






















































































































































·-·- ·--·-------·----.~----------------------

~-HI ill• ,l • f 'tol :n,•'" rOL•on. t•·· !)fu ~ t• ~ .... •t•·l· · t rl ttl• •I '1,\ It•• fll'~ l,f•·s ••I l\'(" 

1,' ,,,1.,. .. ll.loi(h •l•fi•.ol'• •! .of llwh·•~lllll diHul Tho• H ' ' ' lltt ll ,olllt -''II' pro•-.: •1'\•'c..l 

•:r1l to 111 ... 1.•1•1• ,, , . p• r·j·ul. • .~u ho• •thto\111• d 31 th•• .. ql)l ••t tlu• ttwon dlut·n--•1 
h• t!·•ll\' ·•II' lt•lhiJ•' •hit·•·-. 111 1!11 f t• ll11•1 · '"" t • t • •tl !lo• l!t',t f~\N r1 •1 lf1• 

' l ,, • •twhtt\••a ··r h .. ... l.•r.·-·· CI•Hu atw \I••Y pf th··•w~IIUIIIIJ( nf w•· <lnH 
lfo•,\•0 •1 . tl,·l• ,,,-. t •--\· :-Ut i! !(' • ltlr •t•kc; 1 11 ,, IP.'' I ' i\luKI II,, I' h l ooo'f(' o , ,.,: 

• •1~' \. o)lJI' I'•J! HI I tt fhtU o•l 1- :'1 oJ,.o\.. 

h IIU•I • ·•I»>••· -£1, • "''l tt.,o· rt'L.'' r · .. Uh1 • · u·~· furn.!<> • .,rh• r· fhy 61 tlt~'"' t!t..~u 
nn tit• e:u• a 1I4,N•· r) ~•r- Edl, _,, •• , trall.u: ~.•S•· Uw fua.-.'=''"'< c ... ~uu•n ~~ 

lJI > ~. 
,\ h • t • T '"tho ci-Jr.ll t om ••f :l•''' '"''' ••r II'•' h l••..-k<t f rntu l luo tlp .. lr••lfn s1ah!• 
t • • · -:L!· " th• ,., •. ,'I ,,,. ,,,.n!-:t• .tfJt \ otl•·•·ldt. th• n ,,, lhp• wtr••h l o ,, , . hiot(•l-:<.~ 

( , ... I• "·I~• lht r t!.:n~H! o n :n• tuto l '\' ol : l 't!lt.a! l •• tho•t l ' lJIH•' fl l Uof\l 1• 4 : t1·•:1· 
I'·· •P'* ' '· ,, ,., ,. l.ah i• · t•.. ·n~o·t•l• •r• , •• , ,.,, , , .. ,·.H· lh· fll•'' l nllUil Un('~'l' .; .. 
·I Ht· "'' U • bUt K~, fh• '-1 11B f't I ll • olll' h ·tt-P• t•.oltt r • ~ t•IHIUl d ho d• t o I'HIIII• d 

.mnnc •J.• tun- ••( ol,.-. f1 uf 1lo 1'• h!•" K,., l&a tu , ltu· ·:p"4 1t' l ' ,llt1 <t,ohlo• If•' •dt:• 
t · · -l·•·ttJ .. tt• u\ -.re. trh.-,.; 11. h . .,,, • ._. r. At:<;T lh• .. ,,. 11 :Itt" r .. u''""' tl 
1•• . . ..... o:_t 1•tl,t1tl 11 •. rr;;.t"Hll' .:n 1• 1 t•••• ~~ol•• ...; ....... ,.,. •'·•' ~l.tl•·tt f r "nl lh•• 

~ .. C!U'lt '•~ •·f It· ''1111, .~;f.:, h \ -1:ot ,.,,.;, .,. , , J .,,r • ~p-t·• h cJ, : t• h•t 1 rho ht J!tn:nng 
· •I · •.ll~ :• • t ""·'• r '"'1 ''h ~•p..::ft•.t:n oOtr• ~· ••- • t t,,~ l-= ,..u tto, ,,u .. , .,, ,n~• ~~··. 
h · '' I>; • , a.• I 111\~ II 1!1•· i!l \'• II ~ ll'o l t•lt \ I ! f '•a I 1' 1 fq t•II'IU ,d tilt' h•·l~lTIIltPll! L>f 
I' ' • · lt , 1 \ ,q 1 I -~I i ~ !,.,l • .t ( • •J I o·spo 111llll'f: ltht' ~ll· "'":0:: 

Jt • ''o',r 1
a'o• ll't ''"l• t ••n tho· :!Ha 'fl."'~l'l•li'h f"I'IIH~ • . l l' ll•'l' lh.trl -P -.\ ·.d&o 1"• · 

tn·•r· · •r ~••··•lBtor~th•· l' t\·o·r, ,,,. •··rnl't•·r•,,,,.,., .; ,,,., .. rn•U'•'.I fr ,rn l b • 

l,..j.!lllll.t t! • f H,•· :c 1 a!1 dt ft1• li .. llllllHIU ,,.,. II . !• ;,Ill ,_, I"' I'• lit 1~1 ,oTo·cf f l•'l11 

11,. ~~1f!l .. f fo JJ,fJ·•t-olldi• !'.. f,.U!lJ rf'•'!'l lit• lf, oy .trt o•t tiu• "b""'t'f'\ I •l •' l' t':\j11"l' 'l'•l( 

rt.llf' ••t -.t.,h'• t<"• 

~ t · ·.;, , :1 \lf•'l •••d! . ~ ··· .o!»lt•\r: ""•HI( lh, .Ill' t• tnp•·t -11•11• 
(.,,., • •• -, t ,. , II.• •lJ"'' a • • .. j " 'J"'• · t'\ •U••n •!ttl,l 

I •• o ·1·1 p• r tt •d ·. ,,t ct · tu f!ll lll Paf! ••I 11.1· n r•:l•· r , fJI'· I ·I • 11 1h .. , .. , 1 ,,, cui 1'1 

I'•·· · • 1 t1 ~•I H • 1- I.. 1. • thu k'1· ··• ••( u, • . 11 • r •l\'1 r • •u "'·"''r '"' '• It• ., , .lh lu• 
. 1, •I.• I• ·f ,,.,,~, cf.t\.• • • , ' "• J&r t•·mpt•ra.t•u~,. ,,,.,! pr'I'''IJH•-•h••n •• t 

u.• •· • rn • a•· ...... ~ ,tl, .. .._.. t:. ~~., ., ........ U;. r .. t. ·•1 ....... . , •uh•u.,,, ... ," ... ,.t.·r 
tl·• ; - • • ·o'.• r .,, .. , •sf tiJ• l :o· -tt ,-,~t lt •ta• 11 •· .~~o·.o11 r . ""'· •• h \"f~' ' ' -••'fJ,)' .• l .. ro.e: 
l!1• • •tr'1• ·~<t•t 41•JIIt -•f J. II' o 1 , I • tll·l tAk• n ~nfot otr f ' f .. lf\1 flt•• -tnotw do· n ... ll)l' 

cw 01 o, olll• •f 1 • lt-.IOII n( -ond \"' t l• I• t'UIIho'~' f r • •lll l!• U• t ... 1 o " 11'41oft• t ,f(Jhll , 0 ' "• 
·•a h ,, ,.. ••• u ·,,., .. ,_ • .,...,, •th-•ll' 1!•\' H C\ IT Tl\' ' ,-.... unty U1•• 1 t l •lltYt' L!t'CI"'IIa .. 11•l 

llou t : • '"' ~ <ll lh• IC • 

H··:-.u jt., u r l'IUC h •• • a l . ~::,hoot\ w~th •l·~t .• lltl tth• II f' llllf iC,tH•It t> ol \ ' . o l ;th lt· 

