 3 n d r •'&'t' r'I.'Oti"S •• s c o m p.• r cft ....,ilh 
s h,, llo .... ·- watt.•r s hor e z ones d <'pcnds m a anly o n llow \' ':locaty dept hs (o f 
r e s e rvo i r :;) a nd on the mN eo rolo gical condi tio ns {se~"' Chapt Pr s II and ttl). 

In gC'ne r a!, thC' iargf' t' the \'a raations in the m <' tcor o loglc <Al condi tiOns 
du r w g the- fo rmat iOn o f th,._. ice C0\'(' 1"', t he !onger th f> pe r i od Of iC<' 0'11')\'t_' m ••nt 
on r ive rs ; t he det-pe r and w1d c r thP t .,kc a nd r e s e n ·oir, the m o rt• does tht.• 
ict.• thickn(•ss , . ., •. ,. o \'e r thear surface 

Du r ing fo rmatio n n ( an IC•' CO\' Cr , in a ddt t1o n to la tgl~ polymas . s m .. l1 
strf'tth~.!S o r ice- frt~C '4'3 t(' r ".\•ith di m Cn!HOnS \"(lryina from l~"'n!l o f C: t:'nh · 

m t'lcrs to hundn•ds of m e ter s usu..ttl :o· r r m .... in. 11tc8r s m a ll a r t'.as o f purf' 
wate- r r e maining ~'monc th<' ICC usually f rcf'Lt' SE'\ ' (•ral hnurs alte r the 
JUnctio n C""f thl' iC'c b lOC'kS. Th as a ff('ct-. th£> d1s tributt<'n o f ~h<' tct~·ro\' •"r 

thiC"kn.-•s s (o n sma ll :1 rf" .. S a t the bPgtnni ng o f thf' s t:-•blt• ac•• p~' rtod l a ud IS u f 
pr.:ll: t1c a l tmpo rt:. nc<·. 

b ) 1 <"- c a c c um u I a t i o n . h:· · grn .-. th as slo~··· != t 1n p l:-,C('S wht. •. ,. th t> r e 
"''a S purr wa t••r tand tCC' ·fr(•C r~..•gtonsl a nrl as m n s t int ('n.san.· w p la c:,•s 
" 'he r e accumul., tions of ICC mate r ia l fo r m <'d undf•r th•• I C'f' l"ht•••t and th .. ·y 
t.'8S('ntia lly l r f'cz(' togethe r 

P I 
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·nw U\cn·as'-' an tlw rat.-• of g rowth of th e ace cove r Ocpends on the amount 
o f ICt.' cont;unt.•d p<>r unit volum ,.. o f tlw u: (' " 'ah•r m ixture . 

It ::Jhou1d tx.· no u ·d a l so that f razil itnd o t.h('r types of i ce, satua t t'd ~n•"'ath 
lht.• i (' sth ' •' t, prOt••ct its 1nnf' r sur·fac '-' fron"' h cu.t i nfiow fro m the wa t(' r . 
For t h1 ~ r " :.. scm t ht· rat•· of c rowth nf the ic t• cove r i n such plac,•s increase s 
' ' " ' '" m<H"f' , .1\ t th t.• ~dOh"' t i m C", It should bt· bo rn--· 10 m ind that i n pl.ac•"'s 
of .u ·rtm naht110n of leo• tht" icP C(n•<· r·. o.s a rut,-•, htuJ an unt:v(·n outr r surface. 
Tlus un ._•,•ermess contrtbutt•s to !4now accumula t ion. which delays the 
~rowth tl f th,. ict:' C O \' t"" l ' . 

c} Sn ow Cl.)v•"' r o n i c t.· . 1lu• hea t conducth•ity o f s now is on the 
avt'·rae:•~ on(· t••n th of that of ice. The r f"fo r c. s now on an ice cO\•f'r affec ts 
i ts ~rov.-th conside r..ably . T h e- heat conduc tivity o f sno• · is c losely r e late d t o 
1ts dens ity . ,\ be l's welt ·kno•·n fo rmula ~ivcs the following values 

1-.-0.0illllp~.. ( I. IV) 
.dl••rt• A. n is the hf'at c o ndurhvity o f the SilO\\' Co\·Pr, f\n is its dl~nsity . 

F r'f'm o bs .-. r·v..a tio ns " " som•"" rh•c r s and ri"s~nroi rs the rollo winl formula 
h •s l)l•<'n o bHtincd 

1.,.-o.0090p.'.+ 0.00001. ( 2.1V) 

• Uth•• r fn rmu t.•s fo r d•""t ~ · rrninln~ th<' b e:tt conduc tivity o f the s no w cove r 
~IS it func· 1H"Il of liS d COSl1y h3Vt:.' OilSO b C'<.•n p roposc-tJ. 

T tH• h c-agh t o f th<' s now C0\'1'1' o n the iC't! on a J!h·c n rive r strNc h is 
fld•· ranmc d b \' th~ amo unt o f ~no•·. its comp~tct ion, w1nd snow drift, m eltinl 
duranq p.-.riod'i o f th:t~A• i nK. t he tr·ansform.Jtio n into sno w ic (> a nd its rate o f 
" \'o.por dt1o n . 

Th•• density o f th<' s now cove r on ic c d "pcnds on the nature o f the 
p recipita tion tsnow I a nd on th<' tr;:tnsfo•·rM~tt ion o f the s now due- to wind , 
tha,..·s und oth~'r fac tnt·s . 

. \ r-h ;.•ra c t,.. r lstic feature o f t h f' s no w C'O\' Cr on IC<' is the s harp \ 1ariation 
'" i t~ dt" plh and dPnsity o ve r the wa.tc r ~rca o r r iv<· r s, lak('s and 
r r·h~· r-vni I' S. 

d ) F o t' m ,, 11 c' n n r s n o w ic c· Snow ir•· fo rms wh('n wa h·r s .Jtu r ated 
.•nth . ..:no.,. fr<'t:7.•' S n n tlw su rrac.-• o f thl' 1Ct.' ::th ('c-t . 

'lll " rt' IS •A·atn r in snc•'A' fro m m <'lti ng during :a thaw p.;.· r iod , rains a nd 
mtainly fro m thP 1ssuc o f wate r to the icP und••r thi• pre s~ure of a n ("xcessivc 
a mount o l sno '"'' o n the icc a nd the capilla r y rise • •hen the ttnow com es in 
("(''ntaf't w1t h th P wat~r· . 

Wtwn tht~ ~•mount o f wate r flo·A·i n~ into m {"lling s no·v is i n e xcess o f the 
Aa h ·r·ttOldtrlg f'a paci ty of the snow, pa rt o f it percolate s do wnwa rd and 
-•c c umul.tiPS o n thf~ icc CO\•Pr, c r c atinK a laye r of s lob s no w. In a 
sub~··qtH'nt rooting, Uw ~lob s now fre('ze s and a layer o f snow ice appears. 

1 1tP t ht c kt•st s now I C(' o n wat .. r bodie s form~ as a result o f the issue o f 
A~tt t· r o n l h•~ ac- ~' 10 the cast> of ~'Xct·ss s now pressu r e &,. ThE' f!xcess s now 
p r·· s su r-· IS 

(3. 1V) 

A' tl" r *" , M I~ l h•· d t'pth 0 ( lht• 5110 \\' 0 11 l Cf' , Y\n• ,.,. 30d Yt( Ar(', rf'.lp t•CtiVCly, 
tJ r·· .;pt~c i ftc w('i(1•t o f snow. wah•r and iCf', lt1c is the thic knt·ss o f tlu .... ic c 
( nv•·r . 

The maxlmu m d e pth o f snow fo r vanoua value s o f its density , .,. .. nd 
the icc t.hic:kness fo r which wate r wall not issur. o nto th~ icc (in the presence 
of openinca in the ic e } a re g iv,.n in Ta ble 28. 

1 All.[ ~ . Ma.t ln1Unl 'no"· dt-r' h it nl) Ot-t l'l~ ~ 1 '11:'1 '~"''' tt' l h t' 1f t Wrl • 4 • · 

fer u m"n "• IU•I ,._., f , n · ('fl'lJ 

I<< •hukn<••· l ~.-e.• I ~ ...... I ~ ,,• 1.8 I a..-•• 
<m 

" I • J 2 
a II I • • 
31 27 14 I 1 

• 3& II 12 I 
» 45 22 I$ II 

• $4 27 II It 
70 6l » 21 16 

• 12 3& %4 18 

• II 40 27 20 

"" • 45 lD 22 

Usually, i n tht!' m i ddh- of winH" r or· lut (' a·. ttu ... ' '• ' IC'ht C"tf II,\' ~nnw 
accum ulakd o n the I C C o f res(• rvoi 1·~ !J,•com t s t .. ru• r than tlw hu.,yaru·y o f 
the ic•·· c o \·c r . F 1·om t h ts m o m•·ru \'- a t Pr tx~gin:-;. to St t•p l'tH rmrn c r·aC"ks 
running th rough the ic(' and r ect.!nt holes 111 th., tCt , ~atu:~ung t1h' lo"A ~ r 
snow laye rs . In tht" abs~;.•nce o f cracks. ho,lt"'~ or pvlym :•~ . \\:lh. l' '-'' Ill !"t a_v 
fo r a to ng time under pressun' and 'A•il l no t a~!'tH" to th~ s u rfa c • or ""' icc 
CO\• C r . 

Abov~ thf' slob snow a w~t sno w lolyt:.~ r IS o bsf•n ···d. wlu c h fo r·ms du.-.... to 
cap lllary rise o f the wat~ r. tts d t"pth d \·pcnds o n th·~ s:vu· st r"\ICt\11'<' •• nd 
va rie s from 2 c m fo r fi rm ~nO\\' to 5 - 6<"m fo r fuh:- ~:·atn• d . ton -~ ~rtf' 'A'. 

\Vhil t• f r·ef'7.in l{. tlus ~now layf•r· .. t~o ff:' rms ~uo·.o. ICt' . hu l h •S$ th ' '5' ' 
Jn ttw c;~ ~c o f s t r o ng snowfa lls. 'N..th ' l' n1 .1,\' n-~:~u· · to th•· ,,., . ~u r·f.,r • 

SC\'t" 1·a l tutws before th<- s lob S:l O'.\ ' IS co:np l• t ··ly f rnl'.t ' n , "ml ll··u nl'••r -

laycr s o f snO\\' wi th wat<' r rt>matn in t h t.• tC<' c.·o, "~' . 
Thf' fo rm.ttton o f SUO\\' ice c a u:o;. .. ·s a nonu m fonn 1nc r , o.~l'> t' 1n llll' ICt"' cov•· r 

thicknC'SS a nd a t the sam f' tim·· a s ha r p d\•c r •··•S•' 1ll tht· t.f• ·pth o f :- nn w o n JC' f ' 

t:) tl ·• at 1npu t t o t he• i n n e r surf a c t' o f t h •· t C' •' c n v.' r . 
T1w heat inpu t fr o m t h<' d \""•pth o r wat (' r' ttl tho• tnno r l'OIId"'c o. o f th o• 1.;• cov•· r 
on rivers in wint~ r· i s d uC' to thssip~Utnn n r th (• kuwht~ f'nt· r·~t~· ,..,r th~ wat••r·. 
to the a r rh·al <'f hNlt h ·n m 11w bottom o f thf' \\ ,th .' r b<'lUy :md h ·• •:n ~r·ou nd· 
• •alt"'r, and to lh.•ati ng o f th(' ~A· nt r· r· und .. ·r th ,... IC<' by ~ul~t r r:H.H.o11nu 
Uu ring pe raod~ o f t h.Jwing a nd 1n s prt ng th,• anO(lw n l ~nn.,· -u·wh ""' l t• r .i l s t• 
c ontributes to ltc .ll input. 

Th.:- thic-k11<'SS o f the ICC CO\' t ' r On SIOI a i,!t.' n.·~· ' r\ Pi rS .tnd l.tk• ~ al~n 
d('pcnd~ on th(• s am'!! lu.-at !tf'urC"t'~ (o'),Ct.'!H fo r 1h•· h r~q . 

11H'" tn•., t dur to ••rh • t' (Y da ~stp.o!H"~ fl o f th• ~t r• •.,n~ 0•"~ 4 C'" f\"td • r .,hh 
a H-.•r t s the thirktll"!ol:~ ••f thr it~ •" CO\'f' r 111 m.c•unt.•tU r ,,., rF .o:ut , .. , ctr• t f '''" of 
lo w·lantl rh·~ rs h.t\' in~; t·apids. 

11u! tw ... t an'l\' 111~ {rom llu· hottorn t'l ( th· ~' ~o tt r h· •dv r•·•lu(' • ~ '' • r, ... ,. 1h 
on rh'l.' I'S 011 the 3\'t~rag~' b~· I Oc m durtm! ,.,,. \\ tnt• r ')n r•'"-' r"."lt' 
str~·tchC"s with s m all now v"lr.city tlw h· .• t n u A· f r••:11 11•·· h• d r • o1 w•·'" tll f' 



-

ice ttucknPss by 5-B c m during lhc wtnte r . In constr·ictc d s ections o f 
r'PSt:.•rvoirs, • •hCr f• the rto w VelOCity rises, the h~~l Oow tO tht:.• 1C~ f r om 
d~o•Ppf'r luyf' r 8 sh~rply tncr~ases . In this cas4" he~u ou 1ce melting conH'S 
no t only t'y th~ tu.•at flow from the nt:.•a r cst sechon 0 1 the bottom, but also 
from the he.u accumulated in the wate r in the upper wtde zone nf smalle r 
flow v .. locity. ·rhcrcfor e , rclo.hvcly th in ice a nd polynias a r e o bsenred in 
constr icte d an·as of r ese rvo irs . 

The rlse of groundwater to r ese r-voi r s is usua11y concentra ted in 
mdtvtdual st r rtches . In a rumbt:.~ l' of cast>S the heat o f Uw ground•4•atc r is 
Uv• cause of the thin ic~ and polynias on some rive r stretches . On lakes 
and s toragP r eservotrs u s rol<' is noticeable only i n th(• short> zonr . 

Tht> penetratio n o f solar radiation through the ice cove r into ~A•atf" r laytr s 
bclo•A' the ic c .tHects the ice CO\•er a t its inner s urft&ce only 10 the absence 
of snow o n the 1ce and of s now ice , and this mainly a t the end o f the winter 
o wtng to the Intensive solar radia tion in this pe riod. 

S 2 Ca lrulations and fo recasts us1ng ai r tempe rature 
fo n :c:asts 

" . . 
Forecasts o f the ace -cover thic kness in th(' case of thin tCf", mainly fo r 

th•• hr'ginning o f the s tab l t> ice pe r iod, a r e bast~d on the us£· of the nir· 
t('mpe raturc fo r ecasts. In accordance with thl' possibiliti es l,f obtaimng a 
r£'hablc fo r ecast o f Ute air te m p(' r o.. turc , the fo rewarning pt-.riod of such 
fort•casts is equal to Sf>\·e r al days (up to 5 o r 6). 

In the absrncc o t snow ice and conditions fo r its fo rmatio n (Table 28 ) 
durtng the c a lcu lation pnriod (i.e., durin. Ow fo r ewarn ing pt'raod of the 
fnn·cast ), as well as of icc accumulations undt: r the ice cover, and af i t is 
possible to neglec t the heat input fro m lowe r wate r laye rs, thr thickness o f 
tht· Ice cove r can be calcula ted from 

•. c=-~ 6,n+ Y (•,..+ ~: • .. t + i~:, 86400}:1.., , (4 .1V) 

whe r e h tu ts the ini t ia l ice thlcknl'SS; llut is the thic kness of tht! s now o n 
IC<·; l tc , A.n art•, rcspec tiv~ly, the heat conduc tivity o f ice and of sno w, 
L.~ is the ice .formation hf"at, Pic iS the ice d enSity; e. is the tempe rature 
of t he snow surface (01 o f th e 1ce surface in the absence of snow); IOw ts 
the Rum o f the m ean·diurnal temperatu r cs o f the sno .... • surface rrom the day 
fo r whi ch thf' value or h,c. is takt>n to the day fo r which h .c is calculated. 

TI1e h eat conduc t i\'ily o f snow IS dete r minrd fro m 1ts dens ity (S 1 ). The 
su r face t emperatu r e t,u IS de t e rmine d from t he air temperatu re by m eans 
o f Futu r e s ~3 a nd 44 

In th,. cas(' o f thi n ice and small s now de pth on the ice, c o nside rable heat 
1nput fro m the watf' r to th~ surface o f the ic e o r o f the snow on icc can 
('Xt~ t thus mak1ng t he m warme r than the a i r . A r; the 1ce becomra thickt' r 
and th • ... snow ti•·pth 1 ncre:~ses, the tcmpc r aturf' o f the snow (ice) s urface 
a pp roacht·~ air h·mp•·r3tu r c and in pa rticula r per iods (at n ight in calm 
d•·:t. r w{'ath,·r) m ny be lower than the air tcmpcratur~·. 

To pass from the a i r t•·mpe r aturf' ovf'r the r<'scrvoi r to the tc mp~rature 

of the s no•N (1cr) surfCo~CC in th~ case of small equivale nt thickness 
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t ~ "'~·Hif;nd, u:--• ~~ rn.nlt• o t t.. r rlrpt..~nd,~nc:t• ~t\•en m F"igurc 43, and 1n the 
r,aSt..• ttf ~• l~lt'J;:t' h.. q that ~1\" • ·n 10 FtR:lU"C 44 IS USf'd . 
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JQO 

f j , 'I II, ~_.,,,, o·: I t'lf'll•ro AI Utt" f W olt lh\ \fk \o Wtl" 1 h i lln .. u h llo~f.ULlh 8 ,U 

n ol.lll 1n- •n tl,. t.u• cot l• tgt' ' • l uol of t it(" tr.IUI' Akn t Ht' IIIHknt » lt,q h'f dtlh rt'nt 

U•dtt• till h . til\ H. 

If th•· IUl~ :-,11 )! • te-n ltrOI4•th dunn~~' q1vr-n t1mf' llltf.'n•a l IS ~mJ.J1 con p •• rt•d 
,,th h , 0 , th•' IC• ~l'fl Ath ~~~ c umh.• r th t· .tbon·- lndlc,u••d conchtton~ ~•nd tn 
th• .th •• nr• q f ~no ' on 1h•· 1c-<· c~tn ~dso b(' c.llcui.IU'tl oy 

.11t 62U-u 
,.~ -A-,-- , (5 1\"l 

.1nd, 1n th• p r o l'- • nc-•· o f ~now o n th f"' tC(' , hy 

(5a .IV) 

'"' r• h , 1 ~ tit• ac•• thu kn· :-;:t; ,, •ht c h 1S c•quh·,tl··n t an tt ·rms o f hf.'.Jt 
t•nnt!ul'th rtv ,,, lh• ~1\' t'n IC~"' thtc kn· ss h,c ,t nd to thf' snow d~pth ~n ( • .t~td 
oJ• ·u t ' \"1 ' '~ 11, h,q 1;; d• · l • • r:ntn~"·d fr'1lm 

(C .I\'1 

lh• r • tl•• ll'trrlt; fl, '"l l.!rlol l ittn"' .or• · .• ~ IH · fort~ . 

In 1lu pr·· :-;· rw·· n ( ICt' ~t ct·umul.t llf'US, (Sa. I \ ") has the fo rm 

4A,,= fli 2 tt I • 

11.,'1 - !.!.!..) 
'\ ' •c 

(7 . 1V} 

'!' ~~ , I t -~ ; ~ 
' to. • ~ -, . , . ~ " 
•' t 1r 1 

• ~~ ) L 

• f •., '· ' , \11 .•• .. ,~r. , ,· 
t (

J'I I ~. . , • : 1 1-i_- r. · "~ . , ' . . -

wh••rP P u tS tilt• dr·n~tty o f tht f ra71. u·o (1,.. .. :u c-un.uJ,,tl• ts t oz· tl,• 1C' t: m ~~~ 

p·•r tHut vol•1m•· o t th•• u··· 'Adlt..• r n H,Iu r·•· 
It slloulf"l, huwo•vt•r, bf• l.)()rnt• 111 m tnd thu t 17,1\") h.•s nnt l n.:••n '' r1 f 1• d tn 

pro.~C IIc • .t Cllkula t !On !': • 
f" '< ,l m p 1 o f'l f f o r· t' c ;\ s 11 n g 1 c,.. tr, 1 r k 11 ,. h ... (' d 1 r u I,, t 1 o n h y 

m,•,ou s o f fi I\') . 
nt•· fntlO\O.lfli.! quanll t liS ••r•· kno""n 11 , ~30c·m. 11 .• - l~c.·m. I' ­

... 0.1 i e./c:n1, P•r • 0 1!1 g /c ml, 
ThP . 'Cp··c:t .-.d s um o f n• e.att \'t' m t•a n dultnd l .nr t••mp• r;.tllr"~ fn r """ 

cl .• v~ tn ..ad\·~n,~ ·· 1S I8-- - ;o 
· l.··t Uf; r-sumatr- the poss1bt!ny o f tl ,•· ,.,..,.., , • f ,,tl • r· n th• H'•' 11Ut ,,r th o 

fn r mau o n nf l-i- "ltl\\' 1Ct' 111 th• • "bn\'•' c-ondtl!un"' l ,t •lCt lh• r ·'h'- th• pc~""~tblllh o f 

u-..uu: (i 1\")} 
l "r o m{3. 1\' ) ,., fandfot· h:1c - 30C'm, h - l'l ru fl • 'lli[!/ f"t111, 

p" 1=1 g / cm3 .tnd p., •O'l2 '!/cm 1 th·· ~"X('·~.,. ''lOA p r· ..:~·. r· · _\p "' ' II b·· •qual 
to z.••ro Th('n•fo r··, nn ~nnw H.'• ·o. 1l l b• f•r n •·d 

I t•t us d" t •·rrn1n•• til• \'q U1\'.do n t u·· hh· k·l· ..... h\ ''' \ \ ') 

\\"•· tak• i. , • ljlhL tn 0 005Jr~oif< :1 '< • c· •I• ~~ J Cl l i. ·'' ot.t. Ill, 
tr·um (1. 1\') fm· .• .;•10 \ tt• 11.3 11)' ~TI- 0.1 '; )! /rm 1, oO \olh• I I ll oon:nt·~tlh·rn . 
~··r th'~n •"' '\• 'Ct , ,. hnd 

h. ,= 30 + ~::::;J 15 = 271 ( "'-

F r·o:n l ' 1g lf"t" 44 fn r· h·, .. •2i 1 l"fn ·•Ill J c h• ·. ul1:1• .... n ! ';-tO ,. ,. l 1111l fp r• tho• 
r.lttnl)f th•· ~ll r f,,c, f•I HJF' t ;thlrt of th• ~· ' ' ,.,,,. , I • lht· .u r· t •tnp• J',tiU I' 

a \' ,thw '-''f 0 !.18. \ \' , , obt.un !4.,.-c- in~ 0 OR- - fie" 
"ub:-"111\ltlllC tl•• :-•' \ ,.lu• SIll t i.l \ '}, '-'' nht.otn f r· 11 

•' '"' r·· :n• •\1 . u 11•• a · · 

.. 6·? - 1;9 2 S 
;on = ( o:JS ) = om. 

171 1-092 

l.•• t u.; .I .. ~UI1lt' t h,ol undt 1 ~h · ... 1:11 •• Cf"llti.Unn .. ·t 1 • I· · .o fr.o/1 a •• • IH'"•' 

~H't.'\1 11\ULttiC'I\:o. l b• •t• .lth t h• IC'o· ,·on' I, .on I t l . •• I ~~ t• p .t : r··•!l l 111• ~<o .t' • ' l 

r~ nHiwH~ 1('1 1 n ,·.ti/C"m· rt .l\ 

In th 1!': c~•~·· th • ac:•· '"' n .1. ·t' 1.:0: ,. df'u ·"''' t ut t , .. ~~·•r:' •..: 
1-tr~t . hy {i. J\'lnr (5.tl \ " l\' '' l l'tt·h· t'\ "t•nto nt,\ l • •"lh• r•' 1"'noh•.tt 

1npu t fnHl '!o llw ,... ,lt t·r· (o.~nd nn 1r•• ·\·c~·: :nt:! 1'1•m~l 

~h .= 6 ; ; .
69 

z:: 1.6 t•nt 

~f'" l , \\• ' d 1 1•' 1' 111111• ' t h• u··~ •'' <.~:o ._ t l•t• t o I:• • ' I ' ll, I fr •·- th• \ .t ' • I 

D U I'liiA , ; d I,YS lh· ho ·,j f tl1p111 I~ !q~ J - ,, I -~on ol I 'I• 

Til •~ let• tn~~"' 1<.1: 
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11tus. tht• me r•· rn--·nt 111 tlw 1c•• thac k nt_•:->s '" t l•1li c ast• ;uno unts to only 
1 ,6crn - 0 .8cm• 0 . 8 cm Th£' ••xp ,•c te d 1ce thlc kn(!!'i8 lS 30,8 -31 e m . 

Tit•·sc th .. ·o r ' ttC~ll fo r mul.-s, a s and,cntt•d abovl.', arl' no t general 
rxp rPS:'lHlll...~ und c .. m only ht"' us£>d 'Nl lh s p••c ta l o bSt.'l'vatton data on hand . 

Fu r Uus r'f' •• -"Oil ••mp• r icrtl form ula s and r ela tionships a r t> o fte n 
u s••li an c.tlcu l <JIIons o r tc•· cov•• r thack n,..s H. 

Byd1n's fo rmula is f;urly wld,..ly us.-.d 

·"~ 2 )f"fi:, ( 8. JV) 

.... •h•· n • It,, IS th,. 1Ct' thtcknl'58 1n em, I8. IS thl' sum o f the m e an diurn:a l 
nf>i!a twe a1 r t {"mperatures f rom the bcgtnnan~ of the s tab l e ice- pt'r iod to the 
dat"S fo r Nhar h calcul~• t ions a r e made. Thts fo r m ula co r respond!{ to till' 
n\'f'r.lj:t~" cond1Uons C'lf prE's,."'nce o f s now o n tht! let"', ace accumulations und C' r 
th• u•f C'OY• .... h~>at 1n5>Ul f r o m d r-epc r wa te r lay(·rs - mawty for th r north· 
..... ,.c; t o f thP ET'i . It as someumcs uRe d, ho.,.,evc r, a lso fo r o the r r l.'gions. 

In thP fo r n"'u la 

(U.IV) 

• 
eA,n+ $2 ... -~. 

•Ahl'rt• 

th•· u··-- thaC'kn•·R ~ dq>t•nd s nnt o nly o n the sum I8- o f tlw mt•an dau rna 1 
n•'l!.Jtlv•• a1r h.•mp t• r .• turt' R, but dlso o rl th" d •·pth Ia n o f the sno w o n t h•• IC(' 
ond on th•• andan·ct charactcnsh c 111c o f Icc a ccumulatao ns b£•nc a th U c ace 
<·ovr- r 

ll't' thic'knt•:;;s o f thl' IC'C' ('0\'~r Ill t ht•. JbR<'IlCC' C\( SI10'A' and ICP 

~tccumul:thons und• ·r 1t <' ·H"' tw calcul ~• t ··U by th •· followmg fo rmulas: 
10 th •~ caM• o f O\'Crcast "'-' l' •Hh•· r and '-'' C',I k wand 

( 10 .1\') 

(11 .1\') 

an tht .. c:~sr o f ldrlt .:- 1ce t hac-kne~s. undf' r tht.• c ondatlons prevailing an 
S1 h•· r aa, 

( 12 .1V) 

..., h ••r,... I:O_ a<; thP sum o f t~t.· m <'an d tUrnal nrg~•uve aar t t:'nlp<'roltu rcs and h,c 
1~ th·· u· ·· th1ckn•·ss 1n e m 

I n ~· ·rv• ro.~ l, ht>Wf'\'~" r, It as r ccomm••m tt>d tu d t• n vc th• ... rt~>p~,.·ndrnct> 

h :.. /(!0_ ) frt~m th•· oiJ•wn·auon d .,ta fo r r ac h wate r bo dy (or g r ou p o f 
C\ lllll l,or w ,, tf •r bnt.ht'SL 

'I h·· tl• p• nd• nc •• lt11 .. - /( I:O- ) c an also b• ... obt3ln'-•d fo 1· cond1110ns ""'ht•n s now 
• 'CI .. t ''n th• ,,. ,.. Surh ,, d•~pt•ndt•ncf' fo r approx amat,... cJ.tcu ldtiOns o f lhf" 
,, \" •' r .or,• tlurkn• c;s n f thf' l f" f ' C:O\•(• r o n r f'!(f'rvOif'8 IS itW<'U In FIK\I rt.' 45>. Ti oc 

d• p• ~~t!l-nr •· '"' ·•s n iJwiued f r o m f.lo.~W on ac t•-covt·r c r oss·rut p roflleR. 

• f."' II•Ofl dt l.l oh • •• lul • tn" . ~ . N li iiJ .Inir 11mnr1 yf>dno.u n• hdU\) t lrthun 1 \ l lu)l if' rtl&(lntlut'r.Cr 

t.,. 1hc ""'"''': ~~I t' I Y•rld •"" thr lr r R··~unc • nd ..-n lh«" h r lru \rup on RIHUJ - I rudy hiP. No fi~. 1 9~,1 

I • • I 
I • 1 
I I 
I• I . ' . ' I I 
I I 
I I 
I I• 
I I 
I '1: 
I o ' I. I 

• I o \ 

I I 
.\ I 

~· \ 
I ol 
I I 
I • I 
I • I 
h • \ ' \ , ' .. 
: '· \ . 
•\ I' 

\ !\ . . \ \ . . . , \ . 
\ \ 
\ I 

\·· . \ ·. 
\ \ . 
\ \ ... . \ 

·' ' ' Jo. ). ', 
' ' ' ·', ''-· . ...... 
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', 
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1,1 ,, 
.t 

••• j ·, 

tt] •,! ' 
\!. 
~~ " . ..,_ I ; ·t · -

.,Ul ad 1 I t ,, t1 ,,,Utl'olti H • 'nu·~ l' ..... , f!, I• Ill Ill• tl ~- l}.o Jll!l l~f·"l ·I tea· 
~,,,,,...,.\I fh •Pr• ••••J a'lt••b l:!i~lhi!1r,o t th• u.·•·d t ttl rld,,,,,. ,,,., . .,.,,"' I 

Ulltl• HI· sl.lf•t• u • I' ,.,.,,j « 111 tw •·tu.un· 11 11 HH '"'"' •'f th• nH ''' dt1u·n .. d 
ru '!·•tl\• •II t•·rup• r dar••!( lh Ill• (t 111111 ,,, nr •·11 th• j.!l". lph~ f• I tit• 

I 1•'1'111'1.111 II ·f h ,., I ·~··n from Ill• d·•Y n( lh1• hqpnntnt: tl( ICt' lh Ill 

lift\ <1•11"1' I.!: II\ jt I t i l Ill u ( 1- 3 .),,~ 
It IIH't. ••P tr I olll• , ••• ''" 'l\."1 r ~t.lh 1 •' IC't' forn.~. oil"! II I ' (h) At d;t_""t) th.Jn 

nn tho (tt\·o a ln"' r; Mlra trh, ;twl In t!.tR r.t~t· th t foltn\'.lflJ.: ('onduum ac; 

111 >•. 
.\t•• r· t '"" th d•lr.t t l•'ll n f n.•ltl~"'n ,,r IC"•' bloc-h,~:~; f r 10'1 t!.f• up-.tr•· .. un '>t .. •bl• 
u ·!t::• '' th1 r~·. • •t tdr \ 11 .... ~ 1 • ·•rul ..,, !'•·t~·h, th• n ~•t that; ~In u·h If • hlurkco 
fr· ,. It u· ' IH r cli t llll' I tim• l!Ut n·J I "flU·•· to thq r· llnlt' nl lltllll!lf f r r: t 

tf.• · q'~' ' .1111 ~ t .•lll• '' · ·nu r • for•, tn r .... ,·••'·H •· t h• m.t•omum thar-k•v ~ 
•I th· ..,. I( • b:111 k"', tho ~11111 (l f fh r• .qr· lt "ltlfl• t",illlrt 'S ~huuld br d• I• rll\11""1• <J 
t·.n Ill~ rJ.,. tun• ttf dr ft of tl '' ,. hlof'k.., tnm. tlu· upstt't • .. tm st,thl,· tC'•', d~t 

.fl'\ll· l r Ill o..;t r•lf•hr· ... If, h•l""\'1', l\t< t tho .t~r t rmptr.•turtto 
\'f ......... . y l•l ftllll tl •' , tt.i,ll1l•.!ll t('•· lltlt·~~oru dl't I" 1:t 1L1tt·cl frolll lht 

h•l:lf1'11'1i! t r I( • .Jnft, .\I :t h \ .Ito; nl>o;o ,.,. , ,f nr I "P''C.'h· f) ho fl•r• th• h• &! n:nn~ 
I ·.,h. H • f ,.,.. r f"l 1110 •ap•Hr• .101 tt• tt"''· • I f,rco 1~ ~u ht·f',IU!"t ~U11ll u··. 

h r k • jl • t ••n.., '' Itt•· [!t\·· n ! r• ' C'h \1 1'"''' t 11' lorrn ..tt 1111 bl•t.pnllllll.! ,,f 
'' • fr 1 1~ 11 l \1 '1 h.o\• ' ( ' ' '' ~rnmh :ll: thu:l\n• -...; 

If I ..;: ' ,1
1
)1• If'• f'l>\• I 1111 ttu~ it:l\t'll "ttrt•l(•h forrn~ r·u·Jp·r th.ln ·'"Y dtt r• 

Ul•'~t• lfl~·r ·• .Hll Hlltltt 11\ t' l' , II·•• lt't11pt r.tl\lt·• o.;. ,tr• "l:lUn··d ft n111 lht 
h • l:t:lUit I! ( 1111' ft cit 1ft fit• 111LIIIIll\lll\ H'•• tLt• knt SS IS ('.lh ul,otf•d ft otn 

tl•• "litO • ( I• rnpo roiiUI• !-. lnu'1d fr()lll th t d.ty ,i(l t"'l lhP ObSt'r\ •·d n r i''ifl•'t.· t •·d 
fl,,,,, uf ''·•bl·· tr• 

< 3 (',aJ, ·.1 •tu•·r ,,,,u I.,., e "tinu '"•ll'! tlw .11r t• rnp•·rutur·· 
f ) t·· c ,, .,, 1 1 u .• ah .... n•'• of ,,,,~··r·\ ,,, •n J;, t.t 

In t oi·l p• f'IC•d ·" :t.. h•a.nruuq uf t. , .. \tn:• I, r, ... ,.J••:lf Ill ... ,,,,,,, ... ut IU 

th• · ,..., tl • nt ti • I I ~ liP thtck~· ..,~ nf ~h·• n· t'rJVt·t 011 ".ttl'r hf II'.., ~o.·.tn lw 
' •• lc rl.,t• ·d l r• :u ct.,,,, o11 ttu <a u· tt tnflt-'t'dtUr'•' .tud pr•·r:;ut.H aoh ~t 

tn• t•·t·rolr'L!I• .tl t·urwlS Ja, t lus <'.J~,. l•l• • I I 11 , • .• cc um·II. III O:&s undo·r 
Uto· ac• <.,,.,, ,. ,uul •>f 1!1• h• ;,tlltput fnur tLt· ,\.•l• t , \\lnda \d1·y ... h.•rply ,,Jnu(! 
tho l•·ru:" l oll\fl \ I•J:h I ( ot 1"1\ 1 I. I"' fl( I f.tk• II 111tl1 til"("( Ullt f11t• o.;no~ (ft-0 llJ 
I..._ •• ..,•,rn• ! • I II loJil l ·•nd I~ d• I• rrr lllt'fl fr tnl l'•llt r.JI \"IIOSUft• t .. oliHU n ,u • 

'l<'h ,, r ,,,-u: ... , , .. n • ~· uta.dh (!1\t"S htr rtv• ,.., onlv tht• 1 d.attv•· t:ro\1\ th ••rttf 
fhU k: f•!O;._ f'f tho II I • ~ 

H•·!o.ul·o.o .,( ... lit n ol t· .. , J.-u alHIIl "''h d .••• , on th•· II fl thu knt 'S!'o ol\0 ul.ahh• 

f r ,, numl•' r ,fpc ants on th•• stn h.~h dut'in~ P··~t w o.~r·s Coin, tn po.~ r tu·ul;ar, 

!, •. 11 • d • • J• t • r a.1n• • Uw mt ''" Jud • •ttr• ·nv· \,dut· .... o f the tc•· lluckn··~s un 
;'.•· ' '' • t1· h 

• t t; 1 t-1' ·~" l4"1t' \..l
0

ol lol•'oillto If •tu ""''H ,_,l•ulotc.JII'f r•t\co·~ 
r·· t .. ,, II .l oll lo I ,.,,., • .oH•)• llrl. t•llf lltl•lll\ll. l :h '- •lhll-l .ll&HC'fnrtl .: .. , .. 

I I r \ ,to'• I t•..o" I 'I h I I lit lf'll O.t!,olj(H '! l 'of' <l<hlllnlo .J ' " 'Uti I• .... , f"Oifl l!•t 
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In o rd r to calc ul,t le lht• 1cc thicknf:'ss, da t ... " "the m can.diurnal a ir 
tc-mp• ·r,ltur e b ·•nd n n ttw dally prcc ap1Uttton from da ta o f a main m t.•teoro. 
Ingle .~ I s t .. l llOn ar~ n~ct'ss.,ry; fo rth<' fn r c w.- rnang period of the fo reca•t it 
as ..;uf f i CII..'nt to kn0'4' llu" cxpr c tcd sum o f n r g..at&ve a 1r tempf• r·aturcs . 

In th,. L"xamph .. • &th""'" (T a b h.• 29) tlw ca lcu lo. t ion as m..~de us inc ( I O.JV). 
T l u :;., h O '.'o i'V•' I ' , dOt'S no f 1111ply tiMt this fo rmu la as p r o•ft •rt' l•d 

\\' t• dtv ado• ltw who l " po•rwd from the day o f t tu • bt•g i nmnM o f s tab l l' ICf' 
t'() \'t•r 10 the d.ay o f I SSUifl l., the f o r---cast, 1nto scpo£r~te interva ls durint whic h, 
a~cnrdt nR to the rndl'O r'OI~'g •cal d a ta , thP de pth o f th e s now cov e r on the ice 
..~ n....t th l" ac o• tlu C" kn,..ss wdl Wt r y nnly shght ly The refo r e, Oil the b<'g innin~ 
o f tiu~ s .&bl,. IC(' <"0\'•' r, v.rh•·n ICt. .. gro ·Ns i ntcn!o' av t- ly and a s now cove r fo rms 
()n lh · · IC:" , tht•length o r th (·sc time m t e rvals s hould no t e xc eed 3-4 days . 
:\ ll tfu ys w1th ·• sno ,~o•fa lt larger than t.5mm/day are taken a !ll thf' be ginning 
,., , ,, rw.-.· t i nh· ent,.-· r vn l. 

T h" 1c•· th1c knr s R is fo u nd by c:.1lculating the lnc •·em ent M,c: fo r eac h 
tltll• ' l U I •• I '' .tl . 

T:dtl• :?9 a.:w•·d o.I O f'X .. II Ip h · o r c alcu lat ion o r the ICC thic knC88 on the 
Y•·m s ··i Uavt.·r a t th t• gaging s it,. n~ar Podkamt'nnaya Tungus ka at the 
b t gutnt n~ Of th•• Sta b l t: iC'C per·iod . 

l'' r·qm th ,. oh~··r\' .H aon d •• ta o f th C' ~tation a tablf' is com pile d o f the- daily 
d • .rn t1f .11 r w m p•· r .,tur£' and pn·c tp!ta tion (TabTe 29, c olumns Z nnrl 3). 
Tl t•·n . th t.• c a lcula tion p;-•raod IS d ivided mfo ti1C' SU\ Hlblc time int c r\•318 
(column 4 1. n t.' sum s 411_ o r the m ean·daurnn l ncga ti \•e ai r t e mpe r a tures 
fo r •·uch tun •• w tc n ·al (ro lumn 5) a nd thP d e pth Sf o ( s ol.J pr •cip i t;t tio n, 
•' I(Pn"'~scd m d""p th o f ~"qu ival ent wa te r (m m ), from tht' bc ganni ng o f the 
Ftabl·· 1ce pt.·n od unt il the t'Od o f each h m c 1nte rval (column 6 ), t- ar(" 
c a lcu la te d . ·n,,. m•·an o( thP va lu e s o f s 1 fo r· thr e nd o f the g ive n and the 

I I +• -
pr• ·nou~ tt m e i nte r \'a lR _!:._r - s1 (colul1)n 7) :.. r e d Ph"r m inc d . lfPat 

<"f.md uc t iv u y o f H'' t ' I S t.•k• .. n as A1.- • 0.005 ., cr. l t cm1. S PC . dcgrt~e. a nd dens ity 
o f th• ... no•"' c ov••t· o n th t• ic e a s 0 . 15g / c m 1• L e t u s c a lc ulat"' the hPa t 
r rJnd u<.• lJn ty A., o f tht' snow cov £' r o n th~ ac e: i n th is e xamplc we u se (2.1V) . 
. •.:h u:·h ~1 \'•'o::; }. , ,. 0 .001l2i c al/ c m sec· d t.•gre (' , 

W•• fi nd ttl •· \ a lu•' o f ~ .l!. (c o lumn A). \V f> c alc ulah• tht• \':.. lu c o f A.-a 
. .. 1 ' "' 

(colum u 9 1 by (G. IV) r·i•p r ,.:iH'ntc d in the fo r m 

· h•·r ·· h ,. , 
I· ro m 

II II +'"..!i.. 
•' <;I = l d - 1 ~ f\n ' 

rs th,-• ic <' th ic kn,..ss a t the t:'nd o f the pre ccding h mt .. inte n •al. 

, . f:nd th· \ ;1lu• ~of Ah,,. (colu m n 10} "''h1 c h cnrr•~spond to the \'._.lu<'s o f 
.4I9_ .. ud h .. fnr trH· ljl n ·n tim(• antc n ·al , Add1ng U1c value- o f 41t1c. o b tcuncd 
f•, r th •~ h , .. t t1 m •• m t·· r \' .&1 , to thr v~ lut · o f ,.,c at tiJ(' b('gi n niu g of the s tab lf' 

• h 1 lh tC il•l• ' ' .. 1 11 "' 'lA o' t , • lllf' 1\ n a t m f .nUtCIJ .&I tflr ' lid of .. r .. u f'd rf : .. 110\ln , bu1 UJU.& II)' 1ft 1h ' 
0 1 f 11 , 'I t 1IU\f 1, .. 1ff ii i ' .J" ) lh,.H ft rt , lut lht'f'•ofl ~t ftl<riK' ~ •f t'llf11p.U1ft o( l h r c .& liUI .&Ud\AIUt't 

w 11t1 I' • • .. ,, t\• .J \ .. tuo ' ot l II ' lf'r 1t•u kn"" bt)' OOd lilt' ltt11111 ~ lhC' II lilt' m t rn>.!i l t . th" " tldd lf' of l hf' d .&'J 
., ,u I '""''n 111 o Ul • • .&m plr In 1h tt I AU' Hit' l l'mpC'I.&I\Uct of l hfo C'• tll'lnr il<l)l of \ht' lime l nlt't\ .& 1 '- <ri ll' 
' " ' lu lolt'.J '" A%.8. ., ~rh ~ • •"-llll •f'nl of 0.~. In 11 (t''llu rnn 6l lhf' <l~prh of pttCipli.& IIM "' lhC' 11 11 

• .a lt n.J.&t 1!..1 , , 01 u:, llfnt .rllr r\ .. 1 ., "' an< luc~d . 

ic f• pe riod (in our r x a m plP . ,r a t t he b• ·~ttnnu'ISj o f th• ~tabl •) ac ·• P' r to d IS 
t~~kcn as 3 c m }. • •e o bta an the th ac kn(ss A1t fo rth.-. ~>nd n f t h•• f1r :o- t t imt-. 

1nte r\'al. Addin~ th t':' v ahH• o f 4JIH.• o b tai nf' d fo r t h(• s ' c o nd 11 m,. 1nt r rv~l, to 
th•·· vt~~ luc o f ~~c fo r the e n d o f the h rst intPn ·a l . ··~ o b t<Hn ha fo r th • .. t•nd 
of the second time intc r\'al, and so o n (column II ). 

•• • • • • • •• • • . • •• 0 . .. : . "' .. • . • 0 . 

• • • • • .. .. 0 

" • •o• t • ~ • • • • ot • . .. •• .. 
0 • • .. • • • . ...... 

• • • • •• • • ..,,., 
•. ,,J .. ,,, . .,,, 

I() 211 .lO ,_ .f Nt-

t iGl'RF " ' ' ( u u ·l.&uon bt-1 "- t't'n <:obtt'f'o r d lt
1
c.oi» .and r .& h . u i ,Ut>J *,, .. .~ t '" r t• u.,,n ,~ "ff 

UH' NCfth4 rn 0' l ft.l 

F 1gu r •• 46 p r t"S{'nt s a com pa r ts o n o f tht• t~ucl-.n · · ~s· s o f tlw tc•· CP\' f' t' nn 
th <' :--;o 1·th(•rn 0 \'lna lh\.'t.• t· dunn~ 4 ~·ea rs (1° 4R. , ,~3. 1955 ,,.,c 1 ' ' ~1.1). 

c a lculated by th(' m f'thod d t•s c n bed abov <' .tnd ac tu ., J:~· nbst· r. N i •• t th•• ~·' it'"'! 

Slt';:~ w <" S t •t• , th (' calc ula w d 1c c thackn ··sst·~ ,, r., 1n t.t• tH'r .t l COtbU.I· r •• hl~ 
srn.t tlt. r t h.1n th l..' •• c t'ua1 ones. 11H r •·a :our\ fnr tha ~ 1~. ·'"P·• ' ' nt v. u .... . n \ 
t tl\• fac t th:u l et~ li( rO A•th took p .. ~c · · tn th .. • pn~ ,. .,·nc · of u·· · ·H· ' u :n t . a t1U~l .. , 

u nU{' r tfli' 1c(• CO\' t.' r T h·· ~c.~ ttf' r of th' P'-' tnts ()!\ ttl•' ~ r.iph Ill' r ••n ... d . ro~IJ,, • 

~rna l1 1• r· l Ct' Haciuw !'S <'\' tdf'n t ly c o r r c l'l p tlfld :;. tn ru • ·•ct fr•'" ' 11 L.t · r t h.tu th• 
polv ru .1.~ and to p l:ac ••s o f h\1 (f (' s no w ac cumuJat l(m ''1\ tl11 rt' •' C· tt•H\'.•l· n t 
sn..;" th ll~k rh·~s ~Aas us •·d If\ t ltf" c • .ic u l. th onl 

TIH~s·· g r aphs p t.•r·m at th•• d·'· t e r m tnall<m o f m<~ "'':tnli.Jm •• n d nunrmu m I ( ,. 

thH·kn··~~· ·s. '-'' h td t ..1 r £' pob~ able <'n a 1.;1\• 11 rt\• r ,,1 t h th •· en: r·· .. pomh n '! 
quanuu e:o. h . " · , fo r n'lorphorn t t r :c and hy d r .mllc rnndt tH'n~ th.1 t rn·• 
e ll ~rach: rt s: tlc o f th" tttrNc h••s of th •• ~·• &:Inc_ :.o;t• ~ ~ 

It sho ul d bt• bn r u •• 1n m u1d tha t tht• r ··},, u nn .. tu p ... b· I ... ,' . ,~ '- · ' ' • ''~': • r 
tt11ckn• ·s~ ,,.0d t h •• :tu m o f th•• n \_ l!·•ll \' t.-. .• r r h mp•· r,ttu rt·~ ·•.•t.lll• . II , • /t.8- ) . 
6!1 \ ' l.' a to A' •' r •• c u rar -:-·. 

S 4 !'h n t·t . r'·•ll.l:! t' for• ·(' ,tS t~ 'A l tlwu t .n r 
h.o mpe r.-tu r t• fo rt•ca~t~ 

;\ fo r••cas l o f tht• 1<" •' Un r knt•S$ on ~"nh' n' · r·~ ., ·u J , , .... t". 01 1,: "' ''':•t• d 
t tl r i"C:lOilS \l' l th n Cllln p,t r ;tt\ \' l'! )' :o:;! ,oh !•• A:nt••r I' I U••r l•t I IHJ J· ,or t- .. ... 11 1 .P t 
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b~· p r·o·p •• rt d "Aitht~u t u~an~t •• tr·t• rnp··r.Jturo• (f' t' I'C3~l (.md 1n th•· ._,b.,.enc• c•f 
c urr•·nt d.•t·' on th•• IC r• tlnC'kn• "'!i ) 

T ilt' f•t ··~··~ l lllf! t ••l ..-U••:hlu;J ,.., fu•tnd ''"'''' tl._,,,, o f ll•nt:·l an"'l• f•b.;;: • n.·.•tlltl\~ 
o f ti l•' IC'" thu. kn• ss •• t ... ~t •• ta•)n .uaf h ..... lh• t •t t··n 

• .. .. . .. = t(±e_,.,). 113. 1\ ' ) 

Ah• ('t h 1 • ' '"' I.'..;. IIi•• l (,' t ' thiC' "II• 'S: IiO .. "'11 •I•_)"!" oh• , , tJ l o Xp• (' f• •r!) u f ttt• ,f. l(o• f 

r'\ i th• pr ••p.l t"oiii C\ 11 0 1 t•l•' fn r ··l·..ac; t , !:0- I" 1h• .,. IIU • tf t h• • 111• o') dt 1r •~od 
ll• t:•ll l\•'.iii' I• ' HJl•' t .lttlr• S , C .J h•u) . ot •cl lt rttltlt t • rlo \l ll h • l ll'lal 't 'l 1tltm 

tht'OlH!h f'l If) n• (.! -t tl': •· \odU• c; 0 1' fron1 11·• d..tlt' ••f ... l ,dt'• 1C • If •tl t il• t,,y of 
th· , .. suu tg t• t II • f t q • .. ·.P• t . ~ .I t!'- til• "'110 , . d • p UI •• t ' I • tl 1'• t ·' ' ,, • 

~t ... ncl.• rd 11\•'t • c"' r·u:O~l1 <'•• ! .. t.• lii' O cq · ttll th • IC"• . l h• '"'' u ( U • -·, •A ~~ · pth 
(\U t h•• f('•' t•f l h• 1''"'•" 1'\' nl l' ltl .... t t•.Jd n ( t tl• ... llt '.\ f• p tl ol .. t fl' t • ·t q •q1• ' C, H'o l ) 

S 1.l1t0 11 t mp r'll\ o .._ th •• .. wt" II.•C') n f f•Jr•'l'o•'l lll~ 1• ~· • l Ull\ h,p .. 
rl1•o u.•H· o f t ht' .;;:lh.l ... d· p th .. at no• 1• fTU)O[! ! c.d ~ t:.. ' t t. u ... , .., jl ' """'I!JI• n1d \ for 

t'o ...,,o l' \ 01 1' .;;: \ IUdt fr•"'t;t ~oort .Jft •• r th t> ·•l r I• :1lp• l 'o• :llr• t .t k • .._ 0'1 n• C,..t.l l\'• ' 

\ ' .1 1.1•:-; 11 oHIIUillll ,,ntJ unc.J ~ r CllUd!HI)I\ ... d1• '11 tl.o, ,.. p• ,,.,lf ... ,1r t r.ot'• ,,nd lh" 

!'O IU I\.\ ' C' t •·,,•J' 1:-- "'f,ohl• • 
. \~ ·• II t , .. mp~· ,,., C,l\'t' t )l' I'P!.th("I!\O:! H p I t r· tiH '-1 k. , HI\ • r '\• ,, r th• • 

J! ·ll!l~ll! ... n•· n t l" ~t' - Oann tf'H~UI'i"' 47 ' '!11• \.du• p ( m i t .ok• '1 h ,., q ,,,t 
H.l 10 d.•)S 

1' "\ .. llllp l · · l'l Pl' t'P••I',att'J 'I •• I • lf' l'' • ••'"' ' \ t t l. o tl,,, t• l tl • 
a :,~u · · (l ( t il t to r·•'l'oht l:iO \: l \ '' wh• r· Ut• ... ... :r~ t\ ( ' h n ,• •11·rl. •n ·11,,: :t• .otf\• 
~•11~ t •·mpt• r~•IU : t''5, . .ft• r t.tkrng on n · ~ .. t.\ • • •• t!t:· ~ .... . , ... - Jrn . ·h · ..,un .\ 
d• pth .H t h' llh ' ll Pt'P~I"'l S,:t \~ .. at ... t.t t um \ ,,..,1 31m 1\ r 10 ;).4..· rnh· r '''l'"l'•hlll.t 
to Fu:u t··· .r;, an t.:• tliu·f\n•'F "' of 3H ,.m , ... • 'P' c t • d 

FC'Ir' :;rn •• ll. rr·· •'/.111(! II\'• · :'" ... uch '"'·' ' lflll ... ht p <:; " ' ""lllh<'t• ·H ol ("( ..... , \ •• ,. 

u:--u.d h• 1\0 t o tJI.Url• d, c:;t nc-•• tlu• t u ·k·1, .: :-; •t oh• tl' ' ro, • r· · t o t'• tl• p• nol~ 
c lll~tJ· t·....,h:.' , bo ~1d• ... tlth • t :.tC' ' ' 1 :oo, t"l · h · ft,rm .t t•'rl fi t :L'' ~1 • t .. -•nd t b• 

IIIlo n~tty C" f 11u~ p r·o,·· ... s. l:t .u!dJ'H' n. Oo!tH'l r·· tlt t ,, ... h: p ..; n zp .. •·· t1to 

ll to r.t• ·nt UT n .tC'h•·.., 1111' 11\ ' t t ' hf"' ' t'':n . I t r· ),\ : C• t ' I I'- I •: o I t , , .., tl o 

\' • "'~'' '· t .•· r .. t. ,\nl!.t r .• and 1-\nl \' :n ••• . -uc-!t ro ' ''• ' . , ... J,t p ,,,. ~· I·• • u ... u •• ) \ fl''' 
Phi,tl 11• ' tf 1"111:"' 1.._ d \lt' tl' t ht• f,l l'l f!t . tl ~t.d 1 1 lf' t JtqfU~ 1' ' 1 oi l!.!' I I\ • I S 

... •uh pllmi!:oo o t ac m . .t ••n . .1 

\\' , (!I\ • h• ••' ·' t a .IC"t· 11111 t n f :-o P tl , pn.._ ... ,lt. •, d 11:•111 • •t :"' L' 1 I'll.!• 

( l\ 1'1'1', o{tl't{! d l 111• ' H '1' 1'0\ • 'I' t int •, '1 • ~ ~ { \Jth 10 11 11 .. 1' l! ' !:•• ~' ' I ' I• I ll I • 1 ,t ... f) 

I Pt l,, ko•..,. .tar! ..; l o r ·~· ~ · , , . .... . 1\ ol,!' oo. :•' t'.t 0 • d .,. ' 1 .• . ,, ... • o f ~I· l l ii • J•• t' 

l'..lt ("ltll \ • '111 ,,, , ..:1'1 I t • I JI t J,,· ; 1"1• ••I I • J,,' ;\ • , . o.. !1'1 • \ 1'1 ' • ,... I' " r · tr•" l 

1:0: ()~.._,. ,., •• ,! 1)•'t ,\ • •'!ll h •• tlll f' k'1•• ... .., ''f t it•• lf'• l ' f\\.'• I' 0·1 1 IJ••• • :11'•• 1 ,,.,! ' I·• 
rJ.tt • t, f for :n ... t t~""n~"'~t .1 ... t.lh:·• h"t' f"«' \ r· I I· · , , r. , r • t •• ... ; !•, • ,,., rut'l l"' 
til•• 'hlt'kt I" \' tl ! h• th•• u o• •tl l f ) • ( ' • 'l lh• I ' 

l ll..~lf'• ..J I-: ! \\~~ lh• I• : .d ll'llo.. lqp lu: \ • • 'I t l •o : • • o • I ''-•• • ! tlo 

('()v••r nn th·• B"h: n.:;.. r·· ~·· t , or :· h ' ·'·•rd ... 1 p. ,-. " 1'" s· • ·• l 0
'\• 111· ·• II d .t • 

:-: r .~h : • · If'•' .h C"• ' l'dln I•• th· · cl.lt ,t ft•t•t n II •· .. . . , . , , .... I'• r' • h·•r.' \I• !••(• t , , 

Hnzhno,·~h•a hr·1d~·· \, Bt·• :h'\'•' . \1:'- ·'k .... t , t-. 'PI'I'If', ( i ' ' tl llt~• l, I '• - ' • ~h •t' • ­

\ ' !''l l o d;u· ... l-.,•to· {H 1 uL..h.•l. 

l.l • 
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.. r om ttu u ... t •• of a :un~l·· gc.~ ~.c: tnR stahon such cot·r<·l auons ar(' l~'ss 
olt'C IJ'dh' .\ for·•·C~ISI by lh&S m•" lhol tl ( ' ._10 h\.• l ri:SUt.'d 0 11 \h(' d ay Stab)~ {CP 

1 11' 11-, OU IIW r' ':.l.' rYOt r Tilt' fnrC"'-ol rOinq fH' riOd Of thl ' f o r eca s t thcn•fo r e 
d~·pt•nds on th~ ttrnt: o f the bf'JlWning uf s tabl e I C t' . I n t he case o f early 
~t.J bl t.' 1C"e It o•• pt•rio d m d y b£> mor•t• than a month 

10 

• 

j 10 10 13 JODu. 

t l(;t fil '" · •.1r.1 1 tl~ rh.Lilneu ..m rhr ' )bnak "'r t\C'If oo I 1'-• • n>b••t, 

111
1
c • .,., " f1H•ll l<'n ct thr .S,u, o ( thr br.:1nmnjo! of s:.a blt> tn. D,c· 

n~~· 11r·s t la m" ,,(u•r· fo rm .• u o n c,f a st.tbl"· ' ' ,. c n\'e r o n ~A•arc r r• 'S'"'r·vo i n: 
tt<; t; r'n \th ch pt•tlfi :o:; p .tr·t u·u l .u ·l v on th~"' dr•pth nf .,. -"·' n n It fl ttS l .l(' t can bf' 

u.,., d t o fC\r· -cd SI l<'t tin• k:H·to;~ <In \\ ,J tt•r bod a<'S o f ~tbt•rtu , wLt.•rc t h £' wtnt•· r 

all, , n 

10 

rH~tlroJ 4') ' ' t' l 't U' l • ( l'lotl it:l>''-'lh ron t h t' I l"n.l lb\ rr (til t' l 't~'• 

• Ul•\trmr t llr" fl) dun n, U• c'"n ltk"r 41t rc • "' o1 funcum tlf 
!h.- Mit' I R " " \o lll" r l h cJ t• <t 'fti}W Oil I I)I"C~nlhr l , 111\l • 

1~6 

ts s table and the znasnsno<Nfalls arr ohs.-. rvl'd a t tl•~· h•~~:tnmn l,! to f n un11 . 
formation of the st ron~ Sabc n an .. ntlcyrlone 

(I() 

50 '6L-----501..------:'60~~-:-.. 

