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f(l r th,.. !)t 'r"IOd n ( 1fv• IOr"' 'CliS l, On thP b;\S18 O ( 

' h o· lll o' l• tt r n ltiJ: tc .d f o r•,•c .. st. Jn till' o f a (n r \.'C a !'l: l fo r 'A•iud 
\'• l· ·•· aty w, . r lnud trH'""!it N, hunudtty # , , u , .. m(·a n v.tlu••s fo r thr 
tiM ,. HUt o f 1111 :o.nd N a r P cw t•r· a lo ng - tun.-. p l' r!Od, a n d the 

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• tttplH fr o m the wa te r has no 

Atth thnt a bo v•·. 

• 'l 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> o f thawwg, 
d· ..,, rlt)(•t1 u1 the Sil't"tions , a n· used to prt:'pare fo reca s ts 
1n ' ... ·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 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. 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 

S O f \lw JtiVCI, r l'Sf' r \'01 r !H'Cttn n (1hC C'lr tg tnal iC\.' th ic kness) 

\h•· r •· h , .. th •• 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&{ 
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1}111 .. .a N •• lfr 
o f • ft·t"lul.uaon (If rt r ' " ''"'1111 " ' tut 

I lt,U .. I • o f In' on rt c Pn c-b '' fl • y o•f u c P ) b tnlk 
n •I I .'• ., ,, ,,,,.., .u I ,,f rM 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 A lbO 
d t'sc: r 1b r·d is t f'chm QuP o f such 

fn the " X;imples gJv"n hen• the hf':.t inno"' t s summr d h ·um thr day 
"''h tch a m c•n-dturnal nega ti vf' a i r u r ,.. fn r no t 

more than thre doys. 
'The rP\a tionshap fo r fouecasting the da ti»' o f icP 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 amount of ht I4 . 
fo r 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 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 dw 
date s o r tcr clea r ing on the Bay of \ 
shown tn 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 , ' " 't1\ 1

' " 

5 ta te r on the 
An •·a rhe r ac c um ulauon of the nec,.ssary amount of hrdt as c-r,m p •• 

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 (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 ~. 

' 

0 

, I\ 
X II • ... 

' 
., ,, 

' 
, 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 

220 

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 

.., 

• 
" tl •I _, ·• ·I I 4 I I lllllf, 
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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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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. 