J .. r o1 IHUUtJ• r jlf JJ~·IlltS n u U 1•• STI't ll't1 d UI"III t! fl•~Sl ~'1' ,11 ~ C.'oln, II\ l)<~t'tlt'ULH' , 

1o• •1· • •I! '•Jt \• 1 ~LI!I• ' U o•• :lL• .ut •"l•l • 'Ill' • 11'4' \ -•ntt ,.. u! tht• I<"~' t h LCkt1•':-l-S on 
l 1.•· .. ,. ,, h' 

...... , .. , .............. . . ..... , .... , ... l . . . ... ., , .• , ~ ....... ~ 

• oh • 1 J1 II • - • It~ ,,,,. ,.. ot 10 t•~o • .t~ " ' ' .u ... ,.,f01:,'11 0:4t• • , , . . • ·•.• ~ ··• r. 

t 1 \ ,I' f ;o .t- o11~ •to flo tL fo• '••••· IO ~t t•,..,:,,,,,.,,,.,J,,.•.,tt l •t'" " ''ur•• 
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[t~ •'i'tl••r :•• t'.ticul~tt••tiH· tt.'•· lhi".'l-i•u·sfi, d~•1·• (•n tht"!- ntl•;ul~,liucn;i.lHII' 
tt · :t•p•T.tturo·~ .u)d iJU I)W 1~;Hly prt~cqut;ltiOH frunl t.bt.;l or :1 IJ\~Iii\ Hlt'lo.~orn­
ir>j~ll".ol .~l.t\1('11 .11">.' lll'("t'ti~:try: r.:lt" t11t' f•1n~Wi11"lllt\i:: ~Jl'l'ill~ U( tht" £uro:•t;ilSl lt 

ts '!lfil•'wnl tn krw ,,. !hf• PX~ll't"tf•d . .:;Hm of rw~;!ln·t• au· to·mpt·ratur•~s. 
Ill 111•· •·x•~•nph• ((i\'•'tl I f';.th!o· ~!q tlw cah~td=•ti,~!l 1::; tn.ul(• w:;inr;! (IO.IV), 

Tilt .... , ~ •. )·,,_,~'~'I', clno·~ llut 1111ply U1.1t tiJt."> fvt·tnul:• IS fH'••fPt'l'(·t! 
\\· . o:t•otct• Itt•' ·Ah•H•· ~wnrt~l (r<HI\ Ita• •l:ty of tht• IH'JJ'ltlnlu,:: of s1;1biP 1\'t' 

<'olvo·c t·• Ill·· tl.ol,Y o( ~~~11:111~ tht• f.OJ'•Ta:-;t, HllO So•p.Jt'ottt• itlll'l'\.'<tiS during Whtch, 

•h'('•!l'lllllg 10 ~~~ ... Jil••lt'(il't'l!n~;~t . .'al d<.ttoo, Uw d~·plh or Hw :-:now t'(H.'I'r t)tl tlw it"•· 
• lti'l lht~ It"•· thwW.rw.o.;s w1lt o•·lf':J nnly s~,r~tn!y ·n •• ·n·for~·. •d Hw ht·l.pnnulj~ 
, ,f tt~·· 1> 1 .d1 i~· ,,.,. c~~.,-•. , •• wlw~1 ~f''' r,ro·,,.-s lnll·ns~\·• · ly a111l :• ~111',-N (' rJ\'t•t' f•.•rn1s 

~'"L I!J,• ,, .. , •• 1lw lt'll&!lhf)[!ht·So? litno• tlll••n•;LI~ ~l10ttlt.! nnt ••;((~•"I'd 3-·1 day~. 
.\ . !d.,·:~-: ·,,·Jth ·• $110.\fall la1'~Pr lh<t11 l.!lrnm/day ill'l' t~~.l'll ;J~ tlw tJt~glnmnp, 
(·! .~ 1\• .1. tt:n•· 1tH•'I'\'4il. 

n~· · It''' I!LWI-:Ilf'SS IS ft'!Utld !),Y t.'>lh'lll:\hn~ th•· 11)(' I"'C1\I•IIt ;~h,, fnr t';l("h 
t:rp·· .tl" ,,.d 

r .• h:o .!!l Itt\ ... :' .Ill •·;o.!.HIL,P!to ot (';.dc;lll•difltl f)f ltn.~ IC'f' thn~Xri"S!i on Uw 

)' :~;._ . . , 1~··.· •·•· .11 tho• ~~-11!1!1.£:' ~Ill"' rlt'<q· Podk:un••nt.l~lya Tun~usS-:<1 o.t tl1t' 
lr ~~:!t!l·f;t~ .. j Oh· ~t;l!llt• \1'(' P''f'J~ld. 

I r···~~ lh•· <·h·:•·t'\",ll:t>•t d.o.Ui of lb•· '-l!,tti~)n 01 lab1t· 1~ t.'LtBqlilo•d pf lh•• d<liiy 
•f,,t,, . . j ,,,,. ;•·1:ql• r.d11r•· <OJtj pT~·np:l.olton ( f;,hft• :? !~. ~·n!umns 2 and :n 
1'1 .•·n. !lro· r· ;.,ktl!.otHm p•·nnd ts ih\'JtJo.•d :n[•) tl,t• ~Ull"hh· llllll' int~T\'ats 
lt·••;u~tltl -l1 T! ,. "'llllH r\kO- t)f t!Jr· ml"~itl~lh\l!·rMl J\~''~<t\i\'f· ~iLl' t··n•P•·raHI rt'$ 

f,,,. . ... £'1, t•:ll'· t'il•·n·al (t•,iuma ;)I .md llw ~!•'ptlt Si jJf ~t1lld pe·o·t•ipltaiH•II, 
I ~:pn '"';•·d L~l d• JHI. o')f 'll~ti\'ah-t\t w:•h'r ~mm). rrun• th~· h··,;nmtr~;r pf Uw 
:-t.ohl· ~ .. ,. p·..-~·".1 mil\! t11•• t•ttd nf ,~. <ell :uno· IH~~·t-.·;d {:..·olumn LO).' arf• 
\·Iko.:!,,h>d fh•• m•·a~l of tilt• \'oLll il' ... c:tf !; 1 J(,t' H11• f'IV.I Q{ th~· g1n·n ;wd lht> 

pl· \ 1·•1:·. tr:~1• 1!1!· · n · ,!]"' ~k+·.r, = s. (t·oj~IL11H 71 •ll'l' d••t•'t' lliiHI'Ij ~lo'-;;t 
, . ,,-,,j,:, ~".".~}' ·•I I I I ;•; l·d••·n ,f!" i.,, ""'l . ~H)~~·~,·,olJr..·:lll O:,t(' odt~l't•••, ,Hl\1 th'!l . ..,Hy 
••i •t. ..,•:.,,\ c 4'l '.• I' fl:l lt.o · \~'• .1!-> I) t =~!-!{CIT,s l . r'1 II;\ eaku!.l~,. tJw ia•;;.t 

• ··~•ol~~ !!•.1t\ }., . .. f '~··· ~~~~+·), c n\·•·r n11 ttw H't', w tin~• ··\~•mpLt• wt• U.S•' (:~.IV) . 
. tL1d1 ~:tv•"' f.,, .,. fl IH\1)2';, .1l/o· !1) ~•·1..· d•'t:l'•' •· 

',
1
• • frrhJ th·• \ .ohn nf ~..! - iL { l ohm1~1 ~~~ - '·'···· e.okqj(u,• 1ht· \".Jl:tt• nf h,·:;, 

•. p .. ~ 
h '' 'I:H:1 fJ h\· lfi . IVJ, n ·pp·:·•·tlt•·,j lt'l \l1•.• (nn:1 

d1· r• h ,. 1 

I n•:n 

h ~h + ~.!i. 
o .,(- ··t-1 ~Hl Pen• 

"'" th•· t•,. lluvkno·~~ .. d tin• •'tltJ ~~~ tl1~· [)l'o•ct·d~n}: lin~·· lntt•t"\',JL 