! l (ol Jl l ~ • '-'•.1'1 li t.·~« loi•U •n I ' • <t·,,u., It 

I In,., .l •unc' tt'fl t•f t> 1hn ""' ' •n 1 J•N.a:\ 
Ch,c• Ill) on l~t' Lrn.a P•h lllht I,, . • • ..,, , .\ • m 

\llt' l f ~· 

Ft't lrt.' 4 1J (!I\ t 3 I liP !' Cl..itiC.H'I C..IIIp t_ ._ {A ••••n tho• u • - f" t . \ • I ~ I'' \ ' 1 .o\ • 1 ••C• tl 
nv ·r ~ · vf' ral st..~aons f'n th,• I.! na Ht ' r cunnc P··c • ·m~ · r t·1d n ••. rn• •. 111 

d t•;nh o ( tCt' Rnow o n 1 O t•C•'nlb•·r .. ts na._,c..ur··d O\ • r tiH· :-. l r • ' d 1 1rro-n I .. t ' 

, ut t tl \ "1Um (th• St..At iOn~ o f 1 '~ t ' -Kut, \l._,rko\n h lr • n ..;:k h • r -• 
J•a r·-..ht no .1nd \ '111m \ 

• 

nL-------~------~--------~ tJ }() Jl) ll,, 

r!Gl"f ~ I ~·r.an I• "''"' "' ~w-.. 1 1'1 Jur-,..,; I '' ' '1 .. , , • • .: J .o~ ·O:.,u\ • 

.\h,; on t hr lcn .a ,\ u ' · lo.LII•'• r:u•• u·r rdd, "' .a • .. n ·,, • • It • 

n ro~or1 <ltT '"'t'f t:w ... N' 1 ~1" ' ' ' · 1~'1 t ,.,, ,~ t-• ·. A, 

Thts rt.·la t tonshtp ts ~,·s~ p r onnunced fu rth " r "' ' ... , , fu • t1> 11.•· '"' 1 n ,,\1 
c o nsadt> rable s no w fat! nc<"u r~ .Jbo th t r t'H! D·•r• ·:nh· r ,, ·•d. t n ,, J 111 1 ., , · 1, 

D{·ccmb(•r a i r tf'mpcratun· t n th• ,\ • ..; t \ •11'1• ' !' uu r· ~t •. tq :y and li· 1 • •1: 

yea r s 



-

On Saht r t:•n IA'ol t · · r bodu•s an somc- p c raods o r the " 'intt.·r ti l(' lhick ucs . .; or 
tlw 1c •• ("0\ ' t ' r anr r' t"a scs a t a f;airly co ns ta nt r .,t e . T lu .:o; mo,~kt•s at possible, 
u 1 ~· nurnh (' r o f c a!'"<'8, to d f't ermt ne the future t111c knf'!IS o f the ic~ cover 
from i ts r<'la t ionslup "'' i th the ice thicknPss at the date o f t he tssur· of the 
fo .~•'<"·•" ' 

n iJu ,., . 50 £:"h'('S tho-- r e latio ns hip bC't ·N~en 1111! ICC thickn{'88 o n 1 Fehruary 
.t~td the i c •· thic k m•ss n n 1 J anua ry for the L f'na ll1vf' r on the Ust '-1\ut­
\ 'atam s tr•·t ch . The \'alucs of the i ce thic kn£•ss avt r aged o ve r the s tationll 
o n tht~ s tr·•·tch of tttf' l.f' na Uh •f•r a r f' ta k••n. 

Fo r utdivicfliOJI station~ o n the L ena suc h n•latio nships lii r e muc h ) PSfl 

.• ,·cur·at(• 'Jltc r• ·:·~ .. m s fo r this w•· r c indicated above . 
. 1n11 1;_,r rt'"' l ~•taonstups fo r ri ve r s o.nd lakes of \Vt.•s t Siberi a a r e a ls o h.•ss 

olCCUr~t l1 ' d U• ' tO t h l'"' f~Ct that th~ 'NintPr t t-e r (• iS nOt SO Stable Cl8 in m o r e 
· ·a s tt.· ru r•·~ions. 

r\ 11 th·· abO\"{' s :tid sho OA•s lh~t t tht·· ic ~:~ thick ness on ~i ht"ri an w~tt f"' r bodies 
in F •·hr•u,tQ' d• ·p N1ds m ain ly o n th C' conditions o f i cc growth in Nov('m be r­
and D··Ct.·mhc r, s i nce i n J anuar·y the ice cove r increases at a fairly cons:t:,nt 

Th•.rs , a foreca!'ting r l'la t ionshi p bc t wct:n Ut t.' ict· growth duri ng Dec<"m ber 
and .J~•nua ry {durin~ thf• t wo months ) a nd th f' depth o f th,.. 1mo w o n tfu'· acf' at 
tlt•· b• • ~!;inning o f l>··cernh<'r c an be ohtaincd . ,_uc h a r e lat ions h ip fo r tht· 
f.•·na fl l\• .. r• nn tlw str.--. t c h bc tw' 'Cn Ust':K u t a nd Vi t i m is !i(I\'Cn in F igure- 51 

'' ' ;, f.I J)••c ifil" po int of a r ·st· r voir, owing to lltf' lar,::t! v~ri ations an ic<'· 
t"t•\'••r· tha~ kn<'~~ O\'l' r the wate r surfa c e . t h t' value~ thus o btained nloAY 
t·nnct ~tkr.• b ly d 1ffe r fr·om tht• va lu• .. s o bto1inc d by the r f'lationship s gi vf'•n :i.bovt". 

Clwlpler V 

I'ORECAS TING ICE BRE'.,lKUP ON RIVE:RS 

A . CONDITIONS FOil ICE BHE,\ K UI' 0:11 HIV F;R~. 

BASIC DETt:RMINI NG FAC TORS 

Icc c·o vc rdriftandic e br~'akup o n a r i\ Pr hh ,. h• •~r.tinnmt: n ( 1 ct.~ rlr·i h ) art• 
usually the n ·sult o f t wo proc~'s!"• ·s · \1 } m rlttng f')f th•· 1C' • ' rn\ • r· 
r educ u o n o f its thic kness and strt>n~th and 12 ) incr•·as•· 111 th•• \~o ,tl•"r 
Uischarg£" a nd accordangly tn t he n o w \'~'locih <'!" .md ns~"' of thf' A'.d•• r !"\.l {!t 

as a r <'sult o f ~now melting i n the pa r ttcular ,-~,., r b<~~tn f f;tmv·u nll'"~ also 
enhanced by rain~ } . 

Not a lways is ICl' b r eakup the r {'su t t f"" f a n uw:-t'<-~S" arl t h •· dt"' ' h :lr(.!•' •• nd 
~ta~··. but c. l most a lway s , t'\'Cn on lar· ~·· n\'~" r8 flo.\'l nS( to th•· nort h , W t ' 

br·"akup ts pr•·c " de cl by th \.· n ·wl tinQ o f t tw tc •· c o v·· r·. 
On par·tiall)' fn•f'zini! ri\" ' I'S th,.. dt.~~trurt 1n11 f'f th•· u··· ,~ , ,.,. , r· .,·h· n 1h~" 

w~Hc r s tag\.' t'isc s. be gins w1th tlu.· fo r nt.•h •)rt n f ~ r·,, <.· k ... ~~ ud l h• :.• p~•r·" ''Ht 

o f th\• ict.• fro nt du• rt\'e r bank:;; or from th·· ~ho r•· u··~. ( r •. h k:-. w t ltt • t \.· · · 

CO\' C' r fo r·m 111 this cas e no t only dl"n'= th t• ba nk~. but .d~o :.e r n .. , t iH' r l\' ' r 
and a t \'a r ious anrl <'s to thf' ban ks . TIIis i~ dUt' t(l ltH' n ·,nu nt fn r lll tb n kn• ~~ 
:and strPn~th of th(' ice con: r a nd to tlw mmu111 fo r m ~tr• ·nqth Alth \'WhH.· h 1t 
i s a ttac ht•d to tlw b.n1ks . :\ s th .. •.qa: co r- c1 t:o:rha re~' fu r·th•• r u u·t·• :-. ... ~. t it•· t(' • ' 

CO\'t.• r c o ntim1t·s to r:St' and iC'-' n.t rtl!"S fo rm :\ t th·· !"~tm • u m,• t 1u" m•·ltu1c 
n f th e snr..·.v o n Uw icC' and o f th r 1c •~ CO\'(' r lt~··lf C'Ott tmu•·"' · l lw ··ot r• nc :h 
o ( the iC(' d("C I'"'3S"'S. m ai nly duP to tht• p•~n t r .,tirm o f c;nl:-. t· l':ldt .• l"n T h• 
i r crOV(' I' a lso mt~lts and 1 ~ washl:'d o ut o w1n a: w tht• f1o , ••f wat~" r :t rtl\llltl l t. 
I f thi" ict? o n t ri buta r if'S b r (•aks u p c arhc r, th r 1nte~:n ty o f tht.• 1r •• r o' •' r 1:-. 
u ( t Crl upsPt . 

When th\.• nsing '43H' r ~tag(" r ("aCh("S a r,.. rta in h mll . •~n ,. ,-,• ~ prnutf·,c h'l 
tlw natu n • o f th P rl\·*" r b t•d r..n the lt'n ·('n f;t r•·tdl , to th• t htC' k nt·~~ a n•l ~ ::If• • 

<.tf th (' icf' C O\' C I', an rce push o ccur s. In pu~h~"~ th·· u··· t' rt\ '•' r br"·• kc:. ultt• 
~t"par~Ht• f1••ld~. m :, 1nly alone tht..• cr·a c k hn••s. ;,~ " ' ' 11 ·'"in p !.lC• c:. (' f '' ~•t f' r 
hOlt'S and i n o tht• r p lac•"s. '4'h f•r·e t h • IC'•' C'O\' t' f' i s ·.-.·,• .. ,kt.· r . I n p l ... rr c:. o f 
islands , in h·~d ('Ons :rlrt inn::;, PO !-lh.u-p tu rn~ . o r· C"t n ~ hall•, '-'' ~ t h •· I(' • · ("t'\ •' r 
bl'f'aks u p anrl accumulatt"S al!'a:nst th.-~ s ho rf"s, If thr· r·t•si !"t.tnC' r o f th,. c:ho1·• s 
o r of thl' IO'A'f"r- ly1ng 1c•• c o,·r·r 1:"' ~ufficH·nt. th t~ dnft o f th t' k •• h d c1:: o;:t"P!" 
afh.· r a m o r .-.. o r 1 .-.s~ l ll \t'llf' l\' t ' pili n J: up :and J~ttnmP1f! , F ll t' t1 H· r· an fl•H' ' C\ t 

w.1trr :\nc1 inC I"Nt£•"" 1n thf• n ow \' f' !N· i ty, a~ '·' '' 11 ;, ..:: tn•' ltiiH: ;u -.1 d o•r rt ·. t <:• in 
th•· ic•• str•·n~th , cau~'-' r t•nr• \,al of tlu· pu s hrs . Tlu~ m·•:> t,.. r···p ··:. u ·•l m .•'l)o' 

t inws untll fu ll iC(' draft sl'l~ i n . 

lrrf'!i<p f·cta'' ' ' o f hco-.· th•· ic •• bn·akup t a k•· :-: p t .• (' •'. "' ' '" t' r 'A' Ithc-u · ,, fl•" ' d. 
it b•-·g i ns Nh••n lh<' ftn v.,o ,.,~lo,·Jty p f thi" w~h' l' u nrl••r t 1w h ' •' fto r· ,, J! ' \ • n ~1=-tl " 

o f th t.• h:(• f"Cl \ ' • ' r i~ ~uffiC'h-..nt to O\·t•tTom•· th ·· n·~i~t . III C" •· nf lh·· .. '"" · ·~ , .,. 



--

-

of th" c:oho r ..-. tee, o.na to cause th e breakup and dl'ift o f the ice cove r 
do " ns : rf'arn 

l'us hc~t ... nd br{'akup n f acP on a r iv'-· r ar~ df>tP rmined by: (a) the state or 
th• tC•' C"rP\'••r b•-. fn r •• tllr• bf'~I00\118 of mPlting, (U) the i nput or heat t O the ft:e 
t'(l\ ·· r .u ul, 111 f'ol r·ttc utar. o r r a di;:-.nt h ...... , , {c ) thf• s tream force, (d) the 
r , . ..,,..,, ,, u• .-.. n f th·· shor,~:-t to h•f' drift . 

11 c Jn. 111 6(("rw r at, bP cons1dt:>r••d ttwt the tot:• I twat flo w pl·r unit outer 

"'Urf.Irt• o f th·· ic• co,·e r, ncressary for pustu ng the icc £.. or fo r ice 

' b r••:,kup %qrJ. 1s m3inly dc t <'rmm,--.d hy: (il the rn('an th1ck·•cas t ,c o f the ice 
' '"' ··r o n th•• 1'1\'t"'r Slr't•tch be fore tl1l' bt.!l(inmng: o f nu "' ltinJr, (ii) the depth A.n 
u f tht snto ,. Ctl\'<' r o n th·· ice b••fore th t• hf'ginntn~ of melting, (iii) the 
mo rpho lo giC• •. d c t. .. r~Ct (' I"I Sti CS tD o f the bPd , (lv) the m e an flow v e lOC ity 0 
('I f th•· -.•at..-.r 111 du:- bed to·.,•a rds t ht• mo m f'n t o t tru" push o r breakup of the 
tc ··. (\' \ th e- ~t.·CJ t• • t' sbt~~tc He. u.~ ruH• &H m the wate r stage and (vi) th~ total 

II••Jt tnput , Iqb o r !qD• pe r unt t innflr surrac c o f tht:.• ice cover from the 
!J••qulnHI'! or :nd l! lllf ·n 1c morpholog icd.} chaf'aCt(-"ristiC8 o f th~ bed, ir. 
u• r tlc•tlur, tl•·tt· t·mm•· to a 1ar( e f' Xt("nt th • \'ariu tion an the thic kness o f the 
il • " " ' ·· r fm tht• l:l\'''n r"l\'l' r strf'tc h k1Hi tlh • dt•\•t·lo pm('nt o f ice brPakup . 
.. fl .. ~· ~ ··n SII .J.pt•S o f o.l f' l\'f' f' bf·d. the '4'1dth ef the icc nancc s deprnds on H. 
.onrl 4H 

Th uf.i , 1 t c •• n h(• :.~~um<'d that 

(l.V) 

111 m •· tht+ds n r fo r PCOjstang l ocal Ice b r eakup on nonregulated riv~rs. 

Ua•• r• ·i·•' •nn"hap (1 . \ ')may b<" simpllf u •d 
b • 
l:t.-/(lloc.~ (2 .V) 

Surh a "'mp hhc.-t••m o f local rt•lahonship :o~ i~ poss ibll.' Since: 
1 th•• uJi:u.tl rn,..,,surt ' lll \'nts o f th £' d t•p th o f snow cov'-' r o n the ic(' a r e 

• n~u ffwp ·ntl~ c on!'lu s h ··· d u ,. to th'-' nonurufn rm d istdbution o f the snow 
C'uv• r T t,•· 101ro duc t iou. into thP cal culat ion, or lhe de pth of the snow c o v t• r· 
on lh· It"'' tl ••"' r c fo r .. do-..s not usually improvt." the r elationshi p for forecasting 
1(" '-' br.-.~ k •. p. 

2 1}, •. \' ... n:.t1ons rru~ yf:'a r to y e .... r an tltc 101tla l water s tage He art" 
1 · !._, IJ \·f'l,\ s ul ... ll. TI1e \'tirJ.tho ns an th" mean n o w velocl h es depend on the 
'.-J u, n r All ,..,., r th•• s tJrnt.· vatu•"' o f AH. the vartations 1n the -.·tdth o f the 
'' ·· fl., ~, r.· li .. nd ' " th•· w idth of thP tcf' cove r , ...,,tuch has not adhered to the 
:-.hn r • .. ••n cJ tn tht• bottom. ... r (" accord tngly s m all. 

J thf' pt,ssab! .. • \ r.anauous fro m year to ~· •".ar {during the m t•lting perio d) 
, •• tit• uH•·ns 1ty o r heat anput to tht' anner surface of the let- cover do not 
t •m•;qd•· r.-bly 1nflu,-·nce th(' variah onN 1n the tlnl(' o f ac(• breakup . 

'nt ~" propn rt ton lwtwl'(.·n the Prfcc t o f h t."at and stream fo re(' {as ~A• etl aa of 
th · · s t<lq+· n~e) o n the 1c•· r over 18 d aft•· rent ro r diff<' r cnt r ivcl"fiJ and y cara. 
Thu~. an th •·lar~(' Sabe raan rave r s, p•rhc ulO&rly an thei r middle and lowe r 
cnur~··. IC" hr•·dkS u p moun ly dut" to ••aa:h water. ·nu! high ·water wav~ on 
l h••S(' r&\••·rs IS it r e sult n f th ... snow m •·lhnl 1n the up!Uream, southern part 
n f th•· nv•• r boJsln Conse que n t ly, ttw t im e o f ic£' bn·akup on these river fiJ 
1!-> maanly d••tt.·rmancd by the tame o f the bt:!gannan~: and the intemuty o f the 
snu•A.' rncl tinl( an th ... ups tream part o f the r i ver ba81ns. In the tow~r reach~~& 

o f the Dm~per, non and \"ole"' th~ ic•~ CO\•~J r IS d~'stroycd m .. tnly d1w tn 
h ('~t . l ee breakup on nv,.r s IA8utng from lake ~ . .... . g . tht• S•-- \'u, !'iVl r', 
\'olkhov, also occurs without any r ase 1n th~" st .. l e T he tun"' of 1C"i' 
hn:.akup on th•·s•• ravc r!' Is cJ••tt!rmln•"d by th.-. hm• n f th•• O•"'st ' " "'"lt o f ac.-• 
rn f'l t intj and th•~ r ,-·lat10n ht>tA•Cezt th(' amoun t o f h•·••t n• c • ~~ ry tn n .• !t ttw 
IC~' and th•-· r at'! o f h•~at 1nput to at Uo N•' \ •· r , 1r • hr• ·•k•1p n n m n"t •>f ' h •· 
r· •v f' r s is a r •·:o;:ult o f t h · J t i i Ot • ff••c l llf th•· "''" &::'' ra~ · · •• nd nt th• t h• r m .d 
d •·8 truc tao n o f thf' irro, sil.c•~ th•• rn··lunc o f ttw ar •• r n' .~r ... nd o f t h•· Snl) ." 
c ov,.r an thE" «h'"'" rtver basan usua lly lwQIO!'l almn~tt ~u muh ... n··ou 1~ It 
s ho uld be no t-•d that in somf' vears. d~·pt .. ldan« on tht• Ua r••r u on o r m ot&on 0 1 
thP wa rmin~ rrnnt. ttlf' m::un ·rol*'' may b P playf'd ~omO'ftm• R by th·· rarst .• ntt 
'<Offif'tim c s hy th(' Sf'C'Onrl ()( t h f' abo\' ... IC" h r t:rtku p f.tC" IOr ' t\ rh.t ( ;,Ctr>rJ&,tiC" 

t•x ... :npt,. m ... y h•" th•· \\'c•st,.rn lh ·1na (0.-ul!:t\ a 1 1f "' .. r m a a r m ... {of;s••-4 '"'"'' ' 
~0 ItS b."lSIO f rom th•" \ •' Sf, t h•~ 1Cf" IS dPSf i"'O \t~d In tn•~ m 1d11l"' o! lld f' \ 1 ' r 
cours£' :t.nd onl~· an th~ uppr•r r e a ch•·s J (' i• hr·: akup ts ttu~ to th,-· ru~·· tn t h·· 
\\ otH•r staq•"' If Narm .ur as transpo r t • d to th• u pp• ,. n · •• ~r. · ~ n f ttl ,.. n,·.-. r 
fro m the SI)Utlll•nst , th(' c:-omparau,·.-.ty ~t rOnR IC' ' ' C'O\' t ' r h r·\•,, k c: up d u •• to 
thr> •u &rh· "'" te l' \;t\• •~ tra\· .... lhnQ: doA·n~tr• ' •1nl . 

IIOt\•t>v ..-· r. nn malt(" r tlw fo rm o f tc •• h r• akup o n r I\'\ 1·~. t t o: r .• u~·· ~~ t h•· 
, .-,put n f h··J t tn th•• ,,., • .i tld -.nn •" ('0\ • r t n 111• • r,l\ t'U It\' r b. ... u\. (l\ u Ht ' ' ' 
t h·· d t ff f"' J't•n(:••f; It\ t ht• st ··n~:r.tpha C'a l ,, ...... lion o r rt\' O r " · c.tar ... t "' ' " llf th •· u· 
nnw. and 111 t h<> oroc-raphy and d t mensaons o f u u•1r ha!"nts. 10 !COlli•' r~•l!"'li" U••• 
dtrt·c t l'fh•c t o f h'-·at on t11•· ac •• c o,·Pr .md tn f't h• ·r t·~• ,. • · K th,-. m •·; 11uq C·•\t:-:•·d 
an th~ b.tstn and tht• fo r m {ttlon o f tugh Aut •· r arP o f dr-<'1!\IVt"' tn'lpt"l"t :lnt •·. 

~ 1 C.tlc u},t ta nn o f till., heat anput tO tht.. tCf' CO\' " r a n d tO 
tht.• sno t.· co, ·•·r tn thP n \·('r basan 

tn tilt• 1• '\:a st1ng m ••!tw d s o f ro r<'C ·i~\1:\t,t: tC" • ' hr• .-kup o n f"l\•' r'!it th • l. · · ~• t 

t•Jput to th,--.1<' • c·n, •· r· •• nd to tht• sno .• CO\ ' ' ' ' arl tl1•• rt \•' r b.t ..;;ln t!" •• tt••" ' d fn r 
f' ltht> r b\ t lltf'OdUci11&;! th•~ characti"riShCS o r fhC ~ lr t t•:np••r :.ti UI' t', .H A'.llr h 
th,-. mf l tlng o t t111 sno·A' and IC~ CO\ 'f'T t.t k••:f plac ••. or bv C' .. lcu i .H1111% u , .. 
ht'at t•xdtatiRt' f rttn\ thl' nw • •oro.o~u." .-1 d.Ha 

,\s th t• :u r t • n p ••r.•tut't..' C'hili' .Ac F • r·isHc, " ' uc:u .-~o .!: ..• du p1 Ut,. m••a n .. d iur nal 
jlOSata vt• tPmpt't'aturt• (durins:t 13 hours l f'l r t h l" • ' c' ss o t tfn.· m~"a :t ---diurnal 
!t•tnp•·r aturt• o, ,.. ,. sornr· n~· 5t<.H I\'t' , .,:u•• o f 11 . .• 1 Ah lrh m•• ltt•t ~:t h•·a1n:. 11t• 

~un s and th ·· nl• .ul \· ;,. Jut~ f'l { ' h ••5 •' ~t•mp~"r.Hur·· .. cbnna t lo• nl·· l t t nc. P ' nt"l. 
a r <" m t roduc•·d tnto thf' c a lculat w n . Jn sonw m•"' thnd..; tht d~h·~ ,,f tlw m• .. l unc­
pt• t·aoc.l:-> dr<' tntroduc l'd ... san addiuonai d,,, r.tc t.-. rl~ tac o t tit• m• lhn l! 
11\tt' fl~l t)' 

·nlt' hP.tt t•xch.ttl~t· rau b€' calcu l:-• tt~tl hy m • a n!'< <•f th • m•• th~"d o;; .uuJ 
rn r mul3S •'X\ShllR f r th•• c ,t lt-Ul:tho n o ( tti•• ,~<mlpnn• •tt o; , ,f ·:h•• 11 •· ~• 1 ho.i.!.ttl(" t' 
(1-0t' C tl .tndbook. {l;o. 1. a s wt•ll ~•!it l'ttapt•· r \ ' I of lh ·· pr, F• nt tv•Hk l 

111(' C' 31C'u lah 011 Of thl' lu":tt l''"<C"l!;l •1i.! t' hy mt"'.i 'l S U ( r\-"t lll+1 &;!r3.ph .... '' " ' '(,ttnp !• 
o f .... ·ttich IS !ithO .\Il in Fu:ut·(• 52, ~ ~ ·' 1d· ' ~ u :--· ·d ' " t.•r · • .•s t ,,.,. h r • .tL.up 

\\'1th th•.., OIHI o r SUdl ,1 IIUil\ll{!r. l ~lh tht• h•' ••l • " 11.o U 1,! •• p••r ll lt l l (f• m ' ) HUI• I 
sul'fnc(' o f thf' ICi' CO\"t'' r durin&: da~htn•• as d••h•rtn l ll•' t! f~tr' a l: l\•'n tl.tl t." anti 
an•·au tJayhmt• :ur tt•mpt·ratun· 11tt• h• • o.~t • ' rh.•n;:·· d Il l ttl; th• naultt IS " " ' 



------------------------~----- -----

uu roduc<·d 111 tlw c •. llcu l.ttlons T ht• va :u r s ttf lh·• t~~·.•t .. ·xchanc.:t' o btauwd 
fr~om th•· numo~raph a rt• to~k t' l'l ;, s tht:> spccifir d~dy amounts o f heat t•xchart'.:"· 
q0 c-~-.1 /rml. d ay Tl1• .... Y cons1st of tlw sp.-.d f Jc amounts o f radiant·hl•at 
tnput Q. tht• ,.. rr,•ct h·•· rad iation /-ti l · thf• t ul"ln r lt•nt heat exchange P . .Jnd th t• 
h• ·.H f' XCh augr• hy c o nc:h•nsat1011 or t:'V>JJ)O r .HIOil LE 

fo = Q + le~t+P+ LE. (3 q 

Wat h data fu r· tht• calcu l.ttlOJt pt•rio d a ,·,n labh- n nly fu r the mcan· d w rna l 
• u r· t ••mpt.' t'dltlr't.', w fiPn dt•tt•rnunuur th• · \' .tl u •• ('I( fo from tltP nomo t:raph 1t IS 

poss ahll' 10 •tSl' tlw l! t' •• l'h ~howint! 1hl" r,. lationship betwct.•n th tc> nw an tt •• y. 
tl m l ' t~>mru·· ratu rf"and th!" rnt.•an·dmrnal tempe rature. obtained ft"'rn data o f 
o bs•' r\' ,Hions m rnC'I t1 ng f>ertod s (of othe r years ). 

f• c ~l n/ .dA) 

•»r---r---r-~--~---,----r---T-~ 

10/11 )1/J/ 1/1/f 10/T 

fl(. t .-r ">~. ' · •111 r~orh fot th~ \ktrrnun~ouon .-.f t lk lfWC tt'c ht',U t•uh~nJ::C' 
'It frnm thr IJ.att' .and t ne m~o~n·ll.a1ume.att tentjM' t.otur~r 00 for th~r 
JaUau uf llfllpiolPl'U• , ,,. 

Wtwn plotttnq til l ' nomo(! r·aph, th• .. t"l'Sultinq amounts o f hf'l3t cxchu ns::r· q0 
:t r " ,~,drulat Pd fo 1· tl tf't 15l h o f •. • 1c h month . T ltt' h t•at· <':<c hangP comporwnt ~ 

Q. leti ,P and LE r an b•• c:~ kul,, t f'd by mc.m s o f thr formulas u s •"'d in the 
r::llc u latio n o f ~ntnv m• ·ltinq (s••f' ~1 :wua l. ~o. I, ~md Chapt,~ l' \' I nf thf't 
p r •·s··nt boo k ) In thts c •• s•.: lhl' \' Oi lu"'S o f lrtt. P . and LE. o bt3tn••d hy 
lh•·s •· (rorrnul~l <;, sltou 1tl b •• mult tplP•d hy tlw l~ ·nnth o f tlw d.,y t'X~Ht'SS t'"'d as 
a f r·.,c t'"" o f 24 h()U r~ t d Th•• alb,•do .... ~sumt•d coustant fo r· the melting 

I"' 

p~ncxj , IS h•k··n as t t!" mt-a n \·a!u·• o i I) 5 0 fi t•' c o thn· -..F •• ·1d ,, :n••.an ~ 

d:.ayum(' wi nd vcloc&ty are ._. c;:sum"d const ... n t {A n d "QU,I ro tt.•• m• ~· ·~ -J ... ~ um•" 

v.1lut:>c; dun n q thP m~·tung p•" rao d obt .• tn{'d from th•• c•h~· r\'~ttnll u .• w .tf ' h• 
ffi'"' l• •t• r·olO~IC'd 1 SlQliO il .... O f lh ~"' iJ"'rhC'ldctl' r ,-.q10 11 nh m •' d ll d_.}'I Ull• \' .aJ,)t)r 

prt>SSU r (• o f th• .n r IS dt· t t rm1n"'d f r 1nn tlte (!r~ph th•• t r·~: .,,..., t t t• th• rn•• o.~u 

d ••. vr im•· o.t1 r t• ·nlp• • r•o.~tur• ·. 

Such~~ nnmo~raph was ml t ia lly propu:,••d .ltld u .. ••d 11 1 · h· C'.ti" , · "' •n • f 
s no ... m~'-hsnE: CaJru i o~ t J<m o f th, .. tot.ll ~no"' lf:~' l t 1 n1! t•\ m• a11s • t ' 1 .. 

nomC\grapht::t \'PS \'..a !•J"S ufft c tr nt!y cl()s ... to th •• r • .. ..t IH!Ur•·"' 
1\ S tO thP m PIIIOR Of th•"' !C\' (,;0\' • ' r~, lll \':l"A n f t ~l'' ll• L•J'Z.otl ' t• ~ f tt.1 ... 

procf"~S com pared w 1lh the m••lt•ns:t o f th<> ~nu ~o• cm t r. 1t c-o.~nt.<l\ h• ,ffll' ~n··rt 

t hdt tth" usP o f such a norno s;: r·"ph (!t\'"""~ r t>suhs C"lus• :n t h•'" r· .. t I IL.~I r• s; 
I n itddl1tOn , 1lll rl\'••rs C"Or'l"" ld•• r<.~blo• m• ltmg o f ttlt' II' ' rn·. · 1 .\ ott we ·. rs ;:• t 

th•· Utnf• r "''lrfat·~· o f th" CO\'•' r Uu·· 10 h• ~·t tnpu · fr o:n rl·. ppr ' ..a\'• r ... •f '\ ~·~· , . 

l11• ldtF•r po~:,d.uluy ' 'not t~tken thn·uly unu .lt'('Ou n· tn ftH'• C"-• 11'1 '! 
m.• thod~ o f ,C't' bn' .lkup llt .. r "'fOI''' , tnd ··p· nd ••n t ,. n : · h· ... r.-urd· ~ ·f tlot 
calcul ~n•on o f th·• mt•ht:-u~ du<' to h•~..&t ••'(rho:a rHt · thr •u'II 1h out l) r s . .1r fo.~t • , 
tw h f•Jt !lums obt~• tnt.•d by nH•dns of tht• nrmon·ap11'il. d • '-l<"nl,( d s'•u:J ,d. 

o.~pp .• r • n~ l\• , h •) c-on·•dcz··-..d .,...: rt" la tl\•' t"11 ... :'aC1 •• rt:-.~ 1'.,. t"> ( tt · u·•, ,.,..,. r 

m·· u·u~ 
F:'p~ rH•nee shu 'A S th<• l .d lo·"'·lr\C•' for t!u• I • .. t ..... , l .~•nn• un.,· d.tn ::~ 

t t.I,Ytl :'l"lt 1n tl.•• t•mpt n<· ... ! rr•l.utons n;p$ ' ' " i lt•' l'~r• .... · .nt: n l •h,. IC" • t•tt .• k ,Jp 
CH1 f'l \ ' t 'IS IH'\ £> rtllf•Jr·ss ({1\'t~~ b~ttt' t' n. ~t.lt~ hd .lO . t t:,,,\ ,t lh"• ' IO I" U •· It• d 

··xrh.•n~t'' d u r lrt r! ih<" \\hO!t.'" d~1y ll4 h~•ur:o; t'h• '""t • ...... ... u:, , .. ..,,,. uhf d l o;::ol ,,,, 

c·ons1di' r C"d ... s :·(l').:lll\'t..~ t:ho:ar""c ... · n.sucs , h . n ,. ~,n~ad· t'l!hl t'l" :n· ! ttns:: f• f th• 
IC" •' CO\'t r ('1'1 h· kt.•S a nd s to r o SZt' t' t.•Sf' I'\'Ol rs ICI.tplt r \ 'I ) tn : h " .,I,~ · "IC • tU ~• 

~no .... r('l\ t• r o n ttH• ~ur r·oundt n~ t•'" r·r·., ,n TI1 .... ,c: d·1· · tn •I·,· {..,r · 1~ ... n u·1d• r 
th•'St' c ondtuo n'i COilSid ·•r ;,.b l(' \'urlutlon~ ,., \l'ld ,-,• 10(' 1~"'. \I t" I• :!. j>• r·ttur• 
oHliJ ~1o1 r hu nlldt\\' IU3)" \Jk~" p!uC'~' 0\ r· •1u• -.. .rfoJ(f> l fttt lt.• t' >\'• r 

J-:,,tmp lt• n f p in t t nl! t h • U\ltrl'""f.!t' "'n h l•·t U'- p lot l tv• u·1n~.,. 

t:t •'Ph ft·om th,• d:J.ta n f tht• ll•1o p ro p • trn\ ~' r:.• • •· I' ' ,~ •. • . : -· •• tt •1 ' \ ', 
.,~.dcu .n, .. tht.> he-~H· • 'CC' I ... ne• co:~1pOrl • ·n·~ C. i, .. P. L£ t< a:/t :u· do.~ .' ' I ' •11 

Q = 0.50Q' (I - 0.47 N 1 - 0 .20N, l, 14 , ., 

\\ h" r t· Q' t~ ' ht• ..;urn o f nl•'"trnu:n P '!"'ji; l h~ · .,, , ,. r . .ciJ ,,·, , .. ,, d· I• 1 :~1t'1··d 
rr·um T.•hl"· 311. N1 ts th· ·io,,. :,.,., ) (d ... ~t::'!~· t.•··.L·· · , ~ . 'Pll'"'' ! , .:~, 

11 acuon o f unny , .u tU ll"o cktt.•rnllrh•d frv :n N1 _ N . , ~'1.\~. u+N,. tt N1 , ... tl.P 

un~al trl· ·~ tlmt>\t"lf'IUdtnr·~s. ••xprt>s ... d :a tt''' 1• rt·potnt :.: r-J' • , ,,mJ , .. d· h 'n,, .,, 

f1·um N1 _ N, . .,+2N~. ,,+N, . tt {lht.• .t.b1•uo rn ft rmu!., ( 4 . \' ) IS t..l~t.'n •' 4U..&1 ,, .. 

n 5n1. 
!.•·= ~.[- 661 + oT! (0.76 + 0.11N + O.lON,l], 15 . \ ') 

\\ h •'rl' •J 1~ th•·l•"t(!th o f 1h•"' d .ty '' "nr-· ~ ... ··d . t!-. , , fr ,, ,~ rnn n f 2 ..; l,,q , ... 
d· tf' r n un·•d f r om T .thi•· 3 1, oT.4 

'"" · !J·· h ' ·•< .... . h#Hh r .• dl.•tfl" 1~ I• 1 n~t •l••t! 
fr·onl tht• oltf' \t ' ll1pt'" ! :ltU I'•' 6 ,, . t'l• !1 .•"• ttr<>.• •C: I _,: ~' .ti l • 11 ' ! I I:! C h .. p. I I. 
T .. 1hh • G ~ • 11 

• Tht> 1nJ t'' ·, 11 .anJ I J ,J,., 'h II,, !1 .. :• , . "t>·tr'.th ., 

•• lhr \.lh:ol ••l l • """•' t-o .!oh .1.n• o!b, \•OJ' 'lh.t;>h t\1, J •~· • ,., 

1~1 
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----------------------------------------

\' h ' f t:' W 16 the m~".ln d aytlmt> '-' ' llld v,-: ocny "' tJw m•·t('orr-lol:l<'•tl ~t~UOrl "s 

mi'..-sun•tJ .H th•• ht._•,~ht of tht• .-n•·momet• r ul m/S<'C ( w ._ •r+2"~u+r'') • 8 

1~ th•• m•• o.~n d,_,ytl :n•· .. , r t••mpPrature. drld t ts tlu.., mran-du •um.-. v ... po r 
pr.,.sc;u r··· o f thro .u r fmbl at the mf•teornlo~l<"al station at a h•..,i t:ht o f 2m. 

1 Aft lt; ')), Vo~ll ur•ro p.Awbl~ d~mn1 N t,.)t • l {C:unt plu:t ,, ,ut~r'C'dJ tul•r r•lhAtton (J' ~ the 
l~h 1 t!M' ,.,f.lftlb, <: .. l.cn 1 - d<~) 

Ill y 

40 375 4IS ~10 6@0 -
4S 710 3'.10 ....0 610 -
"" 115 7!0 390 :it~ 6o<O ss n 170 3JO 510 '"" (o() "" 130 z~ 475 645 
6S - M 2~ 446 6.17 
70 - 58 200 445 600 

Wv c a kulatf> tho:> par·amf:'tf' r s fo r tht:> n• dd!C' o f f:'ac:h mo nth (In t he pre s t•nt 
case F~hruary. )larch and Apr11) fo r e ac h who le dcgrPe o f the mt""Bn day­
t tm e ai r t,.mperatur~ from - 2' to+ 12~. 

t· ~~~ 1------~---------"'-'_'•_d'-·-~~''-'n~----~~----~-----
• tS • 16 • t.l lO 

I 040 0.38 0 .36 0.32 0 .28 - -
II 0 .45 0." 0 .42 040 O JS 0 .35 -Ill O.SO 0 49 0 .49 0 49 0 .49 0 .49 0 .49 

IV O.SS 0 56 0 .57 0.59 0.61 0 .6J OM 
v - - 0.64 0.67 0 .71 0.71 0 .16 

L<·t us start by finding the \'al ues of t/o fo r 15 February 
Fr,.,m lonq· tirr.c observ .. u o n da ta a t the Dncp ropNro"sk mC'h·o rologic.• l 

stauon wt• und fo r the m ean d,jyt i m e values of til.: low-1('\•t•l and total 
clPurlan"t;;S and o f th•· wind \'elucity during m~tung days 1n r ,•u r•1ary· N1 -
• fJ . 55: N, ra 0. 73: ~ - 4 . 5m/sec. Wf' use the obst ... r\'MIO n data r\.. r the Sdffi \.' 

days t<' p lut a gr .. ph rPlatinst: the m('an dayt i m t.' prt"ssur e o f th(l' water \'O..por 
of th •• ... ,r to tl1•-. mean do~ytimt" our tt·mp•· r~tun•. 

t.t"t us d"t' ·rrmnc the "aluc o f Q. By m C'ans o f Ta ble:.· 30 "''<' obt~ u1 that 
th · mo:txlmum po ssible nux ~r sola r radiOiUOn for the la ti tude " 8• o n 15 
F•·!)ru., ry IS 250cal/c m 1. d:.y, Fo r mula (4 .\ ' ) g1vcs fo r Ns • 0,55 and 
.V1 •IJ. ':'3, Q - 1~ ca1/cm1· day S1ncc sol.&r r adaoJtion is ind,•pt•ndc nt or ai r 
t4·mp"'r~•tur•·. •xt• wnte ti!P Ramc \'aluc o bt:.uncd fo r Q in the column!"i or each 
~nr t• mJ>' ro.~turt"' {Tahh• 3 2 ). 

Fro n t (5. \ ') ... ,. d f·ti"rmant• th•· ,·atuc of ~~~ fo r each ai r · tcmpf·r~ture 
,-a!uc f r om - 2 to • 1 • 12-$. For the middle or Febr uary a t a latitude o f 48' 

IS4 

w•"' fmd, from Table 31, l J - 0. 43 \Vo• find th·· \'01,\lf ' C or_ or.• fn r ' _ •• r h 
v.tluc o f the .dr h :m p• r:llur~.:.· f ro m To.~ bl .. 6 lCh·•Pt•·r II f u r ''~ •• :nr••

1
• tn r 

an .. l r temperature 8 -2"' 'A'~ ObtdUl, fro:-n Tdb)t_• b, or.• -&so c .. l/(' tn d .. y 
c .. lculatln~ ..-nth fo rmul;. ($ . V ) fo r Na - 0 . 5>5 and N, .- 0 . 73 . .... ,. o Ut.lln Lllt• 

values o f 1~1t ~1\•t-n in Tablt" 32. 

~ •· • c.,~ It" o~ a 1\'rrptr ..ltH t'. 1 

i H -·I-· 1· 1· 1· 1·1·1·1 ·1 , 1 · 1 · 1·1~~ I u 

Q 75 ; ;l 7l ;~ 1~ ;s! ;;! ;: 1~ ;s ;5 75 ;5 7S 

l ftl -37-'141-JC -:!E -~-· _,,_,_ -· -J I 5 9 13 16 

LE .,. P -J7 -24 -l l I ~ 47 61 74 Sll IO'l 116 130 144 158 

I H 31' M 11 to; 124 u: 1(1 178 196 214 2.12 249 

" 
1 r o m (fi \ ' ) w•· coku1ate lhf• ,·u ;u•' S o f LE + P. Th·· •A ;)kt ' p r ·· '-:- ' Jt t u ( 

lht• at r 15 C\htatl\f'd fru m t ho:> 2r~ph #-/(8) , ba~· rl n -1 th•• 1'\b~Pn·a ' tt t:l d~r ., 
f rn m ttw Drw ptropt•tr·o·.-sk m• tN"~r·olo~tt C' ·• t station lthr cr..~.ph t'l: Wit C'\' •·n 
ht.•t'l' ) Fur • 12 • ll. 43 and a ·.vtnd ,-e~Oc1ty (<U thC" h~aeht n f_ , ..,,. .ul' m tmt·tt· r ) 
o f 4. 5m/.C:t"C \\'£'obtain from (fi . \ ') the \'&LU I '~ o r LE + p ~1n""n I n T .• tu• 12 . 

~ummtn~ (Ol" t·ach air t!'mp<>ratur·c th P \.' 3 lU•' S or Q. '~" · ,,nd LE + P . .• .. 
o b t..•ln the "~' lu•·s o f q, ( rablt• 321 

The c~tlc-ulation n f q0 for ttw m1ddle or th ·· nt"" Xt m onth {In Oltr ""·'mp:·· 
fo r t 5 ;\la r ch and 15 t\ pril) i!' Similar. 

·n,(• "alu-.•s o f q, a r c plotted on,, l!r..1ph whos •• absc1sS.i m u t'k !' tt ,-. d ... •· 
a nd ord ina:,-· the spcc1fic h•"at t•xchr.n~l' qo Th·· poa nt~ obtoun~d f'> r ··.tc-h 
\!3\uc o f th.-• .&l r t cmpcraturr are connecu .·d by a str .. lqht line 1r1gu r•· S2 ). 

S 2. F'on~cashng th e hrst acepcO\'t.""r push 

I n prac-tiC(', forecasting of tA O cl•' m<'ntS o r ttw IC'•' JlU"h .lrt' U!'lUol tly 
l't.'qUi n.-.d: the d~H t.' of us twg.n:un't: ~·nd tht.• 'A' 3 h ' r st.•R"' .Jt "A htch tt nc·cur!'l 

1\ t pr1~sf'nt w~ !'hll do not .,t ... .. y~ ha,·c lon'!·tlnw f'P5i;u!ar n hs ··n · •• u•m" uf 
ttw A':.•tf' r stal!c at tlw mf'm••nt o C I C' ' ' pu:o.h \\'h• n •A•t•rk llll! out ..1 fr.l r' • · :,~t inS: 
rnC'tlllod C\0•' has, 1n m ('St cas-.·~ . to opt• t·:. tt• 'A i th tht• Aa lt"r ~l .tf;!• ' !' t•h<;• n ·· · rl 
at tht' ~t--•nd:trd obst:' n ·ah Pn hNa r s ·Mtnch, no dnubt , lo·••·r·F thf' ~clur.,ry of 

the nl<'thod. 
tf th l.' IC<" br.-.akup d··,·(' lo ps d tu · u 1c ,1 n~t· tn th•· ~A at•·r !!>tag•·. t 'w st:•ct· t1i' 

a t w 1uch tht.• aCt.' pu~h occur~ as dr• t ,.. f'mll\t"d m.etnly hy ltw lu ~1 1r~t tuoco:a ta• ' I 
or th,• 1c-.· CO\'t-..r dur ang thr 'Atn\• r . 1 •· . . b~ •h•· rn.t\Ut•u·n .... ani• r co: t.•&:• H~ 
Tluo r t"fon•, rhc follO~A' IIH! rd.,tton~tu p as u~•~d 10 ttw t•·c:lm1411•' o f frt r •'C' d t:: t 1111l 



I 

~ -

--------------------~----------------------------------------------------------~ 

IC• push '.A.ht cll t3k\.'S p lact"' du r 1n c ,, ra"' t• 111 tht.- wat<'r su .. ~~· 

Hp= /(H.,,). 

1 . 1(!111• ' r,;l ~1\'1 '~ ll11 fi•' J1' nd•· nco O f t l lf• W ol \ 0' 1' St.ll~t• 111 tin"' fll' "l I C • ' p USh 

fJtl lh• lu ~h· ~ ~ S t::q,~• duriiiJ:t t iU' :o-t.ohl t • IC•' IW rtOtJ ftw th .:> l .t•rm lh\' t r· ,11 

~ 1 \",tn..... n u ... dt rwnd··nt:•' C'ot ll h o u~· ·d (o r · 

I ) :O"li! • r.m~:• .. fnr•·r~t .!illln l,! t•f ·h·· m tm m u m (a\ ;uuJ o f t l w m os t p roh:i hlt· 
th) \ ll• r "' '·' '!' ' " lh·· ft rh t , ...... rush. 

2 • shn r·t-r.ut ~tt• fo r···c ... ~ tlll~ n f th•• cfa l ~ o f ic~ push 

/- h 

/ 7 
•.t_ . / 

: / 
If'• • 

.. // . 
7,· 

(J tfJ(} 1tiJ 

fl(·l'R£ \ 3 , \o\ ,ttt't ""~' H p dut~n,t IC't' pu,., ~ r~ ltn.a 
Pt . t"r .ll ... •l )•llk4 .ot .o l~o~nct . o.-n •"ll l ht tl .o\ n um .. ulttl 

tugt Hm· 

l l.n uaq d• 1• r ma n•·d f r·t•tn th·· 111w h du• ffi(JS1 p r·r•h..t h!1 :H.t ~· , II 1,.. 

O~tc;;~ rh ) o • I<' C' h lt-u i ;U•' th•• d.il •' n f I I ~ IW I! IIlllt iH! 

i/ 
~ 

Jl)() 

t- t- --. ty""' r-r-
·-t-

1--1-'-
~- l7 ~ 

._ . 
- f- ~!/- . 

/ """ 
I/ 

511 0 I()() 

I ft ,I'Jl[ \ 4 , .,.,,., .. , 1t.1.-1 \twtn~ l ht. l m l In · ~nh a n Cht Lc n.a Phrr .u 

Yrtot•· ~"' on , .a , H p• .as .1 lwn• Ho~n ,of th.- m r .an .. .al t f IUK~ dt.:ung cbt 
ftrit \ d") ' nl rh~ t u blt on- prt1od, 1/m 

• r :.r 1s •' ' tt·• o11 n: .. .. rN~.·th..a r,o' • '""d n~;e~ .alt" dt"tcflbtd tn t h~ M,.nuo~l, No, I . 