~· t.:~l! •il• ~ - •>.:• :; ••( Ah:. f('j;II!Ht t) !Ill ',\!Hl''h f'LJIT.-•spn :\tllo lito· \'.oltw:-. ol 

.'\!O .. J'l-1 II. l•ll' I!\• · ~~)\'I'll \~tw• wt··n·.d ,.\t.ld::l:.~ U:•' -.·••1•10:' ot._\h.~ , Dhl•111l•"l1 

i·-r- !tw fl r ··: ~~:~~< 1!1~1 l';' .tt, l(l rht· •:.dll" nr h,(· <t [ t!w l!4'1-!lnrlitlf! n( Lln· st;•bl·· 

. '. ;• t· • · ,•t, t,• \ - ~· ·' f>,.O ~ .!'!.:.'< ·.! ~! l~ ·f' f'•· ,j. <"~ ..1 ;,!, ,•J o·1 . ·1 ''"~'''· :-.•Jt ti•IHii~· :r: I'•~ 

• J ;~ o·! : ··t .;,~ 1 ! !:o"f! ' ' , !• •l I~" ., •< q .,. , .. I' ·I '•" · ·~'·' " "'"' I',.· •1l< :)j~!o o! •·~!~rl 
·~'' ·' 1 ·~ r 1• " 1· l (r , 0:1·.••• ~'''!" :.' •~<• l o ~."ll(l r t "·r; t .u;.- •t:to·n.~i~ . It:,. ""o,!·Jj,- , ,f ~!t(' ~~"f 

· • , ··•.;• , I· •': • • •·, ; t .. •· rt·~., rHtJI•I ..r •II·· .r~: .. ·u,.· ..: .• p ,,~ '~"' t·lllt '''''~'"''"' .. , tf' 
;y.~· J ;\~{). - r:1 ~, ·o:·, .ott"! ~. In l't '' "0utt: lt >; l!;t ,:,•;·~:0 •' I j'."(~ ;;o;1J.!·•·o .It l!tl' !AU 

T ~.' 

H'l· p~~t'iorl (in C.ltlr (·X<.~I!lplt· h:( •~_t th•· h··~t!H\1>1;::! or;.f !l:t . ..;!;t! o!o· H'•· J~· r~~~~~ •·"' 

t.•'-;•'ll as 3cm), wr.• l)ht~•sn th•.• :hld<H• ,.;::; ~·· !c-r \!t•• • :HI ,,f Hw f~~~~t 11H\•·. 
lnh•r.,·•~l. A•ldia~ th{' v~d,~t· l}r l\h.H r·.t:~w t n•·d for 1!1P ~· (''JU<t 11;r,,. ~~~~~' r'\·.d. tP 
tho• \'.a!u•• uf h:•· faJ· the t"·nd of l'i~~· h:-st lt',lf'l'\'i'.t ~··· ohl.ua h.., {(II" In·• •·fl·l 
u{ n:t' ,o.;<·<.·oru! ttmr• JJitr·t'\'.J.l, and t-it'lt on {column 11 i 
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·r,, •. t ·•-·~· -. .:-:t ~:l~ .-.. ;:dt•·~·-dn: t !""' r,,, ;,,d ft·n;~. d . .c .. •·l ... ll:..! -1 <:~~ " l•h~• · r··.-.. t l"'':-o 
o! til~-- It" • • ttu~·kno · . ..;.~;, .d ,"r ·~L•l 1 ·•~\ ot• td 11. o'·• ~],,- l•lt : 1, 

h,., t ~ ... -· . .:J(:;:'J_, h .. ,l. 1 ]] .1 \'~ 

••.lo• · r· 1t ·.t ·ora L-·• ~ : ,.- l ! , . r],l l ' k :;·· --:>;. ,.-~1 " - ' • ...- ~: . . :, -•d ' ' ,• .. p· 4'l·•o l1 1·1 1<1• 

· ··! ~h· ;n ··p.H·.,tl ('ll ••1 !h- · t·~,,-, . ~--· -.: : . .!:0_ ; <= 1h • , o!t;. .. ( 1:,. · ·r~· .• d 
11· :._:-111\"• · .<~I" T• : :op•·l .• t \U"• fi. ;·, l;t"ll ; ,.t· Cl ltn:J ; 11 :• rf •·• 'l : ~:• 11 I 'I •' ?1 "I 1 f11 •q 

~!::·n':l!;, II 1(• '~•1: -.r:·: • · ~ .,: •1• '"- t : : · lt"ol:~l n.• oj,,;,· .. 1 -Lo:•. ' ! ' n ,. l;o y otf 
t!:· o :•:o:•. : :;o~! ,,f ~t 1 • fl•l'··-~:=t. h. ,1 ' -~ ~ ~ •• -·;v, •: d· i ' ~ f· . .. : ~· • ·~ .• ~ - f 
-<. ~. : n• l.~ t·d ~~~ -·~ · ,.~-·~ : ~·1! ~ r·., ; •,; \,,~: .. n .. : , ,.~ ~!t• ~ ~ 1. i •: · -! t: • . :1. ' •' p~h 

'~:; 'I"·• )(' · · n;" t!1< I · ' · i--t"\ " I-.: 1' H I• ~- ·., - j : ,f tl, o· ;- : :o ',\ !· J ,•! .of •• T] ' :• I •J i· ·~; 1 ·.o 1 

n:- ,_,,., . · -ttL·· "-n"-\ t~· p~b -~t n.· ~- ~-:·· , • n.:::: .• .;~ · - ~-~· · · ., .. , .... j' ... : •,~· ",J·. ! " 1· 

:~- ..;; •. ! ~:··•1 i:·····:• , ,, ,, . ,1 •• r~ . - t t!1•· -•11· ~· t~ ·. 1 l• --,-,, ~ 1.1• L • ~---. - · ~ :1•.' ·*: :\-, 

,; ~ ~ ·, I~\' , ( ' ·, I · ! ' : • o.!. t , o ! > ~ I 

\:, .1!1 , '-"~r: p'. • .~- - ·~ !'- . . :f .• ~ ···L~·~r .. ~.: ! •rl ,, •• ·:!• ... . k, it::. 

~~-· ~ : · ,~ ---: : . - oo! ~-~~\'~(1~ ... - ~ !l"L t~ ·. : :· ·· ., ... T· ·· ,, l.; .. f m 1.. ~ . •; 1 - r • 'I ;., • 

~ ' \ ~ ') ;/ •• \ ·< 

} . \. • • ~ [. I' ~ • ' • ' ! p ~. <. ;) •l ,. '' f • 
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oH !" 1 : ~~rh· f,dt:;. · .;, .d~· I' !"r-1 :,,..: ••:; : .·.·,~~ • . , , . < ' .' ... • -:1"1 \ 

•~•j:Jl b ,i11!·_, : l :o·~ or:·,._ ,·,o:-;, . ~ : -: .• ~ : · · :~ ' .. • ·· ~ -~ ::· j , : ~ fi, J- ~ :1· 11·r· ·~·- · ·I :11<1! 

to• !·L._~:J:·• - ~ ·~. ,-, ~~ :.·• •!.· 1 ;..:·.o · ;---<. . •f :~-- . -··: ) : ·- • !o •! 