'\u TI da r· f(•l o.~tton~ln p~ Cd n ~ll ~o bl' r,hL•IIl• d lt11 t lu• (.,,, , . ... ... , ~>1 t1 • '' p!hh 
nn ot rtv• ·r s tr• tc h In th •·S'-.0 c;_I S('S, th• · ·..- r 1 t ~"S t It • • pu ... t. IJO lh• rl\. ,. 
~ tr·t· tch :. nd th•· r n r·•···Spond u u: '1·•C:•' .Jt a r • f• r • .,, • r •li' IHI' ... ,,. ,,, I· 1 • r ­

mara• d . 
Tht• A a t •• r· c; t .•le•' .•t th·· f1r~ t ac •· p H:--h c.,rt ,t !:-lln h• d· I• r :111n• ·d ' 1 •• q, 

r· · l.o liOn~lll p IA1 1h Hw " ·' ' ' r· ~'- · s::·· .• t ttw IJ• CH\IH'IC: r ( . , , , ... , oil.' II. :•· f '"" 

T has ~t -•G" cil.•r•ut· t •·nt.•·~ thf' fr·•·· lilt~ rnnd 1111111.., '"" t• ..... :a:• • \ ' • • · t 

d f' \ t' I' IO!th'S tilt• ICf" hn•.okup nn 111' II\'' I' 
F tJ!U r •· 54 t: l \'t '~ th t· do•pt·nd· nc•· o f lh·· :-.t.•t:· ch;n •at.: d.'• Jl'l'•h 'l ' • 

Ht\' t · r .• t K l' t •S t lt\ sk~·~ ·' on t lu Uh '"' " ' ' ·•C::• dunn~t th• ( 1 ..,, ·, d,, , ... •• ' •I • 
... tablt• IC(' pe r iod . 

( )n ra \' o·r·s ,,II, , .• u. p ,..,, , ... pr•,. d· d 1'.' ~~,~·u:, .... ,. • .1 ,. t•'·' . , ,.. 
fOil! uld b •• tako•n u ltO •• rc l•U!\1 art :--1 " ' '" ,.,,,, ~, ( '' ·' , :a '! • 1 . • , . I, · 1d ...... .. . 

-.( IC' I pul'Oia n •.. ltlPIII ('h~l l ~H· ' ~"~ '''~~ :tho\ h · 111• ''1;1 ··f . P· ;' \ 
tt ·ntpt·r~· turo·:-o , ltw •• :n t• llnt of h• ,, , ,\I .. h oi J' T 1\ . I ·'' II•• ,I. I 11', I 't! . . , .. 

! It ('1' 1 0,, lo"d,·ll n: !'" J ., t lt11'1 I 6 1/f 
Jo r· n ._,,H, .u "- ... ' · ;· '' ... ,.,,, •'\ r t .... 

.... JI'ol' t I I 't ol H'"-1 r... n:to ._•_., 

t···r, 

- t'!'•'"'•' 

1- 6H .anJ z._ ""r. I:W ~•) o•' t• 'C' j\o,'l, : AH •n.! %•• t" ;'"• , '•t• 

.!.1). 

t\1" , I l l ··x. lllplo• .... . . s::n··· t h · · t • t·!ullqll •' I r f,,,., .( ·•' t. ';C t ho , , •• i' I I ••. , . , ' 
,\ mu r U t \' o' l' il l "fll llr.;PmC'l' ~k ( I ll! II'\ r};. , ., ' hi ... , . . . ... . n··· d .. I• .. , "' ' 

h• •g J nnt n~ ~f wo · pui:h r..: ll· · t• · rn"Hfl• tl ! r•,,.p tf .• : • ,. ,.,., .. , ,, !Jt · · , .. . , .,,. 1•1,· 1 

' h• •;t t rnpu t ~q ,,•Jd ti t•' r r:o: t• rn th• .. ' \at•· r· ~ t •• c • .llf-;o \ • 1 .a ·· ·n .• , ·n .·n ' , . , •• , 
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'11u.· \' .l)u,-· ••f l:q I~ d f•krm uw d by IUt"ol ll~ O f a no m ocrap h s imal.1r tu t li,lt 

U•·sf' nht.·d 111 § 2 a nd l>asf·d o n thl' d:•t:l rr·o rn t lh · r\om~ornnl's k m••t f"Of'o lo J: tc u l 
st<~tl tm. Tht .. wa t t• r s tagr· is d C' tt · rm in r·d fr·orn tlw stot q(-' -risl' h ·nd c nc y dur· tng 
t il•• pn·r t•d tnJ: p t•r-iOd, With 3 f O r f••,•• :-& t' lllllJ! p t> r iod Of Up tO 5 d a ,y!-t , 

F or· ·• , , ,,,, .•• c o rn•c· t clrawm~ o f th•• r·l'!:lt tt•n s hap lulf', t lu• pu tnlt-. (AH. l:q) 
·• n • p lottt U o n t in· gr.1ph (Figu r e 55) fo r two da ys : the d ... y o f icc puslt a nd 
thf" pre c e d ing d ay . 

S 3 F o r e c u sting I Cf' brea kup 

lh c ICP c.·ovf> r• o n m ost r tv<' r R fl o w 1ng f r o m eo ut h to nvrth (O b' , 
l r·t:. s h , Yt·nis •·a . ~o r·Lhe r·n DYi na, ('tc .} br•(•a k!' u p mainly due 10 the lll r.:h 
.\' :ttf· r fo rmt•d Ill th'"' up s tn•a m pa r·t O ( the r h .,· r· b~•Si n , 

J lt.('P! !Jf'. Dr <~ •n o~g.: IK'f of lhC' Ob ' R•~rr 

I ~M 

T h·· tl n l •· of IC"t' b n : .... kup on th•·s·· nv•·r·~ '" d·· t · r mtno d :rlatnly h:- th•• ti m •· 
o f ttw b•·r{t lllt lll~ • .~rtU ;t, .. aul• ' ll"t t l) t1f t\1• · ..,,lf,,\ m • ituu~ 111 II•• t ..... d .t ... t •· r R. 
a s w•·ll ~·s b y th e ro.~t • · o f pt'OP•• 't••tton o f th •· th -.~ ... ang l r•m t dv.,ru~tr• ·,lfu t l,r· 
rl\·•· r . 

T h·· s•app ly , ,( ,•,t! •· r·. suffacwnt to fo r m .• l11 ~h- ~' '''' r '' ' ''"' ' ~h. ot h r• · •kJoO 
up th" If'• ' r••v•· r·, ,.., r •• u.., •·ll h) !It•· , , ,.,. , , .. ,, , "n t il• 11 [).., 1r•.•rn p • rt n l Ill• 11 \ •' r 
j,,, ..; ul , U l ; a d• · ll n1t~· ·• lflUII tlf u l 11' .. t .d111.:h ' ..oil h •· .1ppr•t'(l'll·•l••l\• 'Xp l• ~'> " ' 'd 

b v t lh · • •qUI\'~' h't'lt .su ur I,(). o f P'''-ill\'" .• ar t••m p·· a· .... t •ar · ""· t- o r· s u n l• '" ' · r·s 
ii IS a 'iSUn1ttl ('fiiiS1,t. Ut , fu r Otht• r s I t ) t,;; ,,..z.-.. u n l •d tn d•·p• IH.f o \ rt 1111' '*'•l l•·r 
\'P·ld o f ;, Q: l \ 'f'fl r l \'" r b •Si ll, ·r h ·· r •·curd· d d.H • n f thl!'" ..,um 1 ~ th• rn,.m 
~ · · nfl 1n t h f · ·x p r •"·•<;;iCHI f,, r th·· d· ·t •· rnuo,a•tun o l t il" 1c•• hr• •;,kup do~ t•• f 11 1' ; , 

J ownstr·t· •• ra r·n ··· r <;t tr••tch Th ·· !n .\ f' l' o.& !on,::: tht> ~t r·· .nn tlw otl lrt l IS 
J.~t t u,tt• d fo r wt. ac h ,, fo r •·C..t "' t o f aC• ' h r·•·.akup IS p•·-·po.~ r ••d, t lw :ont:•' l' tht· 
fo r·· ....... rnua~ w~ r· a<~d 

l 

D' . . . 
lOt - . . 

- 1- - I- / . . . ._I/ . . / ... 
/ . v - . - r- v 

f--- 1- - !7' 1- 1- ._ 

1- • I-1- - 1- - - - - I- - I-1-

1..-
1-1-

- I-1- - 1-1--1-
~ 

D,, 
f!C. l''l.f -, ~. ( · u l'l.lh'n btt .. t'r r. c .HI) j)'t.Ubl(' ~ .. tt , .. Itt' :t't' o-cur n '"'c •'b' '-· " " ' .11 

Ah•kunJ r.J\ ,1, 0', .tnJ rhr il tl r >': .t\c unul.il l'" • 18.• :'1"1' , D , ".u :l.om• .. l 

In m :.tn\' c-:tto:{.'S, IC\.' b r c .l ku p c:t. n tw pr··•th C'tt•tl on lh t• ha!-- t.~ ''I a rtu<il il lr­
tt•mp~"'rat~l l' d.1t.1 ~:i thout USI IHt thr m t· t('o rn:ocH· .ll fon·"~ .,'s t . 

Tile f.u.: tn r c; \\Inc h d·· tt.•rm irw th t· tw[! annan~t c f th•· J<,.·,, J runt•ff . ,n d t •f th· · 
d·~~n·•· o f cl· · ~ ta·uction 0 1 th •• IC•' Ctl\ 1 t ' n n '' J,t l \ •'11 ~ t z·· teL .• r •· ,,J1r , '' d ft, r 1n 
dtfh : n u t .,, .,y s, d••pt•nda n~ o n th ·· f'h ~t .• ru·•· C'l ( lh•• (,l;t a·• II h fr a•m 11••· ,., ~a·m 
whc rt' hu~h '-' a t r r h•' J::III-; . 

i\s t' '<.tmpl\·~ \\'l~ C"On <tad·· r fo r •·c .t:-- 15 q f art• hr···• ... UJ'I f,., 1h· · Oh' u,,., r· a t 
A l t"k!'"<Hldr·o,·o a nd Co r thP ~O I'thrrn IJ\ a:•:t. oP \ ~ I \• l' t' l.!Hk 
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E '( :r m p I•· I . Th·· hnw o f tlw i cc bn•akup on the Ub' at Ale ksandrovo 
( l' llt\lr·· !)ft) d · ·p;-•uds on th t.• t i mf' o f thl· bt.'l!lTln iag o f s now m elting, the 
m t•·ns11.v o f hu,:h - \\ :th-. r wavl' in thP h e ... dwo.a t c r~ o f the rivl·r and o n t ht: 
t .tpHii'Y of its ru·opagation on all thC' r cmaininq pa rts o f the bRsin ups tream 
fr•-,rn ,\ h •k" .. •ndt·ov o. 

~\~ th •• ma in L•· r·m s in tht• ·spressinn fo r the de t ,... rmin~t tion of th ~ i cf' ­
h r • .• ku p d.d f' D •.v" t:•k•·· (1} lht> r ••c•-,rdN I datt> o f a s um tJf po~i tivc nt r 
1•' 11 •111 r·. ltu r f'R •·qu:t l :JO" {D 1s) ( n11•a s ur('d :rt Bar na u l): a nd (2l the lt, nA:th in 
cJ.,v-. nf ""' p.-.no d f1·nm thf' d ate o f accumul<at1o n o f %1.•3W a t B;..nmul to 
tl•• d. tt• n f ,lf't' tllnul.rt tnn o f !8,-t ft'" a t ~ur(!UI (0~s) , t. t:',, (0, s-D,p). 

t\ 1 both s t • .t•nn/'0. 18. •~ c;dcu t:atcd fro m the m e a n- d iurna l duta . The 
f••l l••·' '"l: tla t t· ... ,,,.,. us•·d it!" t11•' d.~oh't-O fo r v.•hida tlw :.ai r t•·•np (' r a hu·•• pas~PS 
ttu '1111!1 •• ,,, ll:or·u •• u l tht• dah" tako•n as tltat a ft e r wllich th c•n• wc r =ooil n~~ 

... h•lt' t • r· but no loust• ,. th:m 3 d :.ys, hut with a sum o f nc:go•tive l~mp.• r,ttures 

•' ICI ' •' t'th iiP, ti l" .drt•,Hiy oiC'CUIIHllat•·t.J s u m nf pO:•u tivc tf'mpc r atu r·cs; at Surgut 
rh• rt •t• 1,\k•·r• as th :lt ••l t••r whi c h th•·rc was no t m o r e than one duy w i th a 
n• t: I ll\' • ' t•· m p.-ratu r f' (no t 1ow{•r than -J.<l-). 
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JD D.c.·D, • 

fl(, l 'Rf ·. ~ . RriJ i tnmhlp tkl" t c n r'"<.rtrer'"t ton !JD to rhc- o•,uly pm t tb h' d :tt(' o l u c bu~.1kup [)# 

~I Hit' Ob' ~~~~ .. , "' Alt.•la o~ndro~o .111d the IA('IN o l ro~ pe lt ty oi heo~t pt••p.tg.atton ov~r the' 

b.um Dt ~ -D. s. 

Thr· !an•· qf ltu· r t> la t ions hip 0 '-/(0 1e) Wi t S dra wn in Figun:~ 57 a lnng th• ... 
ln \• ' r · ·d~r· ot the f1 P id o f t h•· points fD', 0 18 ) :md givt-~ t hl" f..•a r1ir·s t 
p ros ~ t hk ICI.' ·hr•·aku p dah • D' fo r a t:h•e-n \'<:due- o f D 18. The (•a rli ,....st 
po .. o;1hl•· rc •· hr•·akups are obsr·rved during particula rly ea r ly and r a pidly 
•I· \'• l tJpiug ~pring!-1. 

T h• la tt• r· il l" ' th{' c~•s••s wh~"n towa rds thro dat e D1" thawing pe r iods o f 
:t tlu r·.ttiun m()rf· o r f>qual In 6 days, during I8.;> 9•. ha\' t' already bN ·n 
0b~· · r·\· ··d ;1 { Sun!Ul In tltt ·~ ·~ cus,.s ic1• bro·aku p b£'gins o n th e uvc raRC on 
th• n··xl rl.ly Olft•· r ttw I 'Otdy possibl(' d.t l f', i. ~ . . D.- D' +I. 

In <~ 1 1 c•th• r· c a 't•·s. a ,~o r· ro·c tion o f AD in d ays, dcp(•ndinR o n the rapidity 
nf ~tl" twaf pt·np :oJ:atic-n O\·•·r th l! rlvf•r basin. i.e, , d •·p f' nding on the value 

1110 

o t D, c;, - 0 18 , ~~ tnt rod uc"'d in thr· ( a r ty pos~tb! P datr• D' fo r d • t •·rrni n ang 

dw tC(' -br •-- oJ k••r dat•· D CF• Ru r •· 5K ). 
If :.t Su r·gut thr· d .• y ;:tft•· r ~0. e. 15"' th·· a t r to· mp,..•r .• tu •··· dr••ps b· lu w o~ . 

tc·•· hrf>o.~kup .tt ,.\ l •·k sand r o vo as rl r·h .. yt·d . The }l• n~t th ADr o f tills d•"l.1y is 
tit't ·· rmtnrd from F' igu rt~ 59 as d l.'p••n dl'nt o n the dur atton o f tllf' ffl<.tli:lli! 

jlt' I 'IOd . 
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! It I R r \ •, V .o!i .rll •'11 ·•I l >:H"CI H•U lo~ o ,,., j,n ,• &.01 • Uh Ul(' ntlll bt r ,, • d .o)' " 

•'' llt O:.ll l \ 0: .ur IC't:-o~·rJIIH\~ .ol .. .U~UI • 

I n '"' ·~· · t··a~t~ :-o Nll"ll l h·· fl) r'•--t~ :l~t i~ p r·· P·· ··· ·d fn r· , t P"t 'H on;, l'i\'•' 1' 
lP \ II!'Ot r •·· •ll1 from t il" mt•uth .. r :o lu r·~:t· · t l'ihtH;. r·.v . tlw l lt f1u • rl("• n f 11u• 1.•11• r· 

..,h 11Jld h • tak• n tr110 ('OO~HI•"t'alltW . 

l llu~ . fur • ' ~C••mph· , th• t (',,. l.u·· ... ku p nn th•• (Ill' l<t \ ' •· r· d" "' n~tr· • .• ;n fr·"rn 
th• lnfl111h (J f tht• lr't \•~h 1~ maurl\' ,,ff, .. ••: ,•d ll\' th• • art'l\',d Qf th•• fl •·od .,., ,,, , . n f 
th•· Tuh ol tnhut •r\' ."' T lw r .. fon .. ·: ttw d.d f' ., ( ;Jcl·umul.•tnm o f If. c :vr :o l 

(D
1 

K) ~ur[!.•ll and' ih·· d t ffo•r••nc\' 0 1 8-D. • .• r•• tak•·n as th"' m ... an tror·m:--
1'1 t iw · · xpr· • · :'~ton fo r fan ca~Hr n~ tc•· Ur·,.;\kup on t h•· 0!)' a t th·· ,· r ll.t ~:t· n f 

h t •mli n :-. kno• . 
Ex.1 11 pi" :? . lcf' br•·otkup n n thf" "\or·tho· r·n lJ\ tll a at A·· r •"Z:ll k it.: t ' ,•IHH"d 

h v ttw rts•· rn tlaP ·~o·ah· r· o;; ta c ·· as a r•f·sult o f !ll• ' a r·rh· ... t f')f watr·r fro m lh•• 
\ : <•C ·I Ht\'• :·, .oR ',\ 4"11 ,, s o f th•'"' ;,dvanc•"" o f tht• flood \\'~1 \'• ' f rnm t}w h ••::trt , ,, ,, . ,.~ 
o f t1u• "\o rt1wrn l l\' 1113 , 

T h ·· ~·mount nf lt··at n• ·c · · ~!' · • t'\' to <':tu St' .• f'l-.l • ' in IIH' \\~&t•' l' !<'>t •• ~ .. !l-u ffiri •·nt 
fur j t • o• b t•(•a kup Cf.op ••ntf:-t 0 11 t h•• ;j. (!!' f'o • nf ch·l"t r\IC'tll\11 Of 1ll'' I('•• (' II\ ' r ol lltl 

tlll th•• 'A'oot+· t· -yt• ' llliHJ: (' .tp.oll lY o f till' ..;no •" . 
Thao;:; . tmnunt o r h·· ~· t I~ · · xp t···ss•·d by t!.· · ..;u :n ::o. qf p t •!"0111 \' •' ·• I f' 

1• ' !11pt•r·:.tu n ·s . . md t1H· pn•rt""'<hn~ l'Omhtlon" hy thf" m· .ttt ;11r t••mp••r .•h ar· • 

( i·) tlurang th·· 10 day~ u n til th •·y ta k• · ••n P<' :-l tl\ · ' .llu• ~. y . 
.\11 ttw ' ''lllpt· r·.,tu ro· d•a r .• c t• ·r·ts11Cl"l ar··· c..kt•· t·m an•·d f r o m t li·· d,,,a " ' th • 

~III'H~ursk I IH't •'CI I'O}O~IC<d :O: t:t.hOII, •.\hld l t:' !-'l l ' l•t t • d .ot th~· }o A•'r ('1\U t :;o• <•f 
th '-' \ ' ac.• U&\' •· r·. Th· · quantt ty .!0. ~~ t · •• k u l.tt• d fo r t it· · P nr-d f 1·o:n ·Ah · 11 
.d r· , , ... ,·llpt•r atu r•f" t.tkt' :-0 o n p tJS t11\'l' \ odll•'!' '" .... hi'• .. ~up, I ).o'+ p t tho• ,_, 
1.1s t 5 d .1\'!'l (~0.) ,\..;; tr.lll~ tt inn p•· r·if'd m lh· · t• .•lru' .• t l• ' n . t.o.• · t:~• t'l "" 
p.•~..::t~·· ~.r rtw m•·:ut · ch unr.tl.u r· t••m p•·r.•tur·· ... '" p ' Fi tl\ • \ ,t l tr••o;; , :•!t• r· ..... ~,, , .It 
a n 1,•.tn · d tu r'tlol 1 n··t.:·•1r\' •' h'nlp~ r·.otu r·,• 1~ t'h~;;, t ' \ • d :t• H n t . , ., . tl• .o~l :l d .:--.. l u 
tho• ,· ;olc-ul.ath'tl of !0 • . thaiA tnl: p• ' l ' l l!:-0 Ill :'\l ... rc: h , t :ll! .\ pt l l o\l' ,t

1 .• lll• l lld •· t 

W i ll i ,I I 'O•~ffh'l'' ll\ l'f 1\, 5 



- ,l 
1 

TI1us, the forecast is pr!.'pa r ed o n the basis o f t he graph shown in 
Fogure GO 

Ire br··~•kup, as follows fro m the dc finltion o f the n£'ccssary XI. , s ta rts 
5 day s ti fh:r o.c cumulation. 

.. , 
" -

.... 
tl(. l'P£60, !'iu rn II. of m , .tu·I!Jurn.il p.;.itivr .ur trmptulufl"l ('-+lhfout thr l t"n' p.r.llllrt'l 

dunng lhr !I do~y' tH>fote lhf! brukup) CM't esury fOf the> brultup o! thr: ic ~r on 1hf' Nouhem .. 
~· lh'ln4 " Bcorcz.o•lf ,., • tu ncuon o f 1he mun ~~~ lcmpcor.ahuco.a --.o-"' dun n& tbco 10 d o~ya 

bdorco lhC)' t.IIIC' OR P'"•IIVC' VAIIIC't, 

If t lu: flond d •·v•· lnps simult~ncous ly on th t• Vaga and o n th£• No rthc r·n 
Uv ina ri vf' rs , ic•· br~••kup at Bcrez nik will be acc<.'lcl'a tc d . If, durtng tht• ...... 
3 days until tht~ accum ulation of the llt'CCS!'ia ry sum IO., the• watt'r stage 
tn til•· ups ts·c a m pa t·t of the river basin (the Ust '· Kur'c- ga ging s ite ) rises 
Ov('r the wint<>r stag!'! hy t m a nd more, ice brc:.tkup at Bc r e znik occurs a 
tl:•y ,...:-1 r lt c r n n the avera ~c. 

With •• f,,n·warn ing pe riod o f up to 5 c.Jays, rce b r e akup forecas ts can be 
p r•·pa r·•·tl wi thou t using the ai r H·mpc r a ture fo n •cas t . Wltt'n the air­
l• •mp··rti turc foreca s t is us ed, thc forewarning period o f ice break-up 
fr•r· ··c ; , c:; t~ can be inc r f•ast•d to 9 -10 days. 

H· ·~uJ.os r ive r s whic h flow fr·om the south to the north, on many s matl 
.. m d m r•diu m n veJ·s and on the headwate r s of l~ rge r iv<•r s ice breaks up d ue 
tn rhr ris,.. t n thr w;tf t•r stage a nd if the rate of high-wate r travel is hi~h . 

~1ncc· th,.. tunc o f n o w there is small and the loc;tl runoff plays a great r o le, 
H" · tu· ,.~kup for(: c asts fo r tht!Sc r ivers art• pr •pare d hy using tht.• a i r 
t• ·mp•· r·atur•· fo r£·cast, with a fo ... ·warni ng pe1·iod o f about 5 da ys. 

Tlw s tage' ri st.• nt·c ··~sa ry fo r ict• breakup d ep e nds o n the thicknc•sa and 
~trf·n~th of the icc cover. The thic ke r a nd s tronger th£' i cc cover, the 
l:tr,g~·r the rise necessary for its dt'struction. 
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11le r is·· o f wat~r stage t>t'fOrt• ic · · bre .-kup i s Pit hc r pn•dtr:••d o r, m ore 
oft~n. 1s a llow•·d fo r tndtr•·c tly t'ly u'l••..,ns of ,·anuus h··t•t-t nflo w 
chari\ctP ristic~ . ·n1£>sc charo.actt•ristic s also to.~ke ulto a c c o unt H1•· tlw rmo.l 
destruction Of tht • icC, \\hic h t:..k t•,!O; pl._.r (.• Oil lll f')f: l O f tiWS •' ri V•" r S 

Sonu.·tinw~ tl u;; s uffic tcnt tu usc o n ly a quaht:-•tn:" ch:u ·:.c- t•· r a!-.ltc o f st.tgt• 

1- 1 ~f". fo r r"~:;tntplr-, thr r tsro o f 'A'atf• t' sta~,-. ab11\'f' a d~' fnllt • da tum lt n •• fnftf' 11 
tile d u tum hn•• (.)( tlw w. t l t..' l' ovc rflu•.~~o• tO Ooo dpl:_llfl}, n r till' d.d •· .ot wtuC' II 1111' 

sta~f' ris.._· n .-hche d ;, certai n v ;t1uro . 
In the absence o f dat;' o n the· t hic kn,...s s o f tlw 1C1· r ov ,.. r , , .,. ,. m .t ii,Y y •·:. rs, 

th ,.. ~urn of the nega ti\·c ai r t c mpr- r a t u re s durmll( th•' s t .. 1b!t· tc •· P•~nC'Id o r 
dur·m~ a part o f ttl (' stl.lblf" tce pc n od, 111 th '" c •)u r st• o f whtc h tl w :n.o~n 
g rowth o f thf' ic•"' tak,..s p lace, ts t nt ro•luc1·d tn th•· r c-J,, tto n .,.lu p u~· d fo r ICt' 

br· · ~lku p fo r··casting. 
In o r·d•·r to c har:Jc t••rizt· the s tro·ngth o f th•· tc•• 811''t.'t , o fH•u tl1•' m••a•, :-nr 

tt~rnp•" ratu rt• during som~ p t•rtod until tlu. p: .• s~a~t•" th roua h 0" v.htr h ~ ~ ~~ ... Pd 

111 ttu• c alru l:ltio n (dunn~ 10-20 d~.ys, som c tl m ••<; mn rt•) ts tnt r•udu C'• d Ill 

thl' n · l;,t1.m s lup. TillS s~::n·cs, ~•t the s .tm•· tJm·· . to c har3r t•·n7•' th · 
~vat..:r ·yt •~ ldillJ: cap..1.city of l!u· ~,m~o· cov• r o n ttl" '(1\'"" rh·· ·r b .• ~tn 

In :--1\' t r s no•,~o• ing in r• ' lil tOns ,\' t th 3 ;o•\ ' • "r• '4 ' 111F r , , ..•• thtr k n· ""~ ur th• lf' i ' 

s l l•'t.' t 1 ~ al ·A·~ys t ... r~· · .1nd \' .J.rtt·~ only n.· l~ ti v· · ly lltt l•· from ) •'•'' tn v• .tr 
Tlwn·fo rt·, 111 fo r f'c a s t s o f ic f' b reaku p on th••St' rh·,· r s . ttu · ttuckn• · f.:~ q f t h~ 
1c ~· co\·•·r can b f· n•·gkckd , 

L t•t us cons1d•· r som•· "':<ampl e~ . 
Tt"'l fo r···rast t C(' b rt".tkup o n lh£• O ka Ht\•P r ol \ th• tn wn t')f K.l l ll &::·· ( I ll,'U r• · 

6 1) th{' fo l low1ng r d ations ln p 1S u~· d 

t.H.= /1'!'-· I• .. l. 
•,•,:hP r •· &H~ is the rtSt' o f tht• \h t h"' r· s tag•,. rlu rtn'! hr··.,ku p O\'•·r lh•· tr11 rn mu:n 
Wltlt l..' r s tat:•' (th· · \':.. lue o f 4 H ... IS p r••th .: tt·d by a ny rof lh •· · · :u~t ll lt.: Ol • th•toJ:-;), • 
}:0_ 15 th1 • sum o f th(• tn('an~diu rna ! w ·c :,hn: :<. t r tr mpt' l'atu r•·s fr·o m t hr• d~t.-. 
o f th\" bt•ginning of tht• ... tal.Jl(' lc\" p•· t·wd to tlu p.l~">.q_;· o f th • .ur t• rnp••r··•· 
t Ut't.'S thro ugh 0-. , !9. is lhf' SUtn Of lht• Ol(':lll · d iu r na) pn:-.11 1\' •' .J. i r 
t•·m pr•r ,ohii'•"'S u nttl tCI.' h r•·akup. It t nrludt ~ tlw ~\lnl o f tlw pu ... t l l \ ' ' ' tt•m~ 
p• ·r~• tur·· ·s fro m th~ last passa~;:t· throu~h rp (us •·d til th·· c .dc u l:otto.") h··fo n · 

1c e b r c .•kup, as v.·cll as tht· ~um of th(• pos iti \' •' t • mp•· r·:ttu ro·s tht r tnR . 
thawinf:: pc n ods wtth somt· corfflc H' nt 1r If fro m th t• Pnd o f tlw thi• '"'' t tl1 
th t" passage (us ~.~d in t}l(' ci.llcu1a tio n) thro ugh 0" no t m o r e tha n 10 d.o .\'S 

passt•d , tht·n t .-0.5, if 11- 20 d d )'S p~SS('d, tlw n t - 0 . 2. 1-urth.-. r th; , ...,·~ 
an· tlis r f' gard ... ·d . 

T hl' fc,r<-c ast i~ prf'p.lrt'd b~· sm·ct·~~l \'" :tpproxim.olt r"n~ ·•~ fnllc.t'A!'f . 
K no wwg IO- fo r tht• ~t~lb lt· I C l' p t' rlt\ft ,tnd ,\ l lh fn n.•..::t"ts n r th·· w.tt•· r ~t;· ~· · 
and o:a1r to-mpt·r~•tUrC' o n h.Htd, \~•t' pr•·dtc t th(' h r··.1kup tl.t t•· . \\' t' d··t•· r m 1n•• 
fr•o m till' f+H'f'c·.-.~ t fo r tlli ~ d:tt•• th•.• val u •·~ n f &H ·lllfl ~8. . If th·· pn111t 
(1:8_. All.-) he~ o n ttw graph t n rH·cn rd.~t~C' •' wath th··. , ·a lu t.• o f ~0 • . th•• c-hr,~,·u 
d.ote will he tht.• dato• o f i<-• .. hrf'a kup If t1H· pontt (IO_, ~11~., \ l11•..: ht~1tt•r than 
th f• p lact• wh• ·n · it ~twuh.t tw acc o r·chn f: to the \':lhw f·, f IO •. th•"t b r••,,kup 
m~•Y occur ra rhf! r than tlw c hmu •n ti:H··. 1f 1t 1i•·s lo •., ,•r , a·• hr• a kup twru rf-1 
!ah• r·. I n tho•:-; -.• c a:w!" tht· c .1lcula t ao n 1:0: r ,.,...,.,, ,.d. 

Jt- 1• b n ·a kup u n tit•' (lh' Ut\' •' r t n 1 1 ~ n u dd1•· .• ,,d u p p•· r r •"ll t !'o•· 1.; .• lA . , ,~ 
dut· to th.:- r ise o f tht• w:llt'r st:•~• · . n us r t s~" t q r .lu!"-" d tov th h,\ Hll' a rri\' MI n f 



-f -------~::====:=============-------
hu:u "''·•h'r w •• vt' fro m the uppt• r r e oJCh{'8 o f tht.• r iver and by the local tnilo w 
( I r o m t ribut~• rH'S 1. 

fiGIJPI t'1. P.s.c- of o..Utr \f.J.:f" ,t "-;.•vt ttw oo liU «'I m1n1m •n. MCf'ti-11)' 1\K ICC' brr.oltu p 

on rhr I,Jb ' Jtl~·rr .u the''""" Of JC.rduJA. 4""'' as • functacn of tnr uam of thf' 
n '" · J•·••n.alnC's·mu· o~n t t'n p..ro~turt's dum'- tht' tuble ac r Pf'r&od, %8 . • Jor 

' ""' ..... ' vatu,·s ~•f l h«' •unt of 1~ rnr.t'n ·,Ji~~tn•l potll l\'t • ir I C'mpt"uhun untal 
t l C' t... r•kvp II. 

ic'l' b •···akup Oil tht• Oh' llh·Pr at lht .... \'illa'tP u r P olovskfW wa~ round to 
occur ~:; a rt·s uh o r a ri"it~ tn thf' wate r ~ta~r" above til t• winl ~" r' mmnn um or 
a nt I•· 'is than 4 , !", :n . Tilts IS the m t•an n s •· a t which hankful ~tttgt • dt•,·elo ps 
n n lh ny .• z;u•'- Polovsko ,. ri v l· r s tn.rc h . In o rdr r to tnc r cnsc th t • fo r f" -
A:i r·n• ng p t· r·aorl o f tllro forcca~t . t h t: ris<' 1~ detl'rmi nNI acrordang to th~ 
Hy,, z ;,n ' R••t!' ' l11• tim'-' mtPI"\'al b•·twt•Pn . t 4 . 5 m r is<· 1n tl~t• w.llt'r st.u:~ a t 
Hya7.dn' and IC•' br t•akup ;iJ P o lovs knr• \ ' :1 ri r·s from I to 12 d .. tys ::~n tl dC'pt.'nds 
o n 1h1· Uucknf'~~ n t t iiP IC(' CO\'t."" r ::~nd o n lhl" mt .... t !'orolos:ical condlllo ns. 

T ht: ire -br l'a kup da te IS dc h •r m incd by m c .. ns o f the r c1ati()nslup 
(F1gurc 62) 

wtP · r •· l; 91 IR IIH• amount o f llt'a t input pt""r um t oute r s urfac t• nf t h t"' ....... 
~tlO \' · IC • r't"J\'t ' l" dur111~ 1h t: p ,.. rio d fr o m th(' -l , !) m ri se da(l• to lht• tf;.t~ O ( iC(• 
hr·· ·..~kup k~• lcul.tt • ·d from a nom ol{r·aph s imi lar t o tha t desc ral~d in § 1 a nd 
h._.!'o, d •m tJ,lfa f r o rn thr• Hy azau' gag\· and m et••u r ologacal s tahon), hu· IS: th(' 
:r .... ~lmuw u· •· thu knt·ss 

Jn C" d S • ~ Ah••n tlw US•• o f thl" dC tual d :H\.' o f t h r 4 .5 m lt·vt..•J fi S(' do ••S no t 
p l 'f'J\ idl' t h •• Jl~"'C t ' SS<& ry fO I"( .. A'o.trtiiiiG' pC•f'lOd, I I IS J>OSSi bJro to USC the ror•t•­
C"ot'-1 O f th•· ,\,th•r S t. tl{• ' pr•·pan·d O U thf' b 3RIS o r the 513 11:( ' rl f=;(' tt•ndc ncy. 

f r • h rl'._tkcp I S fl l" t' lii C ll•d 3 S fOIJOWS fo\nowing the va ) Ut' Of h
1
c, Wl' 

d•·t •·rm1n•· fro m Fa~a n• G2 th•" va lu<' Alf~Jo necl'ssa ry for ice breakup. 

~~ nn•.\ 1 11g I h .. d <1h· o f th t• 4 5 m n :-; t.•, o r fk t<'nmnlnl{ it from rh,-.. fo rrcast , 
l111d fr·o rn llw a1 r ~t•·mFwr:ttur• • hn ·t•c tts t thl• d :tti' o f a ccumula taon o r thi• 

n• r· ·~~-•ry va tu•· o r 1: q1. T h1 s 14'111 hr• th•• rtat,.. o f thl' ic,. b r l":lkup on tlH• 

r h •· r 
.,o.-u 
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:h·· r•· .. •tumslup for th e for·~c;,.st111g o f lhi> sc,· b r•t..•"kllll on thL' Oskul n . 
at :\!suo\lk •• (F tgure (;J) is t\ !'r' 

... 
tf,ul cnl 
~ r----r---,----r---,---~--~ N" cm 

N1D - - 111/fJ ltOIIU. 

B ·; !..i ~ ~~." .. ~ tup~ of llus k tnd a r•· u~"'d to fo r~cast I C(' br<•akup on m.wy 
t;/~:··11. ~1 -< . s In som e rt_•l ...at ion~htps th(' ,·alu('S o f Iq0 a r (' c alculntc d fro m 
1 ' d ... t 0 1 thn bt_•gtnmn,:: of a st.tbh.· rise In tl u> water s tagr 

•'Oa t I\'• f '"i ~tt•ln•r (' tht> \\ ,1\('r -.: t ..& l{f ' and th•• ftO\Ao' \.'Clocity I ll th <- t_>f'10d of :h .. u tum n tc•· d nft ,·ary from year to year w 111un 'A' \de limits ~he d e r cc 
1~1 ~ '"'",' . ~r><~l·>c•· do•poso too n " " rl\·cr bed and the tluckncss ~r tlw ic~ 

r " r r l.l. 1d• r.rbl) .. ·ary In tlu· rclatio ns:h1ps us .... d to forecast 1c t· b r ,.aku 
on .. udt t' l\"• · •·~. th•· ab~··nct• or long - tnnc d"ta on th··· ic.e - cove r thickn~ss, p 

1M 

it 18 th•· r c forf' c:-xpf'dl• nt t o tntroduCL' , 111 add.unn to thf' ~um o f tlw n• S!·•'"''' 
atr t<"mp,.. ratu r••s rtunn~ thro stablt• u. t P'"nod (!:0-). tlw ' ' ' ' llotl. t nf th•• .... , ; .•r 
staJ;tc at the b e g u,mng o f the s toabl<"· tC(' pt>rtod. As a n aridtlt ·m..- l 
c h•• r;.c t,..rishc o f th'-' tee thsc knc ss, tnst~.. ad o f the ..-.-.. t~> r st.• '! ' ~•t th• h• t:ln· 
mng o f the stabh• 1ce penod, •Nf' m:.y use the m t>dmm o r m a:<t mum (II,. ) 
wu tt• r s tage dunng ttw s table· tee p•·· r1od (unttl th,. b"'grnmnK o f th•• ... prtnlit 

rise) . 

t (•t8J•tl •• 
• 

., 

10 

10 ;o 
II 

"• 
~·J.. ~.fl.. 

t': ""' ........ 
:-.... " ~ t--.. i'--- " !'--- !'---... 

........ 
1'--. " ..!~ !""'---1'-- I'- " r-. 

t-- t-- r--.... ""' t--
t---

,, • 10 ,, , 
• 

10 18 ttl ., 10 , 
fiC.·tiR! "'· (.uM u•t' d t o f~t'' Ut r b:uku;t •n thC' f\ncj"fl ~~ ttw' 1\)• n ' ' ).."H,.t"-'1'1 

tK-toh." trl~ nm •st r rnuol watio "'"'\' C'.lfi U J out (tht .a u t('mprr•turf' 11 u K" n At 

m u w rll'd at 13 ttou n l. 

·n,.• n·!OIUOI'I~htp !qo-f(I9_, H ) h.u b····n 1,\.'0 r k • d out fnr f l"l rt t oi~ ' I"1J! 
aci' bnakup on t l11 t.ov.:f'r \"o lga .-nd succ t•s:;;full~· us· d untll tht:' c:on!' r ut'Unn 
o f th<> \ 'olft3 llyd rodt.>ctnc Plant t m . :XXII Con!i( rt":;;~ o f th CPSl :\t th~"' 
pn•st•nt ti m e such rclaaonshtps J. r~ u~wd, tn p.lrt icul ..&r, to for•·c-a~t t<.r' 

br·rakup o n the hc ndwn t(> rs o f th<.' w ,·strrn Dnna 
As an exa mple 'A'f' gh·c tn Ftgurt:' 64th" r(' l ... t1on~lup fo r f('lr~"'c- a ~t a n&: w •· 

brt'akup o n the Wf'St('rn U\'ina at th'-' to v.·n o f c:;u r..-7 h In this ca'"" th • ,_, . 
qu.lnhty Iqo a l!to tncludcs t ht.> hrat mpu t durm~; th.1.,. "' · but cit··~ nu t tnt"lt.t.t" 
th(• h,•at 1nput durtn~ tht.• ! dst 3 d ... ys b• ... fo r (" tc• br••aku p lc- •-- b r• •• lwp o ·t 
thP upp~r cou r st.• of the W··~tem Dvtna t~ as~nct;.t • •d ""ath a n s •• '" thr wau· r 
SH\ ~ '-' · Ho w<"' '" r . the m a gn itud1.• n f th "" swgro ri~ro ,.::.nro-.: o niy 11 11 1 •~ and 
thc n· fon .. 1n forf"ca~un~ IC(' br••a k.up, u may b.:> n··~ t ·~C' t f'd· 

To fo r ecast thf" tct: b r f"akup o n nvt' r S wh\ch n ow 1n r rostJUnl't "' t \h a soft 
w 1nt c r poor in s nO-'' and 'Atth f r equt.•nt th"""!t ~r.-ph~ art:' u~· d t F1f::'J 1 t.' li5 1' 

• t hi!' gto6 pl'llft r.~.uc • ~ .. .~, b.»C'd C'l'l J.11 .a ol rrv• ·~ ('0::11 stu• r-~ ' :'"' ' • 1 1 ~~ 1o - n 11 I(' , .,, n .! .n· • "f 

)C~U bti>JfC' run ll 1'" 1,:4'11101 b) ~~~ ():IIIC'j'f't '' ''~Ff' 't' '.- 'f. It As~ rn u. -o 1"'1\ t"~n··• I' "nt' •; lt'lr 1 "l•i' 1• ~ 

('01 1hll' l"nll!'f'C'f M UII\Uirllh c: • "',.'f<!, 
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Ah.ch can be r t>p r CS('n: rd by lht• t_•qua ta o n 

(7 . V ) 

wh~"r•· ~8. ~ ~ thr s um o f th e daa!y llOSahvc a i r w mp(' r a rure s dur1nR the 

P"rt Od from thf• th• ·on:.-tico.~ l p a ssag•· thrt"u~h 0" until ic c breaku p (th~" 
thr•orro t.tca• t r ans1tao n da t~ I S th(' date o f thi• bt·ginntn~ o f the wiu;,·un~ (up to 
·• pO<; IIJ \'" ,,..mp,.. r :uun") ""'·hich C'auscs JC<" brrakup}; ~8. ~~ th.-• s um o f th•· 

l.'n ly I1US itl\' <.' l•"'mpe r .!hln's o f each thaw, .. t :i a fac to r (s ma11t- r than umty ) 
\ h arh IS drt•·r·mwrd fo r •·ac h thaw: ~(·~8.) 18 the sum o f thf• q u,Jnlit ies 

t"9 I tn ~ • t 1 r1n~ th·· s tabl e tee pt' riod ; D as th c> th£"or r>tico•1 d .•t•• for wh1C'h tl~t' 

~ur '"'mp· ratur•• p.-s~~"s Jhrou~h f'ri' ; I8_ IS tht• sum o f thr m ean · d1urnal 
"'' '! • l tv,.. .nr t ~"·mpt' r:. turrs dunn~ the- s tab)(' ic<' p t•r ind . 

l 1'- l' •'('t'"lrnm t"' lldf'd to d r t,...rmm ro thP \"a1w·~ o r E8. a nd !0. fro m tht• 

d.,,v1trll•' 1·•mp•·r atu r f"1'= ( fft r f•x~mph· a s: mPasu r nd ~t 13 1 f) lhsl 
Th·· ,,due.; o f (!&.+ l:(A-IO. )) t.. r t· p lot t. ·d on the o~i:1:t~: ·.m d 1hc ,·alu•·• 

' '" 'f D un II• ··h~c a !-4~ .... l:&_ ar•· tht pa r ;. r1'w 1• · r :;a o f tht• c urve!' Th e f.:&CtCi r 
• ft• r • .. t.h th a w r · ·p r,.snnts H1•~ r .u zo o f th(' ,~.1uc o f /(D. re_), corrnspond · 
I'll! ' f J lh • d •• • ,. D o r th£' thro r t•tlcal d~ttt.-' or t ranSitiOtl o f thf· .ur 
' :11p• r·aw r " through 0' (s~" Ft i(UrP 65), to tit~ ,·ahtt• o f /(D. I9- l. 
~t~rr;.-~l>n~dml( to thP datf' fJ f th"' W•Rann ing o f tlw givt'n Uaa" fo t· th~· :.;amt• 
, ,tlu o f _e_ (fo r tho d:.at,. o f thf• t hr>on •u cal tr:&nst tton). 

1 ABU 3J. f l ,tn plc •I c:.akul.ll•nJC l hc- IUm cof ~IIIVt" .ur l t'm pc'Uhlld ~C"CIUty IOI' IC' f' 

b•• o>Wp, U 1ft" thr l!.fh ot lheoU11C.I f tr.tntiUOft (~ • • ) 

t ••" <' I l.ol'tJ 0Att"~ 

· ' t"'tt1t (· 

"- h~ ~~tng 
... 

/(D."-) , .. 
"'· Uo .al Junng ••• 

l u •'lr" tr.UI$1 · dt'~. th.a". d:o.: . • •• 
--~ ~ 

l h j .. dr~. .:r;,. . -- -----
I 0 , • I • f I I 

1933 12 I 14 Ill 2$1 32.0 
18/ 1 1.2 1100 10~ 0 .5 
29/ 1 16 I 70.0 0.~ 1 4 
ll/11 1 2 ~9.0 O.M 0 .6 
1M I 6 .8 56~ I 0 .57 31 
2JJII 4.~ 46 0 0 .67 3.0 
4/ 111 74 41.5 o.n 5 .7 

·~11\' ~.\ln'l Of lh •• p0'51ti\'f' ;u r tr•mp••ra •un•s, nf'C'f'SS~ ry for iCt' brl'akup, 
.J, ulat• d frn m thl' t r~ n~ahon 'l~t+·. i~ dc tPrntin e d from <'quation (7 . V) 

l:8+ = /(0, I: I_)- I; (Al:l+) 
' •• • (8. \ ' ) 

I~M 

l .•·t us cnnMd•· r tn• · ·xampl~· of c.,!cu la t.on llf ~9 • . m"d·· m r un11• r~aNl 

\\ lth th' u:r· br•·<tku p for"c~st fo r 1933 .,, tlH" t O\\ U ... tv ·•r srm nn tllf• Drlt'Jl• r 

rr .t.l·· 3 31. 
... n'h' ; nl.{ tht.· d.ot•· o f t h •· b .. gmrun~; o f tl1~ St.ah1• tct· p•• rat'd •• nd d w 

V'' dwt• d d ... tt· o f th•· tr.an'ilt:'m r,f tht· ..-1r t~'mP' rOct.Nr•~ thruultll 0"', " ' 
d • t •· r m1n•· tht qu.,nu t~ !9_ duran~ 1he ... , ... h! ·~ ac• pt r at d ld .Jnns:t t l · p· r •••d 
h• t A• ··n thi m d tcott f>d dd\f'SL at tS · ·4u..-1 to 251 W• rt•co r d \11•' d .at• ' 1f 
h• b• gtmuu~ o f th a A' S o bst'n ···d 1n tht' !)titb l · · 1c.-. p•)nod , 1-,.,r • a r h th ' 

11orn th·· r>b"'• ' r"\· ~· uon da t~a at 13 hou r·"',. , d· h: r rntn• th• ~oum t ' f th • d.u ' 
po..,t\1\1 ol l r t• ' 11p o•ra\Ur• ~ ru rt}\t' f' , tt.H' t ht \a!U• ' 251 fl l !0- A •' f Hi f f +r 

tl. C'll'dln,. t·· " ' ! "utur··· b 5 tht" ,-.tlul' n r ltD. !fL ) ft) r t • p r • th f'"tl'd d ,, •. n t 
th·· ta~ •• n .... uao n (th• 1st f 1~u r·e- an c•,lumn -:" ) <and fc--.r l h• ll~•t• ~ 01 • 3 l'

1
l tl~o~A ttw 

fu.'to \ tn~hl{'l-l rf•:,, n roluznn i ) ',\ • d o•t• rm1n•· th • \.tU•q;nt k , f• r ttu~ 
pt..I'J>')"'t u• {11'-'ld· t h•· v:, : u~.· o f f lD. ~9~ l fn r thro d .!t• c• l I •"' t r.tn.., ttt· •u f~2 1 
hy th·· ,,,lu• o t /(D. ~0- ) fnr • ~•c h 1hQ.. For· ,.,,. mp • a•1 c · •I• ,. to nh ' •1'1 

th• t •• nnr f 11 r t l•·· th,, • .d1ac h h••s;tan o n 1 ~ Ja nu •• , ;. . \• rla\ld· l:! h;. HO 
niJt ,qnan~ t =- 11. 41). I twn ..... fand tht \.J ,\1• s o f t!A. fn r • ·•d• th 1 ' •• nd. ,, 
"lU!HO :u~ . fJ\)t,un !(A-!0.}- :! 1 c;'1h~U 'tt 1 "1t; 1' 1 fl'lll·• ' l !f1 ') · ~· \ ,•,: ttl ,, 
f\D. I&~l fu r h• d~•h• o f th• trdnSl ' ll.>n 1 nt1 I • \d . tl' ' r !: t k~O., ' ' n bl,, m 

ft• r tlw a ··q u1r··d \.l
1.• a..· o f ~1. 

I.•. -. 32" -2J· ~ u•. ' 

lt1 " ' th r t~" ckh rrni nf' th(' d ._. tc o r tC'" br·,... ,,k :p '• h,, ,., . . , , ,.,d "II• d ••• 
~•t c:U '1'1U.~tuon o f t tw :iUm of theo 13 t .ou r s po~qtl\ 0 nr ' • mp• ,·, t~ · u·· ..... • 11• 

10 11' 
l'n nt)t .. ul th•• l· ._. h •u ),,tiOn ~· ~•Ph lFt ~'U• r;;,. ·• ... ,:nJ1,,r l!I · •P" 1-.. lm•t.t ' 

P .•(tlt••tt fo r· ..... ~··Q A h •' 11. 10 th• ~ · .,h1• · lC\' p• rand mil 1ht th• ' ' ' tu . .1 
lr' ,PI:O!tlf'll, tt11 •r•o \' ' I • 1 11~ 1.!11lfU,' .I t11 th:l \ ~ (1 ' O•"' ' h,l \00: . t l , , \ . rJ11"' t:r ol)l 

~· · 1"\"t..: H I d · · l•' l ' lllll'l' ttH' f;~ctors • to •• ru·s t ··Pt>f"(U(Ul\attt•n \ \ . d· •• ll~ ! i'\1 

th• \J }U+ 1:i t"' ( t 1 11 th•• S..I:1H' .\ ,,. oli' 11"'1 th• • C ol . f'U ) ,ol :n •\ (I( 11 
• bl• , ,It f d.,t 

l' '' ;dm,·· \ f..nl'l \ tng thr Jppt'~ '< l n . ... tl• , -... J~:o !'>ttl t . ,. t ·• xu: .. ·. ·t. ·· 
\' ·•-U•" of ! (k!:&.) .\ ddint! w th •• l~•tt · r th •· · . .J:u··:& p f I&. frw 1 t' • ·" ' •· • .. 
d ., •••. "'' ' n b'·•ln th(' , ,, u··~ o f [!.&. + ~(A-~8.)) n• <" •~s l't.• r~ f, 1· p:r•u , ·t~ tt· · . " 
,• ,,}t_•q 1,1t1UI'I c r.tph J· 1~1111'1 fh .;#'+ \ ~dU•'"• a..; \\• '11 ~•l" l: c-:11 tl1o d ,, . , ' '

1 
• 

tt· .• u,.,11 1 111 •• nd ft·n nl th•• :O:\H1'1 S ,, f tho• n,•j.!atn t ' a 11' t •· mp• t .t t II ' ~ 11111 l 'H! ' I • 
l;: \ ,il l!t· I(' • ' p• n •U. I\ • plut t lll fa t·:- t · Jppro xan ,t tiCm l;ta•,oph. 1- t oll'\ 1 , ,. 
r•H";' t'C" t th •• ',, u··:: o f tht• f., c to r s t ,ond t' t•p• .. .t tht ,._. lt'ul .. tlon ,,f ti t• 

QUo.~ 11t1 1 H :'" !,(ti8.) . .. 
l' .·Hll~ th·· l o.~tt • · r. <A f' ol••t trh' s• ·cn ·ld· :tpp•·n" :T'••tH'' l cr .. oh .. tt'lll ·•' ':'> 

tht• ft t· ~t· :•pprv" nlottll!n ttra p h. ' l1l •' :o • \· t nd e, r.\ph ' " ""'' tJ fu r ,. ,, ·, : • , ,, •. , 
U fl\ t' t"l't fu r· ..-.· tu t"h thf' ahtl \ , . fnp ra=-ttn~Z: m•·th~cl ,, , .;; ,·d h~' • •• 1 l!l1 

watt' l"·~t;~c.r n1'•' \\'tth tC'"' l> t·· ·:-l k tlp ._, , r urt'lnc. l"• fp a·· · ~e. , .. , .... •~r·•t· I, t\w 

br•·~, kup fa~ r• ·t..· ,i :-o ' a..: pr• fhlr• ... rl 1n ,tC" t'ot•tt .• n r•· .. , l th t h• h 'l t'• t . , ... I 1\t 'h• , ,, •• r· · 
$1,t'!• fl~·· U i) 1"'1 th• t ' l' lh C' ol. ) :o>f :l~\ f t • !{' I I ,~ • .1kJp If, or ' ho (' \'• 1l o ut I 'I ) 

Th•" ,· rttu·o.~t .._,,,gl n~,· fo r IC• !Jr•· .• k ' fl 1.; , •·llHf't t · d "' ' ' ' :' I·,.~ ••: •I • 
1'1\'t'r lh·d. F u r ~• 1:1\t n 1"1\ t r :o:tr··a ·h t t d• p • nd:- :11.•1'1':' .,n · • ' 1

t,l · · ' ' "' •· ' 
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th•• IC\.' CO\'t' r ••lld l i S 5\ l't.•ngth, olS Wt•ll .IS t):l t JtC 'N.i\C' r Stage bt•f O r C l lS 

r ntJt•,.J n~ ·· ·•lid tn g •'fh ' r·al o n lhP w •• t• · r· st..t l;t" i n tht• s table tee period . 
• \ mon~ th, :twthuds fo r d!.' t e rm1mng th " c ntic*-1 w.,tc r stag'-· r 11tC wt• m ention 
th•• fol!rn~nng. On a graph, whosr· .., t.,sr tssa t(IV('S tht· tee thtc kncss lt,c o r 
tlw v.du (• o f 1:8_ durtng th•• stahl~" iCP p••n od, and whos,.. o rdu w t c gt" e s the 
~a.• s:• n s •· b• tt1 r• · 1cn hr,· .• kup (o,·e r th<' muumum s table sta~P), 4H, th,. 
pouu~ (h,, . l!t.ll) o r (IQ_, ~H) art• p lOIIt•d fo r ;dl the bn•al;up s -.•hos e data 
h<.e ,·£~ b·•tm US'"'d In ~f·ttmg u p the rel .-t1o nsf11 p (7. V). On th ts g r·aph ...,.( 
d1S t111guish bf'll.'t' t.' n c .tst•s o f tC(' bre~akup befo r e r ccordang o f the va lue o f 
~8. d t' tCrtnl nE-d f r o rn Fi~ure 65. Tiae point ;; r cpres t-nting these cases 

usua lly lit' rn the uppt·r pd r t o f the field . ThesP points a r e connect e d by a 
li nr• by thP follo'.dn~~t r ela tio nship 
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§ -t. FQI"CC~•SlWI ICC ch•armg (frl'l" l lll;l:) 

·n uo duration u f lC\ ' dnft on n n· r s (.•ft4.' r act: brt:a kup) 1s \\holly dt•tt:· r­
lnt n··d by th~ · c lunahc pf·c ulial'iti l.'S o f the c.Ji fh.· r· t.•ht pa rts of th e b~si n, th e 
d t r t·Ch \lfl OHlcJ \'" 10<:ity of the ~tr('am and tts t ribultlri t.'s , a nd th t.• p1·cs c nce o f 
lakt.'s IU Ut(' r iv.-. r s y s t em. On r h·•· rs whl' r c icc brf;'akup ad\'anc•·s 
do>A·n~t rt•.im, the- S!Jring ac,.. dri ft ts, as a rule, shortt•r , o thc•r conditions 
Ut' lllll: ~quat. tha n on rtv4.·r s whose ace bre a kup ;advances ups tr<-.. m . 

·n w y •·a r ly \'arit.. t ion an th., duratio n o f the ,r;pring ice drift on ••a c:h stt \'<"n 
rl\'t ' r s trNc h \S d ·t t.• rnunc d bv th~ thickn~ss o f t he icc CO\'Cr d r.d Uv th•· 
• xh.·m to whic h 1t rs d.:stroyt~d toward the twgmmng of ice drift {to\~ard tit{' 
d~ll· ' of tee b r ('akup). th t." c haracwr of thc br<'a kup. the a m ount of " '"'tf•r in 
thf" nvc r a nd, fina lly, tne m e tt·orological c onditions in the pe riod o f ice 
drift . 

\V{' gh·c ht•lvw c xo::.m plPS of m (•thods o f fo n •casting ice c!f'aring o f r-i\·.-rs. 
l l w hnll" o f Icc ch.·arin~ o n tlw Zcya Rh•c r at i\laza novo dc pt•nds o n the 

tun· of app<'aranc~ o f th,-. firs t ic~ putdJ,.:s .w.t l\laznnovo a nd a t 7 c l s kit"' 
\'o rota (JROkm up~t n•am from !\!azanovo) (Figure 66). 

llh· t inw of ic•• cl••a ring on the Amu r JU\·{! r a t E ka t e r ina- J';iko l'skti 
d £• p t>nd::; 0 11 th.-. cfatl' o f the b•·g inmng of i~ drift and o n thP to tal h,.~tt i npu t 
to the 1rc CU\ ' t.H · thr"'ugh i t s out .. ·r surface, %f., at a d.u e pr~ccding th f' da t E" 
o f lll l.' IJ•~ ,;:inru nl( o f ice drift (Fii(Ur£> 67}. 

·n, ... · tim" of I C t' c learing o n th ,... Amur Htvc r a t the villa g" o f llogo rods koe 
fin it!; lo wror course ) dr·pcnds on the date o f icc push and on the :nuxinmm 
l t>\' ~"1 of th(' s prinl lugh water a t the town of Kha barovsk (Figu re C8 l. 

• C. FOH~XASTS TA"IXG INTO ACCOUNT TH E 
DF.\.ELOI'~IF.NT O F TilE AT~IOSPHER IC 

PHOC F.SSF.S O.ONG-R.-\NGE FORECASTS) 

Fo r a nu mb•• r o f ye ars long-ra ng<' forecast ,. o f icc b r t' a kup o n rivt• r~t 
wr·re p r• ·P·-'r~d hy a techniqu e accord ing to whic h the b rt•akup t im e w .. &s 
tJ ~-' tcrmim•tJ as d t.·p t'ruJcnt o n the- type or the a tmospht..'ric c1rculataon {S('<' 
Ch:.pt•·r I, Part C, S 7), and on the watf'r t4.•mpc r~l t u rc i n th~ no rth t."' rn part 
o f Uw Gulf Stream. 'l11e physical busis fo r the use of thf' latte r c ho&rac­
t ,. ristic ll ~'s in the fact that the hich wate- r t empe ratu r e in th~ north('rn part 
of the Gulf Strc .. m, whe re the m.Jxi mum heat tr.ans ft· r from thf' ·.-.·atc r to Ute 
.n ,. •·• th•· ·Nint•· r m onths occurs, contributes to the a ppe arance of a ~table 
pn~ltl\'•' <t i r- t•·mp••r a tu r e anom aly ovrr this r t·gion and of a ncg..ativf" 
ano rna ly ov•·r the ETS. The l;tttt~ r i,r; conncc tt.·d with the fo rma tion of a high­
.~ l t ll1Jcl • p r •·ssur.-· rid~e ovr r warm ·.vatcr~ or the Atlantic; along the f"ast ro rn 
p· npht· r y of th1s ndg,. cold a1 r mass••s from the no rth arrive a t U1c t.: TS. 
If tlw w:•t •· r· t ••mp• ·raturr- n f tht' Nnrth Atl a ntic is low. the inver-.~ s ituation 
... r ts•·s. ·nus r c l;•tionsh1p bct •Ne~n the h ·tnpc r.ature anomalit-s produc:f"S a 
lo.1t•· n r · ·~ rly IC£' hrcakup nn the rive rs o f the ETS. 

In for' c :-.s t." o f ict• br•~akup o n r ive r s usc was made of tht• fotc t that th(' 
alt•· r na tton nf the prr·v.ailing c lt·culaho n types during the m onths o f January 
at1d F ··h r u;•ry clc tcrminl's thl~ s ubseque nt de ve lopment o f atmo~phf'ric 
p r uc•'!'!'W'i in Utf• s princ m onths. 

Jn practiCl' due to the abst ncc o r incomp h·u: n t.'SS of thl' "''''' r· 
te mpe r a ture data fo r the Nor th t\t lo.utt iC', tlus v~mpo:o r~•tu r't." ""'~ r.-._pi.u:::•·d by 
tts equivalent air tc mpcratur(· anomaly r.v•·•·ag•"'d U\'t ' r tth· F. T::--. n u:t 
r educ e d thf! accur·acy of the fo r e-coas ting rd a t ion:o:h1 ps .uu.J o f tl .'-' fo nra sts 
them selves . OPspile thtJ 1'-'ner W satisfac to ry uccur ..... cy o f th .:- fo r• c ... cs ts 
(about 80~. i n a number of C"'-SCS the forecasts by this m<'thod \' '- r'(' 

unsucce ssful . 
The principal shortcom inc o f t .tc method 18 tht.• r~ac t that thr> ~tmnsph· ·rw 

p rocess es are quahta tavroly e stimated by m eans of thcl r c lass 1f rc ... tr~.m. n w 
usc o f the sam e esumates o f the atmospher ic process·•:.; •• nd cond1tton~ "" 
the undc rly•na g r ound that i nflu {'nc e them fo r· r av ..:r s o f di!ft.. r•·n t 1:• C'l~rapluc:• l 
regio ns of the ETS il also o nly a vt· ry r oul(h a pproxim .... t aun. Fut.ll ly, tlw 
adopte d schemes of alternation of ttu~ a tnlosplh' r tc p r"\l Cl $1:S• ' S f r-t 1rrt ' t nt•· r 
to s pring a lm o:Jl al \\'BYA do no t corro...•ctly r ••Ol·c t t1·,. t n.w J l '\' ••lfJp: tH nt nf 
the se p rocesses. t\ t the pre s ent hmf' thc r ('fo r•" th1~ m•! thod , d• i>p l t' · t t b 

g t!ne ral corr~.·ctnestl, cannot bt." r t>comm ('ndcd .Js o.a basts fo r routnl•' tHug · 
r ange fo r ec .. sting o f icc breakup on r ivt• rs . 

·n,e m e thods us .. :d :oday for long- rang~.· fo r t..•ca s tt nJt of ic· hrt' •• k·!p on 
rin •rs al'C b.tst·d o n an analysis and qu~.nu to.ta\ t' c~um .. uon '-1f th• 
atmosphe ric proce sses causing brea kup, wath du{' altO At~l llC•"" ft.n· utlH· r 
fac to r·s, as OJpplicd to n\'e rs o f difff' r ('nt 5tc<'g raphacal rt~ilaons 'hwh 

infiu t'nc e brc~tkup. 
In wor·k m g out m ethods for lc ng- r angt· for· .. ~c.•stin~ \Jf iC'• ' b r•·a kup_ '"' 

ravl• r s , i t 1s necess a r y to find a pos61bllaty o f C$1:hm .. ung, A"tt h a ~utftn·· nt 
fo r ewarning ~riod, t he hme of the bC'gt nnu lfll 01ml t he un··n ..:1ty n f t11• h•·.d 
input to the tc f• c o ve r and to the sno A' Co\·"r in th\." ~1\'• •u r i\'• r ! ... ~nl. n . ,~ 
i s the basic a nJ m ost d iffic u lt parl o f th· · p r·oh!t.•n .. An • .!-' ti!H .. • h o f th•· 
tluc ktwss and st r e ngth of thl' 1cc C0\'1?' 1' rl.in , usually , h•• m.Hh~ dar·· ·<: t l~· 
h--orn o bservation dat.& •• vatlable al the nwm•·nt th•• fo n :c:.st IS t • 'HH! 

p r e pared. 
Tlv· timC' of th~.-• bc R:tn:u ng a nd th•· 1ntt·n~it~· uf th.-. twa t 1npul ·•r· · C"f'tltt• c t• t1 

w1th the dc\'t'lOpnlPnt o f th(• ~nmosphcric pr'Ut..:t·ss··~ during tlu• !)pruu:. A 1t u 
tht• a ppe;.ranc e and du r,.,h o n of s o - calle d h t:a l "'a\.'• s. r1.f.' fo•·• 'f'.JSt t 'l~ of 
t h t.' ic~ breakup o n r ive r s >A' uu td be mnn: a c c u r.ttt• 1f at " ' ro-· h~·~· ·d o n a n 
._•a r ty c stimolh On of ~uch h c ..tt >A' t\\'"S. llo•A'\' \ '.._• r , th '-' cu r·r · nt :-.•a t•• o f 
knowledge o f 1tw d i' \'t.•lopnH.•nt o f :.tm o s plh•n c p t·oct•:; ... t.' S p•·r:t . lt~ ~u• h ~ul 
\-.~timatt' Oll lV '4' ith a ShOI't (Or t•wa r mn q Jlt' I' IOd, 01\ \)' J;• tll' t· ,, h /.t tJ oWP r3J.: ••d 
charact l" ristics of tht• intt.:nsity o f Ua•" wr• rmtn~: ·up p,· ,·ant!s d u 1' I Uit th•· tl:n•• 
intt'l' ' al when tha'A' of ic(• nnd ~now OlOI)' !'l t;•r t .• nd u·•· hn•.,kup n: t 1'1\ t..' l ' !ol 

may occur c~m be t·~ti matt·d with "' l:.. r g t> (C'f''-'"'·a nunc ()••n ud (;.hc.•u: a nannth 
o r m ore). Thus, fo r f'xamplc , th~ 1-\.J nl ,, , '\u rt1w1·n U\' ln;\, l ' t t:h ·n·.i .• nd 
Ob' riv f' r~ w tth the ir tribu t.sr· t••s lid\'•' tl.•·u · tc •· h n .•k• n up tn t ht· ~ · cond hdif 
o f 1\ pl'i i o r in l\1.ty . In th•• c~• :-'1.~ of fr•·qu'-·nt :w d 111~· n SI\'• "'·~r:n:n(! -up 

pc rtods ut ,\pri1, th '-' tw.H anpu t n··c··:.;s . .r·y ltJ r u • hn .• kup n n th• ._, r t \· • ''" 

m a y t•Xi!'t .llr••.uJy by lht' nuJt.lh: o f 1\p n l, 111 tln• , •..• s •· u f •·~, , . .._. ,,.,,, , , -.,,k 
wo:u·m in g p.:nmJ~. ic,· br•·nks up on!~· !-•t • r ( \l ~·~ ). I' u"". d •• t• " • nf th·· 
ic•· br··akup r~l l' tht.' St' rl \ 'C r s c ... n. nbvtf •u:.; l y , h• rl··t· 11' \IUt. d ·1 ~'" d· P· nd· nl 
on tlw tut.al o r ol\' l ' r ..t'!• ' t.l cttat·.l\· t··n~uc o f •,t .t ri\1Hl~ - ·:p P· t'lf•d10 111 .\pn l 

\\' i.lrllliiiJ:-UP p•·nods an o th·· r month' ~· •·· · typu ·., i '-' f u t 'H r r•·ctt•n:-: . 
Q ( C O UI'St' , ,. p.,rtic u },\ r dt!ltnbut iO'\ t~ f tl. t \10\• n f tllf' b t ' L:IfHHIIl! ••lid n f 

t.ht~ intensi ty o f im.h\'ic.Ju~t l -..·.,r:nwg-up l llh'n.d-: fl l ·• Y ,tpp•·· ' t.ll•1" ,ff,·t I 1ll" 

datrs o f ict.~ brf".J.kup on rh· ,·r~ . 
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\Yh.,.·n t ht• ~r1od fo r which the ccn(•raliz~d hc111t-input c h:•racte r isticH 
hav•• to bt: ohtam•~d is dl'l('rmin,·d, it u1 nt.·ccsMary to ct~rUy which are the 
b.astc oatmosphcrtc proccasea w1th which the arrival of warm air ma•aea to 
thr f(IV• •n basin or r~1ion is connected . 

Th(• ana1ysuJ of th~Sf" proc:esRcs should first be carrie d out qualitatively. 
Som.-•tim("s 1t '" posAibl~ to usc invf•l!lttrationa on tht! r f*lional •Yfl()ptic 
f;u.:tnr!lt ut tl ••• fitlvcn r"'-'JCion fo r thi s purpose. Oft e n such •nv•·,.tiph ons do 
not t•x•st or th•-·y do not cover the proceaaea which cause the warminc-up 
p•' raod• In sprln1. In the latte r cue auch procuaea have to br 
charact f•rizl'd indcp L•ntlf'ntly. 

~pr•ng warmi nc-up JK'riods arc usually C"onnccted with the transport of 
h•~at 1n c yc lonic systcm l!l which move to the given r egion from the w~st or 
southwf•st . tfowc v .. r, under different l etllr aphicat conditions Uae influe ncf" 
of th.-. dar c ction of trans port o n its intensity may be diffe re nt. TI•u•. fo r 
t• xamplf', fo r tht• 1\ama ltive r system h t!at transport from the west and 
:;outhw.-.s t ha8, em thP averK~c. the nme tnteneity, whereas in the upstream 
par1 of the Ob' sysh •m consid•!rable snow meltinc ia usually only caused by 
lwa t tra ns port from the southw~st. 

Consid('rinJJ the prOC('SR that lead• to •·armtnc-up periods, atte ntion 
~hou ld .dso bt• liven to the stat e or the undcrlytnccround on the potth a long 
wh1c h th•• wa r·m ai r ma•sc s m ove. Jt ha l the lar1est e ffect on warmin1-up 
in stepp e r r cto nR, •·he r P in som e y~rs huge areas are compl~tely eo"·e~d 
'A'ith snow and rre~ of s now in othe r y ears. 

()\'~r the s now s urface the air cools down. ovf'r barf' soil it wnrms 
up . This d1fh· rencc is particularly s trong whe n clear ·• eather prevails. 

W•· note that in rc1ions whe re the snow cove r tow-.rd the bt'ginning of the 
s p rin,:: is a h mys s table, some Influe nce of its thicknes s on lc:f' breakup can 
:-oom •·llmcs b<· noted . Thill is due to trc rac t thn t if the anow r eserves are 
l;. r 'l•' , a l3 rgf• amount of heat Is r equ1rc d ror snow~m•· lt wate r to be (in to 
n ow to thr· dr·aina1(' nf't. In s uch cases the depth of the snow pack on the 
ire as ulso lar~r-r. whtc h de lays the thawlnl of s now. 

lfav•ng r evt.'a led the basic processes causin1 the arriva l or heat to the 
riv•·r tMsm or r••gio n und,.r conside ration, it i s necessary to invcstagate 
furu ... r th<• pus•lbllilt~s and m~thods of an ea rly e~timatlon or the devclop­
m •'llt of 11&cse procCFCBt'S. In this cas". tl is nccrssary t o r eso r·t to lon1· 
r~nS(P w~'otther fo recas\8, from which it i s po•sibl~ to form a n idea on 
thf' latA·~ govt" r nlngthf' d,.velopment of the atmosph~ric processes. 

In tho• c ase It s hould be borne In mind that fo r hydrolollic fo rcca•tlnl it 
is SUffiCitorlt to USC 1hc d<>ve lopment laws ror a de finite type of p roceasea at 
a d,~finat•· tim•~ of the year and in a definite r egion. by usin1 the total o r 
a\'~"r-'~:t•·d c ha r ..tct•·r istics or thes e procea8ca, In particular. fo r example, 
fo r· lu ng - r:•ng~ fo recas ting or the ic (' brcnkup on many rive rs thP uniformity 
or fl••' •• tmr,sph ,. d c proc••ssc~ prevailinc durinc the synoptic sprina 
~· ·asnn ~~ sucr,·.ssfu lly used. 

,\n impo r tant sta~.-· in workinl out a lone~ ranee forecastin« t t•c:hnlquf' ia 
to fi nd quant1tath•r. ObJ''Chvc charac t<'ris tic s of atmospheric proccast•s. 
i\lth•'\oqh th~ analysis of thc•e proc .. sora a nd of th~ laws ~rovernlnc the ir 
d• v• ·loprw~nt mcually b•·trins qu:tlttativf"ly. it i8 not appUeable to a liven 
htr •·f'rt1it lnf! n11•thod. 

1\ qualitatjyt' t'Rtimation or prOCC'S8CS inevitably i ntroduc eS intO the 
t('chnif(u.-· an •·lt·m,.nt of s ubJt'Cth•cnr ss. eve n if its result is exprese~d by 
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r• num~r ffor ••x.-mplt·. u • .-• numtwr o f do.ys -A'i t h proc•·s s f'S of ·• lith•f'•n t.YJl•' . 
•·tC'"' . ). Expcri ••nc• .. shn..,111 thut wh•·n usanl( forr-•castarl~ m•-·thod~ " hich ct•nt.tn 
quaUt.Jtl\:t" t>s tim•t••s of the a tmo!lp!w r•c processes, the o.ccuracy o f fo rt' ­
casts fo r .,. numbt> r o f year s is . .. s a rulf', a ppr ... c iably lowe r than 1ht> 
confidence limtt of th ~"· m ethod, f" dlcula t (l'd fro m dc.ta of c heck fn r ("cns1s fo r 

r•as.~~:.·~~;~. uf th" ~uant r tath•t> ch ... ractt· r•~hr of th•~ -.uno:o:plwru~ Jl rttf'• · o.; ~,.,.. 
d.-.. p cnds on the pccu harititos o f the process('& whtch it 8hould r••rt••c t . l11us, 

1r the· di r ectio n o f ;ur- n,ass tr¥nKport plays thf' main rol£" fo r lht_• d,.,.,~ l.r'P­
m <'nt or wttrmanc-up p.:riods, Ci rculo~tion indiCJ' S, r\.•fl• •ctin~~J th~ d trt'CtiOn 
o f the )('-.ding c urrPnt in th t' tropo!lpht-r ". c.tn b,.-. usrd ln a numb~r o f 
ChS• '!4 u 1t• pt·c ulHtriti•·s o f thf• proct.'SA~"'S t~re r f'f lt'ch).d by a comhtnatl on tJ f 

Ouc tua.tiOnR o ( the m rteoro\OI1Ca l e JPm c ntS c:haract t> l'fSt iC of t h\"m. 
\Vh<" n tht• conditiOns ..,·h ich p red•.: ·r mint* lht_• 1n1 muty o f h eat arn\'al to 

a 'f t \'\' ll r i \'t_' l' Das1n or rt' I 10n art." c xprt_•SS('d by obJ••c th•t! quanu tall\ ' •' 
cth1 ract~nst lcs, we c an r~prt•tu•nt, alS'l qunnti t ati\••' ly. tht' d.-•pc nd• nc•· o f 
thr· d.1to:os o f 1c r· br~~kup on r h •P rs o n the s e condations a nd m o thr r ta c to•·• 
hcc - cov~"r t hic kness, the sno•.t. r cse rv t'A, ttv• N.ater·St•g•~ o r dutcha •·~:· · 
ch.,r.lctc nshc!l'. :. nd o t hers). 

The m PthocJs used ... t the pres('nt t ime c an b,. dividf'd into t ••·~ h--•~IC 
grc-ups, dep••nd.n~ o n th {' l• ·A'S gcn·e rn1ng the du\·e lopm c nt o( l h "' atmospht> riC 

p roc··ssr·s uS•"d tn t he fo r ("castinc . Sum t·' o f tht•m a r c b:~,.d on t~t". 
umfnr-rnlt\' o f th<' atmos phe riC' prOCC8~f'S d u nn&: th(' :o;)nC"I p fiC" )'O pr In~ • 

s<·a !"On t~· l ): '.Jt h(•rs to1kf' 1n to account t he d r .. \·f'lopm cnt a nd t r.lnRfo rm .. t Jnn o f 
th<· dtrno~plwnc proct·sses fr om on• .. SC{I.SOn to anoth•.-r (' 2). 

§ 1. Fo r t-c.ls t inc basf'd on t he umfo r m 1ty o f the atmosph~rtc 
pr·oc• •!"f't•~ du r ing the s prlnl ~ynoptlc St>nson 

It'·· lJreukup on m ost rh•(•rs of Si b<"ria and o f th•• north•· rn h._.U u f th•• t .TS 
ncru l'!' u sua lly 1n th •--. second h-.lf of 1\pril and in May. l11• ir br~>d kup •t~• t · ·~ 
tla r ••( fJ r"l ' d··p•·Hd on the rr ... ·qu .--. uc~· •• nd iult•nstty n f the wo.rm · n~· UP P•' l'l '..ltiS 
dudn~ thi!-i p~"'dod and that direc t ly preced i nq it, 1. t•. , du •·• na th•~ sp1·ina 

syno ptic St' :'\3on. 1 
The :;prlftl:,! :'yno pt te s t""a:-Jon bf'g tns on th.-. :wr•r;lg(• on 13 P.brch nmJ <'nc. \C 

on 5 1\lay T he eaf'lh ·st bL•ginning or s pring ... a~ flbst~ t,·cd on 19 F··bna._.ry. 

thf' l~tt ,•st un 31 :\1Ar'C'It . 
n •.. na ture o f the syno ptiC' proC'~:o;Sf'S. dC'vt·loptn~ With the on~t"t of Hw 

s p ring s c.:Hu·m, i.e .• u~ua1!y rrom the m1ddk ''r. :'\1a r c h t c:- th~ .. h• · I:,!HU~anc o f 
\pril m.lk t--~ tt pn~siblc to dt·~crtbt• thf' p r('\'~ilhn~ :4yno r11r p rt•C'f'1-:-.f'!'o 
~n th<: J~t t ~"' r pa rt o f th t> 8e.1son, 1 l' . • m Apnl and a t thr IW~:tnmn (l o f \1ay, 
whtc h d i r ect ly d'-.•t t'rminc ttH' tlm<· Of iCt.' brrakup 00 rt\f f' rJt. Till~ IS 

post'ibk h '-•,·rausc o f tluo asMumption tha t umfiJr·m atntC\:-'Ph!' I'IC proc •·stuo" 
pr('· .. it during o n•· ~ynnpt tC' s•· =-~on . 

If i n 1\1-Arch a nd at tht' h••ctnntn&: of Ap nl l'f.,YO,-lpl ar prt,c•·~s·· ~ -. hwh. 
giv•• r ise tt·1 trun!->pnrt n f .., ..• r n' ~ur m.,,..s,..fli tn l h•• £ 1\' t.· n r.-.stHHI fH ' ' "'•O • 

i<-•• br•·akup 0 11 th(' rh· ~~ r fl 1S t·arly , H . ('" th t• oth•~ •· h •• ntl, at tlu!" 
t ime p rocl·sses which an- CC'"'nnt~rt f'd w1th t ht· l" .. n(' tr:tll•1n . u f f'ul d 
air mass~s prt"vail, tht• br<'3kup is d.-•tayNI to loHt~ r fi.th '~ tn :\1:•)' . 
Sine(' a quatitati\·<' visual c.ktc r minat10n o f th•• d.u~ o f the b••l,!tllmnll ,,f tl,,. 
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-..prlllC ~,Yilf'IJ'' IC" St.>:1~on f r nm ~ynopl lr m :tpS ln(' Vttabl,V Jc acls tO Jn:lccurn te 
l' (lne'lu~ aons. tt IS .. Hh•is~hl(" to l'St im.ut" th~ syn o p t i C" J')rOf'f'"iSf '" fo r thf' 
"·hoi·· month n f 1\l:.u·ch. Ttus tS pos::qht.-. !ilnce, usmdly, th~ locatwn o f the 
pnnC' tp ... .t l'id~·'S .. t"''d t rnu~ths nn tlw m··a rl fl ~oo m • .tps (o ,· r,.1arch anti fo r th e· 
~pnt!~ qna 1;om <"Oi flf'UI,•f:: and. C•'OS• 'q twnlly , t h" pt'•'\',lilin g dirPct ion of 
tr·~"•" f'""' l'l nf th,• a ir ma~s· ·"' a lsn c ntnctd t·s . Tht.• fo r·m in \\"hirh tht s 
r'f• t:u l.tn~y can b •• u~•"d 111 wo•·kin.:: ou t a ror·~cL•sti n~ t~'chniqut• d('p Ntds on 
th• p tt'udar& t l f"S and cond i flons n f th•· d•' \H•Iopm• ·nt of thf' a tmosph('tic 
p roc,.~st•s wi th wh ic h t hf' a rrivnl C\f hc.-t to the g &Vl"ll rtvf' r basin l!' 
rnmlt'C" I•• tl. 

Thus , fo r ••x .•mpl(', t il t' p nnc ipal cond itaon fnr ic •· hrt·a k u p on rin·r~ o f 
'Vf•st ~1 tw r·in ;1r r- n~" rlot.l~ o f ln1 ronsl \'' ' warm m c-up , · ·~ tPndi n~ hnt;, 
1)\'" r th·· mountainous r"giun~ o f t\ltat, wlll' r " the· hhth- wd tt' r form~ • .and 
C!\'l' r thf' lo A·t:and po.i ,., o f the ba$\ln Ex~•m t nat ion or a • ~r·otogira l dolla o n 
uu,..n~ l \' '"' w •• rmlnt;: - u p llt.'O:tr the qround ~1nd ~H a n a lt, tudt• o f 1 km, $hU',\' f d that 
"'"ch p•· t·lods o r wo.~rminc- up a r(· c.-u s.-•d by h••a t u ·a nspo rt f ro m t h~..· ~outh­
'A•'St. ak in~t p h u: ,.. wlwn cycl on<'!lt nlO\'~ to Wf'~t Sibt• ri~a from thf' B!~rk ~ttul 
( ',1-:p tan '-<"as or f r o m t' f'ntr.t l :\ !-{in (J> rOCC:Hh'$'0 o r l h(' $'00Ulhwf•s tr• r·n t_vpc ). 

- I <=:::::> 2 
I'IC. I'R£ tJ J. <.:hAft of Allllu\phcuc pux.r u r ' ,., tl"' \tluthwcltrrn 
I)'~ . CAUtlnJ; h t. Af lfAfllj)Un Ill W('U .)1bt'not . 

J - C')C i t:lnt' 1/ .lft"C':I OJtt't; :!- .JIUIC)'eiOM: ll.l fl"CIO•lt~J. 

·n, .. fu ~·matton o r <1 d r<'p h i gh-alti tud ,.. baro m• ·tl'ic trou gh 0 \'C' r the ETS 
.tnd n ( a hl~h - pr·<·s~u rc r adgr 0\lf' r Sitwt·ia is c ha r ach: r·istic o r prOCf'SS CS o r 
, ,,,. south wro~u· rn ty p f• (F' at~ur• · (,!l ). 

In lfnq L<l ~ f'· h• .. t is old\'t 'C II'rl :d o n£: tht> t·a ~t·· rn peri pht~ ry n f lht! tt·o u,::h 
·•nd cold a 11· m ·•S$\•··!'f p•·rwt r . .t ,.. .d o ns:! tht· wt ·~ tf' r·n p {' riph f' r y of t he t rou gh to 
th·· rv ll' t.h '.\' •'!lt l f• rn a nd th r• r·t •nt ra l rt•cto ns n f th t• J-;T~. Con~~>qtwntly , by 
cou~P·1 1' 1 1\(! lhr• a1 r· t'•mp,··r :t tu n -· flurt\t a t inn tn W• •s t Ci i hf' r i .. and i n th (' m chcatNI 
r• ' J!t"ll '- r•f ttw ETS , 1t 1~ pos s ihl•· , ,., ohJ• c ti \'cly d ' ·h'rm in (• tta<' d:...vs w ith 
prm ·• ""~•·S nr th •· S~"Hilhw•·~F· rn 1,\' P' ' , wi thou t a vfsua l e s ti m a tio n by 
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synoptica t maps . T hf' follo·•·uHt m f'1hud t'li USt d fo r th1s· l u r· ~..·.1 eli d..~y o f 
M arch Hw a \'•··ra Rl o f thf" w e an dturnr.l a t r tt·m pt•r&tUI'••s ,,, thr1

' ' 

m --· t{'O I'OIOg ical f;tatiOI\S '" \V••:-;t Stht' l'id ( 1\.l l'lt.tld, ' J ,, IU·• oHit.l !'-Ul l;\l l. ... s 
wPII as th•• a \·e rat:"-' valw· f r o m t 1A"O m <"tt' f"' &"'Ol<'t:t , , ~ t.ot&nn"' nn t 11 I 1''-J 
( :\h•sco"' ttnd l .,..mn~ro.&d ) is calculo.&t••d. n~~yc: .\'h1 n th • 1'1~,. 111 rl ··· 111• •111 ._. , r 
t•·mpC" ratu n"" 1n W rst ~I O• · ria t\·• ~ ..os soc aa • d \\'1th ·• l ll·np 111 th• II H .1n · ' II ' 

t1•mpc.•raturc 111 Utt• north west ._.,HI ccntr- r o f th • E T !-t ·•r·· tun~~ ~~; •• ·' I ·•' d··~ ~ 
wttJI south wNHe rn typ<· proct·~st·~. 

" ' "-' ' ' ' \'l' r , the c.ldyS o f ICt' Urt·o..~kup WI rt \'• · t !-. ,tr• ..ofl •·c t· ·U ""' • ''" !I' ltu 
fr<'quc ncy, but a l~o by t h~..· 1nt• ""tty o f Uw P''"''' s..:• :- \\Ill• h r •• u ... 1 •• ·•\ 
tr .. n~pOI't. ThiS Coil\ b P \dkt•n auto oh'Ct)Uill ' 'Y lh·· \Pt~d ch.t t.H.: 1• ' 1 a-ll(" " ' n,. 
warrn1n~- u p 111 d ,J VS 'A' I lh atnlo~ph< nc prt>c·• t''' ·~of th·· ~··uth'A· !-.t• r·u I~Jl· 
dunn~ 1\1:- r ch (by th t.• sum o f t • mp•· •·o.~tun• rt!'lt''iJ I I.• sum u{ tlw ,,,amHlJ: · 

u p tf>mp··· r :uu r t'S IS calf'ulav·d a s fc.ol1(1\\' :,, f·cl r • •• c-h d··~, l"lll (! .•·d t· 1! , , ... 

d••s c rab t•d ~• bo\'t' . th(' ' ' " c ... ·ss O\'"' r - t 5!" o f th•· .11 r t• P l p• a •• tu' ·. •1\ • t' ••t!• f! 
O \ ' t' l' hr t.' t' W··~t·"'dwrl~•n m(' t• •oro~OSIC .J l s a,&uom ... t~O s: 9 + t 7il , ... • ,,, u .. ot• d. 
and the n the \'o.~hh'S o f i.\9 art· s ummr•d 0\'t r o.J!l ..;t.t.-t. d.')"' 1:1 \ lo.~•·d· (I~Otu) . 

• D ........ . 
,...,, I ' I . 
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I I \ 
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l•llk .an vo~luf {rom thr nk'lf'Ot 'h•o·u .. 1 U 't•"" ._. u ~ '..1 1 '' ,,..; 

-:-mo. •~ v.al.tt' ftc n1 dt(' ntc.·lt •'"''· o~C' .&I , .,.. •n• fl • ~tuo:. I u. 1 • "'' 

J .(•t u o;;: follo" t h r t• c hm t.fU(' of <'.olcul.•tutl! th·· ~um !:~\Rur u l tt m pt ,·. tf an • 
ris · ·~ 1n th<' c-x.on p l<' fo r :\l .&r r" h 1!'46 l lu c• ·•Ph·' t• f ;)1. m• .• n dnuu.•l .o~1 

tt•ntp••r.t tU I't.' ~ dul'inc: t)u ~ n\C"nt h 111 W••:--t ' .1>1 1'1 ·• (:t .• · ' '' ,,,)uo • { th• 
mt•tt•o r·o lo~ac~•l st.l h On-.. B.•r n.w l. T.oll!.·• •• 11d 'n r [!tl l t ••• f ,.. , til• I t o..: (nt• · • t1 

\'aiUt'S fOI' 1\h·~k\':t ol tHI L•·m ngr·adl ;ln' (!I \' ' 11 I ' ) l ts:t•::· 7 fl , l, .. r, n •• A ... ft 11 

thiS fi i:UI'<', th•" ,J. i l' t o • :np· · t·~ ttll' f ' 0\•' 1' \\' • .:. 1 c . t .. l'l. l ,,,, ..: h· t ~~ · - 1';' u•t" ! 1 
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l tj :\h. r r h . Cnns··quPnt! y , the- rirst half o f Marc h drop~~: out o f our consad~ra· 
non~ . Illi• fu·b t w ... rrna n~·up ov e r \Ves t Sibc r&a watha sim ult6neous cooling 
o n th• · 1: '1'':. w._.s o bsc•rve-d o n 17 ~larch . In this case t ile m can·diurnul air 
t• m pt• r•atur·p hlr thf' st..1tions Odrnaul, Taig..t and urgut was 1 --12. 7• . 
Ct.m~· 'tt ll" rH ly. th !> Pxct·~s o f the air t e mpe rature ove r -15• was 
.\8 - 0 + 15"- ' 2.3' . 

( »·1 1 H i\1,, r·ch ""' ' rrnuu~-up iu W t._•St Sih<-c·aa t.nd cooling o n the ETS 
C'nnt & nur~. ' llw m••an tl'mp t•rature o f thr WeRt S1bcr ian stations o n thi s day 
\•a c; - 9 .2• , a ud .l0• 5.A• . On I ll l\'larc h ~·arming.upbegan on the ETS, and 
till "! d~•Y , c:; not lakt·n uno a c cnunt i n the calculation. 11u: warmtnc·up in 
\V • .;, t ~tht. r·h• a nd thf' t ~-"mpertt.tu re dr-op in the ETS was r e n e we d on 21 March 
:. ud c ontinuC'd o n 22 ~larch. The t rom p•·ratun· o n these day8 was r eHpectivcly 
-7. dnd -5.5", ana the \'aluf" o f ~0 was 7. 1 and 9 .S•. On 23 and 24 March 
1h•' ~•r h.•mp ratur··· '" \V t:'s t Sibf·ria was - 4.2" . but on 23 March it rose o n 
1t11 t-:T~. ~•nU th£' 1'<"fOI'e o nly 24 ~l ~• rch is i ncluded in the ca lculation (48• 
.. 11"1 fPl •Ah t·n tht> t• mp•'l r dtun· un t hP ETS bc~an to drop . \Vf' should be more 
p r j r 1St' by SP•'f' i fyinlit th..tt days w tl"n the air t e mpe rature in West S1bcria 
as :na mtaa m:d St.Jblr aftf>r l'isin't (to within 0.5• ) arc include d i n the 
,.~, Jru l.l tann. n ... c~ lcut .. tion thc r e fon• in\'o lvf' d no t only 27 Marc h. when in 
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J1J liD fD ID IDD 11fJ~I 

fiGitJI.£ 11. Ot'v•• t•on• from th~ r.t.tcd v.aluc of the 
1 unr o l ICl' b·e.tkup 1 un the nuddlc: courK' of Ob' 

U .I f unt: llon o f lht Sllut Of lhC' t CUl pt'I.II Ure IIK'I 

( of .l llllll~·up pfiiDds) In Much !61. 

.\· · ·~ t t.i&f>!' r ta a s harp tt:·tnpt•rature rtse (up to - 5.9•) be qan, but also 29, 30 
<.~ud 3 1 :\l••rc h, wh('n the a ir te mpe rature was mai01ainc d from - 2 t o -2. 5• . 
T h r \' i.du · or A8 in thes e d :Jys WO!S r e s pectively 9 . 1, 13. 0 , 13.2, 13. 5• . The 
tut.d sum o f t~"mpt· r·:uu r·-- rises duri nq: !\larch 19 46 was l:A8- 8ol. 7•, 

1 t. r· thus -,·alcu latcd charactcnst i c s o f the s um o f te mperature r ises are 
f.nrly f'lo .s• ·ly r "la t1•d to th•• datt·s o f the iCl.' breakup on the basins o f the Ob' . 
I r·ty~h :_•nd :\h tldl,. YcniS('J 1 w•~ rs . As an e xample Wt' give in Figur e 71 th~ 

t 'l' I ' M.'I 1ft t hn ICCf l •ln thf' nlf'&n .lll lt'mp~l iiUlt" f01 the' mclt'Oroloi-!C~I •urlont of MCIIC.lW And Len1ngr.ad 
1\,. ~ ll l! thf' ... Ulr"- I .. IUff't>ft lbC' f' f$ . 
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r (>lat1onshi p bc lwf:\ c n th ~'> df"VI.,ttnns f r om tne r a ··d v a luf• o f h•• d.11•~;.of 
tee breakup on r i\' C' I'S of the Ob' Bas&n f rom ~0\'01' 1bt rsk. to . ar ~t:u t ( ) and 
the sum ~l8 of th t" tump~raturr r is e s ' " !\larch . 0 Ps p tt f> ~om•• large 

e rro r s, the r'('\ationship has a satisfac tory accurac y (+• 0.67 ). 

1~--.. --,-----~·-----r-----r-----r-----y----~ 

FIG l 'lU" 1: . Oc<v&~hom It Itt..' 1 .a:~d v.llv«' o f IM ·•rn.. "' .ct b••"""r ~"" ·•u- t f'f 
lh«' b.a•1n ot thr l'r poer Ob' .. , o1 fum.·u,'fl <'f th~t mm rAt of t hl t 1. n·i" ' oi l J'~t " ' C"J 

1n M.-rch u\.o•nt= 1nll' :.cc Mmt the' dtr'h of rh.- me- ("('lwr r .on.J th\' ;o-.. iH.I «' .lt"' nt-'1) 

1n Much '" Sonh Ku..akhsun .tnd '" Altoil 

1 - rnf'.l n depth ('Of tilt'"'' '"' Cl•Vt' to\ o" "\ul :1'1 n ., •"" • t r '"'' \ .l l 0 II • r " 
dtrnh ,1f ttk- '"'' ""' c (\'\tt 1 • tr n 1 )f).,,.. ' '1"11 ,.,, '"'' J u L" : 111 - n t. .an .! 11'1 •f 
the u.a-.. COV«'I clotc 11) rh< r.t.t('d voi hK' Cl :u ;h.: nu n 1' : 1\'-nr~.u ,v.- i""'" 'C' 

.aru,nul) oo &lh tt:C' .ll cuur nt dt•« h'J fl.)rll l"lt: .,o" h 

\Vh('n using Uus m e t hod for fo r. •cn stw~: t c P brt"a kup un rh·~>r ,.. •'f s nut!' ' ' f'fl 
wc ~t Stbr r ia 1t is tak<'n u u o acc o unt that int t•n$ &ty o f Aarmm~-up tn \h ts 
r f' ~01~ unde r th(' samf' ~tmoc;pht.,. nc p roc•' ss ros cC>:ts td ••r.lbly l'iS•' S r f tl~t•rt• 
is ~~o snov.• o r if the dt•pth o f the ~now t o \·P r as ~m .. dl un t h<' path o_f ti t• w •• rm 
air masses 111 the s teppes o f ~o 1·th ~a zakhst:..n and t.trt th • f0<'1h t1•ts o f ,\ lto~t 
The r t.."ason lo r this influe nc e of thr s nnw-cn\' f'r" t.l •·pth IS tha t O\'• r a 
c ontinuous ~now !'udac-t." t h (' a i r c no ls do wn, and rw••r a sno~A· - fr· · (' ~r•1 l 
su r face it wa t·nts up. If th•• d•·p~h of tht.• s nn-...· C'O\·•· r 1:0: snta ll. t tl •w• d 

:•tc h\!S fo n n r·ap uJ!y, th ,. rn('}!lng o f th •• s :tet A' ~~ a c c •·l ·· rat••d, .Jnd \\ ,• rl.ll l ll '! -
p 1 If t ~,· · · r 1" th u k , ,, , , c;·o•nii iiC' up b,·r ins to pr"'\·:u l O\' •' r c nQ 1111:. t t t" s nn'-' C•· . 

1 c u nhnu• •s ,, IOnlt ttnlf:" . It 1:0:. c-i ··~• r that th l.;:; lid :• r' t ' ll f' P 1 ~ p .trt tf' 11Lor .y 
strongh· mamff'st• ·d 'A•Iw n dt•o.a r anttc~·rtonac '-' ' ~·l h • r pn' \' Aih ("" h ' ''' Ill' 
direct i ~n Of thP ollr (:UI"I'Ctlt iS ft·orn th t• SOUth\ . 

F gur<' 72 gl\'.:"5 thr rl' l;ltion~ht p bt·tw•·<'n th " \J,•\•t..itlnns h ·otn thr• r .. t r d 

valu:•s o f tht" d.u~..·s of tCt" brr·.l~'JP o n rl\··· r~ o f tlh' b.J~tll ('f th • l ' pp ·•r ''!'' 
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and th ... sum o f r mpt"' ratur(' r i s<"s 1n March, the di.'pth o f the snow cover, 
a nd th•~ atmos ph.-.r ic·pres s urP cho.racte r itnicR in North K•u:akhs tan and in 
,\It .. i durinc tht.-• m o nth o f March. The data on the sno• depth o n 10 March 
(bt•fo r P tht- bf>ginnint of thawinc ) arf' avcrill•'d from five atationa in the 
Jrtys h R•v" r hasin (Pavlodar , Se mayarsk, S••mtpalatinsk, Sh~monaikha ;and 
Cltar:-ok.•yal. and from thrt..•e sto.~hons an thr Ob' biutin (B.."trnaul, Biisk .-nd 
t\l••p .. k : ty :•) a nd thdr nv•"raj!t ' •t.•,•i:•tinnJ' frf'lm lh,.. r .•t r d value a~ fuunti, 

;\ otll t yefotu• · • ·•··•ll••· r rruadtliUtaM p r t•\':tll i f :1 poMltiw•· p n ·,.sur•· aaH•m;. ly 
iu B.• rn.•ul l' Xi~t 14 : ttw ch rf'"'Ct tnn of Uu• air c u r r f·n f i~ t'"VatuatPd fro m th,.. 
:O: H!H n f lla·· •fif(•·r• ·IH"•' 111 tl w •••·· ·~""'''' .ut•m•a1i••s i n rq~ionR to thfO ~nuthw•·~t 
(h. o•7 .d i u~k}.-nd ttfl r·th•·i•Ht (\'rnisrtl'lk)nfth~ rrl:!if"'n under r onl'lidrr;atlnn . tr 
tl ... d•'f· · t •' rH"'• ' i n th•· 1•r••tt :..ur" :•numu lit':-4 twtw~"' '" Kazalimck :,.n•t V•·nls••ls k tM 

n· g..a t h· •·. '4(' h.l\'f' cunt.fthOn8 fnr h t-at tt·anMport rrom the souUt and if 
po~ttiv •· ('rtrM'titions, ro rinflow o f cold from the north and northwest p r t'!vail, 

Ta~ing a ll thes e fac to r s into "ccount, the accuracy of the dependence 

is a:: iv,-.n hy f - 0.56. 

Tlw m f' thc•d o f fo rr•<"astin« i c (' breakup ror the Kama and Tobol riv.,.r 
b~t"l"l 'l tJ )SO makes U8~" O ( tfl~ unifo rmity O( the a tmosphe ric proct"'~tSeS in 
th·· s p dng 5CdSOn, nll' dC'VPIOpmcnt or ••-.o•phertc proces&e!l' causi ll l! Ic e 
Un•o..~ kup o n rh'c r s, llc at transport from the west lllnd southwe st, is a l::tt"' 
(.•s t i m :.tcd the r e from the c haracte ri 8tic8 o r total•·arming.upperiodJI a t t hf' 
C'nd o f F··bnaary and 1:1 March. ·n tf' i nc lus iun. 10 the calculation, o f data fur 
1f •· la~t t f'r't·day period o f F ('h r uar:, IS du~ to the r arlk r bcginnin~t or s pr10g 
p rnc••s o;; • ~ n n lit (' ET~. Warmine·up Pf'ri(•ds ,l r C <'s t imat f'd f rom the 
fluctu~•tinn~ 111 tllt' Oh"~trl daily :tir h.•mp~r.Uur·eM from data Of thrt ... L" 
m ' ·t •·o r"f'l lnJ:it: al s tatio n & (Pe rm'. Cht~Tdyn• a nd U fa) . 11tc fH"Culiarity o f t he 
• :H:m :.tw n " f fl w w~•rmang . up p•··rux ls lea this m L•thod c o nsists an that Wt' 

ta k• · mt u acc· '11.ml not na c h o f the w.trnung . but the wa rming- up pe r iod a s a 
14"ho1 ~.·. frnm tht• t K'gutnin~t to the e nd of th•· a i r t emprra ture r is('. 'ntt' 

ba :o;u " '·a r mtng · up rlMr.•ct' ... l' tstic 18 the highe s t t c mpc rdtUrt" excess n \·e r 
-1 0:) (8.+ o· ) d u r tng lhf' wa rmiOI·Up pf' r iod. Othe r indiCf' S, mainly tlw 
Uu t·a t JOn.-.nd tntcns• ty o f th~ "''..armi nii(·Up. an• tdkC'n 1nto accoun t by ..t (doc to r 
, , •.t;•lu e h fo r a \A•d r1n1ng- up Of ShOrt dura tion but O ( high 111\ t ' IISily f8 eqmt l tO 
0, (Q r o.i \' •·ry large cJur.•tio n as 2. and '"most c~scs is C"qu~l to 1. ·n.us, 
th'' r ha r .•ch•r i s t ics nf •·ac h wa rmtnii(·UP is AI- '(8 .. + t tr). n u•se qua n ti li es 
:•r·· :-.u rnm••d 0 \ ' • ' r t h•· 14•ho 1L' p• ... rind fru n1 20 F c hr·ua ry to 3 1 1\l ~• rch . l lte 
tq t;•l c h :ar:actrri s t iC!-0 lAO nht~un•·d ar •• c onncctf"d by fa1rly r elia bl..-• 
I ·· l .• t iOIISh ips \~tith the d .,tl'S or IC C br cukup on tile· Ka m3 and Tobol r ivtar• 
h.•s ul . 1\n ••xample o f such a r f"lations hip fo r tlw Bclaya r iver ba11in is 
g•v"' u 11 1 Fagur(· 73. 

To me;· rt.'~•SL' thf' fo r• ·\~..a rruug pl·riod it i& po1tHible to restrict thf" pt•riod 
,,f c a lcu l••t•nn nf IA8, fo r ('X~mph•, to th(' d ... y o f 20 Marrh. Tiw a ccu r .. c y 
o f rh,.. r• ... lata on.ship s i n thi s c a s t" o f cout'S(' d t..·c r casPs. but fo r southt•rn 
r&\''' r !-' o f th t> ~:.. rna a nd Tobo1 ha~u1s, wht.• r c .. n ("arlic r issuinc o f forecasts 
•s nr·c•·s s "ry , 1t r em a i ns sata!'C f..icto ry. 

Th..,. m ..,.thods d c sc rib~'d as •· x-Ampl('~ <"'f for<"castinc ict.~ breakup o n 
rh· · r !IC , hoJ~..-·d on cshm::tt ion o r the ch.u ·actc r of the 'A•arming·up period11 at 
t fl•· b··ginm nct o f t lw sp rang l'lyno ptical s(_•ason, ha\' • bern succt-ssfully Ufu.•d 
m r ou lln,.. pr.Ac t ac•· fu r U\' t•r 10 years. E xpe rwnct• shows s u{(icit..•nt 
r • h o.t b1hty t~f the princ1ph •s o r th <·sc m,·thods and th e pottsib11ity of apply i ng 

IIIII 

th e m to fo rcc.ast or ace breakup o n othf! r ra\'4'1"8, whPn thi s ph~"nOm('n"'n 
occuR in the second h alf of the- sprtnc synopttc fliit! a§on. 

fll.~1.o;:£ P. t."Jot\ U it!'nf f· ~ ... '" u •,J \ ' ' " ' l 
of iCt" ~C .. ItU:C' Qn !IWt' Of •tw P,,!_, , ,., ,, •• .&f tt 'II'Q 

ef &b.• f ilm lAI of lftc' IC'ITIXI" f '- ' l t lft .. ,,. I• I 'ol?' 

d..l) rc- ·!Od d Ft b t'-• ') . n..s a ". • (':'! 

HOWf"\•~"r thas method o r ~qtim .. l t i ll£: t h•· d •' \ . '"'Pm··ut r.( "'P r 1 "'(' IH 
is not the o~ly ont'. I n n•~1ons wh~' l't"' t h ·· ·••'rl\•;,! f'lf \.\ .tt':n f'l r ,.. '1d ~·. •· •. :f' .... • 
dt"pend~ maanly o n th~ dt rrc- t trmof lh(' t t· tr..in..:pr '' ' · ' h•~tt·~· · mqu· . o! ' r .t ~ •:..:: 
\CE" bt·cakup o n rh·c r s C"::tn bf- haF~d on lit•• ru'l r.h· tPn~ttc• :o= ,,t t • <' i'r< '·• ~ 

f Ahli u \'"i""' M tb Jot ~""rh'-"C" o'o't !..-H~ ,no,:, . I o~ 'lo! •' • ' t·• 
~1urm.u~1o J m nr ".'..rc'l (A') (Ito r• td \ • • ' I • .... ' 

I 
r~ttu•(' 

Co:<u!•'•••l .. ft("(fuh rn \r" ooM Yt' .. r r. • h:J. ' I ln..C '-1 lo' \11'11 .. ft0111 .... 
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I !HI +2 -2 19110 ' 21 
1949 +S +I 

I 
' .......... , '" ... . , . . 

u •• 

- S 
0 

.; 9 
~ 

-I 
+I 
H 
+S 
I~ 

- I 
t tl 

dt r •·c u o n of :u r mas!'C"f' tc·dn~JX'rt a t th<- b· ·~tnllutt: " ( th • ' P ' o·a: •' ~p· t, 
s 1 ·~·~on. T ••, .. Lruq~!• ' , .f fu r • t ' ;l !"l " H I C! 11.. r h r 1 •• }.. 1p nn rl\ · r~ f ' • ' · " • 
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o f the E rs SPrY( 'S as arl .~xamplo· . lc •· on thf"S{! r iver s s ta rts to b k 
~~ tit•· • nd o l .\pr1l " "d conh nu<"s to tile nHd<ll•· o f Mav · con~•·qu~n:~; ~~~ 
t.f ... t c s dr•· det crmmt·d by the pr<'vaihnc dtn.•c u on o f t~~nsport of a ir ~asses 
f unn~ the Spnn~e S('ason. An tdl.'a o ( lhl" d1 n :c t ion o f tr~nsport cun be 
,.:rmcd; an ~ccord .. ncc w1th the ahovt"s aad. fr-om the di r ection o f the l~adang 

rr•·n nn t w m··~n ll.~oo asobaric s urfdC"C c ontour m~•ps fo r f\hrch A !II in 
~ ~l:mb•· r· o f oUtf"'r· mt:ththJS. Uw m e ridiuuahty Hldt.•x I calcul~tf·d ~8 th~ 

1 t.·r cnc•· b\.'t~een th~ m ean values o f the ceopote ntial.ove r wcs;ern and 
ca:te rn s phr n cal r rctangleA, whose boundary pasSf"S along the m eridia n 
42 E. ton't . . IS taken as the c harac te ristic or this directio n A d i 
of tht' calculation o f I lA civcn ul Chapte r I Pa rt C S 1 Th esc rLpt on 
Circu lation tndex I fo r Marc h (Table 34 ) ifl 'the baAi~ c le;,r nt ~nv~~e o f th~ 
exp1~P~SIOr; used to fo r ecast icc b r e akup on rive rs or the northeast or the ETS 

t c c r c ulati On lnd••x for a giv('n month is positive and r e lativel ta r . 
w terms o f i ts absolut~' ma~nltudc. thl8 indicat<'JII that a well ·pronou~cd ge 
r1dl(f' as satuatf'd ov..- r thf' we ste rn r ect anf1IC a trou.m ov th . 
rf"c tangiP ~ d ld . • ~.. e r . c eas t e rn 
from th•· ~oar~h:~ t at r ";assce a rrive on the live n ETS northeaste rn r egion 

' s . nort t o r northeast. which leads to tate ice brea k 0 
tlt~ .;•vc rs . N<·ga tlvc• valut•s o l thc ci rcu lation i ndex l ndlcat~ the Iran:;,: 
~: "O"'> rtlw~ast o f a 1r masst'~ from the soqJ.hwe&t, which also causes 

r ly I C~" breakup datf'S, ,.- ,gurc i 4a live s tT1e dependence o f th~ ice 

~~:~~~~c~~tes for the Pechora Rtver o n ' the atmospheric circulation index I 

•' 

1M2 

t·· ·c tanR:l~ is ~rddUd lly fill"d u p . Thas proeri!S df'\•rtnps f;~s t•~ r. t liP fiOtrong e r 
the c yclom c activaty an Marc h . \VIII'n ~.tw ~ur c ur r • n t , c; dlrr-c- t•• d f rom th ,. 
o;;outhwe-'jt , cyclonic syst•·rn!'" usu ... lly p ... ss con~ud• · ra bly to tht> 'N"'c;t c.•f th•· 
r•~gion.s und.:r cons•d.-.r .. u on. It occur~. hO• 'f' \ ' f' r , that uv~ paths of n.-•ar· 
thC· stround cyc lones under the" s amr a r-nt ra l darf'c tio n fl f t tw curr~"nt pa411S 
.,-, th~" f'ast. ••nd ct\'f•r (" )oq;o• w··~v· rn r.-.~aons ' " th• r•~ .•r nf tht •,;ro <"yclun .. s 
,..trung ant1cyclonlc p •·n• tr~ttH•n<c •K"t"Ur. In th• "\• r,.~~t• s. t tt• fu r th •· r 
disp ..... cem ent o f the cyclonc- P--'th to thP ··ast and tht' pr.._•~g .. u o n ttf rold ... lr 
masses to the northc.uste rn r t:tgions of th•• ETS as n10s t hk~ly. 

llws~ peculiarita ("S may be t.tkt•n anto ac cou"lt by m··ans o f data on tht> 
prt>ssure anomaly in ~lurmansk. Fort: •• u sual c ha r .. c t••r o f Utt. 
atmosphenc prOC:•"SS<'S, lht> stgn o f th,.. pr~'s~u r• • d !.r,m c. ty at thiS pnan• 
a~r,.e.s w1th the Slln o f &I - the d f•\'lauon o f tht..• tndc-x I from tht..' n•.~rrn. In 
thP s p t:caal ca!II:C~ J escrabcd abo"{'· t ht• pres~tu rP ano m aly 6p 10 :'\harrrH.Ht!Ck 
h:..s an opposttt• :ucn. o r in thE' cas~ of a l1lghly m .. · ndaonat currt'nt ~ ~ l.'qu .. l 
to zero. 1-~or· such caS('S, the di (f('rencP bt"tw•·t'n t lw· 01ct ual da t~ or 1c•· 
breakup o n the Pechora, T. and that t•xpcch •d fro n'l rl'lauonslu p ti " a ), 
T'. j6T- T-T') •• conn~cted wtth the ,.~ lu~ o l 6p l h~ure ;~bl . 