!· • ' 1 · •i : : : • t : : • f ~-· • · ' 1 !l :! J · : \" • • · ..,. -' : 1' · ~ , l • · f.' ' 1 " : ~ • ! : II r ..: rt I -.. : f i 1 • : • 'l ' . • ' , 1 " •• • l • 

U"'-''··~ · .... 1\•'' · •!>:.qn• -!. '!~":/'•' . , ... 1 : 1 :, .• •:-- 1 •1•· ~·- r· 

[111' ]"•\!~' nt •:: : p;·.,, • ·· ·· f •l •• •ld.' ; ''L 

: ~ ,1 '!,It '!1 : l • ' t "• . f •·j, · • ~ ~ l 1 ', • T' : r< .q I . ':; 

,. ,,1 r! · 

Y • ! l i !--' ' 1, I • r .. 1 • . :\ ···~·· t·o~ , , t:ol ~- - .;·,-: 1"1-•. • ·•·- • . ; o 
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0•1 ~~~~· J'J;111 '.\',H•·r• l}•'ldtl·~; an l'Otn•· p •·r'l{.tds t1( lh•: wiuh'J' ~~~i' tlnd;:nes:s nC 
tl.•· H'l' ~~~·:•·r ,,,,.,.,.,l . .;<•s .~t ;, i,tcrly r••Jnst:•nt r.1t•• Tlu!: u~akt·:> \\ JHI~~ihl•.·. 
1:1 •• :mmlwr nf '':Lr..:{•!-i, ''l rh•t•·nn i n•· 1ht.· futur, , 1lu('"km··s~ ol" tltr:• kt.' <:t)'.'\:r 

frnm 11'"' n·l;itiO:)Si!lp with flw If!'! thi~krwss at 1h1.• t.);Jtt• uf tht• lhSIW n.f liw 
1r•!'•·l',t"l 

l"n!lll'l' !itl 1!1\"•'~ th•• p•l.:n,nn:--hip bt•t·.,.,.,.,!l tl,ro 1C" ~lncktlt'!;S f.ln l F<·hn:mry 
·••1•i ~h·• ,,.,. lhid·:.a••;<;.!'l Hn l .J~Hma•·y f(l•· ttl4' l.rt"·n:1 ltn•Pr on th•"' t'st•-r:ut- . 
\'111:11 str.-tvh. Tht• \',lhto·!-> of !tw Lt'!' (hil:kn•··"'s. ;wc..r:lt.Wd O\' ''r th,_. statio n!; 
•1~1 ~lH'-' ~tt"•'h'h n( llw L~·u:\ Ut\'•'1' ;ll't' L<zkt·n. 

l'c)c' Ultln·i·lt~;,.1 :->tnllncH-: on HH• I .o:·na ~m:h l'(•lollum.o.;hip~ <l1'1" much i1·.ss 

.u·~·:1r:.1l•' Th·· r•·•1H•tr~~ (ot• Ill is w•••··· i:Hht:<tll•d ;ahn\'1-', 
~l:lll!dt" ····i.ltlUU~I11pS for rl\·~··r$ ;lnd I~J~I"S or W~·st Sii.H"I'i:l Ut'(> al'-itl I · ·SS 

oli'I'UI'.ol•· dn•· 10 lh1• f,Jrt lt!~lt tho• WLnll'l' t 1·t:'rt' ;s not SCI ~l~lh'l' a~ iO mnl'<' 
•.••• q,.t'tl l"•'l!i'•!l.">, 

.-\li ~~:. .-.i:.o\T ~-~ul !-thn· ... -... llw• t!w ill'<· tl d~kn· ·~~ na '•fwri;ln wn;•'l" tn')•ti•·s 
~n Fd11'<~•• ry d•·JH'Bij~ ftl.unly lm ltu• ('OtHHiious of u•r• Ut""O\l•lh ltl ~n'-'l"tniH'I' 

•' ~ld JJ··~·•·IHh•· t·, ~lttt"•' lll .J~IUUil r·y liU:.• ic•: CU\''~ r I m: l''l.'~i St"S ttl <I f~q dy C(II.S l;lt(l 
r·,,l•· . 

"i'b•:-..., ;~ h1r1'(',1..;.11ng l"l'li\liOII.Sillp b••b,:l'(•fl l!J•" ll't' f.!I'UV.'~h (IIO"iH~ ()f'(' I'IU!WI' 

.u1d ,1,•1•,••,•·:--· hhlntt~ rill' t;~·o lnn,1tJ1~): .! tlu~ tJ••l'HII of tlw J:>now on th1• J<'l' .~l 
H•• · !.• ~t!llii'IC! of l>••t·r•ultwt· <·:111 b" r,bl •• uwrl, :-twh .1 n·la~lOil!-liHp f•H' lh4· 

I · · •l.i lt~\'"1' tm tlw str··tdt lwtw•·••tl \ ~a~-'Kul and V1t1111 1s ~l\'Pn 1n FL~ur·•· 51 
i! l ••p•·•·ifi~· pn111' <>f" f'P"'''f'\'(111', n•A· inJ: lo tf,p );.~n::-1' \',IJ'J:<tiiHl~ ~n H'r. 

t'r".•·r· t ll•(·krJ•·~:-: fl\'!· r ~lw '.\',lt,•r sut•f;,~;;,•. ttl(" \"UIIi<•S lhus vhi:Jul·-.~l m.•y 
r'"'l - :d··r.rh~y dtHt•J' fnJ~TI lht• \';ll\ll'h ubt,lll\l.'d lly llw l'l'l,;tlllH1~hlSI~ J.!l\'t'Tl .d)O\ '•"' 

IJ.I 

1'0/U!CA~TIXG /Cli £Jllf:AKt'l' ON !1/1'/:US 

l\ . CO,'-:'HITI0:\'5 FOH J(.:~ DHJ-:t\KUP 0~ HJ\'i·~H~ . 
11,1SIC DlcTEIL\11:>!:\G F,\('Tlll!S 

1, .... t 'O\'t•rdri f t.,nt! it~l' br••aku)liHI a t'l\f'l' I:Jw h• ·t.;1!\'a: •u: •.t 11 • ,Jnt t i .II'•· 
~• ~u.;d ly lh•• rt•:;u 11 n f t ·,o,••• jJI'"'C•':; ~· -~ Ill r.v• ~~ l'l o; •1f 1 h<· ;{'' • · , ..... • r· 

l'r'd\U.'~Ion nf 1ts tltH~km·~~ and ~tl'f'n~th ;rnd t::!l tn('n•.•:-> ·· t •t ' h •· ,,,,~ •· t' 

ths~:h;lt"H" ;\TH} .u .. ·(•On.h cll!l;.' •:'l t ill' rt.-J.,\. ,., lr~(· iLL •:~ .111d r •~· 1rf •i· t· .\·,r t • r" •·:' ·H!'• 
~!'= ;; rt'!->U1t of :-:::uw; m••ltin~ 1n t~lP.' J)<Ht i \.'Ul.lr f'l \ ' •·,· i)B~t 'l j~· ·:to•·n t:\•·.; .rl so 
~"nh;ltl-l.~(·d ,,..,. r •nmn 

~crt ,., . ..,.;y~ 1~ Jet· bf'l'••kup Ow ····~u: t r)f ;~n lll<'•'i•, ,..;.. · ,,, ~I.· · •!a~· ! 1:r r .1!•· •• ~\'I 
,;:;l.t~·-. but;, lm•1:-1t :llw;l~'-"· 1'\''' r\ on :;•r· ~,. r:Vt'''~ t:••.\'1 ~1(! 1•1 lh·· n o r-rh . It · · 
lH"•·ott.:np ~~ pt·•·(.'r•d••d hy lh1' 1:v•!r1~ll.! r"lf th•• H •· r o •, •· r· 

()tl p:H·n.d l_'l' fr•· •·1.ifiC rl v•·:·s: t!w d•·.o.; t n~(-IJ"'' .-. f •b• , , ... ' ···: · , do· •1 !
1 

• 

W.lt t 'l" ~ t,jj:! t • l'i'I'H'S, i)l ' J;lllio .'l.·llh th•' (ln·n i.o ll• ll< f• t • J'ol' k-. , , . ,. j : ; . • ,.. . pIt' r : ~ • l'l 

of ~h .. • ,~,.~ ,. fi'()OI th•• 1"1\'t'l' U-luk ,.;; or· ft·(•:n ~h· · "'h••: •· w • (. 1 .u :. .... 1:1 •t:.· . 
(.' f ' '-'l'f' fll! 'nl 1:\ lhi.S (',i,SI' (llll only o\ll l~ii! tfl" l>,o•r-k ·, j";l . o : -1 1 ·" ,.., . ._ . '

1 
• l "'l •! 

at"1d ;.ll~ V·lr1(?~1S ~•nal.-•s to 111•• b.1nl.;s Tl•re; .~ d:t•· ' • • 1~ r rl··•:l•:· l i·•r~t . 11 o\ ;.. · •· ''" 

ollll l ~tr·•'nl!ttl r,f llw It'~' C"t'Vt ·r· 0111r.l tO th•• nnn ·.:n t l ••l ": l·. ~ t ··t t: t:!i~ ., r t l1 ._ .!.• h 11 

IS .!l;:~~·h· ·d lf\ th•• h,\:tk~~ :\s. th•· ·.~--~··!' d: .. •· 11.•1'i!f· fu1 r •,, r :·~t · t·· ,, ... , 'i . •• • . , • 

~-~~~····· ('{}•'\f!H1H ' '=- lfl n~,. <Hit l l{'o' I~.IIIJ!·'~ f, ·,~-~~~ .\ I ! !• · · v.,~~' t;~]~· • 1
1 · ~ ~ .· · l :;n:,_; 

l) j o ••• ~ n·'"l·.~- (1~1 ~h·· l('l' •• ~HI.nr I hi' :.-·~· <' H t• I' c•~~··r j'llt~ '! ~"'!" ~ Tl,l -..'fl '!!~· i 
uf !hE' l('i" c!t·l' t'' ;.l<:; ·--~. :n-11 •1, ,. du1• In lJ:., p•·a• l f·,,! : ~·l ·•f -.;; .. 1 . ~~· , , ,,j : . ·~ · '1 Tr • 
j.'("(0\ '''t' :. L..:.o nH·!I~ ~·~)ti I~ WolS~h'd 4'1!\ roWI.'\C: h i !ho · f' •• ~ •·f w ;1 f1·r .1! ' 'l) lol, t , 

If u,, ... 1(''1.' un trtbliLtt'll~s tu·~·ak.s top ••:tt'! l•' r', ~lw ~t:,1•·J!''l~ \· r•l Itt·· n ·· · H ' '·' r 1 ... 

\\'~!t.'t1 : h 1• :·l~i~H~ ·.~.I! ·Pr ,;l,"•l!'' r··;.wlw:;. ;l c•·r·t;1·1 n h tt ll ! •· r q r · :-: pr ' l•l: ·•r, I· • 

!!L•' ll<lll:t'o' nr !ht> t 'l \' ''t' h >,:! 0 !1 ~~~f' 1!i \'('T1 ~ ~~·o·t o · t! , 1<1 ~h• ~1:: l· ~.1l• ~ ~ ·I I :•! .._, _,, , , 

ltf tb•• l~'l' C"U\l'l'. , jn H'P pit•·:.! I ~~{'(":: r!>i !:1 p~:~f; , ._ ~~\0 ll' l' ''"\ •·J' hn . 11~ -... l'IT• • 

:-:t'p.,,·at•• f\•'ld~. t~t .u :ll~· -l!~:lC tht · ct·:u·k l: f'l·· ,.;, ··~· .._, F d..; 11 : p , ,.,.;. •f .\ .• ! ~ ·r 

l:nl··~ .:tnt! 1n nlh•·t· plac~·~ .• d1·· n• tl~t• l l~,. l·n·.-~· t· 1:.;; ,o..·.J1·w:- tu p ; .... • .., [•[ 
Js:l.ln.ds. en h··r1 \"••:\...::: rt<" l]l\fl~. ••n "ll.•l'l• :t 1 1':1~ . ••1 .- ~~~ "h·• ; .. •·.\•: t•,, 1• • • ''' • : · 

hn·<tiisup ami.u'<.",l:l1'J~i~h'~ ·\l!\l ~ J~~l 'lh t• ~lu•r£'-s 1f :llf' r··~;q:-: t .HI~·c" ~of tl" .. '•"1'' ;; 
o~· ~~f 1he fo·A: I'I'- tyu~c i'-''' c~l\'•'!' 1:' ~~tff ll'll":"l'l , 1!u• dn t~ ,.j ! !n- n.' • f•· ·' tl.:. ..::t .. p ..: 
;lft ••t· ;1 mo·l't' (')r l•·~.<:t l'l'.I'Tl""-1\"1' ptl ll~h t:p ,ltUI: J•• :n ~ul •lt~ I 1: 1·tl · t · J· l n f·, , .~ nl 
·),;,d l't' and Ul\t'l'ot!o'•' P'l ll;p f 1ow \"l'~o'l("il:-• , .1 ... ,\o ll a •> ;:r•t ~T.Hf; " '~.j f~• ·r t'• ,, ._., in 

Lht• lte •• s ll'<'l lr.1h , (' .t~l~·· J'{'tl('~'••l c• i til•' p~tjo:Jt, -:-:; Th1 •• n: ~-.· h 1· , ., P· ·•t ··d n~-· ·•:o 

li:Jlt'~ unt~l f\~11 h.·~· d !'tfl ~·-1!-l tn 

h·r···~p•'(" tl\'1' nf h(,';\' thl· I-I"' I' b t'l';lk!lj) 1:l"-• ,, P~·IC•'. ,,dh !'f ,, 1fi,,., •• •• r• ... -d. 
lliH'~Hl~ .rlu'l~ tho' !bh1.' ,-~·I<H'! I_:\' Pr t i ll' ..... 1l•'1 u ~·<kr'1 1 · ~o · ·· !"! .1 f.' ' ',, '"' -1!·· 
n( Lll!' h''' ("n\'•'1' l'-' ~ufh(",.·nl ~~~ ~''-'''t'\'11:n1' H:o• r·· .. =~ ·n , ., c ·· ••I ,~·-· •1••·1 • 

1-I'J 
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· ···:.< · .;· . . :·,.\ . , . . , .· 

or thr..- sh~J''! ic~, &••~~ \o cause tlu.• breakup a n"' ddh or tho ice c:Over 
do·.,·n.s:l·ca m. 

Push1.•t-: :uut hr•~~lcup of ic~ •m tt ri\t~r· arc dt-lt~ rmhlr.41J)'! (a) t \"ic ~ttatc o f 
tlw ict• t~<J\"''r l>t•fnr .. • Hu~ ~_c:innln5:" nf meltlnK. (b) the inp\tt ol hetJt to the ir.:e 
t'fn···r ~•"'t· in J';•t1 ic\II:J.I"". nf r :..dliit'lt ~wat. (c) 1tw M\f'<l~ro' forct', (d) the 
t ··~f.~t..•nc~ n f th•• Slto1'r~ 10 ic•· d rifl. 