T ~kmg i nto acco unt th•:• correc tions to the t.' Xp E'Ct••d ICC bro•akup d ·•h'S, 
o btd ined by m <'ans o f thiS r ct .. u onshlp , th'"· fnrf'(',,shn~ m • thod ,,cqutn•s 

S.ttisfac to r-y accu racy, t'xpress c o by tht" ratao 7 •0.6 2. In p r·· p .irinR: a 

(o r ('cast one should f1rst c~lcula.t•• the \'~lu~· of ,\ f• •r :\1arc h, tts d t-'\ 'l ..a tlon 
from th<' rated va\uP and th•" prt•ssurt> ano m aly ~p fo r ~\a rch 10 Murmoou,sk. 
Jl AI and 6p ha\•r Ou•• !lamt." s1 gn. tht• l':<p•·cted brt' ..akup dat~ fo r the 
Pf•chora Ht\•l' r u det t-rmtned d i r t>c tly from Ft5:turt> 74a If thr q1cns .art! 
diffe r ent, then first the expect ed tl .... t•" cor rP~tpondlOIJ t r:" th•· .... .. tu .. • o f I 18 
dc-t~rmine-d f rom Fq&:ur c 74.1. and lht'n a corP~ctaon AT. o btain·•d rr,>m 
Figure 74b in accord;,.nc,. A't th th•"' ,·;. h a·· o f 4/J. IS tntroduc, •d. TI1e !o ff­
c ast o f ice brf":Jkup on th.:> f'<"ChOr d 1n 1 9~9 I S an .. x omp h". r o r ttu!' cact• 
1- +t 2dkm. 41- +7 dkm. &p- -1 mb: thr f'"pPCtt·d dc,·•auon o f th•, t 1m•• o f 
tee brl"akup from the ratl"d , ... tut' 18, a. C"cor ding to the r rlatmnshap. shown tu 

F1gu r e i'"'a , T'- + 10 (a. c ., 10 days lat~' r t han th~ r ah•d , ·a hl•"). !)tnc•· 111,.. 
signs o f AI a nd Ap a r •• diff•·r cnt, 'A' t"" 1nt roduct' a eorr•'c11nn a ccord ina 1n 
Ftgucc Hb which is &T - - 9 days. TI1e c•p~ctPd d•Y T-T'+4T-+I0-9 •• I. 
Consf"qu .. ·ntly, tC(' brt"akup on the P t•c hora s hou ld bt• t•xpcct~"'d 1 day late r 
than the rated date. The bre~kup in 19!»9 actually occurred 3 d.Jys \atP r 

than t':<pcct ed . 
In o r de r to {•xamtnf' the d epf'nd("ncc o f th t> dates o f ic 4:' breakup on riv••r s 

on th•· prcv 3ihng d irect on o f o~lr mass t ransport m l\13 r ch ove r a nuntbf•r 
o f ye ars. it is also possible to us'-' m .tps o f tht' m ont11ly m ean pr~ssurt' .,t 
S\'a \Cvf"l. Thr m c thc"td or t•stlm.i.hng the dt r f'c t io n or the isob .. r s on tht"!Cf' 
maps by m,·a~urinq: thct r angl e o r 1n hnauon to the p..-r .. l1cl h<tf: alr ... ady 
bee n d .-•sc rlb<'d in Chaptl' r 1. Part C . S 1. In fur• ·ca~t1nq ICP br('dkup on 
rh•(' r S o f the north - ·--a~t or the ETS. tht• anglr- & IS m•·a~u rrd .. t a p01nt 
vdth th t." coor dinat\'S 6~ :'\: .lat . and 55" E . lo ng. 

TI1c di"'v l"lopm•""nt o t atmn~ph .. ~ n c p roc• •S fl. •'~ 1n Ma r ch d..-t,. m·un~s to a 
la r~(· \'XI t"nt al:;o th·· hmt_• or IC'P bn·~kup (1 0 r wf'rc o f Ea~t ~lb• n a . n , •. 
tnflo w of w~•rm air mass•·~ 10 ltus r f'l!atln ht R:'"~ w1th th•· tf• •r .• y t"f th,.. 
Sibc n ..&n anticyclo n .:- a nd wath tht..• pass:~ cf' f' \'l"' r th,.. L•·na JhH'T IM,;tn u f 
cyc:lonic scr it•s , f rom the- w.~st . Th·· 11m• o f t ht• bo cum HIS: of tltr 'A ··~u·rn 

~~ · 
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tr .. nJ-.po r t .. rr(.-ct s th-.:- 1c,· brN.kup dtUcs on the Le na and c~n scrvf' aa a 
fon.•c as hng a r gumPnt, s ancc thas process begins more Uu1n a month before 
act· br•· •• kup . llow.·c ve r, di r cct dcte-rmano.tion of U1e dates o f the belfnninc 
of tlw WPSt~east tranRport is coancctcd with a ''lsual cstimation of 
~yuopti(' m a ps ancJ, cons(•quently, is not sufficacntly ObJCCti\•(•. 

1\n obJl'Cth·•! cl1aracterastic of the process o f dccil!y of the Siberian anti­
r y clon•· ts giv<>n by the m c radionahty tnd~:x I, calcul~tcd from Uw me an 
1-l!tOO tsol,..ric su rfacc· contour map for March. The western sph ·rical 
r~c tanglc is bounded by 70" and 12S' E.lon1. , the easte rn by J2S' and 
' RO' ~~ . long., the southern by SO' N. lat. and the northern by 70' N. lat. TI>~ 

r c fe r f•nc c points a r e taken u,rou1h 
t intervals of I 0' in lonf1ltudc and in latitude. 

The index I Is calculated by de tc rmininl 
the d•"viations o f the m~an-monthly leo­
potential at each point from the1r rated 
value. avera1in1 these deviations ove r each 
aphe r ic;d r ectangle and aubtractlng the 
m c-.n over U1e e as te m from th~ mean over 
thr wct~tern r cctanctc. If the decay of t he! 
S1Mrian anticyclone be«ina late . in March 
over thtewe stern rectangle a stable hith· 
altitude ridae is maintained. the geo­
pote ntial exceeds the rate d \'aluc and the 
inde x has a positiv(> value . U w•.•s t-east 

.. ~ ... ~!--6-.. --t., tra nsport dcw•lops in March. tht> high-
altitude ridgt> in thr v.•£>stc m zone· decays 

HGI'II£ JS u ... ,,, , .. "'' of 1h~ d .. ~ f!'lf !Cr and the indt:x bf!come~t nc1ative . 
b·NkJ;t on 1M IA-n• .11 Olt'km•mlt, T. This m akf•& it possible to use the values 
f·,~m rhc , .. , ~d Y.lltll! .,., • func:t1or. ot1tte o f ,. fo r forecasting ice breakup on ri\•("r S 
.. ' ""0\flh• .. uc: cueul.11wn tn..l~• '" M.ltch. l of East Siber ia, f'ilure 7S gives as an 

e x;,amplc thf" relationship bt·tw<'<.>n icP 
ln·t•..akup on tlw L•·ru~ dt Olc kmins k and the ind··x I in Maf'C'h. It follows 
fro m tit.-. ~raph th~·~ the d•"'p•·nde ncc is fairly we ll defined ;md only in om• 
c~•~f., in 1960, 1t was f(harply upset. Jn the s pring of l9GO thf' dec ay o f the 
Sll.wdan antic yc tom• begilin \·ery t>arly: on 17 March the f1rst cyc lone s 
Y. t•r f· ohst:- n ·ed to pass fron1 the we st U1ruugh U\e Le na Rin•r basin. 
Th·· ind••x I had. the r e fore. an March a \•cry larec n<·eative value. Howc vl'r, 
1n ,\pril this process was discontinued. 

1\s a n~.iiult. icc breakup on the Lena was delay~d to extre m ely late 
dates . ·n1 e pos sibility of s uch a large forccastinl e rror r educes, of courst", 
tJ a• · l'<' h ~·b • ll ty of the mdhod, but on the whol<" the depe ndence r emai ns 
. .., ... t is fac tn r y, s a nee the confidence limit of the p c rmissibl<' error (6.-0.674 
cr--4 tJ:.ys t i ~ 86~ 

It ~hou ld be no ted that s uch interruptions in the decay of th~ SiLe rian 
<tntif-ycton•· havf> a particul~rly significant c trcct on ice breakup on the uppe r 
C')urs•· ,,, the t.cna, fo r which the m ethod described W41S found to be 
unn•liab!.-.. 

On the whOlf', mf·thods an whic h us•• IS ma de o f the uniformity of thtt 
a tmos ph•· r ic proecsscs of tht.! s prinl( season are r ("lath•t•ly reliab1~. 
llo·A,-"\' •·r, in 1ndivhJual c .• scs fo r ecasts pre pa r e d by m t-iln!l of th('m contain 
l;•rsp • errnrs. Such e r rors, Ill addition to thosr connecu·d wi th the 
•·1(tr•·nw 1nt•·nsity ~uul nonunifo•·nuty of th~ alte rnation o( individual heat a nd 

·~ 

cold waves. are due ~ither to a very late onse t of the s pnng s ynoptica 1 . 
s eaaon. s harply diffe r int in the rvaturr· o f the processes from th(' prcc ,.dang 
s eaaon, or to a partial chanae in the procc S8t'S duranc. the sprtnc sf'aaon. 
which was found to be most important in1 the live-n r r·cao n. 

n w possability of such e rrors is the- main shortcoman1 o£ the who le 
techniqu" deacriMd in this section. 

S 2. Fo r t-casting based on allowance for thf" characte r of 
the rearra.ncem e nt of the atmospheric 
processes from winter to s prlnc 

Many r ivers most i mportant fo r the nationa l economy, s uch a s 1h<" \'olea 
and 1ts r ieht 1r1butarie a, the Don, Dnepe r, a s ·":ell as rivt! rs of th.­
northweste rn basins, have their l C (' broken up not a t th~ end of the s princ 
synoptical 8t!3&on, but a t the bt'Cinnanl - at the end of Ma r ch and in the 
hrs t half of April. Lo n1· range- fo r ecastmg o f icc brc.~akup on thes~ nvf:rll 

c:annot be baaed on the unifo rmity o f the atmosphe ri c prc)C"•·~ses o f 1he 
s " ason, sance to provJd P the necessary fo r e warning P" riod it ~hould be 
p r epare-d at the beganning o r middle o f Marc h, i.E' .• us ua11y b~'> forf" tt&e 

twginning o r at the "~ry b~ginnlnl or the sprinc syncoptic•l s eason. The 
corr•~·spondu\1 forecastinl methods s hould, tneoreforc , tn some ~ay tak,. 1nto 
account th4· Jaws ~overni ng the r earran1ement of th'! ..,tmo !l>phe rtc 
p roce sses from winu.-r to s prlna. . 

Th••se la"A"II can be taken into account r elatively simply fo r r e 110ns and 
r ive r s where the t rans fo rmations of the atmosphe ric proc<"Sf'<'S to.k t~ p lace 
more o r l f'SS sm\)Othly and winte r condit ions pre~erve the ir influ· ·ncc on 
the s p.-ing process~s. In 8uch ca!!!e l , it is sufficient to takP in to ac count, 
a long with the charact(' r of ttw winte r procE'&S~s. the t c ndl"ncy nf n,.,.. 
spnn~t proce sses sharply ditrc ranc from the winter ones . to app<'a r l'a rly. 
The m <' thod of fo t·f'Casting icf! breakup on rivl~rs o f the nor1h"t-stc rn 
r cg1on!\ of tht:!' ETS may sen·c a& an £'x:amplf'. The inflow of warm aa r to 
this: r egion in wintt!r and s pring d t.!pends mainly o n the hu~her o r Jo..,·e r 
intensity of th" weate rn transport of air masses. St ronc develo~ment of 
this transport is usually c onne cted with the intensifu~a_tion and dasplacf'ment 
of the Jc elandian pre ssure m inimum durang Janua r)·-February to ward th f" 
coasts of Europe and a gradual dt'\*Plopmrnt, i n ~1arch-1\pril, uf a ~igh­
prt'"ssurc radg{' or anticyclon~ O\'Cr the southtoastt" m r c 11? ns o f th.~ f~ TS. 
11•c la tte r procl.'SS also causes t he inflow of heat to tht"' awen r f" gao ns. In 
thr- c.lse of w<-akenc d weste rn transport. th PS" processt-s :~.re h ·ss stablt". 
Uowt.•\·e r, in Uus c a s <" too. th~ influence of winte r condihcons ;.!so 
p revails, p.1rticularly i f the iee br eakup on the r i,·crs o f thl·se rt"CIO n s IS 

due mainly to th<" the rmal de s truction of the ic<- a nd to the toc .. t runoff. so 
tha t A tu~·\•t"rt: wint<'r particularly at the end c-ontt adcroAbly affec t s the d"·t .. y 

i n let' breakup. 
The intensity of tht-. • ·estem tranr;port can be charac tt' r i z €'d b~ the 

prt"ssurc gradil'nt or daffcr<•ll('t" b, .. t..,'\.' "'" the zont•s of t hr s ubtr11pa("al 
ma ximum and of th•.o Jc t'lilnd•an mammum. Titc l.; r £•' r th1 !" d1ff•• rt"nc~·· th,. 
h igtwr tht• intensity of the air curn·nt. o . rr,• r t•nc •·s (In t•· r ms o f dt·\·aatu"Ju~ 
from thl" ratrd \'alu,~) a rt" calculah.•d fo r Frbna:t ry. 11w :;uht rt•pu· .• I 
maxin1um is dt•t c rminf'd frClm C'lb!"t*r'·" t ivn d:.1a a.t tit•' :o;;unt (;, ~"rt: ·· 



-

m • tt:orolo gac.-1 s tauon, and that o f the zone of the Jcelandian m inamum from 
obs•·n· .. uon data a t the Jan-Mayen and Murmansk atationa. 
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FIGU'lt 7•. I\ VW IOIU ol thf' lUll( Of k:'r bK'~kup oa n•~" of K•rrll.a f rom thr 
r•·~d ' ' .alut' . T, •.t ,. fuacuoa M' riM' IJt',;uuom h om t bt' ,,.,d ••lut' o( ttk 
p h.'UHK' d1ffe!r~nu .K'COtd•• to the' mtttoro~.c.al u •Hoa S.1• GotOfEt' aod fiOfTI 
thr nk'•a M"COfd;nc: to the' mttC'a.olog iC.al tt.at1om J•n·M")'~ .and M...-m~ntk. •n 
r~ru.ary, ._. 

1 -co~,C't uf tnr·~.ue ' " ltlt' • u tcmpcr• turt .aoom•ly 1n Ptt rozaYOdtJc n .aniag {a 
J ..-brtu ')' • tad f!(._"f'M IDIUng Unlll tbf- httt h i'd ltn•Q )' ~R- of Matcb: 2 -c:.-s C'!f 
(Jft'rC'.Ik' ID the ~~~ ptc"•I.UC' .anom. ly. e 

11••· c ourse o f the trans fo rm at.ton o f the processes from winte r to sprin1 
1; tak" n tnto account by thf' va ria tion in U1e air tem~rature anomaly from 
f- f'h ru.try to the first two t{'n ·day pe riods o f March. 

\Yh••n thf• dt•p('ndc nce of the bre akup date s on rive rs, for example. or 
J\arPI&~ (F1gurt• 16) on the pressure diffe r ence in F ebruary is livf"n 
'(ra ptucally, &11 cases jl r e s een to fa ll into two groups. U the variation 1n 
th·· t f'mpe ratun• anomaly in Petrozavodsk from February to the two ten.day 
p·· raods of March 18 pos•tive, ice breakup occurs relatively early and, i f 
nro~ative. r e latively lat£>. Even such a highly simplified way of allowinc for 
th'--' variation te ndency of the c ha r acter of the atmo sphe ric proc:eesea is 
found to be s uff1c1ent to obtain a sattsfacto ry foreeasUna method. 

t:ons 1de ra blP e r rors v.•hen usmg thts de-pendence. as we 11 as other 
df'pc ndPnc,·s which take 1nto arcount th~ characte r of the transition to the 
~prtnl{ from data on'y durin~: the firs t one or two ten-day periods o f March. 
ansc in lhos c. rt~lat l\·ely rare c ases. when the sprin1 synaptical season 
b••g •ns Jatf· at the end of Marc h or at the bcg1nning of April. and the 
;}tmosphe n c p rocPsses c haracte r izing it diffe r sharply from thoee 
p r•·wHltnl{ du nn1 the p r cr,..din• months . 

1-\• " Pi ng such a pos s ibility tn mind, which though rarf" are v~ry 
dan~·"" rnus rn routinr rorecastanc. it is necessary also to work out a t echn ique 
fo r cor r,·cti ng a long . r ange forecast wi th smaller forewar ninl pe r iod. but 

IM 

tak•nc into acco unt the dev elopment o f thP .nmos pht·ric proct-th .. •~s at the 
be i nninl of the s princ. 1. e .• at lt"3St thro ughout M~rch. f' 1

The estimat1on of the heat input '" s prmg, requar "'d fo r for ec" s ung 1c 

b r eakup on r ive rs of those rcg1ons charact (.> r ized by 5ha rp chan~' s an th•· 
prevaahnt a tmosphe r ic proc: ..-ss~s from Sf"a "">n to s •· .. Aon: IS _mo:; th.=o rl h t· 
com Hcatt-•d <;uch r i v er s ar~ th,.. Om.,.pPr Don. l..o -.•e- r \ ol l(4 an ~ 
h.mltributa~h·s of tht> Volg._. 11w matte r as s t a11 m o r • comp lu ·•1••d b:-r t he 
fac t that ice bre akup on most of thes e r ive r s u s ua lly occur s a l n ·.-dy an 
Ma rch and th e r equi r e m e nts for a fo rt•.,•tarmng pt" riod mdk~ 11 tm pos,;ab 1•• 
to usc C\'Cn d ata for the first half of March in ordt" r to €'Stamat•.., tht.• t • .. ndfney 
of th~· s pring s eason. It is nr·ce&!la ry, cons••qu,..nt ly, to hnd tlw c:.ondttwrt 
fOr the transformahOil Of th•• MMOctpht r iC pr"UC•·SS•'S oHld , for pu rpnS••!it 11 

fo recasting ice b reaku p on r t\'er s , tile condthons o f intenstfic~tion o r d 
a ttenuatton of warming·up pe r iods f rom 5" asono!o ~{·ason. 11ws.- con th ons 

0 b£> do:ote rmmt-d by an analysis o f r e-lauve H~O'IO tsobd r ic su rfac<"·c~ontou r 
~aps whtch ref lect , as 1s known, the m edn atr h.mper·a tu r•~ tn th ,.. 5·km 

hagh t ro posphe r tc lay e r . ~ f 
1 

,.. 
A peculia rity of the distnbuuo n of thP \'ah.:e s o f H1w- tn months o t 1 

cold s eason o f the year, I ron t\0 \'e mbe-r to :\1arch, ts tl"~ cx asten<.c nf ~ 
stable horizontal gradae nt, dt r ec.ted to the !'OUth,• rn ... ncJ c t_·ntro.l r Piipons 

IK1 

•• 



o f the ETS from the southw~tn. O nly the magmtudc o f this gradient ._.an es. 
An 1nc r·easP in the gradient causf"S Rubsequ~nt i nt~'nsification o f warr:1inr-up. 
a nd a dec r ,...a s e causf"s a ttenuation. The r e fore . fro m the variatio n an the 
~r-adapnt o f Hi::C, fro m the pre - ·A•t nte r sC'a8on (r\ovcmber) to the first half o f 
thP wi nt ••r (D e<-•·mb•·r-January) it is pos~ublC' 10 {'St i matc ttu~ Inte ns ity o f 
'4'a rmin~ ·up in thC' RC'Cond half o f thf' winte r (F'<'bruary and th•· fi rst half o f 
!\la r c h). The intensity o f the a ,. warming ... up P"'r iods 1s i mportant i n i c e 
brPakup on soutflf'rn rive r s. particula r ly in c a s('S o f a n ca r1y brt•akup . 
F rom t he va r i;ttion in th~ gradie nt o f Jt~::O from t he firs t to the sPcond half 
o f th•• -...·int~r (wh ich in this cas£' c an b~ dc·t e rminc d fro m data during 
F~hrunry). at i~; possib1P to fo rm an 1dea o f the int e nsity or the warm ing- up 
lnt~r\' ... l l"> du rin~t tlu ... spl'ing s yna ptica l se<~son, i. c . • i n the secoud half o f 
Ma r c-h and in 1\ pril, wh t:'n JC<" br,...ak~ up on the- rh'~'r8 o f the central r e gio ns. 

11t•"' m o.gni tuch.·s o f th~"'se gradH•nts are c ha r a c teriz e d by the d itrc rence 
in the m ean d<·viatin ns o f thr r el3Uvc g•·o potE- n tla l H~ from the:' rate d valuP 
fro m two 'troops o f poants unaf o rmly d ist r ibute d o ve r the te rritory. Th~ 
fir'i t cro u p is ta k Pn soutltw<·s t o f thr r~"gion fur· which tlw technique is be ing 
\' <? rk,..cJ o ut and tlH' st•cond '=ro u p in tln s r e gion its~1f a nd som e what north-
• .. s t o f i t . F igu r{• 77 give s t'XampJ.·s o f p0 1nt groups use d 1n d e te rmining the 
grac.h c nt s fo r diffe r en t re g 10ns o f the E TS .• 

TA U 35. ~kn v.-lua o ( H:. tn monah• ol th~ cold lUK'ft of rht- yu t Ia dkm C191S- 19!;.U 

~~ -rf No. of 
pn nt~ I II Ill II Ill I II Ill II Ill potnt• 

I 5'21 5 19 521 577 S22 • 24 532 533 535 S45 538 2 ~ ~ 533 535 5JO 25 542 S43 544 5M 516 
3 538 538 S40 S43 SJ7 26 511 512 5 12 522 516 4 544 544 545 ~ 541 27 SIS 516 519 577 520 
5 547 541 ~ ~ 54S 2t 521 522 525 513 5215 
6 571 521 523 ~17 52J 29 ~ SJI ~l S43 5lil 
7 529 529 Sl:l 535 SJI 30 541 542 544 553 544 
8 5~ 535 SJI 547 ~ 31 501 509 509 519 513 
9 S40 S40 S43 541 SJI 32 513 514 5!6 524 517 

10 Sol~ 545 549 ~ S43 33 520 S20 574 SJI 52J 
II S20 519 ~ 527 .\ :14 34 SJI SJI 5~ 541 532 
12 524 524 527 533 ~ 3S 541 542 545 Ml S43 
13 529 ~ SJ4 $39 SJ4 l6 ~7 S05 507 514 509 
14 SJii 537 (o4') S46 $39 37 511 511 515 519 513 
IS 544 545 545 ~ 541 31 519 511 525 527 521 
16 517 517 519 5215 S2J J9 SJI ~ 519 SJ8 .\11 
17 521 521 52• 532 521 40 542 S43 547 Ml 543 
II 52'; 527 S.lO 538 532 41 S03 503 S05 510 SO( 
19 533 534 535 544 SJ7 42 SOl 509 513· 516 511 
20 542 544 545 M4 546 43 511 SIS 523 524 517 
21 514 5!6 516 525 520 " 527 526 SJ6 SJ6 52!1 
'12 518 519 52! 5JO 524 45 S40 S40 547 549 :>a 2.1 S2J 524 527 SJ6 S29 

F o r ~ach poinl nC the g roup lh~ m ean-monthly value of lhe gcopotential 
u~:ilol for i':o\•(•mb~r. D••c c mbt: r. January and February o f e~ch y ear and its 
d~v1ahon f rom the ratr d \'alue fo r the eaven m onth are calculated from 
rcla ti\'r isobaric surfac:f'-eontnur maps. The no rms of lf~ arc 1ivt"n in 
Tab!·· 35. 
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111e valur11 of t-t~:O (po. rticula r!y m onthly-a' £• race) end th~"i r dP\' IGt son& 

A ll~ ( r n m ttw rate d value vary ~moothly 0 \ "f!' r th .. · t rorn tOt')' . Th1S mak<-"S 

1t po s stble to use . .ts tht:- ~radt ~>nt charactPrist ic. tht" d t U,.r•·nc<' hPtt''""'" 
thf' m•·a n ,·al uPS o f All~00 f)VIP I" th<' sou thwt:s t c r n and the nor'1h(>a~t · rn qroup 
o f 1vunt~ . ~ubtr~ct 1ng from the de \'lo.tlon a \'•·r ... ~ed o n · r thr sou~h'Vt<Sl!'rn 
~.: 1-oup th ,... d £"v hations a,·~ral(t'd OV "' I" th<' north~asu·rn ~ro>.tp, we oht..un the 

1 ,.-r~Ct~"' ri~tlC Of thP g radi •~nt of ~~~~. 'A'h1Ch iS d e no tr•d by f . Til"' \'o&lu.-~s: 
0 ( r Ot t'(' C3JcU}at~"d S ('p a r3 \ 1P}y ( O f' ('3ch m Ont h . 

Th,.. va lu e' o f f for ~0\'Pmber (T XI) charactPt·iz f'~ tht- hf".tl flo •~~o• in the 
pr~,· - lA· int(' r synopttcal Sf'ason. Tilt? \'3lucc; o f r fo r ON·vm bo·r (f,n ) 3 1id 
.l.uma ry ( r 1) a r e .w t- r a g£-d ;,nd reflf'ct t he c ondnwns o f d w f 1nn hr~ lf o f th.-· 
•.-dn~t• r. Th~ va lu'" o f r fo r FPbrua r y ·r .. , rt>fJ~t5 th~ condHio ns n f t hP 
s•.,.ond half o f the "'·in:.Pr . 

·n, .. daff"' r f'nCt"llf: ~f o f t tv•S•' ,·,uantiti~'S r c n t:•ct j;"'34iif'n3l n u c tua, IOnS 10 tl' ' 
t w •• t f!o ·, 1nt••nt::J1' ' · nam1•ly· f rom dw or~'-wJnt t' r to 1h•• fir~t ha1f n f tit•• 

. t f" r a r ~ r ill + r, - rll• f r o m th e (i r st to thl' o,:,-.conc.J h :, : f o f th f' wan 1 'J 

r 111 ... r, 
Wlllll~r &r2 - rll- :J 

A n J nrr~·,as"" in th~'" 2radiPnt fro m th~ pr• t-" dlllC to th•-. ru rrent S f'.-st)n 

( t~r >Ot C'3USi'S a r• •a •·rans; ~"ment o f the C'OI1d J 1l ('ln~ fo r '"'· ... rnun(! up 1n ' hfl n~'( t 

s'-·3SOn :au d , C"n m·er Ft ;y, ta dee r as'-" an th •~ 2 rarl i• nt ttJf <Ill C' ·tllc;:• Fa 
r·f•a r·rangPm "'l1t to cold. p~> r·iods. lf •·r c ~A{' h· • V~"' 1n \' 4

" · ' ' r •·l,uh•P " o.~ t:mini.: 
dnd cooli ng p<·r iods v.ith r ("spec t to the nnrma t d nnuo~J n \.rtuaunns 111 tlw 

a 1r t t>mpc r ,ttu r t' . 

• 
1 

0 
•1 

-· ·e 
. , 

-10 ~
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• 
·to ., ·o ·• ·1 o 1 • 1 roar, 

riUll~r i S 1-'r\'tollh'l\ f·wn t" r r.-•eJ u i J r r f t~' ' lr t 

~~ ac:C' "t-1t .l'-\'f' " " ahr l'" .l D .,yr tw I·~ ~~~ mro •It f :")I 
.. k \ .1 E:two•, T. ~· .. fu:w"' '"'" of •t-.r '"'' u ~ a 1

1
• • 

d l.,. .ICit'I U :C: I ~f ·~ «"l.iUYC ~ 'f "· r,• .II , . ..,_.,, r.• 
f~m lht !1 ~, to 1'1r , c 'ttJ ~ •I' ' "~ 4 .,. • It( 1 

f.l' t UR C'C\n~tdr r I''( \\ mph·~ Of l h •• us~· c•f th•• c-h t r ,t('f t rl ~ t ic' • .: C"f th ... r~' l ;t t1 \' '' 

pot<'nh:ll gr..tdlf'nt (&r1 3n d &f2} an thr 1•·r hni11tw o f fC\r•·(' ;l t: 1in~ ,,.. ~r· •ra ~ ' lf' 

on rwC> r,!IIO , 
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The 1C f' on thr Oka Rtve r breaks up unde r the influence o f the heat i nput 

in the p(' r iod o f snow m e lti ng in the rive r basin (tts breakup da te depe nds 
o n ly s lig htly on the thickness o f the ice cove r ). Consade r a ble W41rm m iJ·Up 
begtn-9 with rar~ e xce ptions, thf' r e in the second half o f Mnrch o r a t the­
h··g• nmng of t\prll, i.e . . an the s prin1 season. ·nte b r t!akup dates fo r the 
0ka ll l\10"r th, ... rpforr• dept"nd on thf' v ... riaho n ln r h ·om the ftrst to tht· 
s~cond half o f th~ winter (6fJ). The values of r are de term ine d fro m the 
c roups o f points sho·.o~m an F1cure 77. 

,\ dope ndonce of the type T • f(6f,) for forecasting tce brukup on the 
m iddle and lower course o f the Oka Rive r is g iven in F i1ure '78 . The values 
o f 6f a r c g i,•en in Ta ble 36 . 

Fo: bAu n of 
Foe b.l.u n Fot ttl«' f at luJia or 

f .x Nl&n FOJ tht 
Doa • nd o( .. .,.,. Kulbytht:\ Don and (!( 

""'"' 
K"l b)thf'Y 

~1 Velg' 
RtVC I 

MOU£C' Low~t Vol~' 

"''""' 
Sf\J.,8C 

Yea r tt't't'n trJtrYOlt 
YC"." tn •rn ~ttt"Oit 

or, I 
,_ 

t-
or, or, or, . or, or, .,., .,., 

19-19 0 .41 - 1 5 -1 .8 7.0 1950 7.5 --.l.O 0 .7 3.0 
1910 -0 9 I 0 1.2 I 3 1951 0.5 4 0 8 .7 • 2 
1911 1.1 0.5 ~7 0 3 1952 --4 .6 --.l.O -5.5 --5. 4 
1912 - 17 - 75 -17 --.l.O 1951 00 3 .5 2 .3 1.3 
194:1 - - 0 2 O. A 1951 --.l. l 0 .5 5 .5 25 
1914 J .J - 75 -57 ~9 19"..5 2.3 _, J 

~.5 O.J 
194S -o 7 7 0 7.4 3 .6 1956 I 6 -4.4 -10.2 --5.3 
1916 2 4 - 2 5 --4 6 ~.3 .1957 --4.7 --4 .1 -25 0.4 
1047 I 4 - 2.5 IS ~.5 1958 - 4 2 6 .2 4 4 0 .5 
111'1 -2.0 5 .0 O J -18 19:.9 -5.0 6 .7 5 .0 6 .6 
1919 -16 3.5 I 7 0 . 9 1900 -24 -1.9 1.0 -2.3 

n,,. fo r ,..cast can bt> prc par,.d at the bo·~1nmng o f Ma r c h . 
:;una ta r depe ndences howe be en o bta m cd fo r th,. uppt> r course of the Oka 

anrl r, r o th t" r rt\' «' r~ or th,. cent r al r e l{aon o f the ETS. 
It s hould be no\l•d , how,.v~r. that an some cases ice b r t'akup occu r s 

a lr•~o.dy 1n the maddle or March, particularly o n th,. u pp r r Oka. It is 
C'Onrv•t ,.d •a•1th a consld .. r ,..b lt• de vclo p m rnt of heat transport alrf"ady in the 
., .. "'\.nn ' l ha lf o f th,. wmt~'r. Such c a s e s did not toxast in the se ri es of yt·ars 
rorP-.ad ~"• rj d ••·h"fl ·••or k1ng out th e method (fr o m 1939 to 1960). Fo r thiS 
p· n od !hn r t• a r P OTt:O m a ps . 

At th·· t1 m ,.. o f p rcpar~tion or the fo r,.cast. the conchhona fo r such an 
··dr1V' .,. h f"Pukt:p C'an b ,. PSti matPd fro m lh t.• prev .. allnr dJrcch o n or 
tnan'iport of ou r mr.ssr·s and fro m the ant t>nstty o f warmin~t up in F e bruary. 

,\ rha rfl r t•· ris u c of th,. tra nspo rt ~ ·•c tao n <"an be the angl e Cl, fo rmed 
, .,. th~" d' r •·ctaon or th e a 1r cu r rf'ntA b,., ccn the aao ba r s and thf' parallel 
an t11 r .-. ( lfl' l o f 1o5cvw o n the m ean· -n..,nthly prc asu r t" map (SeP Chapu•r I, 
l'>rl C , \ !). 

nac cha ra c t,•rastlc o f warmmg- up m tensity is de te rmin<·d fro m da t a on 
th~> mra .-. - rhu rnal temp<' r a turto (obst:rvatory t m . Mikhcl ' son, Moscow\. 
liay$ a r " c ho1en ·Nht:n lhas tempera tu r e was hagher than thf! d-.y bf!fore and 
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t=XCe<'ded -10'", as we11 as all days ••••th a t 1Am pPr,. lUr ... abo,··· n-. 1h•· 
cxwnt o f tempcr<~.ture ruse dur1niJ ••.-ch o f thf'Sf' d.-y~ •~ dch 1·mm• 4.1 .. s 
48-1+ t ()!t . T11e sum o f the t e mpt•r .. tu r e nse:>s dunn~ all surh d.l~· ~. 
o bserved durang Fe b ruary (%41). ser,·t-s a s a tota l e:~>ncro. l az.~>d hara v• ras t ar 
o f twa.t-transport inte n sity du n ng t h l!> m ont h 

The 1c c o n the Oka River br~aks up e a r . u•r than thP U m t• d··h rm on• U 
frOm the r to }a h 005hlp r- Jtar,) incases '4hC0 lhP ;J(rcurr•Ot In J •hruo..~r\• 
is nowtng 1n from the southwe st (the angt~· ea as <A·l than 320' J.nd 1 n-') and 
the s um I4.1 o f th<' tempe rature rt Sf" S ,.xc e t-ds 7()G . Breaku p u.:.ually 
occurs earhe r , the large r the sum I4.8 . For I48 abovn J 5f)- u· ·· ~~· •• kup 
on the m iddle and lower cou r s e o f the Oka u pctssablE" 5 -1 0 d .:t.y fl • •• r \ar r 
than the r ated \•alue and o n the uppe r c ou r sr 15- 20 days e a r a..·r . Tlu s 
should be' born- ln m ind whe n p r topa rinc a forecast. 

flGl..'R£ ; ta. Dru.o~uont f~m •be ,,.,,,: •• !~ of t'w ' I'T.• I .c" b"""" ~r 

oa t!w \<~I'" 4UWruuum f rom \ •lF'i' "J, f . ,._, " Juntl '"'a f ' "!.C' .,., 

cllhr IT't.ln•\l t .. lfl .oll nt£•11U .& U lt~·;ot'" '" "' 1n \'C"IO: · .aJ ..: .. "tof r-~ 
""~It 1cc ~uN t.1M1l 1 Fcbt.uf\ . It . . .anJ •be- ... . ,., .on 1n trtr 
Cb.olt.Clt H\31( Clf tit •tl.ltl'ft Ft "':'C!cn · .a) ; · • J.tl\' f·.,..., lh, r . ... .. l· t• t 

~ .. sea 10 Itt f1 U tulf cl tt't • (ftltr . 6/'1 . 

1- II".C O: ~- 11', > 0 . 

An e-arly 1ce breakup o n th·-· Don und Lo w•·r \'nl~·' nr•-- urc; u . 0 hr\d ''I•' 

h alf o f ;\larr·h, o.nd som··ttrr.••s .. . , o ... 1 tlw • •1d uf l • br A~l r y 11 • r · , ,,, , . 
r. r 5 t fo r eca s t should b t> prrpartd .1 1n .. cty ... t th•· b· s;:tU1'l10't u f 1 · b r u .• rv In 
tha s c.aSt.' , 1, ll't nc-C('SS••r)' to IJ.k1• 1nto a rcr unt th •· c t'·• htrf'nq: o f ft• •• t 111ptH 

~~ '.:~.=~r~1:{\:1~11.~ ~~ :~: ~~~~.\~~f1 ;~~ :,:·.1~ ,·· ~ 11'h'f'r:t·~t-~~·"l~: ;~ 1 :1· ·~~: ~ ' .' ~.'.',, , 
1han t l~t• tlnU• O ( brt.'.lkUp ,-..n tht' f'l~t •• . 

1\ s a ch~u· .. c t••ri i.O tiC n f th•• tlnchn··S'- .u~d ..-:tr• ·tC111 c•l tl, , H. • 1 \ r lh• 
sun'\ of 1'1,. m t.· •• n -d1ur11,,t n•~catt\' Jlr ' ~>mp('ra tu r'·-. l n•tn t'1•• h· c 11'11'18. '' ' 
the Stilblc 1C~ pe riOd W l F•'"'hru,,r·y IS t.~ k~ n 1 co •• .. tm ..tt •· th• I• .. t I' p.l 
In thf' S(•cond half or th,. 'A Hit. r tin. \oon.- '& P U ltl th• rt" l otl\ • a · I p . • rth ol 
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l! t o.~d,,..nt 11-om tlw p rf'·want t> r to th{' f1rs t half of t!w w1ntt- r , 6r 1. is use d , 
t\n,. ).oimple of such"' n •lauo ns h1p ts s hn ..... n 10 F' tgu r e 79 fo r the \'ol ga below 
Vtl l go~r.J.d . 111,.. sum I 9. n f n• ·~tdttv t" t f' mp••ratu r ,•s 1S c al c:: u 14ll'd fo r 
\'r•l gn~rHd , thP valuf· nr 6r1 as ca lcu la ted fo r thP pot nts s h o wn 1n Ftf{U r c 77. 
~-r' 1:. tn t roclur{ d on th~' gra ph by s •-.para u ng all the C..1S"9 t nto two groups . 
l fw ftrS t Jt rOup IOCIUdl'S c asrs Wtlh pos&IIV(' v~t lu •~s Of IJF1 , i.e. , caSt'S 
~.-. h•·n HII• ' I1CO: t ll r •• u o n n f thf• hf>:H m put an t lw ~,..ronc.J lh1lf o f th e w 1nt.-. r s hou ld 
b•· •' XP I'Ct t.·d . In t h· ·~(' y••a rs ICC br•·a ~wp occun; r t· l.t uvcly cu rly , tht• 
brt>t.t<Up days b £•1ng fa i rly c losc•ly c o rrclut t>d wtth I8. until 1 F•·bru .t r y . TilC' 

l'I• 'C Ond grou p l 'i tn3 d t' up o f casp~ whe n ar1 ~0, 1. e . , wh t"n COndi t io ns 
ex 1st fo r thC' a lt'' tmat ion o f th C" h eat inpu t . I n t h is c a s!", th e d PpPnd• nee o f 
u,,. bn~akup da t,.·s o n I8_ 1S s o m e what less cl<"arly d c.'h ned than ln th e first 
g ro up. ·nlis as r~~~u la r; thE' b r Paku p in s uc h c as <'s occu r s h•te r a nd IS 
mo rt· m fluC'nc t•d by the conditio ns o r the e n!iu1ng s~"ason, whic h are not take n 
1n to '-'CCOUnt by the gt ve n r ('lau n nsh tp. 

The total accu r a c y or the r elallOI\SIIIp is lo w ( + - 0 . 77 ). Ho wt"ve r , 

wh .. n tssutng a fo r ecHst w tth s uet- a long fo r e warning pe r iod {a mo nth be fo r e 
th(.• ('<l rhcst d<tt••s ), m o s t im portant is the poss1b l1ity to corr~'c tly p r f•d ict 
..an .... a rt:-· IC(' bt•t·~·kup, '4'h ach Cct.n b£' do n('. wPil wi th th is r elatao ns hi p .. 

,\ t the e nd o f F c bt•uary , 1t IS pos.s ibtP to intr oduc£' a corr~"ction in the 
ftu ·;·ras t . Fo r th is purpo s e th e follo wing a r~ tak e-n i nto accoun t · (a) th~ 

.,, .u 

"10 

k---~0~. ~~--~Q~,~--~.~1----~r---~20 ~~ 
ll.up 10 S hD 

f l(il•l .. ,, 1)\VI• t •o •n of tcc· tnr"" 1p d.un oa thr Vvlt• 13~"''" • m of 
\' Jib ," foil.! f,,,," ltl\~ :"'t)t.hftCJ hom r.i .. UC' 1~. AT. u . funcuMt ttf lhe 
.,.. , • f rr.C' ' '" " •: tbl. nlf"oln·rJuun• l ttoct U JVt' A If If" 'f"\ ' " ' ll!t't d11•1np 

u 
f I to•o.lol ' ~ 10 I lie tutn J•l"'n ;> lf.r rlt:(0 J l.llf liAble IC " pttlfld, t. - t1 , 

- uphl l reb 
And IlK ~.In Al l • n 1ft lb." C"'lol loiCU' It\tiCt tof lilt' tf'l .. hV~ j(tUfiO! f'n ll d g t .tdiC'DI 

f"'"l '"" ' '"' ro rhf' t('' nnJ h o~lf 1•1 thr • tntct lf1 

l · tf1<- , .. - - If.<+ ;!: J - lf>+ L 

1'12 

vu ra o~.uon flf th·~ sum o f tlv~ n-·,:call''' t• 1np• r .. tur •· ..... "'hwt. <I• t • 1 n111" .. tl• 
s l ._t \1.! o f tl1P lCP cov•' r ; th• th•· Vd. rusunn 10 1t' • t h ... r.H''•' r tc. ' ir!- hi · ~ · 

r el .. \lvt> s:~:,-opot• nt hi l llr.Hhf·nt fro:n D• <'' n1b•· r -.Jo~no.ur-y u• I • hr'1~~•• y tJf2, 
'4htc n lndiCd \PS th~ 10\f fl~l fiCcaUOn ro r dl\'"rUt.•11t111 of 'h• h • .. ~ tnp•l' 1"'\ •t • 

fol l owm~ s f•ason, s p n ng 
To 1 0C r~3t:;l"' lh" r o r •"("oi, l ;, (cur .• C" V It,, P' '''lhi· 1 II. •t. ' " f'H• ... , ••• , 

U··~(" nhrd rn F uturf> Rll It cnnn• ·rb trl• tl• \l.• tl 'm"' 111 t• • - ,J,,•, • I a• • 
hr• ,tkup tul t h• \' co l~:, f 1 0m h• tt .... t • ~ • '<P' t· t· d, ,,, • • •h•,L.' '' t k 1• · ' •"'' h 1p 
8"'"" tn FtgUI'" 7 0, wath th•• ra110 o f th'' -tum IO~u r t f '' • :r • .m t1 . r 'I•• 
n••f(ative ~· i r tf"mpPr;. tun·s dustn~ l '"··bru.t ry 11') th•• .... ,m !6. ,,,·rmrwl.r•• d 
until \ f'rbrua ry tfStn't tn th•· f tr.SI for• c o.Rt I • \..t

1 •1• IB. r .tl f't .tf o·d u!'\td 
I F.-.b roary, a~ d ch •• r ar \ t ' I'UH tl" o r thr ,,. •. l hlf''k •v·< ~ .• ·.rl C' ' ""' ·up' . , ..,~• ""' 
our con!': ldC'reshon o n rhP co rrrspond1 n~ c• •ndlti 'H·"" .n •·• \ r• f'•' '• r l! t h~'"> 
s ... :n,. tn F'Pbruary a~ WP!l, 1.,.. • nn tht• m~'"a n r~un r !8. 11 ' t • ~8- n f t l~t• 

pr•~cedmg pe n od . l lo,v~'\'f'" r, t f tn thf' Rl\' ' n v•··· r t t1• , ,.tt•J ! l _
11 

t" 

con~1dt> rab!y lar~" r tha n the mf'..t n, Hlt' ~C" ~,., ,.~ tt• l • bn: .. n - .,,,., , , 

1nto.>n-;~>1y than wJs ''XP•·•c .-..d. and th111! d~'l•Y" t<"<' hP ' "' .n nn ,,,. rn • r 
All th e po1nts on th· · ~r ... ph (Fig-J r~"" ROl ,.,.,,. d.,t rl• d. ' '1 .• r, r d •• m .~ A Ill. 

thf' \'alut" o r ~r,, Into th r·l"~ ~··<'ups C3S~'ft n r Ia rs;:· ..... qo.~tl \ ,. \I I•...; H f tJr, 
casr•s o f ta r~" p OSHl\',. \'41Ut s and (",js~;;; c-'ruJ•' t' ' •h· r ~ ~ ·d' , ,, . t l rlk:n l 

In c<l"' s ,,h~n trc> b r • ;..kup on th•• \ ' n tq ... cl(h\ fl"' tr• ..-.n fr ·•m \ ' ol c• ' Rt .• d 
accot·dmq to th{' ft r s t fCJr•ca~t . 13 ":II.P · <" ~ ··d 1 •. u h"' tl:.-•) 20 \~,,,...,.)· th•~ 
\ fa \U(' Of ~f2 qh ouJd nOt b tl' t 3l<t•n t OtO' ('("('Unt '.\h• 'l I nt·ro ( ' •Tl't !h• for• I d "'~T , 
'1;1flC(' 1hf• COnthtTOn~;; Of the ~p rtng "''o.~ CO:O I\ d 1 "1 nrot laot\."• ltl"l•' t n tff• I 1 t h•• 
br••akup datr ~ TI1(' t ttchnaqut' o f nnp ro\'HlR: lh•· fqr• (' ,.;: t, 1 • f u o.u ~ 

:-.ucceS!; tvf'" ly t"' o n ·L•ttonsh tp .... ~1\'':.: ,, hqh• t ~u-ru t ~u > '+ - 0 !\4 It 

~ ~1\lU\cJ bt: borne 10 mll\d, hOw •~\1 \' r, thCLt fo r ~l ... rr .. tll l ('llu \ 1\.:nl'• r f f l ,, .... ,"" 

(a hnu l 20) thf" t ct.•·brt• o~ kup d .... t i'> i~ d•-.krmtn• d ;.-.. d • p• "lrl· ·n" ,., fr•ll t 

E'p••rtr ' IIC'' J:.Hn• d tn ron tn .. vo rk lJy 11.,.1nc •H h rt•l.• tt ' h p fn r 
fo r • ... l . IS t llt t: tC•' brf• .Jk t~p on rt\'~" r c; , 'At 1C' I t .. k• 1'11• .tt·•· 'till ' t il" r t .u ,,. ,, , , ... 
Tt~S or lh•-. \'fl r tation Ill thf' hl'•,t t Inp ut ("Oiloh l l( •'l"" ftum ... ·• ~til 0 

I .... , ... , .. , 

..zh(' "'c;;. th<~ t rons id•'" r .,hl•· for~~>(',,c:un,;: ·· rror..; d t • ht· , ... ·• n1 • • , . , 

unuRu .. l dur~1110n n f ' h• .,ynflpt! c-.. 1 ~ · """" n r , .. , r ··'l• r . l., .1 ''·' ' I' d••\.1 ,, ,,,., 
o r lht.• d t!l S Of lh• bt.' 'tl '\llt nt: Or t 'llf l Q( 1h• .... . •I • (·'\ II ,.,, t ! 0' !11• ol tf,,t o• ,..,, II 
1n th•• m•· thod In tlu :- ronn ... cu,.,n 1 1 t il\ U"' h•' tu ,p,k •U ' t·nt• • • '1 •n 
m·· thoJ s t.aktnst tnlCt .JC<"•'unt 'iw pror·· ~" ' ""' ·' ' tl1• l•· c u "'''~ 0 1 r1 p ru1c 
'J••~P·:On, 1.1~. , ill l\1 ,1rd , lf t•\'tltOoC".I"" ' t •trftti• IH fti•'C I t •q•f t• \ot''Hfl(! 

p• n oo ~~ p ro\·1(1• d, at I• .• ~t tn' "''... f ·• , 11·n • ( r '·"' 1t • 1· 1 · ~ p 

, .. 



Cha{ller VI 

FORECASTING 01' ICE BREAKUP AND ICE CLEARING 
ON LAJ(ES AND STOIUGE RESERVOIRS 

,\, I<:E BR EAKUP ASD ICE CLEARING ON LAKES 
A ..;n <;TOIIJ\Gt~ RESEHVOfRS 

'ipr.nc Icc breakup of lakes and s torace ru•·rvolrs diffcra from that on 
rtvc r s. O<llore Ice break• up and wind Ice drift belin• on a la ke or 
r PSf' rvoi r the ic:~ eovc r haa been n•eltinl for a lone time under the influenc~ 

n l th~ tnc r easlnc s prlnl heat l npot from the air and by solar radiation. 'Th,. 
bo·clnnlnc o r the thawinc p<"r iod on most ~aervoln coinc:ldea with the time 
of max1mum r f!S(' rvoir drawdown. Warm unde r1round wat~r. particularly 
tha t sto red in shor es, arrivin1 in low 6 water rraervoirs. increa•es the rate 
o f U•aw. muc h mo re than in high· wate r re servoirs. 

t\!4 th(· m•"ltiJ'\1 of the s now on the lee cove r pro1resaes. an increaf':inl 
amount ol solar radia tion penetrate• throuch th" Ice to the wate r . 'Thla 
hPOI, IOIPther wlt.h the croundwate r heat, procet'd8 at a hlehe r or lo .... r 
rat•·· (d~p~"ndinc on thf' ratr of mixi nc.of the water masses). to th~ tee cover, 
cnu!lanC thawu'« of tis und•• r "urfoace. 

Otll •·r eoces In the thickn<"SA of the Ice covf'r and In the Mpth of snow on 
tt in difft" r f'nt pa rts or the r eservoi r and the dtfff'rc nt 11tream \' t" locitie!ll 
e ... uilli{' nonumform mt:lhng of the icc cove r bOth a t the out"r and anner (unde r) 
surlac•· F'trs t Ice llancea appear, and the n c racks in the Ice ma de by the 
fto w or cu rr~'nts in fo rme r raver beds o r in places o f concentra ted outflo w 
of ground••atl•r . DuP to th~ arrival of anow-m('lt wate r and to the r ise in 
,.,,. wate r lrvt!l the ice nanpa e xpand. A further rise i n the wate r leve-l 
lnrr•'•asct~~ the wate r aurfac,. of th_. r eaervot r . Th~ role of wind a nd wave 
:-.c~ t ion m c rrasPs, Unde r the lnflu(•nc e o f the wand tee pushe s b(•aan. Leada 
... pproa r , i. r•. _. 1ce breaks up. 