It c:u ,, in (•!nt•r.d. be c~ii1Cr\.od thM the''-"·' ' tw3l now pc.•r .. fttt OUC~r 

..;urfac .. " r,t lh•: ic-.· c.o\'er.~ n\'<:f'ld~ry fur-pushi ng th<: icc ! .. or tor Icc 
• hn·;.~kup .!~ is nl,.inly dcterrnincd by: {i} tl1r. mean thichnea.s ••~ oC the ice 

cm·•t r on th~ •-it'vr s1rctch bcforo the hc gimtifl,Z u f nH~Itlfll(. (U) tlu: depth ~ 
of the !'frtu•.,.· ttY~·•·r un th,• ice- bcror 4!' t he b f.!f:innin,: o f melt ing, (iii ) tht 
mm·phofn,::h:o~l c:.lhlrilcl cJ;srics • o r the bNJ, (h•) the mc:an no-... v~locity • 
o r the "·:..ter ltl ch(O L~ l O-:tl.irds the mom l•nt rtf tuu pu11h o r br'c:<~kup of lhto 
let.·. (\''the· ·xalcH' sta'te Ht. Uu: rlt!ic &H in th~ water" s ta Re land (vl) the tota \ 

' . heat 1111>ut, lqb •lr !q., per- \mit inn1! r sudou::(' of Ute ice cover frozt'l the 
b'•ttinn!nJ: of :rt~:ltln~: The m (' r pholot;it:<ll ciH••·:rch.·rlst ie,; .ol d l\' bt:d. i n 
J.Mt'ri<"•t lar. rh:h! r·minl.! to a la l'l(ll' (•xtcr•t tiH! \'~ •·,atlon in the lhlcknc&a o f tl•e 
a<"•' C"n•r nn thl!' tth·e rl rj\•t·r str t' l<:h ;uvJ th"• d '-'\•t'lopnuml of lc•: brf';~kup. 

f'(l t ' a:i-.•t·n shhp•:f' n r :• ri\•tw br.cl, thC! width e r rt""· icc nang~• dt:ptnda o.n H• 
;end aJJ. 

Thus. it COH\ h•• :t!'iS\1mNJ thi:l\ 

.. ' . ) 
~fe=/(-••• A,.• , "• H1, ilH , ::: t, . (1.\') 

In nw;hnd~ uf forcc~•stin,; loc::al icc hreakup on nonrc~lo.zcd t'h•tr-A, 

tlw t'•'l:otton.ohi~ (I . \") maJI><' ~tmplificd 

• • l:t.-/(1,..611). (2. \') 

Sm::lt u 5itnplific u til . .l11 o f local r .:J:,11ort'ih ip tt i:J ltOSiib h.• since:: 
I . klw lUiUtll UICa Ru r•~rH('OtR or chc. rk pth o f !:1110W cov,.• r on tlu: icc 0 rC' 

im;uUid,~ntlv cr;mch1~d\.'l~ du~ t n 1hc nom.utjJCirsn d11nribution o C rJ1e ~no-.-
tuv••r·. Tho.lnu·ud~•etion. into the c~lciJl~tion, of the depth or ~ Anow cover 
fir\ tJ.•~ icf' ll1•.•rc-fore does not 1.15~1\y impru\'~ lh4.' relaUonskip for fo r-ec~&ting 
it''' hrr;~Ju:~; • 

2. th•: \':tr•i;.tion.a: lrotn yt-ar to Y'-~.u· i n th~ lntd ;a.l • •Ucr at•at Ht ou·e 
•··!!oHh't'"'Y small. l11t" ._.;a r iacion:t in 11~ mt•an OolC velocities dCfl<•\d on the 
\·aim~ of .. \II. 1-.. (lr thi! s am(• \'ttl\l~ of 4 11. the \'Adat ions in the width of th~ 
k4"· Uo.ng•:s :.tnrt- ~n 1~1~ wid lh n f Um ic t! co\'cr , wluch has not adh~rcd to the 
shore~ :tnd lo the Lottom . ;.u~ :.ccordingly ~m~ll: 

3, 1hto pus;oi~lc.! '\•Cf.ri M l OOft fr<Hn y~ar t O yct- r (duri"C the fT)dhnC fiP riod ) 
In thu inh·n.'>ty o l h l' O<l Input 1<> Itt<• mner surfnc:c o f lhll tcr ewer <lo nt>t 
t'~"JUl'iit.h:r"'oJbly influetH;~~- t)IC 'lo'Ot r (:JtfOUJi (O ll\C!: t ime Of tee b rea kup. 

Th1! 1•rncJilrllon bct-Nr:C!n lit•: rff,..ct ot heat :md ~t1'"!3m rorc~ (aa w~tl it I of 
1h1• sl~•-:•.· a'i:4\.') on th(! icc co\·t..• r i s d i rl•!rCnl for ctiflt.•rl'nl rivttl'lt ~nd ycr&r l, 
'fhu ..... in 1hc..• lar~t Sibl"ri~m r·ivor s. p .. r ticul:.. rly ln t hd r m iddle lllnd lo..-.·er 
CC'lllr~·~. icc hr•·<tk~ UFl n1ainly duf" to hi~h wotl c r . ·n,c hi J:h- w .. tcr W'3\•(!- on 
atws:(• tl,··~•·s: is a •·c suh o( l hl!' .~,., • . MH!hin& fn t ht.' up.!ltr<.•am, '"uthcrn flart 
o r the l'i\:'t' r boJ~1n. C(Ul."\.<'liUCntly . u w t(rn~ o r ir'Q brcolc.up on thr.sr. r i v-e r a 
If" nu•in 1y d•:t~:t·rnino;ot.J by dlf! rime CJf lh(' .b4:Qinn•nt: ~tnd t h"'· fnte n•lty t Jf lh~ 
!UII)',\' rnc llh'( (nth~ upstrc;tm r .:.ar.t of the riv4..'r WNt ne. tn th~ lo w• r rexhea 

1!11 

... ..-... · 

. •.: ; ·· '.··'· · .... , •.. ··~· 

o .- th~ Onl~~r. Don ancJ Vol'E;. thll! .tc e CO\'•: ~ i~ . cJeat,.n)·<:(,f rn:.,rily:-~:h .. i- to 
he!a~. 'c:e . t;Jr'c~.~-~p on rl~t·r'~..i~~~in& ftn rri 1~~-~-~-• . ~; i~; th!o!~ ~~;~·~, .~~~r,.~. 
\ 'ollcl\nV. a lSo. OcCu rs whhout ,:."ny ri~tfl' ' in tht!' ~c;,.,e; :'f ha ti~~~ or ic('; · · 
b T"t.:"'k,;p on ·t'"·st.• •·lvur ,a lA d'IJt c:r nnnccJ hy 1h~'.tJ"~t.t r)!' lh~ bi!lti)lilii,~ ·br i c.•: 
tne ltlnc: ilnd l ht; r••loa.tinn bf'twcc-n lht.! :imuunt t)l" I•!•M ,...-e••s5iiry til nl•.'tt tlw 

ie (.> an•l th,: ro!'h! nl twat h'f".l\ to h . U~·.-•""''~r. k•· b l""'·:..kul, t"Jn mrt~l r..l tl•c 
rh·~r¥ is a f'C""SUII o r lht; J4ll nt •: ffc c t nt Ut(.• l"t:•C:!' t'i!t•• .. nd <t1 Uro· th~.:t·n;.•l 
ft#0.!'1N Ctioo elf the l ee!. l'tinc~ tht• rni!hint; uf Uu:dc•• ~0\·•·r ,:utd of:d"'• 5no." 
covt~r in the ch·~n rln.•r .,..~tn usually br~ins tJlmCJst .';imu!tan,:"OllS~~-. U 
sh o\ll tl be rlot_NJ that In ~OIT\t' yc:..rs. u.-rwndtnc o ri"thi: dir·;•:h_on ·?~ m otion or. 
tin• 'A'"at nliug·frMt , tlw m:tln rolt: may\>(' pla!f•~d "()m••tinw~ by-dl•..._ finn :wrl 
MOmrt llm~s b,· the ~ttond O( 1ht' :t1)D\~4! icr breakup (<&<:tor s. 1\ (:h~i":tcu·~iS.UC' 
'"·x::.rnph: m:.; be l h•• \\.'e&t'!'r n 0 \·i n:. (t>-.. ~a:;,val, U w~rm =-i~ n~sa•!S '""'"'' 
to tU: b.-u•iR.from tlw ·.t·t.•t t, lh•• tc:r lit d"311"'ly~d in tl1e :nid•lit• ~.od in·"'·•·r 
e ourKC: -.nd only in 111(' \IP•'f'r rf':&Ch'-' f ic·~ hr•::.kup i~ ,tu...- u~ the n~·· in dw 
,,·;tt"•r .!Ua~··. Jf ·.v,,nn ;,.lr i:; U·:'l nspor\l•d to th1.• u pp• •· r(·~•clws 1'1! , ._, ... rh·•· r 
ft·on1 th~ sr'Ju1lwa5~t, \h~ cnrnpaf;tth·r.-l:; J!Jtron·~: ic.•-~ eo\··~r 1Jn••~ok,:;: u;) <fuo t, 
Il l~ tti~h .. waH."l' '.\·M··~ t~•t\·cllinq (!Qwn!l:l1'l'ilnl.-

Howe,•r•J', nt"J mat tt"r til•• (or:n of ic•t hr•,;•kup ()n r~\·f'r~. \I!" C"::lll~•· ~SI lfw 
inrut (If lu!.lt 10 lht) k,• oH\•J fHl('I'A' ctt\'•: t• in th•! ~h···n l"iv••:- IJ:~ .Ll.ill. () ... i ll( 111 
th·· t!lfh•r, •nC::.t.'l' in tll4.• t•!f•(r'otphlc-a• l•:...:.~unn t"•( rht•·t"t'. d 1n•r·t it111 nf lh••u · 

. Ut,w. ~•nd in ihe Or <Jr,raphy et.nd dun .. nslonli of flu•i r b:•j;;in s , m !limn·· t'af-~lli ' t:t• 
di~(·C't ••Ut•c1 oj h\.'~t t o n 1h•: u: t• CO\'N' a .nri in oth~.·r r;• 1'·~~ '"'"' rn•·luuc c.m~··tt 
in ''U' htt~in and tt•t.• ltJrnult lo/l o f h i,r;lh •.l'Uh.:r ~~·(· of ·~·~d:~~H·,., 1mpo ~t:-.nc•· • . 

ll, Sltllll'l'-f!,\ ;I:CE I'OH~:CASTIXG 

~ 1. C•t lC"uloaliml o f \IH' ht."o.l· i npt.u tc.> •tu: t C l' cO\·~r- :\nt.J •o 
\h~.~ 1Cno·.•• cu,·•· r ifl t lw rh·c,. ~~in 

ln 1tw (•XistinJZ nU"\hfJC]1; oC fur-t:"C<ItrtinR; ic•~ hf'f!d~up o n 1·1v~r~ ttw ~~'-"'" 
fnpat ,,_, lhf':' ,Cl' cnY•'1' +•nd IO tht.• ~n0'.4 e0\'1'1' i;r U~t• ri~·•• r tJ,t.o;;.in lS Olll•t .. u •(,f fn 1· 
l"itht•r b'+' irl\ 1""0(.1\.h.::h\~ Uw C)ta rotC:\C'rl~hct ar the .al r H':"llJi l'ra tur•! , OH .... ·h i.r.h 
t i t'-' mt·;!tr11! Ol 11U" .SM« ant.J ic.._,. CO\'I'"r 1:\kt•:f r lacc. 0 t'" b~ ('.t)culo:dn~ tit(• 
l.e:'lt r;~tc:hangt• hom 1hc mt:h.•or oto,ic:•t tlal:t. 

ltA" ,he .:ai( tt·mp~r;atun: ch.ta·:tctcl'i~tt ic, ··~ c!tt~"llly ••dUJll th4! nw.oan·t.lit1rua1 
po'Ui\'t~ H"Jn(lf"N\U I"'-' (cJuriUC: 13 hOtU'$) f'r' \ht" f''\Cl''"lfl: <'JI 1ht.• Ul• .... ;\ll·~iurtk\1 
U! ll'(ll!ratnrc ~·<'I' .-nn)t n~catl\'c '"··•luc nl it, at ·Ahith mdtmt;_ ho:~in:;., 111' .. ' 
~tuns an•l rh..: uw;~n \'"tdu,' !l f)( tht•5•' U•tnj~rauu·r:l d~l rintt tlu.• nwHitt~ J-U-·l"in·l~ 
.ll l"f' intrcxlucc't into 1two c~tlcul--.tictn. lt\ trc,\nlt' 1nl'tho1l" l h •· tJ.att•;;; •'If tlN· m"llins: 
p.. ... rfnd~ .a1·t' iounttuc .. ·d '-Jan adtlitionai rl.:a r.tC"t'"'"ri~tic ol lh•· mdlini! 
itiH'IlSil.)'. 

'"fl1l~ hr~1 t'Xdmnct•• C;ttl he C:t.\CU.l!lh"\) hy OU-:I:t$ (•(. tfw fO••thot.l~ atld 
fnnnulas I'XIt'thlit for tht' c;, !cut:uinu or Uw cornpt•n•·rll-!'0 uf•th(' lw_.:,t h:tlrmc,• 
h , ,.l' Ho~tldbook. ~o. 1. lU '\l.'l' ll a~ Cho•.,1t• r \'1.hf th•.· pn·t;t·ru t~tok ). 
. ·nlf~ r:al cul;;ation or !ht.• hNl\ L'~<'Jt;UI~t" by· mf:O.t:a~ ur IV)nl•l~r:~;)h~. ;tn•·:-4illl11~1" 
or ',\'l•iC:h js !Ohll~\'lt In 2-'1(111'1' !);!, Ul WILfd~ ... utt(:d .tt• ft'" I'••(';\St il01° hn·~t~.\.lj~. 

\Vi 1h 'h•.' Hid <If !IUCh :• tHIO\n(!l':ll~h lh!! ht•at •·:r<edl.l!) l.!'' ~Wr IUiit (•·m ' ) 11\lh'l' 

~urfac-t• ol1l1c. ic:•• CO\•t•t· clurln5:" d;tythnt• is •ktt•rmif, .. •.t f,,,. :.. gi\···u , ,... ,,. :;!l u•l 
n'h•:i t1 \l:•ytim"' :\ir t~mP.• r'i'ihlr'~'. ·n u• "'-'~tt •:-..~t.;..u.:.t• d..tr u•s -: hf~ uh.:f•t {,.;; "''' 

J~l 
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.. ::. .· ,, 
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llllz·fuluct•d in lh(• ctLlcul:;tions, 'rlu.• \'~~ucs o( Lh~~ Ju~;:,t l!.'<ch~ar)~C oblaiJwd 
f•·nm th~·numot:~:·aph ar,~ t:.•ken <IS the l'pcclfic: d.li1y amounts oni~:ll ~·xchana:~. 
q0 c;:1l/cm2· d~y. Th....-y con·sha of 1h•: ~fWdli!O! ~mouots of radiant-heo.t 
illptlt Q, tlw ('{f,•cth··~ r·o.~di~Lt~on lril• tlw tud>LIIL'nt heat e~ehange P".- ;.uuJ \h(! 
hem •~xchanJt<~ by condensation or -~\·upOI'i\tlon 1..£ 

qo=Q+I.rr!-P+LE. ~3. V) 

W•th di1Ut fur tl1t• c~lcul<tt:ionJ•(~r·iod ;a\·•~ih•hh: only for the mt.:oln·diunml 
ah• t•.~IHJ)t'l'•t(UI'l"'. '.l.'llr.'ll rll•h•r•minin~ lht! \"~l~lU .. ' Of (/0 fr•orn.· llw ~~OmOJ.:"I*:1ph 1\ iS 
poss;ihh: 10 t1St1 tht~ ~1·a1~h sl~o·.~o:in1-[ thL~ ri.~lution~hip bt]tWC!t!tl l·ht• rilt~;.n d:~y­
Umc t(.'tu!')<"r'tltUrP. i1tld tht' mc;;:~nadiurn:t] tr:mpC'l"lllUrf."• o'LJtaincd from. data of 
obSC"n-ation~ in l1lt.:"l"ting periods (of other y!'ur.s). 

f•t".lltun1.J.l}' 

•»•r---r-~r-~--~--~---,---,--~ 

lQ/11 JIBI l(lff <0/T 

fiC·Cit!. !t:!, ~;r)llli)j;l.lfh r<rc ll:.t> ll('IPlntino~tar./\ 11f lh~ '~O:IhC 'h~·~ t":Uh.lfli.~ 
q, lr,..,m 11:C" o.bl~ .and the nu:·.an•1.1,.~tirllt: .lit tenlpcr .. lutr- 00 for lhr 

·~iP1rhl ·~f llflfl .. urcuo1·.-1io;. 