Ttw m•·chanic.a t d t.>s truction of the tee covrr, al ready weakcn~d by thf' 
t hPr ·mal t•rr .. c t, cr~tdu011lly e xtends ovf>r newe r pa rts of the r eat•rvoi r o r take. 

A -. thr area of the opf"n wa tf! r aurface tncrea ses, the heaUnc of the water 
t:Yldy 1nt• ns1 fa,-•s . W1nd mixinc of th•· woat c r mo. ssea and ice dr1rt contributt­
to 1nto-ncuvc ht·at trans fe r fro m the water to the ic e. 

On laic• s And storace r uervol r s Ice drill uaually dou not oc:cur, but 
Atnd I C t.' dn ft tak.-.1" pJa c f'" in such CfiiU!II, Ice drift on r e ae rvoi ra t• uttually 
nea r th,-.1 r r avt!r zon••s and an contracllon,., whf'rf! llufficient llow vf'loc:ity 

·nw IC'' on rto~wrvoira ia u"ualty not diach .. raed into the taUwate r, but 
•• s to pp<•d upatrram !rom lhf' dam and thaws on the apot Only !rom 
s m all w:~.tr r r ts,. rvot rs. when a n lncreas~d dascnartc for power purposes 
coinctd••s Ntth tee drift, is let' aom~>tamee duJcharacd into tailwatc r . 

1M 

Wind 1e re drtft c:ontribUtetl to m rltanc a nd t o furttw r df•St~ctif'ln u f th" let­
c over. If the w 1nd dtr,.ction ts s table, the tct- accumulatN~ tn 1ndavutu• l 
cOl&atal zones or inlcta. Of"'" the wind contrlbult'8 to cleartn~ o l bays and 
reservoir aonu Important for navication, carrylnc th•· tce out ol tl ... m . 
But, the wi nd may dri¥~ the ice Into then twoya and aonu. d<'lay mc the 
1><-l(i nnl nc or navtcation . 

Aa a result of the autumn-wlnte r dra wdown of a s to racf"' rese rvotr, part 
ol the Ice cover m elte d a inc e the tce cove r eett l~• to the ground and 
rreezea there . Oependinc on the amount or drawdown and s hap•• o l th~ . 
wa te r ruervolr, the area of the Ice ..,ttled on the 1round varlu wttht~ wtde 
limite. 'The thtcknc u of the ae ttled Ice is nonunilorm and d<'p•·nds m•tnly 
on the aetthnc time. 

'The aettled Icc, froze n to the ground and co..o> nd with s now, hrs until 
It Ia flooded by the s prlnc !tili ne ol the r eservot r . Som••ttmP~ •t r"m~u•s 
undt.• r t he watf'r and then wh~n at bl·~ans to thaw tl df•t ac he s atfl',.lf fro m ttw 
bOttOm and Ooat S up 10 fo rm I CC blOCkS. 

'The lowt'r the wlntt'r drawdown lev<' l of the rue rvotr and the htgh••r the 
roue of riee of t ht' lt'vel during s prlnlf. th<' larce r the arr a of op~n wate r 
aurlacr formed toward the b<'ginm ng of the n oallntt up ol the lcf' lroarn nn 
th.- ground. In o th••r • •ords, the more comp),.t (' ly ls the watr·· r rr1u• rvoi r 
emptif~d for the winte r and the f~sttor is tl r .. fil ted in ~prtng, tht• mur(" 
favorable are the conditions fo r the de struction and melting ol the tc~ cov~r. 
nu~ rol~ of the variation 10 th(" watt' r lev(' \ durtnc tht" ~utumn - '•t~ nh""r 

drawdown of the rese rvoi r and 1ts subseQuent rrc har1e i,. pa rhcuh•rly 
nc"ticeable in cases of the de struction of the- iCfl' CO\'e r o n reservoirs or lak•h 
m.e fo rmations and on bays of r eservoirs havtr.a la rgt' shallow wat er a r ca8, 

n1e lowerint Of th~ water le \·e\ aa a r esult o f dra••dOwn and I t~ riAt> 
Wrang the f'printt r f"Cha rtt ,. ~•lso a fft·ct th(• d•·struc tio n n f th•"' IC" f"O\'' r ' " 
rtvt"" r~ z.o m•s and m contractions (nvt.>r·chann•~l s•·c t 1ons ) flf rrs rr\•t)t rcc . 

Thr flow vrlocitics '"the rh·~r zones of rf!~rr\'oi rs dt•Jwnd on the d~•rf•t.• 
or fill ing ol th'' r t•ser'\·oi r, but they are always lowrr than on th<· rtv•· r 
ups tream !rom the backwate r zone . Ice breakup In the twckw.lt••r zon~. 
thf' refor~. occur • latr r than on the mo re upst r cam-lyanc no nre pl;&te d 
s tre tc h o f the r iv r r , a s a r f"su lt of whtch at th•-· t•·rminal zone of tht' twack· 
wate r area ice Jam may fo rm. Jam phPnomcna may be obtlen·ed a lAo on 
tributaries . 

'The ellect ol wi nd blowing from a df'fi nlte dt .... CIIo n on the doostruc tto n Ol 
the ice cove r on r l\•f' r zon~s of water rt'8t'M 'Oirfl I S man1ftosted in ~laytnc 
ic•• dr1ft o r, on tht- c ontra ry, tn 1nt~ns1fyan1 let' draft to the ma tn, l•k•· · l lk•• 
part or the r .,scrvotr. 

n u.• d1sappcarancc o f ice on lakeA and r e s •· n ·o tr8 IS complrtt-d by tCt" 
brt>ak•"' into andtvadual nt•t--. d lt:' ~ and t.hc1 r rap1d th~&wtnl: t:'n th·· ~urfar,. w.-tr r 

lay t.•rs. 
Thus, the dcatruc hon of thf' acr rov.-· r on lak,..s and rt•Ju~n·Oi rfl and th••ir 

comple te o r partial c h · .. r ang frnm icr ia df't t•rmun-d maaoly b~ th•• followanc 
fa ctors: (l l th•• hf'at input to the uppr r a nd lnwt'r 8urf .. c.- n f th~ u~ r f"O\' f' r . 
(2) the veloci ty and lhrt"r:h on of thf' wuMt, (3) 1lu~ \•n rHUaon '" th,. .. .. t••r 

dit~char.t~s and 8 talt ' 8 , 
Wt" s hU do not have a t our da~Jh.)sal r<'ltabl.-. mcthnd~ fo r takanst intf"' 

dcrount a ll thr abo,·•· -hst,..d fac to r s that drtr rm•·v· tllr d••s t rurtwn and 
thawtnC of th•• u·c CO\'t~ r . For cxamplr, th•• m r ch.JmC"al rffrct~ of tltf' w1nd. 
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not man1f~sted to full (•xtcnt eve ry year. are not a t all or oniy ;...P.Proxi· 
m att·ly taken tnto account in th~ form of a correcUon to the obtained rt•sults 
of caJcula taon or fo r eca¥tina:. 

B. CA LCULATIONS O F ICE CLEARING USING THE 
IYEA TIIER FO HEC AST 

S I . Calcula t ion of ice cle10ring 

Calculauon or lh~ meltl"l or the lee cove r on rese rvoir• Ia based on th" 
heal-bala nce equation 

wh,. •··~ It I S th~ amount of heat (per unit surrace) r~quired fo r complete 
m~Jti11g Of UI C iCC COVCr, • L.c i8 the heat Of icC m elting (BO ca(/ g), ~CI.IC • 
At:t.lf"• A.n andpc,.1c:. p ,n.lC'• PM are, rcspcctiv.-.Jy, the thickness and de ns ity 
or c rystalline le e , snow ace a nd snow on the ice. 

( I. \"I) 

no~ follo wtnl valu••• can be uacd in the calculationa: ,c,. k • 0.911/cm', 
p ,.,c• 0.88f1/cm', p,.• 0. 2S1/c m'. Tite ll 

l:f -n.«.k + roi, •. ., +20t,.c al/cm' . (2.VI) 

It is the amount o f he at nec('SSilrJ fo r m elting a column of tnr tee cove r 
a nd the snow on at, tne c o lumn havina a crotu!l :"ect ion or 1 c m 2. 

;\ s 1.8 kno wn, a t water ga1inc si te s , only the to tal ic'e thac kn.-·ss -·c: a nd 
th•· depth o l the snow on the ice are m easured . The thtc kness o f th~ ~now 
a nd of th(.' c rystalline ice for a known.to._ l thickneas thrrefore has. thus . 
to b,. c a.lcutatcd . 

The ~pproxamdtc valu~ of the m ean thickness of t.h e s now ice fo r the 
"'a t e r··boay a rea unde r conside r a tion c an be de te rmined by 

.t,. ,0 -o(O.I.t, •. r, - O.W .,J e m . (3. VI) 

Frorn obsf•rvat ion data !o r the Klyaz ' ma atora1~ r cst• r·vol r of the 1\Jo ,_k\'3 · 
\ "o ltea Canal, • • 1.66. T h is vt6 1Ul' cau b£> used t.o c:alcutatr thP valuP of 

ltt..,.riC 1n cas es wtw n lr'"'\'••r fC uac crack s , poly nws and ICt' ho les (' Xi s t on the 
I I'J•·n strf'tc h. It ran t.w U8t•d an prac tice for small and e:hor(• 7.0h <' ll o f la rl' ' 
w.•t• r t)OtJa•·s. 

1\ R to ln rtcP ho <la•·s of won •· r· on th11 "' ho i•·. the coeffh: IN tt o for th-.·m 
... lu,uld ..tp JJ..I I't'U t ly h•· s m all••r (!u •c C ha p t•·r IV), 

In f3. \ ' J). ltw. pt 18 thf' d•·pth or :entad prf'Cipllah o n durinc thf" s t.ahh.• lc~ 
Jl• n ntt. 111 mll l1m,.·tt· r of w.ah' r Tht• d··pth of sohd prccaPrtat1o n as taken 
t rr>m ••bs •· rvatrons '"' t tht• mrtcorolof!C aC"al s tation nf'ar·cst to the watf'r ·hody 
s tn· h · ll und•· r c:nmHd.-. ration. U thc r«' a r e s r vc ral mrtcorolo1 jcal s tations 
rlfJ:O,t ly RafUrt h ·t1to the r cse rvc,,rs, the m ('an of the obs•· rved valu~• from 
d .• ld n f tn• •s•• m••t••o ro tocac ;.t s ta tauns should ~· taken to dt.' tcrmi n~ th(• 
•I· p tu nf pr• 'C ipa t .~tiOn . 

~~~ ~ · · U" PUI or the s uuN P·•ek on th•• icc IS d••tt..•rmi n•·d for ttw dah• nca r t.•s • 
to Ua•• d :-tt,.· o f the b••cmrun~: o( m eJ tanc. avcrall'd over o.U the l "'l i na !U h •s 
of lhr· ~··c t ion , 

• "" r .. .. • .,,,tJ. uni' C"IIJ1 11 ,,H ""''" " 111 .. In• en~, , 11 r lu C•'fllpktr l) •llho'"' dt lltt.. 

I'll> 

nu~ thickness of th~ crysta'lbnc 1ce is equal to 

l cr.te --c.- t 1n.1c· (4.\ "1) 

Tite total icr-· thickness on the 11vtm r .-.Sf' l ... [li r Sf'Ct ion bcfo r ,.· tlh• 
br•ginnana or met tina (lite;) IS d~termancd !rnrn Oba{ ~hon~ a t all lh,.. K3f: ' " l 
s itetl o f the ,;ec:tion. n1e method o f de t{' rm tntna th1 s 4 .. ~ ntaty d• pt•nds on the 
purpos t• or the calculation. i.e . • on whethe r the c alc ulaho lt ' " - fv r tht· doth" 
o f comple te ice elearint or for Ute date of ICC clcartnl on most uf • r- 1(1\'(" ft 

area (sec Part A). . 
If the date Ia calculated fo r co mplete lc" el"a rint . th•• mu11num thtck­

ncs s., c hosen from oba~rvations at all the 1a1in1 sit s of the l'l'f•c t 1,.m, •~ 
taken as the icc thickness a.c. on the s ection. 1 , e . • the ta r1,.s f p••ak 
thic knesse-s obacrved at the altea in m~asureme-nts both fa r from the 11ho rt> 
and a t the sho r e (Am). 

u W(' calculat~ the date of ice clea ran1 for mo~t o r the giv•·n a r··a. tt11~ 
arithmet ic mean of the maxi m um thickn .. ·sses obsP r \'ed a t all th• s at• ... s ( t m) 
is t.tkt'n as the total thickness A.r of the ice o n thE' gh·(~n ~··c hnn. 

When calculatinc the thickne ss of c rys tallanf• ir•", th~ \'alue o f , ,c If; 

s ubstituted for A.., i n (4.\'1) (if lhP dale o r compl<"lc IC ~ clca r tng I S b"'" ll 
detcrmin.,d ) or ~m is substilutPd fo r ~.c (if the d;ot~ of lcP c ll"arh•ll of m .. s t 
of the li\' f"n a re a iR bf'hll dc te rmint.:od ). . 

To find the time o f accumulation or th~ r.mount or h('at anput. Iq, 
nrcessa ry fo r ic e c l t:>ar ing or the r ••servoir. tht· maanitud~ .. of ~ p•.,r umt 
ti m t .. s hould be known . The unit t im•· 1n tllP nl£'thod d••sc nbf•d ~~ 2." ~ou rs. 
Tht" quant i ty f consists o f the spec afac hr at i nput du•• to solar r adtahon ~· 
~vaporation o r condt"'nsat ion heat ('XC~nc{· LE. h('at ··xchanl'' ~A• ith thf' atr P. 
effec tive r adiation (.1, and heat anput f rom th•" v;atf> r • · 

f-Q+LE+P+(u+t.• (H I J 

lit·· values Clf Q. LE. P.lctt c a n bv ca lcu1~H·~d by •"<IShng fo rr_nutas (s ,..(· 
i\1anual. :\'o . t), in parllcular. by the fo nnulas (and m~Ua d.\ jifl vf'n !J•" Iow. 
,\ II tht.• hca t ·t.•xcha nge c o m pon•"nts ... r c gh·•l n in C' J. I / c m ·day . 

a) The dpecH1c h eat input !rom :oOOh\r r ndaa taon c ... n b•• dPt••rmin,.d f rom 

Q =- O.SSQ;A., \6. \"l) 

wh•· r·· <T~ is tht• maximum dt.~n~ i t~· of the h~".at flux (rom total ~ola r 
r ,atii :Hfou tnC'idf•nt on ttw icc. taklug Into :11 c o u nt 11 ... m u 1tapl• r·..,flt•(•fi on hy 
till• a tmC'Is phf' r i"; t,. i~ th t:> t:O('fficknt of radi:atton o tt••nuatiun hy Utr• c louds 

Tlu.• \' .alut• of Q'~ lS dt•t•· rmtn•·d fro m 1-acu r •· Il l a~ d··p•·tut•·nl on thr 
gt.'ngraphtcn l J,,,,,uth• ..and on tht' pa rhC"ula r d .. t.... n ,,. co•• ffaCI .... n t t, · ~ fouud 
f t·om Tablt" 37 tor t"qu a\•al··tU c loudlnt'f:lll N . 

TAIU: 1l c .-ffict4'ft1 of tnl.ll reJIIIh~ .lllfnua hon •• ·~I . ... , ... 1\ ulun I)( t'QUI\ .tlo'n! 

ckludaneu N 

1ft 2J4SI71tlt 

•• o.• 0 .• o.• •.• 0 .79 • .• 0 ~ 0 5I 0 42 0 31 1 .21 

, ... 
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whcri:' N, as the total cloud•nelis, N t as the low-le v e l cloudiness {live n in 
the IS<>voe t l d t!comal scale). 

G:.C,.I/cna'~ 

-~ 
-

~ 
0 t%% 

L ~ t%% f0- ~w 
~ ~ >0 ~ ~ -I~ ~ ~ ~ V/.: v 

I!!; ~ /.; ~ V./ 
~ a ~ '/:: ·- ·- .. 

' • • Ill 

Fl(i\JCt[ !II t. Muamum dt•aty of hut O• of IOU I t0l.1r rad wt ion anc.ldntt 
on tM JCe , taku'i Into Kcount 111 mult iple reOtction by the aunoepfwn~ 
(OJ Mt ~lbt>do of 0.4 of tbe •unuw1d1"8 te rro~ ln. for liaf~rtm lath uckt . 

b) Titr a mount or heat receive d by th•· ace r r·om the a ir (or givPn by t he 
ice) a nd l.hc heat i nput due to condensation or wate r vapor (o r h~at loss on 
eva po ratio n ) o n the ice cover c a n be calcu la ted rr om 

(8.VI ) 

In this fo rmula •· 8, • are the me an- diurnal valuee o f the wind velocaty 
(rn/scc), . .. te mpe rature and wate r -vapor p r esau r c (mb) a t a he ilht or 
2 rn :..bovc lhf" rrsc M~oi r·. 

A workonq nomograph (Figure 82) wa s plottrd on the basis o f this 
fo r m ula . Thos norno~raph i s suitable fo r calc ulations fo r any type of 
r"St:r·vo u ·. 

The m~tcorolo'lrcal e le me nts a ppea r ing in (8. \ 'I), whose va lues must be 
known whPn using the above no mo graph, a r e ta kPn rrom obscr,•ationa at t he 
n f'a r est me tco ro 1o1aca l stataon a nd a r e r C'ducl'd to th e condataons o f the 
jiJI\'f'n r e s e rvoi r . This HI d o ne fro m correspondt ng c orrection 1raphs or 
tahlcs . 

F'tl("ure 8 3 gavt.•s a graph or the ratio o r th t• wind ve loc aty at an altitud e or 
2 m ;.bovc thf' r e s e rvoi r to the wind ve loc ity a t the altitude or the 

a n••momr·t••r at th e mflteo rologic ..-1 statio n ~-t.) vf' r sus th e "'e an­

dtu r n ... l .ur t •· tnpf" rdlU r f' (frnm ObK•· rv.Hwn8 a t th~ rnct eoro lo l(ica l r;c taho n ) 
" · rr, ,. va r iou& val uPs o f the rnf'oan wadth or Utf' gwen rcs~ rvol r s cctaon. t . 
It ·~ b··~t to d•·t•· rnunc the la tte r as thr r~tiO or tht- '*'"' te r area or the 
r •·!\••r votr s ••c h o n to at ,; l•·ngtlt. T lu:o :. rt•a!i o ( bays a nd • ·adc nc d s cc:uons or 
t n but.1ry mottth8 s hould bt- ine ludl'd ut Uw w.-ter ar~a o r tht• 8f'Ction . In 
tl1•· r . lS t ' o f ~· rwK-•tr v•· • .u r h•mpt·r a hart.•, the co••rflc tt•rtt t. i8 •·•ken corultant, 
.-•q u .J t to 0 .8 (r<'duc tto n o r the wu\d veloci ty to an alhtudc or 2m). 
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f l(i t'l\£ • : -..1.-:~em"r.l rtuf "f ~t('1m1nan~ thr h\".6l•t: u h.lr .•t c•omf'('ft<"n' \ 
I.E • P tr • I /C'm' · d.l\ ) ,., .!«r-·n.Jtn• '""' ,.,,. r . 111·~ 1 .... • • u•~• ··f rhc • · 
h "lllf"l" "4IU"r • • ~lj"'" r ·t•.J•( I I Ill .. ) .nJ .., ITI YCh' I\ • tm/\(.·t) ill • 
twa.:_"U uf nt Ji~\" tbC \yt(J (C' t!f the' ' ('lf" I\ M" I('C" l"'o C" I 

< 

11H· u n kno wn \'ot rl:l1l tl0 1n th~ OA•tnd \' • ·~ t'I(" I IY I<( c..lt t • rn1111''d a -. Uw pr •~hu t 

or t h \.' w rnd \ ' t ' \t_ot.:&1J K't. Ill \ ,lSU t' • tf hy th •• .t n ••rnorn• t•• r l'f tl ' h nr•• 
nH•tcorolu gJc.tl , t.Hwn, :.nd th• C"''' ffwt• nt lw ' 

., ~ tew . 

·r11~ ,111. t • •n•p·· •~•tur o • ~~rut "'"'' 1 • \ ,,,,, , pr• '" ""'' lr• 111 11\• "' ' ' t'l\• r t it • 11 • 
("f"'\"t' r (8 .u uJ • J .• r f' li• h t ntuwJ ,, ... tt••p t nd ·•nt c.•u th • \ ,J it,o• (o, u t 0, .trtd r, 
m••a !'lu r ••d . tt m Ph'Or o 1ol.:IC..tl s t .• u ons .. md o n th •• • tdth & t· f th • r• ' ' n 't' t t 

!ll t'<: Uo n t f"uru r...•t~ R" .1 nd R!,), 
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"' fiGl'lt£ U. blio a.-;:- of eM • iad YCk,\cny ~~ " " I.Jift '* ot 2 m &boY~~~ 

tcr f: t r 10 tbt • tl'til fti«•IJ .11 tbe bet~f f!l( lbf: 41Demomttc- r llllbe n .-.~ 

l'-"'F tUI1UtHM "'"""''tw liH trmpr•• tutt 1, "' cbr: n~u·orttl k .ll n atia. for 
"" 'IOIU • • lu.u of ltk' mu a wtdth • ol chc £I'H.n ' '"te rvoh lft' lloa. 
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':.' fl • L-:::: :..-H lfJ 
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' c. ~ t;:::::: ~ I~ /~ E:;;~ r::::: ;;..-: ~---:: 
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fl(,t'lt[ " "' • A n IC'nlpt'f.IUfrt' f .11 .1 h f'lftU c( • nt • bowr l h<' ~U' Ott Vf' llut lhf' AU 1\:lllp."U I\Uf" 

I "' tht- rncotrrtrn&n;uc • l ' '"llttn fnr .., ,.,"' .. ,d,ht • of the' "- 't'f'<Mf. 

r ) I h• o·((, r t a\ '<' rada.•lwn r~n bo• dl' t~"rmw.-•d f r om th(• nomn~.traph 1:1\'l'U 
w I li(U r• RG, ·' "' d •·w ·ntJ,.nt n n t h··· :.l r h ·mJwr .. l u r .-• 8, at th,.. m•"' tt>orologu·~ l 
' '·•tlnn ~.,•d ··•IUI\' ·11• m c loudan••s s N. 

T h·· h•· ~tt tnput to Ult"' und•• r f'll rfo.iC" o f th(· wr r ov••r, 1n ~on t r.1R t to ltv:. 
co·nw " ' ' ' 'l t"l n ( th•· h••il! b al.•ru."•· n n tllll UPJl~"'r "'urta cl', wh tcll ~• rt• d•·t.-•r m &nt'd 
em ,1 2 4 l :fJll r' f,_,qtS, 1 ~ l ot k !'U anto ·•Ccount , Ill th,. C .. l lcui.Jttn n nto•thod 
tt• ·..,f" r at.t• d, tn t 1tw who lo• U1awang P•"' raud. Tiu• tu-.u input to th~ un d e r 
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surr .. e:~ o f the ice c ove r is t3kcn anto .account an t• ·o staae a : farst st-aa e the 
hl·• t n rra,•ana to tht' water and s e cond the heat arriving from thf' w~ter to 
thE" I C .:> , 

lft~at a rn,·~'s to the w.- t t> r body (bolsin) maanly from t-.·o source s · (I) the 
soli o f tht"" bounn bottom and f rom tht- cround~ater and (2) sola r r.-diation 
P l'nt"trata ng thrnuc h the tee. At the ~nd of the m e-h inc period he.tt arr1vf'& 
a lso to~t·the r w1th water o f t r ibutaries which a r e u:e free a nd dur 1ng t hf' 
p<"rtod o f JCf" drift 0\•c> r the rt"Aervoir also aa a r eau lt of heat cx~h~nff' at 
ac£-. frct" wate r surfac es . 

" ' " heat anput f rom the bottom soil o f low wate r·tnOo w r t'ser voirs 
amnunts, on th€' aver a1e durtnc t he m elhnc p .. r iod, to about 5 calfcm 2 • rlay . 

Th,.. rat(> of the JOtnt input of ht"at an the r eservo1 r from both thf" botto m 
nf thf' bafl'a n and g roundwate r dur i ng th<• melting o f the tee cover, f ;: . 
u ... ,,a !ly "xc~t·ds by St'\IPral tim es the ab«we-c•v en rate o f heat input from the 
.,.o il of thC' bastn botto m . 

,,,~ hc.-t mpu t with t.ht a roundwate r in sprinl tim e a ppa r ently depends, 
ow••r conduwns betnc f'qual. maanly o n U1e extent o r the prC'flood dra"' do wn 
,.,, thC' n·s~>n•otr. Tioe nln r (" tht• r ese rvoi r is d r ame d. the higher thl' 
pn·~su rf' h f'a d and. conscqut'ntly, also the Input o f groundwate r from 
aqut f,. rs and o f watP r act"umuhllc d by ttw r .. s t' n ·otr shores. 

• 
TA!l.l Ito . ('JftC" tn.t~nn drt of tw&t lllf"'t from tM 1011 of rbt 
b.t11a br'ci\Jm dJ ftiY11 ~rf'\lnoJ• •It't, for w-«r•l N"ttn•ous d.UJi~ 

trtlar rn ·tw rrrl04 of the- rMIUDf . f , u Vcn a. d .. ,. 

T .. h t,. 3" t:'' t d .H.t on till' c.fa t ly Hlpu t v ( heat to th(' "'att" r from tht" soal 
o l lltt bf"·tthm .• nd Atth thi:' ~round..., ..t.h·r. fo r se\•fl r.- 1 rcs t"r vo ars . 

~rh· · drr1\·a t o f h· .tt 1n lh•"' "~•t• r d ut• to sol.t r r ... d,at,on P•""n~tro.~ rang throuJth 
Ill IC• dunng tw m•""l h nl pt"' r lod, IQr'f'll o rn r a thickno•ss not INI8 than 

25c rn q ( lh~ C' ry ji;talhne tC:t' b t· fo ri' trw bt gtnnan~ o f m,•lu ng c .. n be rit"t \" r·· 
:¥"111• U frtJm ,. ,~u r.- 1 ·•S d t• l'wnd1·nt on ltu.• tluckness o f ttw f'ry!' talhn..- t("P, 
lfc• tf' • 0• fu r '• thf" h''QIIlOlOI.! Of rn.-.lti rl f( Und on th" r atiO Of thC a m o unt of 
'"'·• r r .u1a.• tion ·•bsurb,•d by tht• '"='' fro m tht' u pp <' r surface duri nc thf' 
"'' l"n£! p~" r"iCKJ. l:Q. to th•• w tal h.·a t anput from uppf' r lQiye rs dur•nc th(' 
' •m• p••rtocl, Ito. ••qu~I10 IQ + %LE + %1' + !1,.,,, I .~ .• 

(9. \ ' 1) 

Th · h•~at anput tn th•--. wati• r durang the mthang pf! r iod is I IV'-'n by th(' sum 
It. +IQ,,. 

0 1• oiOrtttrlt n f h• .A I l llp Ut ft"'m the • :H~r tO th~ 1Cf' dur inc th t mdtinc 
p•' ruld. ~ ... . c~•n b··· drt••r m•n• d from (by thf' mf'ane of F leur(' 88) 

''· _, (..!!..) If,+ f <l,... • • ( 10, \'1) 
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whence 

Et.-Cl:t, + l: O;,a)/(~). 
Aht•r P • 15 th- m e .. n flo -A• ,·ctoc:a ty on the SPctton, tn m/ S~""f!. A 18 t!: t" mt>•n 
d'"Pth (In m ) dunnc th m Pit1nc ~nod. I 1S th~ du r~tion or the m~lh"' 
P"riod 1n d~ys. 
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F1Gl..-'U ~ l Am.,..,u tOre• •ullcn 1) ~ .. c • • l'lut ~net ••t•- tb• ;tw 
•« c e r to 1b< • .Itt Yf'"Mit tht' th-. t.nn• A,. tc 1 m ) ~ t 'l~• '1: "W' .r ' ·•· 

\ AJIO.U !lho."\ ~ ~~ ttw' U DCMMI ~~ nJi.I IU b u t .. ~t"'orJ t,.,c: k' l~m t ttf' 

CUI~' tet' turf«t dY ·t Q~' l .. t' thA .. Ifti r"l"tN IC) fM MUI hoUI '\"'VV ' •f""" """""' 

1 .. , c-3 ltv•tot tbC' u mc rt-.N 

1h·• flo ," , ,·!oc 1ty c .... n bt..., lh·tt•r n't llltd dpprnxtm.•t •·1 ~ ..a~ tl ·r r.ttlo t' f tlu 
rnt•an 14,ah•r Jasc h3 r.:,. to th,. nH•.m c r , . .. ,.sP< t u~na t ... r c-J fo r '" h• m •""d rl """t• r 
lf' \•t:-1 on th(' strt•tc h du r1111 tht' th., N tng P• r Hwi. 

W ath ,·a lu••!!l ~ t01> 200 1t 1 ~ nut n.-t'.-. tr<ar h ' d•"' t·~ • rn1 n•"" th,.. tra ttn n nl 

th~ hPa t ~J' n t r n tha•'llll.!, ~l n._. ,-. ,Jmo~ t .a t1 th•"" h~>oH .lt i \\ \ O iit 111 t h o ,. .... r 1' 

sp••nt ron th:.• tni! 
1 

h 
1 

, . 

It sh<_"UhJ b•· h rn• an m 1rnJ th.tt l ~ ~ 11 • q14; ("d'l • .. u••" tf ''" ~ "' • 
,. .. t('r te n l p • r •• uart' tll th• up tr .. -•• rl $••• h -.•n uf Uo• r• ... n ·· 1r. fr ••lll ,. ,,. , ,. 
the w~•ll r .J r rl\• ga t tlu.' t\\•' n t-•"'C hOn. d,, ... ._ n t d afl • r h n tn th• .... ,. r 
t empt._raturt" or lh•· 1.-th r . 
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Jn somt- cases, fo r ~xamplf•, when prf•potnll( long· ran~<" fo .""PCasts of 
ace clca rinc of the resen •oa r , ll is ampossable to dete rmane in advance the 

r,_ 
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____!f:o__ "'0 ... 
f iGUPf !lt hbu4.-lupktwr:nlQpn~+l~i ..... -.- . 

.u 

r ;uio {t nt.<ct"ssary fo r f1ndang the r adiant h<-at anp\.~ to thr wt~tc r. In 

suc h cas<"s. th"" valut"' o f ZO~n can be dct~rmined f rom the brok<'n cun·t'" 1n 
F'arur<' 87, 

S 2. Ex:a mpl~ of ic~ ·clr:arinl calc:ubttens 

Tit,. proc••dur~ of thP C'alculahOO o f lhf> d.- I~' Of IC(" ct.~arutg IS Sho\\ 11 Ill 
th,. rxamp l ... nf lhP Tcqm lyuns kli storac tt rctu~ rvoir fo r 19S7. 

Thl)o c-alcul.tlton IS m ddf' fo r th e downct~ .. m (• ' •d"' r) p..1r1 o f th"' ,~ ... s."r ­
\'Oar. ncar tht- villal'f' f'f "uvorovo u p to th•• d .. m ( f"t~r" 89). nu" mc 3rt 
w1dth o f thai! part 1s t ... !tkm. n.e m c tt"o rotoc tc""l element• ar~ taken f rom 
the mf'tf"o r olocacal station o f Tstmly:1nsk d . 

TI1" follo-ln« s ax ~acana s u r-s a r t" siluoued on thts part of thc r'"St"t"'\'OJ r • 
Suvor o vs koe. t\rasnoyars ku, Krh·skoi, Pnmor~iku , Ts tmlyansku port. and 
T111mly<~n!itkli. 

Th,.. data o f the Krasno a r "Skli IPRHII8ate wt•r,- not us~d to ck-wrma nt" thf" 
ac • thlr lt.n•·f''i, s ance thr Mt •• IS 1311u ... t t.•d d t.'""P in a hay o f th•• r...-·~f" rvoir ;and 
th• 1C•' lh1ckn<'S8 m .-· .. surf"d n•·:.tr 11 as not c h .. raC:h" rastic o l tht"' w ... tt."r 
r• <~;o n.o1r, thl' d ... ta Of thf• r qamJyanskai·p:l rtgag&ng S ll(', l' ltu •• trcl at :l 
m non rms:t p1 ,.... r, w~>r,. nut U8t•d 1n th(" eulcu l atinn o f the mr~n tlt-J•th o f thf" 
crt') "' n n tht· I C~", s 1n ~> '" many casrs the •now dr pth the r e Is most u nc-,•t'n 
dt,.-• to \ !o •nd ~nnw.• dnfhnc . 

Tabl,. 39 1;'1\l t'S d : .. ta o n lh"" m :.u:tmum &C" f' Huc kn"8!1, s no w d~'plh nn thf" 
1r•• .md d.•t•·s n f 1Cf6 ~lt·~ rma fo r ~·•C•nl' Slh"'~ toc:-at~d on thf' • tdt• St"c tlo n o f 
I h ... r .,.q,.• r vo1 r , a s wf'll •• s d .. ta o n sohd pr~C'Ipatauoo dur1n1 the s t .. blt" ict" 

pc ro<>d (unttl the firo t warm1ng-up) for the Ts1:nlyansk•i me teoroloa •ca l 

station. 

lA8lJ' • P'uk ~C thiCkDI"U t iC .In' Ul-'"' !kptft • ,. OD the tel' bdO"f' tbr bf'§IM11l8, ol m<.lhft • ·~of 
IOhJ p t«lfll' I HOD t ta.pl dWIDf' IV SUbJf' tee: ~nnd • . nd ICC ciUl&~ AI:OI!f' tblr lo-. c-1 r -''1 uf dw-

THml) ~toku ~~tk..O.f 

11-..m cm ~' 
.. $4 •• I ,. 

t -h_ ~ c:rn 

l ·-IV 
- ., 

Pllp--c--c-• r·uuoe. "'"', 
~111 1'1V 

t..._, ck'.uul!4.tt C' 41V •• v 

From Tablt· 39 11 fol10A' 5 that thf• t .. rgest o r 1h~ pPak aero th1cknt'hS4"8 IS 
60cm the •m f"an of thc- peak tee lhlcknc·sseos •s S~ t"m, and the m ean s nOA' 
d'-·p lh '15 6 em. The dJt"' o f cnm plt"' tf' \Cf' clea r ing tS 7 April, tht:• dat~ o f ICC' 

ckarlng at mo r e than half of a ll the gagtng sates as 6 Apnl. 

From (3. \ 'l\ 
A •,.- o(O. IA, r· - 0.2SA 

we dt .... t~rmtnf" tht .. thtC"knt>~s "r th•" 4 1lC' - , ,.,. 

~'" " ~ l.£.6(0.1 ·37- 0.:!5·6) - 3.6 n n 
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,\ccording to (4. VI) 

. ('f. IIC' -·.c-.... ac: 

lh<' UucknPss of th" crystalline icf' will 1><>: (a) for the cakulahon o f thf' date 
of ac e c:learinc o f m ost part of the res~rvoi r wate r ar~a u.ndf!r conaideration 

a; .... - Sf- 3.6- 50.4 em, 

(b l for the c a lculation of the elate of complPte ice cl !arinc 

t.,.,.-fi0-3.6-51.4 em. 

By m,.ans of (2.VI ) we determine thP amount of heat nec,.aaary for ic::e 
(" },...a nne on nlOst of the area under consideration 

m p 

If-Ita+ If,-73·50.4+ 70· 3 .6+10·1-5145 cal/rm2 

and fo r co mplete icf' clcarin1 

it -I fa+ It.-73·51.4+ 70-3.1+20·1-5510cal/c m2• 

Tlw dates o f the accumulation of these h eat ;;mounte and , thWI, th~ 
datPot of th '"" • orr e spondtnc 1ce clcariq Ne calc:ulatf' by c omputlna thf" daily 
... m n·mts o f u-,,. heat-Pll:c hance componerfra at the oute r surface 

(Q -+ L, + L£ + P - .. 1 and or the total heat input to the under aurrae" or th" 
i cf" eovt'"r fo r th~ raven date. Zfw. 

\\'P dctr-rminf' tha t a poalttve m ean-diurnal a i r t emperature s<•ts in on 
R FPbr uary, but a d~y bf'forf' (on 7 F e bruary) 11 ,..,.. s till ne1ati,·e (-0. 1"). 

\\' (" c a lcu late the h e-a t e xc hante on the outer s urface of th~ 1c~ cover ror 
7 F t·bruary 

From F acure 8 1 for the latitude 48• we obtain for 7 F e bnaary f' • 
• 24S c a l /c:m 2 • d .. y. • r 

Fro m (7. \"1) we o btain fo r the equivalent cloudaness the value o f 10 
From T .. ble 37 v.•e h.\·c 6,-0.28 . . 

Subs 11tut•nc in (5. \ ' J ) 

o-o.sso;a, 
th~" va lue" for Q'r a nd t • . •~ obtain for the amount o f rad1ant heat input 

Q • 0.55·245·0.28-38 cal / c m'· day. 

For~ equh~atent c loudanesA o f N -to and a mean·dturnal air t e mpera­
ture o f -n. P (from thP Tsam lyanskh m t"t eoroloiJic:al station) we find from 
f"•rurc- 86 fo r the e ffcC'tiv..,. r.dtatfon 

{,f,- - 19 c~1/cm2• day. 

Fo r an at r tcm~rature at the m e trorolo1ical s tation Ia •-O. J• and a 
r (•sf'n o.oar width o f 14. Skm we obtai n, from Ficure 14. for the air 
teznp••r a ture I over thP r eservoar a villue of -0. 1•. The vapor pressure 
;)Cco rdtug to th(' data or the m r teor o locical st.-tion, #, -s.lmo and the • 
r,...~ ... n ·ntr width IS 14.Skm. F'or the•c values ... .._. o btain. from F•gure es. 
fn r LJ.s,·· \'apor pr<'s!'!u ff at a h f'ilht o f 2m ewer the reservoir, # • 5 .8 mb . 
.. rom f-1gu r •· 83 fo r 8, --0. 1• and 6-14.5km we obUin for the coeffic ient 
n f rcdu c ttfHI nf u,e wmd , . .,•locity at th~ mcteoroloei~•l s tation (accordinc 
l o ttw tm·mom ··t•· r ) to the wdnd vcloc1ty a t ~ heifht of 2m 0\'cr the 
ro·"' n •otr. t. -o.8. With a wind \•clocity ov~r the mett-oroloaical station 

• , - 10.8 m/sr-c. w•" obuu n fo r tJ,,.. 'Nand velocaty nv.-• r th rt:>s~n·n.r 

• •l0.8 · 0 .8•8.6 m/ s cc. Furtli .. ·r. w.th l- -o. t •. r •5.R m fJ ... " t • • 
• 8.6 m/sec. fro m Ficure 8 2. we hnd th\..• total va. lu••s n f th f' h t.••t • "'cl•• nt'• 
due to "aporatton o r c:ondPnsatio~. L£. and hf'a t f'JrChanc•-- • ·t th ' '•" a ar . I' 

L£ + p,.- 20 ca t / e m' day 

F o r U• <- fw at •·xch .. n'C•' .tt the o u t• r -.urf .. c ... ttf th• ac:• C(J\'Pr " " j t • b ru .. ,_,­
we obt~.in 

Thus. 1h ~ C<Alculataon s l 101A"8 th<~ t thf" r t- wi!l bt> no rr.Pltang rtta 7 f • bruo~ry. 

A s im H ar calcu!.tiOn of th(• ht. at· e xc h .. h c ·· com pon,nts «.1 t 1 • o ·J t .. r 
su rface or th~ IC'"' cO\·e r on 8 F' bruary fo r N- 10, I~ - 1.2. r,- 66 mb. 
• • -t.s m/s • c. g.v~s Q- 38, ~ ft - - 8, LE + P- 22 a nd .. =52 c • l /cm'· d.l)'. 

Ma.xin:JUm h~at n<.o.cc ssas--y for 1c ... clP._ n nc accu mu!a tt'S on 8 F1"hrua ry. 
1t i s conv ... n ient to ta bula te th.,. i nitial data o.nd th ... C'd !r u!a u o n • ··~u:t,. 

(T;.ble 40). 
Jn the s am!> ~ ... ,ay ,,-e c a lcu la t e the hPii~ input fth•· v ;.!ues o f ••} fo r the 

!"o llowinc days and obtain the \"a lUe5 o f It. :s t t .- t-nd o f ,...a ch day. ·-· F'o r case s when the he at f'xchangf"~ .. dun.,c mdl' "' du.- l d..·~ ~ n r d t. r t nJ:,. 
Sf'rleS of !10-UCCf'BSIVe' days IS n•--gatl\' • 1. • ' •• if tht>r •• 15 ) "'a t t rans1•"'r, 11 .~ 

a«r"-ed. o n the bas is o f consui~ r.;,hon!l concE'mtng tJ,c p rncc!t-;"'f.. \.!' tnch tak· · 
p la c f" when frosty weathPr s t"ts in durin g th..- th a "'"1: ft• ri~. ·r uq• •h , 

fo lJowint o 1•de r o f summ•U1o n o f •• · To obtt~ln th• \ a .uPil o f I:te I•W th•" ... 
d•ys . the ncg~tiv~ quantity (o,r th e n,.SJ•il""" Q'..13 nU ta• "' ' ,.,b. 41 0• d fn r .. .. r,.. 

5Ubtr;:tC:tf•d from the \ ' a ) UP"S %4. for tl .f" ! ioti:' d~y~ A l t h Pf"tSI * I \ '• \ ' Oi ' :JP'l r f ,_, 
... tn such a -.·ay, l.ow• \'t'r, that th~" subtro~ctt d v~lu• dt~ ~ "\Ot • II(C • · ·d Jl'-· 

amount o f hf"4t 1nput durin& th e hl'O days ~for • t .. k• !t "'' nl e .. t t \' • \ a lu• s. 
For e xa mpl .... i n the tha•'tng P'-' raod o f 1957 n••gat l\ ,.. , ·o.alu· s r•! fe 

occurr e d, 10 partacu Jar. from 7 to 13 ~t .. rch. :.m ou.,tl"l£t to - i'nn c3l /rm7 

But the sum f• d:urtnc Sand G :\larc h Aii5 o n l.) 12 .. 12 • 2 .. C4 1/f" m 7• 
I 

The-r~for~. to de t e rm1ne Ite for the e nd o f llh z.a laou r ·s o f; ~t;. rch ( .. ,_, . 
• -3 cal /cm=). " 't: subtr .. c t 3 c01l /cm2 h·om %411 ror th \. .. · nd o f 6 \ t.a r<"h. ,_, 
... qual to 89tcal / c m': fo r 8 !\tarch ( .. •-.a2ca l / C'm') • ·e do not ~u~t r • .u: t 

4Scal/cm1 but onl)' H cal / cm'lrom 89 7 c a l / c :n' alr~adyobuumng ! .. -
• 873cal/cm:. This 11 the \alue we adop t fo r 9 to t 3 ~i.;;arch . 

Paralle l wi th t.hf'o ettlc:ulOilu on o f t he heou i~ut fro:n u~r la~·t- rs a e­
c a lcu.iate the- total s um of heat anput to the- under Aurf.acf' on ct CH"f'n d .-tf' 
• IItJ Th~rt• 11 rMI nt"f'd to carr y out the calc u lation fo r e .. c h da~· frum th~ ... 
~liMine of th'-' tha .. ·inc p<•r iod. 

• 
In tht" Cl\'«:" n f'xamplf!' t.h t• fi rst c a lculaUC"n ,,f ~ .. ~ ~ m a d,. (t, r 7" '1;u r h . 

As indicate d abo,·e . the first s t•s;•• o f the c-a,cuaoat1on o f tha~ q aa nt tty ' " 
to d c ff· rmtn C' the to t• I h l'at inpu t 10 the a a t•· r durii\C th .. · th .. •H'C p••r 1od . 
To dct e-rmint> the tot ."l l h~at u.put to th..-. "'-'att'r d u r to t lt" po·n f"tr.t ttc..•u ,,f 
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radiant •· •~at throu ah t h~'· 1ce by summ tng th(' daily vn lu •·s o r 0 k olumn R) , 

• we h nd tho value o r IQ (column 20) ro r 24 :\la rch ldu r ona 4~ <~-•)~ befor~ 
~· . "O 

b r l I 
, . .• I Iq ;'j 2 - < 

th(• '' Rinru ng u m e t ng). , e xt we uetr r nunt.• t l t r.~ uo !tr~ =z-~ ~ . • J 

::. 
(co lu:nn 2 1 }. 

F rom l- ltii:Ur •· R7 v. .. • th.' h .' rtn ln•• th '-· wptU o f r .;dl:lnt h t•a t th r·ou&th th •• IC•' 
to th.-• wah.' r' dun n't th•~ p•·rtod f r o m th• h••gt nmng o f th.~ ~o lflg 10 24 :\t:t r t·h 

(I~ , t. correspondong to th~ ,·a lu·• i: - 2 . 7~ and Ill th~ · '"'"' ' - ohta•n~d 
th 1Ckni•S4; Of th• • ("1")':-; ta}b n•• 1C,.., ~\ · • 56, 4 c :n, f(l r 1hP f' ..t. lc u ld \1(l ll fl f tiW 
Cl)m p t r•t •· JCr" rlf·o.onng. \V t'> o bta in %Q ... tt 2 'l4'l ,..::. t/ •" l l.i · tl.,y . Til'· r;- p, c-i flc 
h,..·:tt 111fU11 H 1 thn .\la t · · r f rom th<' bottom and ~t round A't•l• r , f .. w •· t •• l(. 

a c <" rn·da nR to T.~ t>t e 38 ~qual to 2J ca l /c n l2· d~'Y· \V(• l~ot\'C Iq. • 1035 c al /cm
2 ... 

f :ra ph 1° ) 
lll•' to ta l tw.lt inp ut to thro A3t<' r ft·n m t h~' h ocpnn:ng o f t <l'.'- lnl~ 10 

2 4 ~larch o~(!Qr +Iq..l ~ 2620 • l 03~ • 36~~ cal/cm1 
(< obm n H 1. 

fth' 'I: IC'Oild ~ t3 Ci(•' , fi t'>F• r•mtn;l t it')ll f'tf t h l' ' Ota \ hP._.t tnp nt fl-q m tht <Ad\i' l" 

to tl•·· nnd ·· r· ~ndac •l , ~q .. , is calcu !~totJ by :n•· ... n~ n f 1- ali!u r •" AfL W• 
c •• tr u1av• th•~ m Pan OO\\ ,·e-loclty U and th•~ m··a n d · pth I& rt.-cc ........ r~ '''' tiuR, 
~~~ an d t<"·ll•'d .tbu\'C, fn"~m dJta on th•~ w.~ t P r st~·~ · s ~. nd dt ~ch~.r·c • 'h . \\' • 
niH ·• Ill u- o.nn5 m /s• l~ .• nd I&- ; 0 m . 

I 
11t • ICJI I 0 .1105 · 4$ • ICJI 

\'.·' ""'' e--.. -- 1 f .t • 1.4 5 

i- rr'm F1~un· 88 WP lht\'1. ... tQ ~tit -O. R4. henc e 

T il•• , ,, tuc o f Iqo dt the •·nd o f 2 4 J\larch .-.·.or-< 13';5r •• l / t· m
2 

('·o'umn 1n1. 
! hu -,, th·· tot~· I h\ •• t input to tiH• tC~' C'O\ ' f'r Uunn.z th<.' w' n nd fn·•n 1 t!t• 

b• 'lt mHnt! n ( th~Hn nn u n ti l 2 -4 \ lttrc: h WdS tc.., lu m n 26 J 

l:q = 1375 + 3070= 4445 ,·.•1/··m'· 
t- n r C\.1:1t p l•·t •' tct:' c lt·.ann g !q = 55Ril l'·al/c m

2 
If; r···qu1r···d . 

Tlw <' ... ~cu t .• uon IS ~·untl nu .•d uru d th•· tota l ~amount o f h••d t wfln ~o fr nm 
abo\'•' •• nd f e· m bt•low (lq • !qo + ~q .. ) brcom(·~ t qua t (l r l ar· '!~"r t •tan tht• 
o m unt o f ht•at O \.' C t'~~ary h.l r 1 C•~ cl·•a nng (5 5Rfl c al/cm

1
t Ttll'·• ... m nuttt 1~ 

•• r curnula t••d o n 7 ,\pl'e l. For th-.• dat•· o f 1C1. ('}ea r wg th·• ll"Xt d ... y ;. ft.••r thro 
,tc cumulauon o f thf" rh·c••ss~u·y ;t m o un1 o f h t•.•t . 1n t h• · p r ('iH·nt r:•~·.., R ,\pdl, 

I S t.~kt•n , 
Tho• ~~·ku laiH111 11\••thnd d . .... , .. nb~<d C'o1tl h• · U'OI' d m H nnly f•' r t• ,, J 11 • • t ltol! 

{(•tl~~ tl :'ll • ' ~ ·· n · ·~ c, f d.•t ··S of tc• f' ,· 1· .• n nJ! ' '" n • .\ ,..,, , . r r~ ·~ ·· r'"' ,. .. , b u t ,, !,..c..• 
ff•t· ~ho rt - t· .• nu•· ict• c l •• :lnn~: fn r ••(' .• s t ,; \Vh • n p r···p •• rna~ :. ~ht" t·t · t . .raQ•' ll' •· ~ 
r l•~a nns:t fn t•·<.· .,,;t, th· · h • at anput f n•nl •' ,,,. , ... tn •t,• at' • c-O\• r dunn~t th • ... 
pf• n nd fl·(•l':\ th •· b • guuung vf :n·· !t n .c t tl ~ t l1· · d.t~ ~ ·f ~~~u1nc th'~ f l ll · ·• it "' ' t~ 
c a 1cu1.H•·d o n t il·· ho.~~l f" ('I( th• ' ~H"1\I.t t m ~"' t · •c•rt'I " RW·l 1 rl.ot ~• . :.~ c·t· <.Orn•,,..d 
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.d~}\'• , ~nd f(l r th,.. IOI"~'Nol r"Olll't !)t 'r"IOd n ( 1fv• IOr"' 'CliS l, On thP b;\S18 O ( d~tta 
tn •~H ' h o· lll o' l• tt r n ltiJ: tc .d f o r•,•c .. st. Jn till' ah~\.' llCf' o f a (n r \.'C a !'l: l fo r 'A•iud 
\'• l· ·•· aty w, . r lnud trH'""!it N, ~uttl ~• tr hunudtty # , , u , .. m(·a n v.tlu••s fo r thr 
tiM ,. HUt pi'onf\d~ o f 1111 :o.nd N a r P t ~•ken cw t•r· a lo ng - tun.-. p l' r!Od, a n d the 
\·~olu• o f 1\ tS trekf·n from its r"·l ... t iOns h ip w1th Lh t" a ar te m pe rature. 

1 iw r a lcul.J h on o f tht• tw.~ l tttplH fr o m the wa te r has no pcculiari t i ~s 
t••n . l>·•r~'d Atth thnt dt·~c t' l brd a bo v•·. 

• 'l ~·ur-·c n•ung thn dat<S of bcg1nno ng of ICC d n lt and 
IC• 4' !t•drtng f r o m t•m p lrtcal relattonshaps 

(" .,j '-·u l.J tl1•010 n f ac <' c lvn r 1ns o n tht • OO S1!it o f tht> c~dcu lat 10n o f thawwg, 
d· ..,, rlt)(•t1 u1 the p r~'VIOUS Sil't"tions , a n· used to prt:'pare fo reca s ts m~!lnly 

1n ' ·' "i' '~ ... ·h··u t il t' ohsc r \·dflon d.ata a r e no t suffi c H!nt to s ct.up e mp1rtcal 
t f .U II •n:-,h l p <t 

a ) l"' o rl'cas t ing o f the datr o f ic e cle a ring on m os t parte of a l ive n re servo i r 
fr tlm it S rt~J3tiOnRhlp with the d a t P or accumulatio n o r the a mount o r he a t 
cor r espond ing to a g iven thic k ness o f the ic e cove r. Th~ a m ount o f he-at 
••• ( c; J l v f o r Ill" C'lc·art n&;: Iq, IS dt't£'rrl aned rro m the O'l!"an of t he 
muxtn i'.Jm \ ',t lw ·s o f th(' ic e cover thicknC'ss h ,c• m('a !'l:u rcd a t all thl.' gagtng 
~\t l S O f \lw JtiVCI, r l'Sf' r \'01 r !H'Cttn n (1hC C'lr tg tnal iC\.' th ic kness) 

l:q =z p,lJ•u~- 731',~ c~d /cm , 

\h•· r •· h , .. th •• th.cknt·f'~ n f the l C t' cov•· r tn e m, p1c: and L,c a r c the ace 
d••n!o'lty ;,nd •c••-th.i<Aan&{ 111·~1. 
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1}111 ~ .. .a N •• lfr 
Ou~ o f • ft·t"lul.uaon (If rt r n~n·u.uy ' " ''"'1111 " ' tut 

I lt,U .. I • l"'.u~ of In' cluun~ on rt c Pn c-b '' fl • y o•f u c P ) b tnlk 
n •I I .'• ., ,, ,,,,.., .u ~ I . t llut~ ,,f rM J• t~ of ,, (', •m•1b1lnt t•f t h.: 

""'' . , .. , .. n.• "' ''' "\r l l 

J1 ,. rt:ll•·s o f hnnu.il a ccumula tton of thiH a mou n t n f hr.H tn th(' c:a'-·<'n 
• )l. ;t m p l•' olr•f • d l' t••rnuncd by mt.•:lnS nf .'l no m n lfr:lph f:l r t h<' p:t r t ic'ula r 

2111 

r c g1on si m ilar to th• t g•ven ' "Chapt e r v . P ort B. S I (F'•gurc ~2 1. A lbO 
d t'sc: r 1b r·d th ~"' r t- is th~" t f'chm QuP o f plottan~ such nomo~raphs 

fn the " X;imples gJv"n hen• the hf':.t inno"' t s summr d h ·um thr day 
aft ~"" r "''h tch a m c•n-dturnal nega ti vf' a i r tt:-mp~ra u r ,.. ~~ Ob!t~rv t. d fn r no t 
more than thre succf'S~Iv• doys. 

'The rP\a tionshap fo r fouecasting the da ti»' o f icP cl• ·a ru1~ ~~ prf'p.lrt>d a s 

follows. 
t n accor dance with the valul s o f 1h o r tg1nal acr> thtckn• <s du 1u .. ~ th •· 

s eve r al yea r s tht' r CSl'I"'\I'Oir < xists , th• amount of h•at n""c•· t;to.ury fo r 
complete icc c lca rinl tS deu•rm in•·d fo r Pac h y par. F r 'ln'l th•• Ji r 
t f'm pe r awre the da1 ly heat 1nput t s determtnPd by m• .inS,.,, a 'lnmn cra l)h 
In this ... ay, the d at e o f accumulouon o f Lhc nl~c,.~s~ ry amount of ht ~t. I4 . 
fo r ~3Ch y l'a r 18 df:t c r mltled, Tiu:• obt •. .in<>d dat• 5 fo r thf' .tccu m td •• n n n f\f 
Iq are grap htc ally reldt l·d t o th(" a c tua l dat r s o f tCP cl~'~t~l nR cl n m n s t n f 
thf' gt \'Cn r \."SPrvoir. A n e xamplP o f such a rt>ld t i"JnS hlp trn r (l'l r •·~.-~"""Hl lit dw 
date s o r tcr clea r ing on the Pc rt.~bor:• Bay of h~'· tlybul~k rP!IIi ,~r\'Ol t \ 1~ 
shown tn Figur~ 9 0. ,\C"tual tee cle ari ng lS ob s,.. n ···d ta t£ r th .,n .tl tla• , 
ca\cut.u ed d a te s o f accumulation o f the n<'C"£'!i"83 ry hf·ii t , ' " th ~"' 't1\ 1

' " ,.,~mp 1 • 
5 do;~ys ta te r on the 3\'~ r-.~gt:> . 

An •·a rhe r ac c um ulauon of the nec,.ssary amount of hrdt as c-r,m p •• r··~d 
w ath the a :: tu al dates o f tcr c !l'anng m :.uc.f' S at po ss1bh• to p n·parn fn r• c .. ji;tS 
o f lce·clcar1ng dat ,-•s ""' t th a m t'an fo r e wa rm ng pf•nud o f 5 da~· .; (an th "' 
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P• • .,,.nt 1 Xttm pl•· • ,,.,u,out us m e: air- t•-.mp• ·r .. turP fort•cast . \Yt,f!.n us inc the 
I.Hi to r , 1ht• fn r •"Na r·tunl( p.-· rancl o f the iN.·-c tcarinR forc oa st can ty. 
3f"C'•rdm~ ly trtr r t•._ts ••d . 

l'tl(ltr,.. l)J ~, , ...... sa it• 'n,.,. r .•llzt•d r r l._t l ton..;lu p fn r fnrt·r.astan~ thP icc 
rl •·u nnt:: on n' n .c;t n f lh,.. f•p ••n ,.,. ~ions o f tit•• r <"st•r vot r, obtair~t •d ft·nm cJa t.t 
" ' • ·II ~· n · •• ttn~ ... nn II ••· Uy'ltn~k. Tsim h·.,n~krt , fiot· ' l(il :.and Kui hy~h,..v w..a t f· r 
r~"~' ' I''HirS. fll 1 ' USto Of th ac; rt•latinmth ip with<'lu t o.tll' • l t •mp(' r .. tur(' forecasts 
c.Jn<•c; not r. hrtays provide th~ necf'ssary fort•.,..•a rru ng p C'riod . 
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., Ill 117"' Jl• IOIIf lf/tll JDW .. M1 
I •It< M • cqunui .IIIOIJ Of UIC' ..,n, •tl-!11 u ( ht ~l nrrt'u.JI) tn mt lt .in u·1 

•n11 lOtrn t 1 1olo 

l l>,tNr "2 c.;. t' •" ·~' "' .:•• r" rcl.tlmt: thr ll.lh' o•f tr.·· d, .. ,,., ~ .,,, "'"'' · •I 
111 Jh 11 ll'0:10U ••f t h(' U U'hVII 111 l h t' '-'_. tr H( I J"C'UmUblh'll ••ft ltt' AlnU ifll 

f 1.,_ -.11 1. ('11 1,..1) 1(1 !fl o I I •Ill I( (' f"IIVo f I O,ol! ll1lt ~ 

In n t•U•· r· tn r nc re~•se the fon .. wurni nq pe riod (wi thou t usang the ·•i r · 
' '. m rw r "' tuf'•' fo n·ca s ts ). it is pos sib1P to use thf' r e lat ionship sho wn 1n 
I ·~·u··· 11 2 . .~o•ltPr• · the d4tC o f tC(' e l l:'.! ring o n mo s t o f the op r n r eJ:inn o f t hr' 
r · .,. •. , 'nt r· ~~ d•·t•· rman•·d a s d t.• p••ndt:nt o n the d.ttc o f the accumulat1nn o f the 
h• ·•l. ! q . 11 '' Ct'~1a ry fnr· n wlti!IJ.t i.in ict• cov o...· r tO c m thic k. 'llw fo r e warm ng 
P' '"'#' o f th •· rn r ··ra qt nnt usm~ air·te mp c;·ruturc fo r ecasts v~rics (re m 4 
t .. 11 d .. y:-. .. nd IS o n th r· uvct•agf' 6 d.iyS . \Yhc n us1 n~ the weathe r forecast, 
th· r .. r · · .,· .. nun(! p· · riod accon h n !lly ~nc r<'ascs. 

b) Fo rec aatinl date of the beginnl nl of let> drift (breakup) from Ita 
r da tion tn the date o f th~ accumulation of the hf!at a m ount n~ces••r'7 for 
m f' lting an ice cover 15 em thick. 11w b'·guuunA: of icc d r 1ft co1n bf' 
,,. , dwto-1l ~11111l.1 1'1y Ill tllf' s o..m• • w.ay as ~hown in;, !Whs t•ction o f this pa rt. 
I ' 1

' ' th t• h· ·~umt nt: o f th•· c.Jnh (hrr·ukup) the <"a r·li•"'s t d ... te o f ic c dr1ft o n a 
~:n·· ·n " " • h· h tR t3 kt •n . In III aH c o nncoc taon. loc-.1 tee b rt.•., ku p o r local icc 
tln ft as 11ut la kf"·n 1111n accrJunt . 

F1~ur• · !J:l ~1\' 1 '"' a g•·ru· ralizc c.J rt"' lation!'lu p bc tw('en thr date of thc-
h · .::anm nJt u f k•· drift (o r brt'~•kup) and ttar d a tr o f the ac cumula tion o f' thr 

h,.at amoun1 n~·cessary fo r m e lung an 1c~ Co\·Pr 1 ~ e m th1ck. 11w a r;..ph 
CIVt!' l two li nes (plotte d o n t he b ... s is of tv. o group5 n f poants). Th..,. lowt> r 
h ne corres ponds to the belinmng of ice dri ft in o pe n sect ions. the upp~r 
hne to closed s ec tions of wat(' r r,.s.- r voi r s . 
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'/IN lfl• zr.• ,. • ., 11 WI .IIW • 
O.u~ flf t t.c •C~ ..11n . .il,u ~ •f II t 'en ~'lhha"\1 r't'Ct'\l.o.l) I•'! 

trtdU!'~ Jn IC'" 0 \l t I un tlH' II 

• 
riGCJ> £ J."'~ G• nt'r• \ u .• J !-' •;"" r.l .. tt. ~ • .c .._.h ·•fu.r l" tp;o.~t " : ' 

''" lo1'1ft(ot ht«"-'"l:::t) totl ,· ll•t .. <'f t'll • ccun .J t h'"l " l ~~ r"f"lt 
... ..,~~~ nee- 1\.11) ' "" 't1f' l1tr. O: " fl' IH' ,., t"l i ., tl. ,- ,., 

Tilf• b•"'ganmnR of Ice drift 1n bays IS dt"'t <- rmmrd fr om n lJ ... •· r, a tum~ ~t the 
fol iOWliiJ: (tdQing sitcs · r f' r'Pllor·y (P<'rt'bt>l)' Bay) o n tho"' ll,) h iiiSk. 
Z h t"l t u khmo C'ln LlH"' Go r'ktl and Y:ih1 \flO\'Y' th r:ta f\11 t h · t-; uttnlitt l •'\' '-' · •1• r 
r·C>sc r voir:: On t h<' T s11nly.utsk11 ~to ra~t"' rf').•' r \'u u · o h to:"n ·•11•)11.., ,.. , . , .•• nn t 

condu,· tcd an s pPc1al parts; us•• '<' 3S m ad!' o r ob~,·n· .tt tons: on 1e• ... br.-.<~kop 
on th~ small B·· r csta,·skoc s !o r :1g \.• r~sen·ot r C\r hP \" f'I ! &::J ·~'" C'<~ nal. n, .. 
fo r..•cast1 ng a ccuracy by the 1ndicatt"d r d ... t1onslu p IS s .1t1sfa c to ry 11·1·· 
ro r \.·warmng pe r iod o f th~ .. • b· · ~HH1Hlll or ac-f' drift o n <'P' n .. ·at ·•r a r•' <.i !O: IS on 
Uw 3 \'P r·agP CfJUi.d to the fll r~"' "A il rmn" p · n od o f thf' :u r- trmp•"' ra tu r • fnt' f'C' a~t . 

and thf' fort'W3 ftl11lg pc n o d o r th·· b <' f!Htnlfll tl( 1\!t"' dra ft In ha;o.•!of tC"'ns••d 
wa te r a r ('a } IS o n :h(• 3\''-' ra~·· 3 d3y :: lC'a Gf' r. 

Fon~ca~hng o r th•· b t.•gumint:: o r IC"f' d r dt ln 150hH t•d p ~lrt!( o f wa tl'r 
r~·s C" rvOi i'S by mt•:..ns o r tlw ~t.·Ui"'rah z··d r £'13tl()f1'ohlp Cl \"•·n 10 Fa&:rur ... P:t 1!1-
h .•s!:t accurate than fo r for··..: a:;o t~ m c•p ··n p .. trt s . TtH't IS rh.l•' h' th• t•m~Hh· r· 

ilh lf' influ~nce Of th•• d affi" rt'UCt' 1n th<' hydr:lUh\': a •td mP r phcm •w t ru• ( d C' f O I foll , 

,..h1r h a r~· no t t:ak•·n lllh" ;u -:cC\un t hy t lt o:o d · ·~r nb• c1 I• r' ·w•u·· 
c ) For~castinc local ice br~akups and ice cleartna on rtv~r r.one~t and 

bays of water r<'!Wrv~ir~. l 1t•' .IC' f'u r.•r .v n t f,,, · ·•·:t !'oh ftn · r · ·1.111\ • h · .. m .• tl , 
tsolatf•d rC'glOtiS (b.lyr-;) O f 'llt.'Utt•r r~' :'t.' f" Cllr' hy th•• ,, lJ, •\• · ·~ 1\'t'"l ~· '\f"' f',dll.• \1 
n •J,ttiOn!llllp:- (R rt' c.JUCf'd nl.Hn 1;o.· dUP teo tht• f,H~ t t h~1 t , In t111 0: r ;t ..:••. t h•• 
lowe ring of tl1o• 'A'3H•r It' \"'"' I du rt ni: th._• -..·tn tr r :uu1 r r· ·0 c-'0Pd dt .-t 'llt.drt\''' .uh.t 
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.subM tlU<"nt h•vf·l rast' durm if tht.• sprang r l-ct.art:.-. cont r abutrs cans tdC"rably 
t•) lht• dt~stroctaon o f thf' arP covt· r . Thall anrlut•nce ts parucularly strong 1n 
plact>A !4h~r.:-_ tn accord~ncf• wuh the m o r phomt.·t rtc fccuures o f the g1vt'n 
r•'"•~ r\•mr, the ace du r ang the wante r drawdown Jreezes to thf" botto m ove r 
larii:• an·~•s. 

In ~uch C..iA~s . tak1n~ tht .. St.' conc:htwn~ anhl ... ccount m ay consadPro~bly 
1Hf"r• d~{ lhf' .. ccur;:,c y n f the d•• tf" rmmatatm or thro -.mount n f hrat n··cessary 
for 1C'P brf'.tkup o r IC:f' elt .. n ng TI11.• thu•knt•ss o r thl' tee covt>r lt

1
c before 

th•" bt·gtnmng o f thawing, th<" )('vf'l A, o f tht- prf' rlOOd drnwdown and the r ise 
10 thP wa te r level bt>fOrt' &C" brf'akup or thr ft r 'Jt ice pus h 

(II. VI ) 

.... '. r .. ctor-. WhiCh dt• ttornun~ the amount or ht"at Ito O('C('RS.l ry fo r ICe 
dParm11 (or brt'akup ~. 
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, I\ 
X II • ... 
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' 
, 1\ 1 -l}j . 

~ ~ 

__.... ~ IU ......_ -
0 4 , 

f ' ll ''l'~f 'lot l.. · ~~ • ~ ( 1:-.YI), uv .J It okttrrt:l ~It'~ 1~•1 ~.11 
t• O-w. ~~ •1111 ct.o.KI.&c'" nft~I'ICf' t• . ct«<I'Cnutyf(lt !Cit 

1- ·l'.&lltlp: ttc- •ytun:.. rcv.rwou an 1t' .. C'oo\lllft rof tt .. K~puno 

n.auM. t .. lllit'pC't.dc-ru on t~c- lltt.kn• u d t i>C' , , ,. co"'r 

t>i: fO't' lht' t't' ~1nrnng o f It .a .. t. .. ~A,,.. tnJ on lht' .. .alt'f · 1utl 
"IIC' Attt,,l' lhf' I"""C'U ptt0o1<0od dlhodo~o~n Ind. .. 
I· ~.a I •<~ o•f k .1nd &II ,., 1hc do~ y o( ICt' tuulcup; 2 - .-o~lut\ 

·r 
o f %.-. .a d &II l'ft II c- ~c• IOU' d .l)' 

f t) forq·,•s t loc;. l tel' br•-.akupR on riVi>r z o n l'& o f water r eser\'oirs, a s 
w• ·11 ~•a to fn rroco.~st ICC brf'akup o n rivP rs , ll 18 possible, wi th obsc n •ation 
c-1.1!., n n hand, to use rel.•tlo nstups ~nmilar to (2.V) 

r 
I q. - I (-'.c. AH), (12.VI) 

'• 
"'h• r• ! qo ts lht• total h-.·a t 1 nflo~· pe r untt OUt l" r su rfac(' o f th~ le e cover 
Ahl<"h &J; nn•t's!' .. ry fo r ICC b r eakup: lt1c ts the lhackness o ( the ice cove r . 

214 

b<'fore thP b•·qlllr.an~ ( r ln.t. '- IIU;. AH ·~ th•"" A'·•l•·r·h•\( ... n~· .,bf)\t u.c 
lONt'St P I t•rlrM""od rtr ... .-.·dn.-~on lf'v•· •. 

n •.. quant i ty AH dJ r •·r L y .. tso ch.-.r.tct• r iZt·M th• rto .-. \'d(f("Jiy, IO Atud. 
,t l'i ch:..~dv rf"l .. t• d 

Uo;tnq d;m• ·nsMma "'ndl)'~IS th• n l.ota'>n\h lp fo r df't•·rnumnq th• flUitnhty 

iq0 , 1n thiS C3!t•, " •"'Y b.- rt pr• · ·nt,.d ..... 

~fo - f ('H ) 113 \·11 
I ' o\ A • 

\'h•~r.-• L , und p •r• t• ... tl ~\Ina h• .ott :Hut ·h· It'• cf, r \ '41 

Fa~rj ~4 ~1\'P, ~urh .l r••i .. 'l lU hlp f·•r th• H\'hon .. k • '·'C t ' n•·tr 

1rl th~ r~~W'l n f 1h•· .... pnno ~ · ... twn. Tlu \ ot.IW o( !qo .lr• d• ,, rn n• d 
h om tht• .Jir 1• n l p• ·r•t .. l• ' fa t t '. lhb1nsk m• t• t n'uq,r . .t ~ luoh••nt hy m• ./on~ 
uf ., nomnqro~ph ~lmtl.u • th..;t ,,, • ._ r ah• •I '" ("I •P'' r \ ', 1· ... r n ~ 1, h•at 
ft)Ott•·d fo r \hi' fl qHm 'J.r.rf•• r ("IUI.,.Hkl".ttl'•fl. 

','.'h•·n plo t lOll th•· ~trap••~ n f 11 :l \ 'II 1t I!!> t r'" \ ' m• nt h • r • pro ·• :tl • ,.rl. r., .... 

h:{ t \tl P"'~l 'lt ... ('II r• .WfYl ' Jd,ng tH . I \ •• , •• ~ ' r Iqo ···•d All , .• lu' ... k•lp 
d.ty (lnc~udwr:t qo ,tunnq th• br• •• ~~.up fi••\' .1n•i ou ttl• p1 t! '. 

TI1(" V.J lu·~~ o( Iqo •• n l·..r.k llo.~P db\ n.• .-u ... ,,f •tu ilr.tJih r•l 1 t \' II 1 1n~ 
tho• m~"thod O( "'\JC("t S ... l\'• ... ppr•J'In.JliOO, 

Tht• aC't ur:tr\' Qf dw c.dcu . .~t &nu n ( th• tun• of u.·• hr• ... ~ 1p h\ n1• .m 
th1 rrlauonshtP s h •, An 1n I ur •r·· '14 1~ \'f ry loch h•1 II r .. .... ,.. ll • ' • ' ·11 •'t•n 
t•rrur lo; tqU.I} t(J 0 d.1y'O, 1'1 1 \t C..! '-'.._ 10 1 dot\, •tid HI I ("J~ t I " IA U (J,&~· L 

110\\.\'\'t· r, .J. c;hnrt~;o:ntn~ l'l tl•• pr• p •• r ·•'l'Hl r• f l"l ICt hr• ..r.k .p ( \r• ·'" ,1.;;:1 I" 

tht.:' n•'CP~sJty tO for• ·c.t~l th• \'..llU• :ooo o ( ~H 

r. r·oREr,\!'Tr-.:r. l'''"" 1 11 ~ (' l u\HAc- nHI'IW" 01 
r il E A T'II1"1'111: HIC I'HCICI "'I:S 
I 0-.:G - Jt.\-.:Gr FOI!J::C,\<;TI'G) 

Tht' mat~ pt'r'U!Iarlly (>f ' l .l' !fprtfl(! 1(' 0 b~• oil\ 1p \• r fh"' A,do t d ot r o .1~ H i 

.\ at••r r,..s,~ r·,•ntrl'il IS 1c•• n1• .Ct!l~ s:1 ... u!t. ' atf'r z.on•' tJoJ• to t•·.· '• r \ tu \ JI1"1A 
vt'!octtH'"· l ' ·tdr•r l'iliC1t 'nnddJ •11 .... pt"'\ ldt•d tlh ,,., C" ·· ~I ' lhiC'"'' 1 tl •n 
on r i\'C" r S, tht p~" r·inc l o f IC'• ' m• ltuHz '" '• 1 y \OnJ.t f.l n\(ln:h ,, .,d til ' r•). I" 
thl~ (";}Q•', th• cia~ ~ of 1c•· ,., • • , n:l(! n ( th< " ·"'' r"\olr~ '' r.,,,,,. , ' • 
tlltkp~·ncJ••nt O ( iOdl\'id11;1J ~i lr•t•lllp•r.t tUr• f 'u lll,iltUtl._ l'l f };t r •ll l "to,• •I •t,p .. 

Pf'rtnd. Thf' tJ mt• or IC,.. l l··~•l lfl l; ( "' f · ' C: l\'• 'I tl H 1\1\1... r ~h ,( •. I,, . • I '·'" 
th• r \• ro n • o.-• l f" t o•r m1n• ·d a't rl· p• ·uknt c··• la1~·· .•tr·t• ~-P• , ,,,,,, , ,,,, .,.,,,a··~ . 

("~luzo;rd b\' tho.;• ~trnosph• rtr p1 '"'C" ' .. ""'' ''- \ tuch JJf'• \a d•lt u t: ·• hnlQ. p• 1 1' •t 
Th<"'H~ p•.("ul\ •• rtt&• c; f.ICJIII.•tt· luni:· r.llll!• f r • , ... IIIII' ., , ttl• 11 •· t '• .u· ''1! n! 

-A'o.ih.· r rt·~t """' r" 
:\ !1' an f' XJOlp lt• ~A' • ' p r• c;o" U t • n~· th·•d •"l( (ttf'• 'C".t' l lll~ t('• ht'• .1kup ,,ntl 

(")••nriiiJ: o n thP H)t'Un ... " t't' "• r\ •1 r ' I I• rn• ""'J ;,.. '•.l ... •·d nu ' h• , j. fl• rd· '' ' 
U( th o~ d.H •'fi\ Of l (' t' r'•.lr111C r f th• · rt· .. . 1\<•lr ton 111• n~:\,i:nU!T" It tl1r'-.n• ._ 

olr\d tht• d., It ' nf lh•• (an,ol U oifl~l l ll)f"'' f tb fno lfl• ff '1 1 1111 o f I '!lp• I ot II • 

lhro ur:h 0 U q::ur £'5) I t • f,, , ., .... t , .. ;>I ' r>.or• cl .• t th• h• .:•~,IIPIL! 1 ''f"ll 

wu.h., 1n• .• nhH'• A.otn&n(!p• r·1• I n l nt r· "•·Ill .1 ll• ' " • • · · •'I I• t PI !II 
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r <'l;t t t<' n s hap, calculatr d fo r all the 19 y £>ars tlw r t'A•" r vm r f•x asts, as 0 , 41, 
dunng 9 y"ars o f r outHl" usc of the relattonstup ( 1 9~2- 1 960), thts 
d··p c>nfh--nct• was found to be v f'ry s tabl,.,• althou~::h i n th" l o:ts t yt•a r~ sharp 
r e ttrr .. n~tements in the a tmosph(·r ic p rocesses . Jn no way taken into account 
by th•" a rguments of UH! depe nde nce. we r e rathe r frequent. 

I ., 

IIGUJtr ~~ lhtt '- o f IC'- cl~ wn~ u t the' P t«'klf) PI") rot 
tl~ ,) toln~ rc'k"fWUI , D. ,H .. fiM'I~11on u f l l.t K"l ti 1C~ · 

~f1~ «"'t 1'! M.uctl, t 1c . •nd of~~~ iMh t tk> 11 c .lf' • oJt•Jtt' t l 

,ut I~"IT•pt'lolt , ,,. ulo.~• on f:W'tlh\r' • .&l ·•n 

1-U .ontltJ•'Ift <'f lhl .IU 1.-Wj)C'Ioiht'!" t' lt.f~ Cf t'ollht'l 11<.1 '1 

~ ,t.pu1 - u.amtuun l llfU4;h (f l.lt ~t t tl .tn ~ Apttl 

Tiw foroo(",_IM o f I C~ Clcartng 0 0 the ltybm~k rt•Rt'r\'Oi r l'i rort't'Ch.•d by 
Mk1uq tntn o~ccount tht• obR~" rved s um o f lnmp t.•ratun rtS• s, ~A8 . dunng 
th t.• pt.'" ru~:t f r om 6 J\ la r ch tu 15 t\pnl. 1'1H• co~lcul ... tto n n ( tAO frnm th(> 
zn••Jn -rhurna 1 ;, i r ·Wmpe rJ turt• da ta ~· t thr Hybmsk m t•t<·o rohJgt c.Jl .;; t ,t h on 
. ~ co~rriPd out :IS IOdi C dtl •d in Ch;Jptt•r v. r .. rt c. 11H:' quan tlly I6.8 
< h.t ra<" tP r' t l.t~s th t> d•'l l'ero o f d ('V•"lopment of Htf' n t m o"ipht•r&c pn\c,~ ~:-t,•s whu h 
.,r,. conn•·ctc,d ·•o th warm ang-up pe nods, at tht• b ('Ainnul&: C)f tht.' s p nng 
~ynoptu:., t St•ason throughou t wh1ch ICC m l'lttng takPS p l..a<:t•, ..illd, 111 t il t• C-'""' ' 
t,f " tuqh t nt•·ncuty o f warm1ng- up, w1th the ml'ltlng cond1t tons th(' rns••lvcs. 
Th,. corrt·cu nn ro r th t- ic,.. clt"arang for~<:ast f r o m the dcpendt•nC" t' o t th e tC~" 
• l t•d rlll~ d.II ~~'S fo r th•• Hyb ansk r r:-s t.•rvoar and o f tht.• value o f Z:68 o n tht." 
m~•x•mum l <"'' thack twss on at I S made on 16 ,\ p ral with a mNan forc warm nJ.; 
Jlf' f"l od O( olhf tU t 20 d..iy& . 

\Vtth lnust - tamc obs!'rvauon dtata o n thr thac kn•·ss o f the ICE' cover and on 
th•· I C" rl•· ~ rang n n th~' r f'S t·n ·n •r. 1t ts not pa rtic u larly d1fhc ult to 'o\Or k 
out :1 ' ' 'Chmqu·· t')f lon~ · r :u11t•" foreca s ttng ace clcarl n~. lln we-ve r . m ost 
w:. tt• r n·~ · r \10 trs 'l r (" o f m u r t" r t·c Pnt ..... xastf' nct', and th e m~thods o f 
for, ·c;.~ta n~ thri r ICC clrarwq- ha v (• to bi~ pre pa r(>d, as a rule, b<•fo r c th e y 

In t· " I'ICXh tn .,1\U it ttlr CS.Jit' c.( tlo< I W't• l ll.lj • lll('n itllt,l' •II t~rnr~ ••tulf' ttvoo,;11 (/' It U\0 it ., • •,; •nh nt, 

It" •l-It~ 1' •uloJ ""' ch Tt' Unlnt J 11~ '" d ) . In I h .. m • tl.nd &•·t n ltnt h •• ~~n "onr 
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~ rf' fallNI. 1' hf' problem :. ra ses o f ~ana: ablf' to prep;trc forPc~•St~ an thf" 
abs~ncf" o f otuu •r v:. t aon rtat:t . 

Th 111 probl• ... m w ... s s ol\' f'd an two "' ays 
The firs t r o nsasts an obtaam ng a long·llmt> SPrat•s o f d •• ta o n H._ cov• .. r 

thickuPsseos an d i c f' clea rang d::.t•"S fo r tht"' c ond atton:a: o f thC' f: l \'•' n r(' ll\f'r voar, 
by calculating (rum m ,.t••orologa ca;l d i,•Lli fo r P·•S t y~ .. r~. r o obuun the 
dat•"S, a t<·c hntqu .. o f lone- r.:m r;:a fo r c a s u ng ts .. •ork•·d out. 

TIH.' t hicknPSS o f Uw tC' <' crh·•· r· bf'fftr't' th•~ b .,gt nruru: o r m••ltl hJ! • --'n tw 
calculated fo r each y ear ~~t• tth !'uf h c aPnt accurac~· fo r lone · r~ngf" fr• r r•t-::r.ttt inc 
o f tce ctr.arinl fro m m\.'le orotog,cal d.ita l o r th t tot ta b k tee fh.• n od f~N· 
Chap t" r IV). Of emu'S''. the b~"gannt n!l o f th<' st.,bl,. u: e p• .. nod a:oo r.t..-o 
d•~ t f' rman~·d 1n thu; cas,.. by calculatio n (s~'f' Cha ptr r It t). 

lcf' c! ·~artn ~ dat('S can bf' c a lc:ulatPd by thf" m "thod d· RC J"th· ti I""' l'drt ll 
S t . o f thiS ch<~pV·r (fo r ... 11uck n r·ss o f the tCP CO\ t•r b " fOr f"' tht• b•"~nmu•t: o f 
m"ltinA: no t s m allPr lhan 25 c m ). tn wo r k t ng o ut tnf'thod " fo r l(lnq - r·ang•• 
fnr{'caStm~:t o f IC(' ch.•af"ang in widen~d art'.iS o f th P T sun!yan " k l1, ~:.u h~·~ht'\ 
aud som,.. n th<:> r r c sc rv ot rs. th e st.• r u •s o f icP·Clt:"a n ng dlli •' S w•· r·· ('~i lcoJlat • <J 

by a some what dlffe rcnt m Pthod. tn thas m·~thod th fodowm~ ,•qu.tt t, ,n 1 .. 

US('d (1 4 . VI ) 

The l<!ft · hand sad•~ o f lhiS ~'QU~Hton ropre~~~'nt~ thf' ~m ~.~unt c t h • o~t 
nect~ss.J ry to m e lt compl~tt·!y tiH· th••o r ''h C'a t tCP tluckn··~s h . 'Ito r tsth t · 
hand !'1de o f th(~ e quation as t it(' sum 0 1 th·• h··~•t P:<r han(!' ·( nn .p c•n· nt"' "'" 
t he out t.• r ~urfact• o f thC' tC(' CO\' ••r. Till" ht>;,t 1npo t t o th•· und, •r ..;ur 1~H • ' tf 
the ICP cov ,•r IS no t 1n1roducPd an th• ~>qu.ltlnn. Jn calrulaun~t LE •• nd P . 
th•:. '"'nd \'Cloctty as HtkPn at thf' hC!J!ht o f th•• a nem f' m e t•-r wath•,u: t n t r •'C" · 

tions forth· · anflucnce o f the ro""SP I"'\'CJ&r . 
T hP h~:t t·.-.xchans;P c o m pon,.nts (bt~s t d~"'J: t h..,. r:~d a , n t -h•" •' l'lf'Ut) ..... 

c i1f<ouJu t <"d fro m the Oat~ o f t' :l<"h o f t hf' fnur st.andar•f h(lurs (lf 
obst.·n ·JttOn pf th(• m t't ••o rologJc,1 l c l•""'m• ms. Roth postttv.--. Jnd n··~·'"\''' 
va htt•s o f th£' h ,--..a t · C'Xch.ulg•· componPnts --' 1' \ ' 'iumm• d. 

In tlw absence o f a cons•d,.rablc Str•·'"rn fln ..., ami of rhn •. •lt<' C(lndttt'•n ... 
C'10S•' to thos.--. a t ~~t' .l tP r r·cSt' J"\.'0 1 r s ..., hO"i"' do~t ~• ar,. u s t•d 10 t>b t •• l n th•• .:; raph ... 
gt\·Pn tn Ftgur~~"S 91 and 9 2, thr da:•~s o f ict• ct~ ... r 111g o f rt J,ji"R'' part o f tht• 
gtvl'n rf·s~n·oi r rt,gio n can bt• c alcula1('d to •• f i r '-t a pprn x t ma1tf'ln by m··~ulh 

o f llu.•s1• graphs. 
ThP St·cnnd way con~1sts 1n d<'t~ rm1mng. f ro m m' t~'O rolc'g'c.d OhFI•· r va ­

IIOns du n ng pa:. t )'t"\lrs. the datt.•s o f th~ ac-f'umu l6 tl tm o f d t'f&nlt· h •" .. t 
;:1m ounts and 1n f 1nding C'Ut thr r• laaon~htpiO: bn t'A t•~'n th~>s,.. do~t •·~ ~nd th~ 

cha ra<: t C'rif= tic~ o f df'\'('lopmrnt 01 the atmo~ph~'ru· pr~"\f" t•Cl'O;P~ . In 
fot··-·c~•~U an~. t.h~ I C (' c t.•arm., d .. t(" 1S dctt' l'miUt"d a~ th{'" t~"<P•'C" I ' d c_t,,,,. o t 
ac:cu m utauo n o f thf'• amount o f h t•at necf's~ary fo r rn ~> lta n~~t th·· tr •• •·x a~t 1 ng 

on thf' r escn ·oir 1n th(' £:1\'t.'ll yea r. Th1S appro ac h m ak• B tt p ,:--,.I h i ··· to 
ch SPf'llS(' .... ·ith the calcula t ion o f th(' ice ttuckn~'M~ dunng yt•nr~ h 1 f•J r•~ lh •' 
r(•fw rvni r <'XiRh!d . n us IS P~• rt&cu t .. rly Important fu r ..... tf' l' rt•~f" r\o'lll l'fll 

w1th consld t"rahlL" wauor inflo-.• anc1 di~ch,, r·~oo . tmJ)' J rt.~n t -.·tntt. r rl r"<t"tl'l,.n~ . 

ot ht' r pf•cu1wntics o f th,. h~·dr,luhr C'nmhttn ns. "A hu· h ff t~•~t 1r r 1'rn "' th , n r 
wtth sp f'CI:l l rond1t1on~ n r hr 3 t inuut f rom cro unfl" tU' r . . \ n .ld\·.,n t •R•' ,, , th a ... 
-.·ay 1S also the- pns s tbthty o f prl•p .• nn~ .• n t <' •' cl•"'JJ"II•I! f,~ l '' t .• s , fn r 
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andav.dual tu•ctaon "' t f the w.u e r r <-S('rvOa r takmc tnto account th~ diffe rence 
~n Uw u·,. thlckn.-~s on tll(~to.• 

Thl' hrst w,.y also has adv .. nta gt"!'t. F•rst o r all, as a r f!sult o r the 
calculauon o r thf! ICt' elf' .... rang dttte s fo r a number o f ye ars, we o bt:un thP 
c ha r•ct e ras h cs of the futurt• ac if' r eg1mt .. o r thP reservoir, • hach hav(' a 
pra~t1(; .)} valuP. Workang o ut the tcehn1que on the batus o f the calcula ted 1ce 
C'l• .Jrm,.: d •• t.-.s, • 't" •~ no t bound by the n t"CC&Saly to use dato on tlw 
max1mum ac e thac knf"ss '" o rde r to assu e the fo recast. This makt"~ 11 
possa~l· · t o ancrt."ast- lht' for~warnang pe riod o f the fo r ecast and to assu e t t 
at d ehmte ca lendtl r d•ut>s . 

• lf 

" • • 

~ I • 
. 

• 

r~ . . . . .. lftr 

' 
-s ' . .... 

tt ... c .. r • f 4ht •f.trtl< .. ~ , ,~~ ........ •W 4 ,j t 1 .. r 
• ,,,., ..:..,., Sh 4.:.,r •r u•r , .r "'~\ I')"'" '•'-' · D "' 4 1 
I 1' r "' f·t~rr'!jkUI.Uc •norn.~ly .il Ul )" , ""' .,. '-1.arc A111• 

• Lt•t us Jta v,. f"Xarnp l ··~. Th .... m rth'ld o f ro n •('asung IC'f' C'l t>a r•ng o n tht> 
1-\ -u~by:th••v s to r·•·s• r• 8 e rvo a r as bas ... d on th,. rd lcui.Jtl!d d.Jtcs o f ttu5 
phr·nom·.non fo r a B" rJ('S o r P~•s t y~ars (f rom 1925 to 195i). ThP r~St" rVOlr 
an the r • gltln o r t h~~> .,..,d,•nf·d n r ,.-.a at Ul'yanovsk ch•ars up on th~ a vt•roa t ' 

:nC"cord uu: W c a lculataon ) on 1 May. T he t c ,.. clcarm,R 10 ,has regio n ! c, r'­
·lh' r than 1n OIIH_•r r t.gions u r tht' \'olgo.~ s tre tc h . Ice m e ltang: usually bt.• t::l'n~ 

on " an Ma rch . ThC' condilaons '" the pt!nod o f the begwmng o r 1cc m eltang 
~hf• rero, e r an bl) t' haract{'nze d by th,.. m t>3n a1r·tcmpe rature nnomaly an 
.la rc h If'" this mo nth th ... r e arP lnw tC'rnpf' ratu r f·S ice meltin$t h~'g 
·•If ' , ·•nd t h,. I Cf'"• auwlf, .Jht10UR:h 1\R thacknrss does ~ot confud ...-•rably 

108 

anc r f' 35" an Ma r c h, pres<' n l'f s ils s truc turf' and st r ength towar d thr 
hP~tlnnan~ o r m e hang Such c-ondatao ns c ont ribu te to late icc c lra r •"'\5 o f the 
r r ~,..r ... ·oa r A ha'th a 1r tf'mpt· r~tu r~ 1n !\larch. on the othr r hand . rnuses 
1n t h1 t1t m o nth mt' lt1tl! o f t he 8now on the ac e covE' r . brf'a k rlo wn And 
"-.,..:-t k••nlfiJ:: nr t hr ICf' cover. n nd ir. som e c :tsf'& also dtrcct m c•l l•ng 

II, •• "''! .... "'""n u r '1'1 th41 """'~" ·IU .. IJ ,, ,. wconJ ••). ll~~t: .occ .. u c:y of ICC' cl~""" IOitr".lt.U 1 

•t ,I':, II\ ''. " ~•' 1"' "''""'· th•l) tl.r .ott ·'"'' J o l tt·.,.. rnC"ttoJtJ uf f, '""""""& lllC' ACCumu l~twn of , .,; JomOurn 
flo "T '' C• ! .o.t) f H f "' rlrl l" r.~lllnoj ••f l'•f' ~hr:Ut' IC'r IIUc• nrt' IS , tllm,U~~. 
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o r lhf' 1Ct""', In oiddttlon, U\ ~laN"h lll'" ... prang syn·>p ttc• l ~.~ .. sun btgtn~. 
• hu .. h P '!C t"nt.l~ o v,.r thf' (tJJirt·Nau~t J)l r a•)IJ, •ncloda•l~t lht>tu ('lnmnc or l.~y In 
virtu•· o r tht* una fo rnu ty o r th,. • lmO!'oo ptu riC pru('f ""'''S P• · \, td ln'-t tlanng tht> 

"i• •ason , lhf· t t mpt"r .. tu r ... cond1ttn nli 1n l\l• r~h a ppro,am.,.l t''Y c h ..- r .. u. It nz•• 
ot}MO l h P ~ond1t10nS O( th•~ '\ hOl t~ ICC· m d ttn'J p t- Mod. ilo• o&ar•t••mpt-OI~t_.__a r.-

1fV'maly '" :\l .Jrc h (bt n~h-mark mPtror'll ' gar• I ~·tthQI'l l l'y•••( "·~k) tt r r~­
fo r •• d• t •• rmant 'i , tO., J~,r~,-, ,--~• t· nt , t ) ' ' tln 1t'OHf H f f l•·l rtn~ ur t h .- rr "t'OrVtUr 
(I· qrurP 96J. ·nlP fo r • ... .-nun(l p\ nod o f th•• ffJ n ~ar., whtch C.,., bt 
(Jr .. pa red on 1 April. ' "' Pf'l u.al to 30 da\"8 on tt,. a,·,. ragr TI1e accuracy o f 

th~" rPI.ltionshtp •" cha r ac: t•'' rt'tf'd b)• f -0.72 . 

' • 
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f lf..#U•r • 1' h \ I • ••• 1 .. ,. tr ~ 'I t' · 0 . 
.11 j I 'M.'M I I r" 4~·U '"i"'fA1MC' .ir ,. •h .lot : • • · ) .. , .. •~• 

rc t~o~J~I) A11 • 

J-\n<" tht•r \''i':ollnplc. 11w Ts amty •• a~kll s tora qt• r f'lllf'n.'Oi r I!': e~~ .. r f ( tC• 

Of\ tn,~ 3\'t' r .Jg•· o n t O Aprtl (by calcut., u on for tt' p• r aC'ld fro m 1@2S tu 10~7 } , 
u•f' mt"l lln~ on 1t usuall • bi'(lans tn F .:'bn.Ja ry. In F l'br"U..,.ry thf' .;.ynoptu-a l 
!~ •~~son o f tlat~ £h.•c o nd half o r tnt• .,.a ntf•r b~'gln~ and t''U~'"nd~ 0\.' \." r h •' fu ~\ 
ha\f o f ~larc h. T hf' dJt• ' S O ( IC<" clf'3 r'Jnflth~'" r<' ror.._• larR•'ly d•~p••nd 'lO tht~ 
tl\ r · t f' lllpt' r oH Ur f' ano m aly tn Ff'br·uary ( FI!('-lrt• P '7 ). np• fo r •'A.lrt\lnllt p•' rl r)fi 
o f th ro rrt'a~t. whac h c.ut b•• pn•p~•r\·d o n 1 \1 •• r ch. o n \hr ~•\'e roJ ~t t ~<" · Ni l!; 

a m o n th . Th<' ~ccuracy o f tht> r da u on!'hap '" ctt.ar.-...Ct " r17 C'd by +- O.il . 

Such l't•lataon~h•P"' d r ... '"~tn·mrl.} •.:ampl • <~ml to " fi r :-. r "'PP' ''"m .. uon 
~.-ua ~ ry praCllC' .Jl r t 'flUirf'nt" nts flo ...,. ··"" ' · th.,.. rn r ,.w:\ r nmfit p • ru~ aud 
accur.lc y o f th,. fo r <-ca sts c an ht• constdt- rahlv tmprt •\' t d . t f t•\1' v.~on .. u vn an 
thl' atr · t~'mp• r :l tu r •• a nom.tly from !l'f"3~on to St~ .. ...... , n. ~•s d• f" nu• n1 n "l l h"' 
pr••ct .. d1n~ "·an"'uon tn th•"' ('har.u"lf' r :!'H<"S ~'f tl.•· h••,Jt anpJ \ frnm lh • :onuft, . 
u.•(•S t. r (SC't.• Cht<pt'" r \ ', Par t C. ~ 2l. , .... l o~'<:f n tnl n .l~C'"\llll . In · t.·'- .A .l:" 

t t ts poss tblt.•, at tlw b e 5,!1nmnf;! n t l· •·bru.ar~. tn ' '' t• nnan• thr ('f·ndall t•n-. o t 
h ('at Input in tht 5: t'COnd h..a tr or tlw .... lnl •"r . '· •· . . tn I. hrhory-:\ll r t h , .lnd 
at the bc ginmnR o f :'\larch- the cond1unns o r r,.,,, tnput u r ttw ... rtnnq 
synaptical season, 1. c . • t n l\larc h - t\prtl. Tl ~ t· ~H r t ..->mp •·rah.u·· 1n ·h• "" ' 
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months m~t nly dctrrmanes the date• o f tee c::h•aranc. Thus. fo r e xamp e. 
lh~ da tes or 1ce c lt'ann1 on the 1\uaby ah cov r esen •oir are obviously r·e lated 
wa t.h th~ t e mPi!ratu re ano maly tn March and Apnl. which can be s een f rom 
Fagur p 98. nus falfUrt' also shows how th,.. stv (' rity o f the wtnt<' r , expressed 
by th e sum of the mean. monthly temperatures from Octobe r to March 
(bench - mark m e teoroloeacal s tallon Ul'yanovsk). Influences theae dates. 

·--· •- _I 
o--1 
·-·-' 

1$ ~~~---,.--.J!:--_-,1:---_~, --,,:---.1---,1:--J~-.:---! 

fl~o~lPf' VAUAtU'Ifl lll till n O( Kf> Ck.U iftjt flCI UW ,. ,dntf'd 1\':Wf \'()U AI U At 

Ul ..... , .,~•· D ~~•h ~~ .ut·l~rrptt•lvtt •nc~nut,. doMttJg \ hrch And Apu l 
A +A 
~ f~ U HO.n ullfft ot t~ IUm of mu n· monthly """ trmpcr.e~urr1 

At l I ) •r.o,_. hom On~r to ).hrc:b, lL . 

Th~> b~!US fo r fh(• fo r t>cast lng t f"chntque 11J the r elat ionship between the 
cl~'ar~nq u p d .. tPS o f the "i to rage r sen •oir aud the va r iatio n 1n the 
char .. c t••r aS h CIJ Of the reldtiv~" g eopotcntla l gradat'nt fro m the flr8t tO tl1c 

• · cnnd ha lf nr the want r r . tJf1 Wagurr 09). Cases of pa rllcula r ly seve r e 
wm~t r!'l ar(' ma rk,..d as a separate- group. Par ttcula r ly sev e r to a r e cases 
Wtl..,n thP C\Unl of l ht'• m CdO•mOnthJy 3tr te mpe-ratu r es from Octobe r to 
F •·bnaa r y • as h('IOw - 48•. 

Tt,,.. v.-Ju,-•s or 6r1 (Table 36) we re df'te rmaned, as d~'sc ribcd Jn Chapte r 
V. Pa rt C. S 2. fro m the d,·vfataons o f the m oan-monthly \•a lues of A HJI& at 
th'" pomts shnvm in Ftgurc 77, dunng Ot.·cembc r, J anuary and Ft!bru.,;ry 
frnm t hto f' iftl'd "aluca. The a.ccu r ac y o r the method ts charac tert xc d by 

f - 0. ~4 I t s hou ld h f' noted 1hat the r~"letaonshtp lines drawn for years 

Allh a p .. rucula rly I'P\•t>r e w1n te r arP t.lrburary due to th~ s m all number or 
~tJch poa nt1. JfO • ("V~ r. E.'vt'n ar these c ases a r e not put into a s e parate 
"ro•:p, th,. rf' lauonsh1p (F•g ure 99 ) r rmains satisfacto ry (the conr,dcnc~ 
h nut o f tt1~' pprrnuJJu ble ,.rrors 6 • 0.67 46 1S 83'-). 

1h•• rnr«'c •It t or ace c lc· armg on the Ul'yano vsk sectaon o f the Kui byshe v 
, .•• ~ .. ,. •. ,.,. r hy th 1~ mr· thod can hf' pr('par~d at the b~gtnnlna or Ma r c h with a 
m• an fn r•·wu, naun p~> riod u f aOOut two m onths. 

Tit" for,. ·.v~ rnt nc p•·•ran d mak,~,. at poss t b le to refi ne the fo r ecas t tn the 
muJrtl•· o r April. UBin.r th£' PlCprcsslon df'SC rtbed above~ fo r the Ryblnsk 
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reate rvo ar, I, t', , th~ df'pt"Udl·n<:~ Of tht" dat,. Of 1~1 d• orUI'! tHO W • 

thickness on the s um o f tem pe r.ature r-&.flt"A IAi c'un•·c Ow p• ,,,.d ,,.,,,, ''• 

March to 15 Apral. Tile p•~cuharuy or thiS r ,.bllonstu p u •cur·· l not t· I 

.., 

• 
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thf" Ku •byshcv s to r aaP r~st>r\'Oir {as also fo r tHh• ,.,, , •.• • '" ' 'r• ' '' •It 
('011fl1StS 1n t hat UH! m a 'CimUm ICft tlUdtn• S • lUi l h• ft .t ' •·, ,,f I • • •' ' IW ' l t.: II ' 

past y<'a r s, ust>d to St't 1t up, are no t Qbso•n.···d, htll ,., . ... ,,j,, ;. •I 11· r 11110 
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...!. for lhls rt•l :t.:Jmo~htp 1!'- 0,46 Tht.• rOOt· m•.•n·~qu.ot•• , • r•• •· • .s ~ .! i cl .t~'" · 

1: c lOSI' t O th•• t• r n 'lr of lht• IC'\~ C'it' ' 1 1fl l':' c.dntl~ttOII' t h••nt.., · h ·o•._ 1111' 
fo r l'Y...t rmng P• rtod ff' r th·· ('OrJ t'Ciot l ru r •C3!'t '" I !J d •• y ..: nn thr '' ' ' ' ·''!'' 
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Wt turn to ~ulotftrr <'x..,mplc·- lht ... T ... tmly.•n:,ku Wdh' r r('M'M' OI r , lt t•rt•, 
._.'-' oil r ••,,dy tn•'fii iOUt 'd , lht• lllnt• u f U'•' C'l••..,nnt! d•'Jlt•nd~ lotr~· ·ly n u lh,.. 
c-un•ht •uns ttf t )u ... s econd h~lf o r tit•' wu1tt·r . but m cascos of normal tu1d lo.~ te 

~t·.-. · c- l• ·armt copr-m'l comhllons (of the ~t·cond half o f ~la rch and of Apr·r1) 
~rvnw nw~t tmport:\nl . 111•' thu:kn•·ss and ~tr<'ngtl t r f th£" IC" cov(• r 
runco1d •• r ..abh i nfl11"oK't th•• ti.U•·s nf IC' I' · · I·· ... ran(! ~n lh•• ,.,..s•· r·vpi r . 11ne~ . 
... 11 lh• • nuul~ t 1nnfi' h • e~• ,,,~~"" ' ''n1lar hJ thu~·· C'OIISI 'I•~r, •d In ('h;tpl •·r \ ' , l""art 
C, '2 fr-tr t he I C,.. b rc;:akup On lhC I..Ow" r \ "olg.- , Tiu.:.~ N'forc, tht' l f'C'hniqu~ Of 
r r ..-.c::.o;; t inq Jr{' clf'o\ rU1~ on ttw T sun ly;ms ku ,. ... s ,.. n ·oir r t'8f' mblt"'8 that 
d f ~c r·a bf"d f,-,.. forrca!t tHlg acr brc..lkup o n thr L o wer Volga, 1lec dtff•' r••nce 
Itt !ll: t"'Hiy ltl that tO r"ol1cul,41~ ti lt-. S\lln Of thl" nt"gdtiVe t~"mperatur••R dat.a Of 
th'' nt• U'c• rcllncaco.~ l s tat1on Buguc h;ar a r P ust'd . 

\ " •milot r lf•chnaquf' o f l.,ng· rang~_• fo r t.'<':...es ung o f ic,.. clea nng h.•s be•' n 
.\ot·k• d nu t fo 1· ._ mambt~r o r r "•sc rvot rs- Go r'kli, Kuibys he v , \ ' o lgo g•·.td, 
T ... unl~·o.~nskk l and K.tkho,,ku. 

J\ It dllllflU+ fo e~ fo r f'lf"J!U IU R; 1 c~· c lP~• ri ng o n tlt,. Kama re,.Pn·oar h ol!i h ••••n 
A•or'<• rl out d tff ... r e nt ly. lnst ~" .. d or til~' d.;tPS o f icP clf:'arinl during p ... s t 
y• ;,r., l ilt' dat~"S or a ccumula t iOn o f d t-flnJtt' amou nrc: o f he a t , lfe. arrfvin~J 
rhro•1qh thP o utr r su rfacf' o f thf' act' CO\' <" r , w4" r e" calculat e d . 

F o r o•,,rh yC'._. r ( f rflm 19 40 to 19 59) lh; dat ('S o f thf' ~accumulat lon o f thrttum 
!q,, ··flu JI t'l!Oon. 251)0, :moo 1 nd so on u pto5500<":. 1/crn2 ~tf' rf! rakul.J tl"dbv 
m • "''l~' u f onrnf'qr .. p h 151mi1Jr to th~u ~IV<'n an P~·rt B. (Figu r e 52) and b;Jse~ 
on th,. d a or tht mPt •··o rolog •ce&l ~13hOns C'h~"rmoz (fo r the ('rntral par1 of 
th•• r ,..Sf' a \'01 r~ and P f' rm' (for th<· pa rt n~"ar th•· doim). 1n thas wJy the 
lons:·turw S• 1'1' 8 of dott•'S o r o.~C"cumu1aunn o r each ' ' alu(' o f !q1 w .. · r e 
c .. kul..t t••d. Tht"'S!' d .. tt·B can bt.., rPidWd to tht• atmc)sph.--.r.c ·Cirt"ulation 
char~c1tc•r•sucs by mPan8 o r • ' htc h a n t~ t. rly P8tlmatc is made o f tlw 
cond111onc;; n f h,•at 111put an th~ p<-r ioiJ nf 1c_.~ m <"lting. 

ut"h d 1 .. ract1·n ~tlcs fo r t il•-. Ko..~m.t r .ros ('n •ni r may bo ... tht'" i nthct•s o f 
d• \ 't·l'>p m.-.nl o f thf" atm nf'pht" r lc procrss•"'8 at tht:' twganuang o f thtc• sprfn~ 
t;vnq pUC" .. I s··~t.SOra (an ~l:lrt"h), sane,. u·e c learin~ o f thf' r r-s e n ·oar usua lly 
O<"Cur~ at t h ·· ,.nd o f t h1 s Sf'ason, T o ro rccas t icto brc akup on r l"•' r l4 o f th1s 
r •"l lOn h. o typo•" o f ~mch chu rat"t~" rastacs .l r t' us t"d. 

Th•"" hrs t rha r'ilC'"It:n sllc, th{l pr!.iv;:u hng du·••cuon n ( transpnrt o f a ar 
m.1..:s••s n •l.-u\·,• 10 the northPo..stc rn r <'gums o r th~ ETS (Chapte r\' , P a r t C , 
' l l. , ,.. <'Xl)rCRS••d b.v lh•.., anglt> b<' t '"' ~"'•"n dt,.. •soh..t a·s on t h~>- mean. m o nthly 
pr··&~u r,. map fo r l\1nrch and t ht" p;~ra llf"l in t h•-. n •g1on o r the 11ii tation 
Tr·mtskt~· P ••chor s ko•• t•,. Tlw cu rrPnt an f\.1art"h 1s usually di rectrd fro m 
lhr A' •' f' l , nurth~t·s t o r nnrth (o~ <v< 1 OW), n r rrom the south •• f" 'H o r 
s~~o· Jth (2;,0"' <a.<:tbO'I'l. t.:astt•rn c urrf'n t de r £'c t10n is v t? r y rar{•ly obst• rvl"(t . 

n1.-. t:;• •cond c ha r·actcristic_. thr numbf•r " o f d.-ys in l\larch with 
prtlCf' t5Sf'!'" o f ttlt' w ... st,.rn or southw('St(' r n IYP"". n•nec t s the mtt ruuty o r 
proc:··~~ · s ~.JU!il ln~ w.- r rnang·up p•.., rao ds in the basw o f tht> Kamu lll\'t~ r . T o 
th, s_.~ p r oc•·bS('f' h t..'l0n5; ;.II ro~Sf'B whf'n c y clones e m e rge an th,. b:uun o f th•.., 
Kdm.1 Ul\'<' r fr••m th.-. w• s t o r ~outftwt.•Rt . Tih'S<' charact~n~tacs art• 
a··latr•d ' m e•· thr.v r ··Oect d1 fft:" r c n t r£>aturt'S o f lhf' sum•" atmospht r 1c 
prnc• 'l'M',C an 1\la rrh. 

,,,. dJ t• nr 1h•• :H r u mul.tiiOn '>f tht lw.-t amount I q. n~CCitSdry for I C't' 
c.•·;,nnJf ali\ d· 11 rnlln• d from ttl~' q r a ph (Figu r e 101) plott ~"'d f,,r lh~" madd tr 
p .. rt o f thf' Ko..~ m..t. r t •wrvoar. F'or a.> t ~O"' and rs <(0, 076a -7 ,8), and also 
l'l r a < I Ml" ond 11<(1 ~-0. 076ca). th~ syst~m o l hnc s 1 ~hould be uoed : in 
oth~"r cast·~ . thr sy~tr•m o f lui~IJ 2. Fo r ca>t80" the r equi r ed date IS 
d ,.t ,·rmanr•d rro,.., tht• dlffc r,..ncc 360' - • · 

l.f6t u s follow thro u nt•·r o f J•r•·p.•r.Hinn n ( 1h• f•H • t .• t •'' II • •' •tl'pl• ••f 
1958. In M:.n~h o f th1~ y•·o~r tth ... nch· flf lht' 1' '' ~• "" • f 11 • nv .•• , p1 • ..... ur•• 
was e = 34tl-, "-t t d...eys. I n till A c ... sf" •> I Sll fu.u;, "l - ':' ft) ., n f\7" 
. 340-7,8 • 18, 1hc nu mbf'r" 1s ~mall r lh ... n P\ ·n,. rdt ,., .. , . •t· t• r n.an·· 
th e r equired date from th .. s y 1ott ·m o f h 1t <4 1 0 H!Ut • 1 fll) 
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11u· ace th ac kncs~t 111 1958 11, tht• r t ntr .. l p.-r\ n f tlw 1 , ..... ·r.ull r ··.trh··rt 
8J c m tht• m ea n snow dt·p~h. 25 rm .md th• d • pth t•f ''''td ~, , , , •r t• •t •••n 
dunn~ llh' stable tr" p~raM .. ·as 13 . :?rm. Arrn ,-dtn .: ' " rl . ..... • ' ' ' •' t1.11 .• 
th•· amo unt o f hrat nr•t.•e fO:s;lry for rc •· t lt"" .11 1n ~ an th• ''" 111 • P·· ' t ' ! th•· 
rN•l' f\'Ot r, c .... kul.lh ·d by thC' m •·thod d•':l<'rab• d m l ' .. •t 14 A . os a•1 '''' ' , .• •r 
-4700 cal/<" m 1 • Such ~ttl a moun: fo r Gt l -' fY. tl r fr,,. , ... ""1 r ·.· r • ·utl l ' ~ \ ,, lu• 
af the :\ r gum r nt 360- • . 2o-' !lhou1d ac-<"umultt t ·· "" 'l \1.~~ II •t.:'' ' ·· I 0 11. '' "tJ 

I I • 0 10 \ 1\.' \1 1t1.• ' 1"\ • I I'• \'' ! I ' h• the resc rvoa r Sh(.luld b '"Cflnlt' rt' t' o I t ~ " ·. • • 
c~""nt ral p .:u ·t o f th(• t\ a rna r• st·rvOJ r WoiS rJto,, ,.. ·d ' 'I I ' • '' 
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Clttlf'le r 1·11 

FORECASTING OF ICE JAMS AND RISE OF 
IVA TER STAGE OOE TO JAMMING 

t I . Cond1ti ons fo r the fo rmation of J&IIUI. Factora 
dct .. •r nu ninc ice · J•m atace ria~ 

!c e br••akup o n a rive r is not a proceaa whic h actva.ncee a lon1 the rh·cr 
!!;trae: t ly s uccessivPly. l lle nonuniform thickness of the iee cove r and the­
nonum fo rm n~sifltanc~ o f the rh·cr channel on ha va rio ua s tretches e xclude 
such a s t nc:t sue c e.saion e ve n when aee J'n-akup be ciu in the towe r 
r-•"ach(•s of the r iv(' r. t.:vc n i n the ~ase of icc bt'f'akup whieh a.dva nces 
UJlStrc:. m, thf" m o v ing ic~ e nc"ountt:! nl i ndividual scctio M of a t.abh. icE', 
tf•)•A'"\• t• r , thP ic'- in th is c a f;C is already so w•·atu~ned that us ua lly cons 1dc·r · 
a b l ·· icP Jams do not fo rm unde r thes e c onditio ns. n ae fact tha t 1cc breaku p 
usually occurs tlw r t- bf'fOr-f' the a r·rival of the flood wav~ is importa nt . If, 
in acct-. rd ..anc'-' with Ua(.• pl•ysao graphacal features of the rivrr baAin a nd tht' 
m cteor olo1acal condi tio ns . the flood wavt> and tee b reakup on UH• rl\·t> r 
t r .• v~l do·•ns tr• am, then tn,.. ,~,. m~•i ng downst ream us ually bars the path 
o f the ace CO\•~r on a s trr tch whe r e condihons fo r ic e brt'akup havl" not yet 
,_,., in. let' J..imnlutg with destruc t ion of adJact-nt parts of the ic c CO\•Cr 
bt.·g ans . whalt' pllinc of ic,.. h loc.ks contanut's and a con.side r a ble p..rt o f the 
c r nss Mt•ctto n t'}f the s trt"am bcromf'8 obMtrur tcd. 

Jc(> Ja m s for m prc fe r -..bly in aect1ons wher e the lon1itudinal s lop~ of the 
r iv••r consid er a bly decr(•ases, in places with Ullands. Ahtt rp bends o r 
con tr;tctions of th(" bed a nd in zones of lhf' backwater are-a in water rracr· 
vol r s. etc . 

Jc:e J3 m s m ay form in places with favorable bed condat i ons a lso i n the 
absence or an iC" , covrr or continuous ic e ficld111. Suc h Jams ar~. howev<'r, 
1es1i s t .. ble and do not r es ult in a la rge rise ol the wate r st.:lge. 

Befo r e ice breakup, thC' Ice c ove r as us ua lly preserved fo r longe r time 1n 
plac(•s of r educ.-.d slope and flo w ve locity. Our1n1 Ule frt."ezinc of rive r s i n 
such pl~cl's t he fi r s t s ta ble icP bridgf"' & and. 1n the casf! of sufric 1•mtl y high 
r a te o f tee appr o..c h to th•.., hri dgc , accumulations and pi lines o l ic e (JO!Ims ) 
may fo rm. Icc accumula tions in such place• arf' large r, the h igher th~ 
n ow ,.~locity or ice blocks approachinl the bridle and the la rce r in lhls 
pe r iod t he air-temperature fluctuations (see Chapte r II). Owiftl to the 
pre s e ncr o f va rt ous ic~ forms under the ice cove r, ata thickness in s uch 
p laces i nc rct:~s•"s a t a high•·r rate than on neigl•borinl s t"Ctio ruJ. Towa rd 
s p ri nc th(' thic knt·ss of tht• 1c_. cover the~ Is lar1e r than o n the mo re 
up:,tr•"am loca t<·d str~>tch. 

8csr d~s the prPsc n ·ataon Ill trtr ic e cm·e r downs tr•·am of a rive r s tre tch 
'Nh1·r-· ic •• d rift bt-. ~ ... n. a n intt·nsivr 1c c drift wi th a n o w ve locity 
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suU1cient lo r lhe pi 1"1 of ice block• is nece••a ry for U.. for111 t lnn of " 
cons uter ab le lc•· .Jilm. 

An ace J¥m m ay fo rm af oat th~ um ... of th ... approach o f ttw nooct •••• ... 
ac t.• d rift th e n ae in tM wt~t~r atace (WMI an the a<:i"' CtJ\'•~ r), du•• to l oc<~l 

runoff a nd t~tlso to th•· tA't·•lu::.niq of the ice cov,.. r . •• '"'" •ma ll a nd 
a n~uffaci~nt fo r br--akup. 

Ore: r ease in thP ou r t~mperiitur_.s to ....-ca twc valu~"~ dunnc JCP b~akup 

pe ric;,d also c ontributt.·a to the formation of 1c,. t•mtc. 
M ost o ft•·n i c t" Jams t end to fo rm in th.- 5am,. p l;,c.- with 01 1• n•· r•l 

decrt'H~ in th~ r ave r slopt. meoamnc a ck-creast" in the sle>pP O\·er a 
cons1d~rablc ri\fe r etr~tch due to the tnpocraphic al nnd c •·olf·•CJca l f··~tu n.-• 
,..l( t he rive r b..'\san, in c ontrast to local df'c r eaA''IJ in th,.. slopt" nn 111om ,. 
''ol .u e d rl\·er s tretch•·s. In such places ic,. J.ims arr most s to.blt>. It ia 
much mo r·· d affacult to combat such lC~'" Jam s than thOS~"· forn ' "I In otho r 
p tac " S under condiuons fa,·orable fo r ace· p m fo rm-. u o n. 

It should~ bo r m· i n m ind that partacu1a r-1y fa,·or-abif" cond iti,ns fo r- ac,.. 
JoJmmin~ du r inc s prina br.,.akup an~ c r r ated an p1:u···s "''" ''" it ""-'8 prf"'C,.dcd 
b) IC<' b re akup duri nc the " 1nte r Oood, wh tch stop~·d on ttw 1(1\'"" r h · ... r 
lii tre tch, »ith ace · Jam mH'I and IOTI111C m t hto IV"Xt C"'" itnc . 

.o\ rtt>nf"ral decr~ase an the sl~ ia thf' caul'-' o f fr .-..fu•·nt ic•-.. p mmanc alan 
1n urp·· r p .. rts o f w~t~r r e&c n ·oirs. Jlow-.·vl'r , '" th 1!' £" ,•!W llw cnnJaho n!l 
nf at••• Jammante :. r ,. 'reatly antlue-ncf'd by th,. naturt· nf thr• n nmff contf"f''1 
( ' ' lflt i' r and tiprinc d r ;•'Ado'Nn or !!:p nng r .._'('h.arc•·\ . 

\ . ana: to th• ct•n~adn r,.ble falh nc o f tht-I.K·d by da~ordt.· r ly Jllh.·d·up act' 
tt loC"ks , t tw rt slstaoce to the s t n:oamnow tnc r ,•a$•·,; l"lh.trp ·~·. th•· ~h'P• ' ('If th,• 
w.ttf"' l' suddC~' o n thP ace· p m P~rctiOn a c::rn r d lnc ly a lso 111r r' ,,,..,..!!' !'"h:l rJll~· . ;.nd 
up~t rf"am 1r om thr ICt' Ja m hack .. ith"r thu.s fnrm~>d mt'r•· •s ••s, thr 
ld r gf•r tht..• ancr t".ASC an th•• r \'SL"t"'nc:•· to ,_, ... t , •r muu o n o n fh(• strt• tch (•f th,. 
•c •• Jum. Tia~ anc: rcas•~ m the fio.-• r csl::;to:.rlC" o n tl1•· l<'t'·pm st r tAtch tS. 
an tl11· hna1 an.alys1s, 1.•1'£:'-"" r thi" 1.a rc:·r r tlw ~nnu•ult n( l C •, th.-· htt:tu• r i t~ 

~tr;oncth o.~t •J Utt'" lugh• r th•• vt'localles at wharh 1t appru~u-h,.s tlw pl..ac{" of ace 
J:unm .,(!, 

T l Jnoi,Aamum ru;t• an Uu: ..... h·r stac c ctur w g ic•• Ja m m anc d ("p t·nds on 
1ht" JulOunt of 1CC p tlllli iiP to fo r m a gor~1· until at!' hrr:ak~ thrnu(h. llH~ 

tam~'> o f br t'.&k·th r ouch of a Jam d('pcnds on th,. 1lt r •1 nQtll nf th1• ar•• cover • nd 
on the rcsistan ct.' of t he !'ho r es to the d r tft of the i <" ' ' CO\'l'r o r . af N i ' ar·· 
ta lkm e: of th• ... brcctk -through o f a J-. m winch ''"'rms 1n .a dt•fnutt> pldce of a 
r i\·c r . th('n 1t d;·p• ... nds on th,. ICf' s tn·ng::.h ~md an th• rHh· tn dH~ wate r st ... g•· 
t,..low t he ac~> CO\'f' t ' tJo..,•n !"ltri'a m from the , , , .. J '-"m. 

O(•pcndtn~ on tht..' local cond1t tons, \\"h•·n ;a ~ufftcH·ntl~· low n· ·~~1h'•"" ai r 
tt"n'lp~" ratur~' Sl~u; in durinc u: ... • tantming. tllt.-. n~r m th•• • •al•· r ~t ... c:•" ~~ 
ha thP r tha n m caSt'S when a pos11n •e our h 'm p<"r •• tu N.' afi mount:u n,.d. 

In casr-s "A h•"'n want•· r t C:<" b r·r.•kup1l wath !l:ubsP(1U•'n1 ac·· Jammw R h:l\' t• 
bt.'cn obsrn ·cd bf"fC'In! tC(' 1ammtn~. th t' at"r · J·"n 'A'31P r ~t .l t:t.• 1 ~ tni!IH"r thnn 
undt" r usual CC'Indi llo ns. The- maxamum tcf'·JO'I m 1,.., .•. 1,~ ha«h•· r th .. n u nd••r 
usual <"Ondauon~ also c em.·ra11y tn cast's of ;~ s tab!·· 1C"'• ' •• ~~nc: t .•t ••d tth a 
ln gh wat..•r StU ~\", 

Thf' hr 1c:ht of m axtmu m tC'f.'· Jo~m .... t o• r !'ii i·•~ · · tJ, l'··nd~. of t." OtU '<t•, a !so 
o n th~ form of tht" r i\'cr lwd ('lrl tht' &<' '-"'· JUm s tr••trh. 

In c :.. s •·s wh.-•n. u ndr r tht· • ''U~tang rh··-- r-h··d c-unthlt~"~ rb, ttuo "'·•t· ·r 
( h;,J:t>th('r w 1th thf' I C'(') r rnc h, .. s a C"'• rt;un u ·r-J m 1 I• \•· I :1 t11l flond"' 
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Ult'' ravr-r· b:l nks . hy,.assin~ th~ Ja m. th(' maxirnum ice-jam water Slllf:" 
18 l1matr d by t h.-. lndic .• trd riv.-.r-bt:>rl fc::. tures. 

T hC' wa t ,... r-s tagt· ruu: dut'• to Ice jamming also dcpendK on ic(! Jamming in 
ups l r~>am Slrt:tc hcs or the r iw ·r. The maanitudc of UlC bac kwa t e r t.· ff~ct a nd 
thf' ac,... Jam watt·r sta ge a t a givf'n point of a river also depend on the 
tl1 s tance to till' place wh·· r·c the Jam form s whic h, unrortunatd y , hi no t 
s r rktly fix •·d, p :... rtic ulr.u·ly o n s trN c hes o n wh ich there is no general 
d•·c• r•·ast.• in th.-. rive r s lo pe . 

F 1n;dly, wh••n ana lyzmg obst~rvaUons on ice-Jam a ta1e rises it should be 
ho rm• .,., m1nd that the m aximum icf' -ja m ~tlagcs c-an be low<.• r ed by explogives 
tl rul ntft•.·r m t·asurcs whcrt•by tht~ icc block~ ttre brok con and the strr·ngth o f 
thr· ice covf• r· bt·fo r e the fo nnation o f the Jam ill r educed , On small 
s t r•~ tchr·s f3vor:tbl~ fo r Jd rn fo rmation s uch measures may. in 80me CM&es. 
av•· rt Uw fo rmo.tto n of a Jam, 

t-:xplns rons , rarr·icd out t o destroy kc jam , m ay apparently ha v,. sonH• 
influrnr<• nn th.-. l C"f'-J:lm " 'at c r sta~c . 

Ia ~··n'"· .. a J, ho w(' \ICr, the ma :dmum rise In the -..·ate r stag~ upstream from 
a J:lln ' '\',.' r the p r e -Jam ata~c is mainly due to the followinc conditio ns: (1) 
tlw c har·ac- t£" r of the r ive r bf'd a nd rivt~r \'alley on lhc partic ular ici"' - Jam 
s t rNch ; (2) 1t1~ cn aract<" r o f thf" icc CO\ · c r· on the ice jum s tre tc h; (3) the 
a:nnunt o f icc- o n the rive r a nd, in the cfi .• t' o f a continuous ice cove r, its 
tlu ckrat'S S; {4j the icc strength; (S) lhe antt"naity of icc drlft; (6) thf' 
\',-•locity a t which the icc :&pproachc s the plac(' of ice Jam; (7) the -..·ater 
s taRt.' downs tream from the Jam; (8) the r·a tr· o f growth o f the flood bc·fo r e 
and nft ·· r thfl fo rmation of the ja m ; (9) th fl diffprcnce bctwee:n fh(• t ime or 
IC'"' br· ,ttkup on luc main r iv(•r and its la rg<' tributaries on thf' s tre tch 
und(• r· ronsldl"! ration; (1 0) the wc..t thc r conditions m thr· pe riod of the icc 
Jammi ng ; (11) the distance from the place o f fo rmation o f U1c ice Jam a nd 
th.-. s tag(' r hw . • 

5 2. F"or ,.casting ice Ja mmi ng 

Th,., pr·i ncip.J I conditions fo r I CC Ja m ming a re (sec 51): (1) t he pn:>s e rva­
tinn of thP ic•• cover do -..•nstream o f th.-. part o f the rive r on which ice 
hr cakup occurred und ic e drift began and (2) s ufficient steepness and 
velocity of the n ood wave. n,c fi l'st condition to som e e xte nt depends o n 
IIH' S(·cond, 

A!i a c har actcns tic of the s econd condition the rate of l'ise of the wate r 
st;•J;!~"' befo r·e th(' be .:inning o f icc breakup is us ua lly take n. On som e rive rs 
th,-. s econd condi tion exis t s cvP. ry year or a lmost eve ry year. in 
a c co rda nce wi th the climatic a nd orogt·aphic conditions o f the given river 
b;asin . Suc h, fo r example. arc the large r ive rs o f Sibe r ia , which flow 
from south to no rth, 'Nhe r f.! ice bre akup is caust.~d mainly by snow-melt 
floods fo rming in the uppe r (southern) parts of the basins. In this case, in 
ord e r to fo rec a s t the possibiHty of a n ice Ja mming it is sufficient to know 
wh••thc r th f" f1 r s t condition (p rcs••rva tion of the ice cove r . absence of 
r o rvl1t ions for h r •.:akup a t the lime nf lt1c approac h o f the flood wave) is 
~.t tisfi• ·d on Hll' pa rticular riv(• r stt·rtc h. The first condition is fulfillf•d 
r:v.~ry y~ar whe n the river s lope :rnd the n ow vclocitic aovc r a lonlstre tc h 
dc c r c :tse ge ne r :ally. 1' hJs i s partic ul :arly true in the cnse of successive 
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,td .,, • ._. th3 t for H ,. (accor dw,;: to th•• Kr;.~snoyartik waw r gaRt..') a t a w .... tt~r 
:o~ t .•(!• b··lo w 2-4 0 e m :-.n ICf" Jo.iln fo rm•·d only 1n o n l· CU'it.' ou t o ( 3 1, For II,, 
fo r s tal::\' fiil f t·om 2 .a0 to 2A0rm I t'(! J .... ms fo rmr d 1n half thl .. c ases. For H,, 
W ith ol st ~· ~l' ..t 110v•~ 2HO c m l et' JanHI formed 10 8~,. u ! the c .ases. Fur H.­
a bovt• J IOcm act' pms fo r m •·d '" 7 c~s••s 

lt n 1m 
J/10 

fl(iL"'; r 10":' llf'l .tti.:Jrt.folp ,., h •t=f' n t h f' fotAIJfll'lr' ~~ .tf'l <t 1 •m l"'n 1t r l loh 1 

Pl ~f'l do .. m t rt.lo"'l l ht h~n u l Kt.t\t'IO) " ' '" .tnJ l ho tn.lk l•thJI'1 .. ,.h'' M.t .:,c on , ,,.. 

'' 11 1 .. 1 •u t-lt· •r• r<• .. "' (H,. •n ' " ' ,.bO,f' , ,.. .: ••um ''"" , r ~~ ..,"''r' "''·"' 
• • ,..,.,.)Afu .. ,.lf i Ji>..tO:r) 

Titus. o n rlvfl r s o u whu•h ti!Cr t' •,~ .J h~·:.ys suHtctt-nt flood tniC'nsaty (th f.' 
S('<" Ortd COOd ttiOn ) I t IS ptJ~~tbh• , llt thP bP'!'IOOtn~ Of thf' S t ahl(• IC C 

P'' rtod, o to r rcaAt rrom 1tw valur n f th£> maxtmum wat(' r sta~t:·· o f thts 
p*· rtod th e- probabt h ty o f tc •· Jamm tna;: .lt tht• ti m • o f tcro br•t•akup. In Uu s 
ra<;·', analysts c a n IJ<· graphu~al (Ftl(u rP 1 02) o r 111 t;tbula r fo rm. 

It shr,uld hP not,..rl, huw••vt•r, that n 1 t hou~::tt trP J~tm~ fo r m, .as .~ ru l". n r1 
a d r• f1nllf' s t r •·tch o f thf' r av <'r, thC' ir fo r m.&tlo n 111 Hho._•r fJl~lr •'!-. .dso t s no t 
•""' '<("1UdNJ. I n pa rt acula r, af 1(::(' J:l mmtn~~t occu rs downstr~'am o r tht.. \OWn 
Kr...tFnoyars k, thf'n I)H" p rC1hab 11aty o f IC(' Jrlmmntg dnwn~U'f'Htll () r lht-. lfl \t..fl or 
d••c re3 S•"'S, Sin<'t' at thf' JnOil'l+"n t o f th(' br('o.~k th r o ugh o r u ppo• r Wf' J a lll lhf' 
IC " t ' O\'• ' r WI th~ low,.. r strrtch h.t s nlrt•ady h.ld tlmr to YI Sint• ~t.tlo'. F o r a 
m oro• ····IHibl·' t rtrflr o.~st o f tl iP PI'Ob.lballty of l("f-. j ;tmmw g, II IS lh'Ci'~S., ,·y to 
hav f' ohc;•· r vi.tt: tmM "'II fn r a sw~l,. i s o l.t t••J g.•J:tlllf:: 'O l tt', but few a 'it'r' ''S o f 
cloR•·ly · Aitu .... P ·d Slt•'s o n th•• Rt rf"'C'h a bo v<' nnd bt• lo w thP m~un Sit'' · In 
im po rraut r.1 t;PS th,.. p r·nh:lblr• placf's o f ic<' Ja rns c nn be dew rm1nt:d fro m 
i c r- cou n;;"" a t th•• ··nd or lht• w1ntt·r. 

For nr•t v 1•rv h aJ!h ~w~.-·~ If,,, th •· pro b;.hlhty o f tC' (" Ju mrn1ng on such a 
strf'tch ~'PP·• r'·nt ly a lso rl•·p··nd~ o n thr• prt' lamtna ry m PdSUrt.'R takf'n to 
hrr-ak up thr> 1r ,.. rov<' r , 1n p;u · t •ruh r hy f'xplus aons. 

On Othf' r riV'' r S, HI p:trhc ular On r lvf'r,'i Of thf' W<'S I O ( tlw f:TS, rhc 
priOCi p .JI lndt·x Of tht' pos,tbtlaty Of th•-.. form a tiOn o f a n ICC' Ja m 1ft th t• r .Ht• 
o f ,h,.. "'' dlf"r· ~a . '" ' ' rrM· l'JI' fOr•• It"•· hn·.•kup. ,\ ccrtain d t..•p c nd('nc.• or th<' 
p r o bdblhty o f IC(" - J<l m w~• tr- r· · Sln£t' ' rt~(" o n th f' n£•,:::atavt· at r t••mpe r a ture 
iH th ,.. t tm" o f l r t·· brt akup ts als o f'lh~ • • rvf•d . F al{ure 1 OJ s ho ws t hl' 

r • l~tlOn!->hlp b••tw••t•n thr probo.~bt llty or IC(' JdTn mang o n thf' N.-.man HtV\ r 
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dowmH t t'~HI1 (rom t\.~•UO.•S (b • fo r o flo· • • · , .. , , I I 

t•h:ct nc p la n t ) a n d Ult' r .-t•· o r th• '41\lt . ,. , , )' ' I 

tcanp·· r .atur'-' · 

, ... , 

f h.l''~- 1 t I c ,,. • • ' • 

\ 1 .n( •,ll tlr•·"" ,.,,., ,"' r • • 

,f\,. I loll ·" ,.f tt-c f lll r 1 •I 11 1 • •'• !! . , 

• I ... 1 , ~~ .llll'ld I I • , •I · •• • ., 
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For••ca!lltlflf( 0 1 ice Jo.~mmang from s pring cha r acteristics- rate o f sto.~1e 
riS•" and ;~ar h·mpc r aturc - docs not t•xrlude, in princ iple, the possiballty 
of fo rcc as ti n~ the p r ob.ib1hty of ace JRtnmlna h-om a utumn characterietice 
- the ri s e- o f s t.lgt• at thf" bf:'g inning o f the stabl£> tee period, autumn ic(> 
pushes, r tc . 

Tht." for•·wnrmng pc n od o f fo r Pcast in.r on the b.'lsis of thf' rate o f s tage 
n sf' can lH• tncrcal!lt'd by anaJyz1ng (from observa tion data) the depende nc e 
of the rate of atae e rl•~ on its dctermininr factors . 

S 3. Forecaslinc the maximum water •tate caueed by 
ict' ; anlmina 

ft should be not t!d that a. technique of for~castint maximum ic~-jam 
wal<'r stag~'R has been s uccPssfully obtained , till now. only for rive r 
s tre tc hes where ice Jamminl is due to a gene ral decrease in the rive r slope. 

. For Auch conrlltions the ma in factors detr rmlning the -naximum stage 
riS<", 4Hm, over the pre - Jamming stal•! at a given point upetrcam from the 
ice Jam ~S I) can, fo r the purpose or obtainint a lorec:astin& technique, be 
s umma r1zcd as follo ws: • 

1) thC' thickness of the ice cover on some rive r stretch from which icl' 
arriv.-•s to the .::iven ice -Jam stretch, 6 1c ; 

2) th e depth or the snow cove r on the ice (and In th<• basin), • ., ; 
3} the rate o f water s tage rise befo r·c tile bf'ginning of ice push{'S o r 

bel o re the begi nmng or the ice- jam stage rise, j ; 

4) the r a tio o f the total heat input pe r unit surfac e of the sno w- ice cove r 
in the r egto n of ice Jamminl (lf,nl to the to tal heat input pe r unit surface o f 
the sno w cove r in the r egion of nOOJ fo rmation du r ing icc 1a.mming (If ... ,: 

~) the onsN o r a n~cativ~ air tempe ra ture In the ice -br.-akup pe r iod (1. ) 
In gene ral, IIH! following s hould also obviously be taken 1nto account: 
6) the characte r or th e ice cove r on the expec ted ice-Jamming stretch (II . 
If large tributa ries n o w tnto the ir.C·JUm s tretch of a rive r tt is 

neCl'Rsary to introducr 1n the calculatio n also: 
7) thP d i ffe r ence twtwcen the time o f bre a kup o n the main rl ..,er and of 

its larg"' tributaries, ,which n ow toto the gJVcn rive r stretch (41 ). 
l'hus, 1t IS possible to assume that 

(I. V II ) 

Ho wf•vc r, it Is not alwuys necessa ry to intr oduce all the factors 
appear~ng 1n equation (1.\'11). It Is obvious that if th<>r c are no large 
tributar1cs on lh~"• giv<·n rivf' r s tri'•tc h 41 may be e xc lude d . 

In m,..tnod~ o f forr c.-. s tinR fo r s tretches with a gene ral alopP dec r ease the 
ac e · cov,•r c har;..c te ris tic on thf' expected icC· Jamm ing s tre tch U) has to be 
introduc'-' d only in the r ar•• cases which we r e preceded by winter breakups 
with RUhRcquf"•nt fo rmation of iCC Jams and gorges. 

In som~> ri\'r ,-sa ncf(attv.-. air te mpe r a ture L i n the period of ice br<"akup 
ir; ~"'xtr,.ml'ly t·nrc. 

With a small tJitre rcnc,. bc twc('n the amounu of heat i nput during U1e 
m c ltmg pt· riod in th e region ol ict! formation and th.-• r egion of flood 

2JO 

{Orm3lt0h, A'h i Ch dt"•tt• rmtn~S (iimi"Jn't Ol h t • r fo.~ (~ to rs ) 1 h~ prOC\' .. S Of l(' fo 

Jamming, f:• may be •xcludetl !rom th~ <oolr u l.ow m . 

Jn ~omt" cas,..s the ~ff• ·c t o f thr> r .. t •· ~r • •U•" r· st ,J~· · n~•· ; •~ t n ..: t q: n t ftc.lnt 
f.vt·n It ,, whac h , fo r t •x ::•nlpl~", an .... ..: ···r n r•'I: I' \U~ h• r•· ' ' ... trn nL:I)' 

\'araf's h..~ s .. dPc tR I\'f" tnl 1u~>ncr• on th•· , • ._.)laf• ,,( &H . h:.o:o t.u1• ··ff· r t n n 
AH n1 0;\ rwer~ ot 1::..-st Sd.t~na . 

To forPca~t ma x i mum tCC' ·Jam Wdf Pr !1~·~,~ ff'l r th• ·r ,> m It a\ ·• r . .t th•• to 'Nn 

. ~f I a 
of T om sk, it turns out t>Xp~'dacnt to lnC !ud•· only A c· It , . I, ~l;f . ••TU v _, 

fo r the S t·man n,, . .,.r a t t he to •An o f Kaunas only . , .. . 8_. I. 41. tn r th,. 1.• na 
Rl\"f' r ~t th~' town or Olekmtr'18k , Wltt.• r t• th t> bac k •.t. tJ t• · r ··fl · c t fr-Hn ttw I(' ' "' 

jammingtlo'A nst r eam of thf' m ou th n f theOI,.km :t H , ,.,..r "Xt ,.nd~. i, It , . 41 
Jt tS not a l \ 'd )'S pO~t;th l ,. 10 say bf-"' fO t'~'hand ""har h (,, r tn r s . fo :- ' '<•• Olll •' ' 

Q ( th0 5f"' 1:1\'0h •ed 10 •""fiU31tQ0 fl \' Il l. .Jrt"• 1h •• d 1' 1• 1 "1ll fl1 '1~ f l!lo"'> 'l f •t I l!l \• ll 

s trf' tr h and shuuld b•" tntroduc ,.d an thr f<lr•·r ... " t l•t l: Ill• lh ·u.t. ~· ·:d ... h a• ll .. ,., . 
tho~<' •A:hos f' tnfl ucnc e c~n b,. nt:.' ri{! e-r tt·d. Th1 !'ii " '1onld h·· ' It•' k• •J h) 
.malyz ing th t• corr{~pondinq o hs r•a \' ... ttt)n do.~ t .• 

\Vl' t:l\'f' b t·low, QS an l'Xkmp!•~ . th(' trchmque o f fo r r .• ~tm~ tl • m a\lmu m 
IC{'· Jam wate r stag~' o f t tw Tom n, ..... r .. , th•' f•'\A il , f f t•m I( 

le- t~ J d ffiS a t the u m<.' of brt.' .•kup of tiu..• Tom dn Yon 'o.tro .orn f· ·n I ~< rrhl( a rr 
ohSCI"\' Pd ··v£•ry ~·.-.ar, bu t 1h• m;,"mum lf' (' - Jo1m A..l t • r· "'·IS!• \ ·•' •· •, \H iu n 
-'' 1d•"' h m1ts - fr o m 4!17 c m (1 9 4-4 ) tn ll'lJ c m (194 7) ·• h( l\' • tn• ' ' r t •- hn• r•f 
1ht• g raph p lOttt'd .tt th •• g.t~ in g S\tt• ne.u · ' li t> t O ,t,' l o\f 1 t•nl'•k 

ll ~> a·e . 1c,~ Ja mmtn q tS d ue ro c h m:-.uc co nd ali' ·n.., , .nt"tl'• l\' ' ' '•• r"n .• h nn 
a nd propaJ£.ttiOn o f th•· Oood 'Aa .. ·e from th·· u ppt• r •• n.J un dd •' rr, •uu ra,nnu~ 

parts o f th~ basm a nd to the :nor·pho!n~ICo.~ l pr C"p*' r'tl• .., o t th•• rr ·. · r lwll 
Ahtc h f.H'Or ICl' J..l mmJng 111f ba:tJn o f l hf • r,uu Ht\' ' 1' . '< 1 ' '1\t!~ fr n nl th·· 
~ou~h-southC'ast to th(' north · no rthw••st Thu~ 1:0: ,,110.o th• u· ·t•' t . .l dl t •~ t' tlOn 
o f r 1\·f'r ftOt.A' ,.\ 11 tht."' UPP'-' r p .H t of the has1n, :'PIH (l' nn •• t · · h · t o th•· H> \ll 
of "\o ,·oku z n l' tSk, and the.- rhtht · hand bank. fart h ,. d n 4 r1.., tr·· .n n .t l m no;t t , 
t h <' t oo, .. ·n of t\('mcro vo, is rnount:u rous 1n c h,,r·~ 1 ,. f h • • " ' I r • n t ., .. ... an 
up 10 t ilt"' t O\\ tl of Tom!-'k has dU a r £oa ol 57.2!}0knl l ... t.u.d~ .• r • ,.. , , 1 .. 1t· ·U o n 
t h '"" T ('lm Ul\·•·1· b•"' IO\.\. t ht"' to \ ' f1 C'\ f To m s k. somt.:~~:h ,it :no r• ,J •Arhtr ···•m. tn 
th ... • r·c-:1ou of tht' \'l ll a~t~ ol Hc lobor odovo, ttw &:rn•' r il l o,; Jn po• n l tlv 11\'•' r 

constd<"Jb l y d•' C" r t·a S{'S 
Tlll· r c a rt"' no ta 1·~f' tnbuta ne~ on th£' ~1\' t'n ~tr• ·t •· h . thto c: At I"' n" t •HI•' 

o f t he dC'tcnntntn~ f:1c t o t's 
Sane(" th{' r•• as d c onsad••r·abk lj\.' lh .. ·r·:. l d·•c r ···•c;: ' ' 111 tlw f'o ltlp• ' " " th• C: l \ ' ,...n 

1' iv~r strf'tch and no wuuc r I Cf ' b r .. ·akup~ occu t· th •· r •"". th•· u• :r''\ · r· 
cha rac tC' nstic on the 1C<' -JammJn~t strl'tcl•. I , n•···d nrt' II·· ."" .. u•!· tl a m o•\ i!St 
t hr d<-t<' rmimnt: facto r s Tha~ 1" c n fl rm"d h) a Jn 1nt .... ,., y•n c: n f th• 
obsrr\'a ta<•n~ d.ua fn r th~' .... ·a tc r s tag ... dunn '! fr•"'•' ZIItl! .-nd ,r.• 1·•mm 111 J:: u l 

the pcraod o f JCf' hrr"':l kup ant! d •• ta on tl•<· ctr:•r.•r trr ,,r t !~· · fr•· ~"nru: ;uu.l 
measu r ements o f th<' ac" ttuck n..-·~s on tlu~ ~tr•· tdr 

Th(' f ('m,, an l ng fac to r s u1 .-•qu.1tuon {1 VIII !'hnultl , tn Ot rr·~ rt.l ~ ., ... ' ' '"ttl" 
physto~raptucal r ondth•"'ns, r ns :tl ... rably 1nlhw r·r •· th•· , ,, ),, , n f_ Alf . A'H t 

us v f'nfy tht s b y cornp:t.n nR (by ploHtnJt graphs I IIII' •• nnu ... l ..... . u. ~of ·· 
,.; ith th e anmlo\1 \' Ot. lurs o f each of thi'~c facwrs ~ur h ,, , ,· r : fl r ot lf' "1 ,.,,nfa rm -.: 

th co conc lusi nn 

'" 



Thus, we aas um (' for tht> To m Rl\'("r at tfv~ tO~A•n o f Tomsk 

t.H,,.~ I (t.,,. 6,. I, ~: . I_). f2 . VII) 

A nc~iiltivc air tempe raturP a t th~ time o f ace breakup dews not tx:ru r 
Pv<'r y yedr but only in s o m £· casE• fl . n,c influ~nce o f I . is the r·•~forf" ta k• n 
lntn account1n thf! fo rm of corrections to 1ttf' va lue s of /Jim. ('btalnf"d from 

(~ . \' If ) 

O'A·1ng to thP absencr of Muflicacnt cto.ta o n th e- i ce- co' ''-'r t htr ku··~~ - ~,. 
fo r a gi v~n river stretc h Wf' take it 4pproxima t e ly proportional to tlae 8q ua r f' 
r oot of the sum o r m f"An-diurnal MC'~Iative 4Hr u •mp<> r..iturr·:;o, u6anq: Uw 'N*'Il ­
kno wn fo r·mula (AI,c• "' Y !1 .. ) In Uu~ CQRC we d~..·te rmlnt' tlw quantities II. 
for t he pr r tod fro m the heainmn1 of th t" ,tat:' o 1ce formata on to J n nu • ..,·.Y 
inrlusiv, ... sine,... fo r l111• Tom Hh•• ... r nt tlu• town o f To msk, accorda ng to th•• 
Ia ~A'S c ov ,. rning the fiCrOwth o f uu~ IC\' c ovrr. lhP V31U('S o r AHm W t• , ..... round 
to br snmc•Nhnt mor .. • clo~(· ly r c lntf•d to !L during this pe riod thau tn !0. 
dunng oth~ r pe r fnds , als o during the whole s table -ace pt•r•od. 

From the va luC'6 o f H1c. obta i n('d from ice courses tako•n h) th(' Nt•s t 
S abe r ian br~nch of r·ci\IS on thr· To m "h •<- r from thf' \'illag~ o f Polom mdmuc 
t o th t:- to~A·n o f Torns k (dllring 9 _yPars). the m e an value o f the cot--lftdt..,nt "' 
o f )fie_ was fo,md to be 1 3 c m . de a:re<"s·01 . 

TI1c m ean r"k o f the sta,:c(· rise at the To ms k g:Rf(ing site. durang •• 
p C' raod fro m the b. .. JCinnl ng o f a r i fi t' of appr o x1matrly 10 e m per d J.y to th,.. 

neganmnl( o f a s harp stage rise due to Ice Jamming fi-~). ""-'8 takl•n 

a s a charact~"ristlc o f th r.,te o r r~c o f flood 11t e ns 1t • b t-fo r e h r eakup, ; . 
Wt> cxp r ftss the r e lationship bNwet'n thf" ~mounts o f to tal ht•at tnput pr- r 

uru t surfacr of the s now- 1c c cover appr oximately by tht .. ratio bt-tWN"n thro 
corr spond1ng sums of pos iti\'e (mr dn•thu rno;al) a i r t e :npro r aturc·s. t the 
m•· teoro!o~ical s tations Toms~ II&. I and Kondo ma lltl , ~ ">tuat<·d in the 
upp.-'· r pa1·t o f the bat~ l n. dur1ng the p er iod from the beginmng o r m elting 
unti I 1cc breaku p 

TI1us, we hav e to find the rt•lat ionslu p 

(4 , \ ' Il l 

Oh~r· . ·wttaon d •• t:. shew that th(' dt•pC>nd··nc t.• o f AHm. fo r N iCh fac to r· o r 
r•q ua tio n (4. VII). cnn be takt'n as a lim·ar runc tao n. n,is makes at puA!"ib lc 
to solv ,.. •·qua.t ion (4 .VII ) by the least- s rJu:u·es m•~thod. 

~Ot h .H 'IIlt( d:tl ~1 fo r a r cliablf! de t(' rmin;.atiOO o f th•• dt' pl'nch•nc-1• o f the 
an.nu&t ·.•alu•·s o f u,~ fac tnr m o n thl'" rac tors dc tc r m tmng it, '""''-' ass ume at 
c:on~ tant In tld !i!: caft••, thf· final r t•sult of Ute calculation of AHm does not 
'1• pe nd on thf' uum l' rica1 v.1 lue tak " n !o r it. 

,\na1y~ns of U1t· cer.tphs fo r 4H"' ;,.nd thc ar va r aa hlc s ~hO'A'S tha t coolang 
caus•!!i= an addttional rl ,!!;;(• in the wat,.r Htage, tf at bt~cans befo re tht• ice 
h r •· ..&kup on the- ro m R1vc r in the r c cio n o f the maa n ct.•ntcr o f i c c Jammmg 
dowu~trcd rn from th,.. to wn of Tc,msk, and no t t_o<:~ •·lac-r th;ua one day b•"'for'-' 
1r •· hr,.aku p a t the t own o f T nmsk, and it th~ nu .. :t~n·diurnal air tcmpt.•ratur~ 
..,;. c; lo w•· r thOtn - 1.5,. Surh c nnrh tanna and, accurdiugly. an addational 

2)2 

staa,. rase- •n the pe r tod fro m 1928 t o 1 9~A wer e observed 1n 6 yt>ara (193!t, 
I H , 1948, 19~0. 1 9 ~6. and 1 9~81 

ThPn, from ohscr v•h on da t a fo r th~ prrood from Ina to 1 9~8 ( 2~ t yptcal 
y f'a r s) , f>Xriudtnl data for t he r.bovf' 6 yt"ara w1th tt'mJWr~turt" d r ops. Wf* 

hnd the nume ric a l ~•pression for ,.quahon (4. VII ) by the m f>thod o f l~ast 

squa r e s : 

(~. \'Il l 

wh(.• r e AH.n t s t hP maxunum ¥o'At•·r·staa;r nse durwc t ct-~ J..& m mtnll o v .... r thf' 
preJamm 1ng AlaC•' (i n e m ) accordt n 't to thf' $l.ll lnf !U tC nf'ot r Toms_k . I IS 
thP n,can rat e Of s ta ce rtSl'" at the to wn Of •r omsk from th•-. b•·giOOIOI n f a 
ris~·. a pproxtm.H..Jy by I Oc m pPr dc~y, unt11 ttw b···ga nn t nl( o r a sha rp risP tn 
the s ta 1 e due to ic~ Jammang, an em/day; II- 1~ the sum of tlw mean ­
diurnal ne1o.tiv e a i r te mptJratures f rom th~-' h~ginmnjil o f th(" stable ic~ p~riod 

·~ Ul 

-
, 

- -

v 
I 

1/ 

-I -

k 
• ./ I--"' 

v 

-s -· _, _, -· •• 
fll iC"[ I OJ, ,\l!.!lt h ..- 11 'uge 'I"' .al II•• IWH' 1'1 t• ••n n I• .• 

(\" ~· ~· I •n '1\rl II ··~ · ~ · a (AH n' .H .. f 
h) .. r •t j II r n ~ , ..... ,,fnotl .au h •t I" 'olhll rl. I_ 

tn 3 1 ,tanun·; lt m a:.t t h<" n"' •~ •• n o f thr m:t '( l lllUtn ~nOW• ('O\' \'r 4l• ·p t h~~;;; w ttu• 
~hon' ~• r,•a ·r~r tlw Tum a u,,.,.. •. ba~un o tt Uh.' ~t re tch P t•lom '):,h'lO• · To ms k 
h•--.fn rf" til(' bt•ganlll rtg Of nlt"'l llniZ (acrordi ll't to <;Jltl \4 • \,' •lll r St' rl:lt ol, IU (•rn, 

Ilt 1~ thf' sum o f tht• m(':tn· churnal po~1 h\'t--. ~•ir t• mpt• ratur· t~~ oH'COn hn.: " ' 
t h f' To msk m..-t <'or olor:ac nl sta liN\ du r u u:: th •• p ••r lnd f r·o m th,.. h··s:w mrtc c•f 
nw lting urltal thf' I C .... L r··akup nn th·~ T nm llt\'f"l" :1( 1h·· h~·,·n o f rlml!tk 
(~A•i thout th(• .tu· tf" m pPr atu rc an th(• br•·:,ku p d~•y a nd 2 ddyo; b•·fn rf' trt• 
br·<.·ak up): I8• i~ thr ~urn C"o( t l:tt rr.,~an· • llurn l l po~atl\f' .u r 1· ·mp··ratu ~l~ "' 

dunnl: the JOta n 1f' p f'nod acTnnhnc "" tht• to\t"ntf':n. m· t • t .. rolo atr .. l ~t .tttnn . 
\V•· u~t" (5 . \ '11 ) tu c ..t lculat.~ th t' \' a lu• ~of AH,. fr• r th·· ;lb<"'' ' ... uuhc:•trd 

c :::•~,.~ -..•1u·n a ct onhn~ "'luch cau~ · ·d a n .tthhtt• •u.d n~ · · an lh•~ '"'··•I· r ~t •• &: • ' 

WoiS o hs••r v•·d . Su b t r .u: tuuz tilt' r .t cut at. d ' .d rwo.: frnm tht- 1ctu:ol 111!"11 •' "' 



fo r AHm, w•· o btai n thro \'U IUf'8 o f the addu ional "'atcr- stag~" riS{' due to 
cool ang • .t.\C3Hnt . f'o r ••ach o f 1ht' fiC l' c ases w•· find from the oOse rvatlon data 
thf' IO\\'f'St n f the nu•an·diurnal aar tcm~r:ttures 1 - durinc the time• from 
th f' first day t:wfo r e icc brt""akup on t.hc Tom Klv•··r at the town o f T omsk 
untal ic•"• breakup on the To m Rhrt! r i n thf• r •'•l(io n of the vtllal•' o f 
Rc lobnrodovo (in thf:' are a o f thl' main centrr o f Icc Jams). 

Fro m the valutts found we obtain the c r aphnfth• r«!'lationship (Ficur~ 104 1: 

(6 .\"If) 

Wl .e n preparin1 ct. forecast o f the maxamum ac e- Jam water s tage Hm. the 
t·orr•·ction for t he cooling durinc the brf>ilkup pe riod 4CAHm) to the 
m :.ximum lc~- jam wate r -otage rise, AH.,, calculated by equation (S. VII), 
is dc lerm&nr d f rom lhe graph in Fieure 104. 

Thf" fo r ew:.rnang pe riod fo r the T om Hh•er at thr.- town of T om sk amounts 
on the :wer·ag(' to 4 days. drcreasing in a number of casr.s to 1 day a nd 
w c r r-.,::; irtJ=: t o 11-12 days. 

The fo r·f'fA'<.trning pe r iod can b~ increased by pr·edic ting the dal ly -..·a t e r 
d ischarges or by Introduc ing mto the calculation i nstead of tht~> rate of wate r 
sta 'l~' rise. i ts de termining facto r a . 

• 
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or I man thc c:.twofan acrclcratlon of grav1ty o r 980cm/aec1. Ten 1•o· 
potential m ct<•r·s arc t"quol to one decameter (dkm) . 

111 d 11 •. Ex ten soon o f a high-pressure (8nto cyclone) r eg ion. 
No t u ro l Ry n o pt l c p <' r l o d . 11o~ time i nte rval durlnr which such 

a thcr mo h:tr·ac ftt•ld as m:unt:uncd in the troposphere. which de termines a 
tl •fmltv cJtrcctlon of th s pl:tc £•m <'nt or Mrtc forma tion s at the earth's !-lurface 
and t111' p rt•scrvntiOn or the gc ogr:tphkr.l post lion of their cente r s . 

N:t tur a l fl:y nopt lc- r egio n . 1\ cnnsidl~rable pa rt of the hemi · 
Rphf•r·c-> fn r which it as a sRumed that ntmos phcrtc p r ocesses above it possess 
1mpor· tont loco l l·<'gul3rltoe•. The northc!rn he misphere is dlvidc!<l into 
th1·o·<' noourol •ynr>plic rr11ions: (I ) from Greenland to Taimy r, (2) from 
Tormy r· to the llo•r in11 Str3ot, 3nd (3) from the 8erong Strnit to Greenland. 

I s 0 hn rI C' s ur r n c c. A &urface o r equal pre ssure; an imAginary 
~:nn·f:trc 111 the atmosphf-rc at • •htch the atmospheric pressure ls the aame 
:tt :t il pmnts. 

I !" o h y p s c s. J.mes o f equal nltitudc. In m e tcor otocy t he isohypst"s 
rf' (f•r mo~t rn:out·ntly to the 1sobnric s urraces on altitude chArts in which 
the altrtud<' doc• not denote the heiat.t but the reopotcnllal, expressed In 
JZf'npntc ntutl me t, r s. 

C i r· c uI :t t i o n ind ex. Some nume rical quantaty characte rizing the 
lnt f'n~u ty or t)\hf•r f,.:ttUrCR Of the general fti r culnhon o( the AtmOBpher~ OVf!r 
tilt' v.holc hf'Oli Rphcre or a definite re-gion or it. 

nn r1 r l t>po jlr Aphy m Aps (Isobaric-surface contour m aps). 
Syn .,rtl rnl, menn or climotologlcal mapa, in which the altitudes (o r r a ther, 
thl• gropot•·ntH'II S m g~opott·nti;\1 me te r s) o f some isobaric s urrace over sea 
lr·v(') (ilhsolutc 1soh:tr k surf~cc contour map) or over the level of a l ower­
lyang 1sobarH" !llurf:1cc ( rt!lative isobaric s urface contour map) nre plotted. 
l sobnr1c- s ur fnce contour maps c harae te r i>.e the two-dimensional pressure 
nnd tcmpe r·a tuo·e distribution in the trC:pos phere. The notation Is· ~ .. -
the r.hsulut,. 500mb isohartc-sur racc contour map: H~- the relahve 
r un tou r map of the 500mb Isobaric s urf a r e above the I 000 mb s urface. 

~1 i 111 bn r (mh) . A unit of a tmos phe riC prl'ssure equal to IOOOdynes 
pr·r I em'. I onh ~ 0.001 bar which represents a pressure or I million 
dynl•S/cm 2, Tn convert n prcs!;ure give n in mm Jig to millibars it is 
nrrus snr·y to mult1 ply the number or millime ters by 4/3. 

II c I " 11 v c g e o po t c n t I a I . The geopotential or an Isobaric surface 
at a i!IVf' n pomt, not measured rrom sea level but nbove n lower· lying 
ISObilrtC ~UrfilCP . Thf' m:~gnitude or the r~tauve gcopotentiat at. gtvcn point 
ror dP flnl tt· 1soho r1 e s urfnces depends (to a first approximation) only on 
th(' mt• i'tn h.·mper·:t ture or the air column be tween them. 

Surfo rc -b o undnr y mnp . A synoptic map ba.cd o n obs<!rvatlon 
d:l t :. from .. nr twork o r grnund·basccJ meteorological stations. 

Co m pos 1 t e - k l n c m ~tic m :t p. A map on which the centers or 
cyrlnn<'~ :tnd :tntlcyc lon('S ns well a s their trajectories durinl eome time 
lnl<'r·, nl (rnr exnmplc, durln11 a natural synoptic period) ftre plotted. 

S i h., r 1 • n n n tl c y c Ion e. The hlberMI .Aslon anticyclone. 
S y n o p 11 c c o n d It i o n s. Those synoptic processes which delt'rmlne 

snnw :ttmrniphr-rl c or an gcnc r:1l gcographic:tl phenome-M (for cxan1ple , 
1cc fr cf'7.10I! or 1cc breakup on rive rs). 

Sy n op t ic R <' :t Ron . A trmc intrrv:tl during which Atmospheric 
proc<·ss<•s, s1m1la r In .:c ogrnphlcnl d10irlbutlon to tbe main bAric sys tems 
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end the direct1ona or the m ouon. pr evail. CsuAlly tux sy nopuc ~(':t,nnR. 
b ~ · 1 g and e nding in earh yf"~tr at dtf(t"rent dates . 1rt- 'll tUin~Ui f'lihNl , On 
t~:':;c~:tge. the sea sons arc d t vld ... d 11n the t ' SSH I :ts folln\\ ~: Yo mter -
r the m i ddle of D···re mhe r to the mldd)P or M:t r rh. sn r lf'IJ; - h nm thr 
;~~~"of Ma r ch to the m 1ddll• of M:ty. fir s t hnH nf th,.. !iumm.-.r fr'>m the 
m ldrllc of May to June. the second h:tlf o f th•• ~ummr r· I rom .luh rn tht .. 
fi r St h;ll f or August. nt:tumn - from th(' m utdl•· o f ,\U(tU '\ I O t hr- m~tltllr nr 
Octobe ;·. pre -w1nter - from the m ulfih • o f Ol' t•>t,w r to thP mtdrl 1•~ , f 

December. 
Transformation o r an :tl r m :t "!;. T h(' s.t r ddua1 \•:t r t:"' tlnn 'IO:tlr 

propertie s tn R given baric forma t1 on. 
C c 1 

0 
n e. An atmos phe riC' thsturh:tnr•~ 'Ailh a r·,·llur •·d n1r lu· • ·:o~urf• 

(min?' mum pres sur(' 1n the c-ente r·) :.nd w1th thf" :t1r n n ulatln~ :t r nund ttw 
center (1n the no rth«!rn hemisphere c ounterclot_ k\\ l.,.d. 