\'.'h••n ploltin~ tht• nomCJr!r~tph, 1h~ •·t•su llh1~ arn.mmt!l o! ht'at ~xch:w~:E· q0 

~~~·\..'" c•ilc_ul;Jh:d for the- 15lh CJ! i:.,ch month. Tht· h~;..t-r.xchau~c- compon("t11S 
Q, ldr,P ;md LE. t":an hr~ ('>lh~u1a~~~d b)~ tll\.'~ms of lh~ fonnul:ls t1sed in tht...• 
c:•lc-ul.-..tiOf\ nf snCJW rn•.•hiu~ (s·~C ;\l:tnual .. ~o ••• and Ctmptrt• vr uf th(' 
pt·~~t;t:~nt 'bMJk). In thi~ l~~t::lH lhtt \·wlU{~~ or l,df. P. and LE. obt~it\l•d hy 
th•·:-:•· (nrnn~ta.r;, Shouhl_ h•.- muhipli•.•d hy tl,.. l1m1~th of tlw d~'Y •~-xpr~~Sl·H·d as 
o. r.·otetlon n[ 2-1 hQt•r·s 1,.~. 1"h•~ :•lh,~du. assumt•t.l ccmstal)t Cor• the ri1dtin.C 

. .... , . r ••• ¥i.t·:,· • .-:a · 

fH:riod. is 1akr::n as - its-m~:~n -'"~:duL· of I'J.a~. - "thl' cl0\uiill4~~!='·.:,nd '~W- ~lf.'..ltl· 
d:i.ytime wl~1d \· .. ~to_chy ~trt' ~l!;SUillt-'d cno.s·t~nt ~i~d - ,_·qui~f !"6th·~ :n~' <d::·di.lyt.:l"ru.~· 
...,,lUcl'>-durin~;: the· melting_ pt~ri"Od oht~dn('d from dH• Ohsf.:.n•<Jtifltl t.l•~t~L-<~t _;,~w 
nlctr:onJlogi~~l stMi<J~lS nf lllf!" j~iJi•ticui.,_J •. r~>J:iOil. ·nw -m•~••tt'(!;,ytiuw- \';JpDJ' 

pr.:..·~·flurjJ of·U-l•: air ·it> d{~tt.•rnlint•d rroia 111•.: ~ro.~ph ~h:4t n:l:tf,_~s 1111-'· the- n_,,·iJtl 

cJ:,ytrme •d•· t·~m;J•~:-~ltUP~~ 
Stu:h ;J nnnml(r<lph \,,;;,.s. i11ltially pnJiposl'd ami .u~r.d fm· th•: ~~tlcui<.~1ior\ flf 

S11n~,, mehin~. Cl1cul:,tio·r. tJf 1h~· total snf.•'J> nwHin.cpiy m·~<lus (lr t!l.i~ 
norn()Jtr:1p1q~i\'~S- Y< .. Ii\Jl"S: 5;uHidr:nt~y cl()~•' ~o ~hf.' r•.·:tl fi~ur(•s. 

J\S to tlw mc.•!ting of tiH! lc.:.• CO\'f•r. in v:c·.-.· flf tht· p1'clltf:•riti1~S ~J( this 
1u·uc~ss co:np.;ll"c>d \dth ·tht- m~ltioe of the snoN c(i\."C.r, it l:'!m.nt•l" t_,. ~,rn,·m,~d 
th••t Lln• us'~ ~~r such:.. llOJTl<J;:;r·~ph ~i\··~s r""~suhs r.-lust· to th~ r··.•.al fit.•l..rt.·s. 
Jn addiliO•l, •ln rh'\!,.S conl"hJt_•r:~h!~ m f•hlng- of th·~ k~~ <:"'l'.'••r ••l~tl nc:<~IH's :,1 
~h·~ lnnf'"l' s~1J'face of. lh~ co .. ·•·1· d•W 10 h,_.,·,t ir~put (J't•m· rlt'('P~~~~ 1••p·r.o::. ~~~ 'A'a1•'1', 

Tl~t~ t:Ht._•t l>os:oiLility is :no1 ~otkl•n -t.lin•ctly lnm account i:1 fm·•!er.~.tln1: 
awihruls or k~~ hrc~kup. Th<'n•for(•, intl•·p•!H~l·~ntly o~ !Ito' ac.cm·o.,~y nf :Ia• 
c:dcu!~1t10n or th•.' .OH .. •hf:1.~· i.SU(' lO h~·;1l r.>X"Cl101ng:~: tlu·-t:)UJ!h 11\<.' Outer ~U:'f:!-Ct:, 
the lw;H snms nb~airH.•d L:-• i11('ans of •h•.' no:r.o~:·a.p!l~ ~kst~rih<'d shu:..~ld. 
:..Jlp:•:·•m~!y, I>•~ r.ow.::idc~··"!rf-£ .. '5 rc\ath*o.! t".h.-,:·act!:rb:.ic:; o( th~: it~ CO\:~'t' 
rndtin'-:. 

F.~p-:t·l~:n~-c ::5ho~·~ th••l aUo·"'·;,mc•! for ttw lw~\ fJ.-.:ch~tUJ:!.t' nn;ylhu·i:~o~; 

daytl~n•· in \h•• ~·ml'iric;..! n:.•latiortsh:(~5;. fm• :tw f'•rr..:'~···~1~r'l.t! (I( ttw ,c•· hl'''"k~ljl 
em t'i\'(.'r.s n••v""r·tlu·h·s:~ s;:h·t'~~ b•.~n.o:~l' ··~s~ills th<&!; <:~n a1h··.o.:;nll':• .. ' fnr t!.(\ lw:.t 
~·}\;:o.h~ul~~· dus·ln~ :.he -... ·ltoh~ d."l,!o'" (2~ h~urs). ·nl~~~~.: ~~ ... ~<n Stim~ ~ho1Jld ~'!~o ~H~ 
con~id\.'I"Cd .<~.s r<"l:tti·v\• ~.:hi•r;~c:t~ristic!;; "'.\·h~!ll con:;idt.•s·ia~; t!l•..' ;'J:lo".'ltiru: ~)r til•~ 
ic .. co\·t••· rm J.::.kc:a :tnd !oitor.:..f:t~ s·i~S~~t·vni"i·s (ChHpt~~•· \'I) fn lhl! r•h . ..::._.uc~> or •• 
sm)·A' cO\"t·r on th•~ ~'11'1'Qtomding t.:-n·:lirt. l1li:; i~ d~lot.' :,. ~bt• f;:.ct th~\! \~:~di·r 

lh(..'S(~ cc,nUition~ cousld••r;.blt· \'ari:,How:; tn ·witul \'r!oc.ity, air· 1t•:i:j)t'r·.;~ttJr;.• 

and air• humidit~· moty lak~ pldC\~ 0\··-·1· rh~..• ~...:dac~Q·f dw h,;.- Cf•\·~·r. 
E~amf)l(• ..,( !"~lvt~in~ ~ht~ r,,,m <•!.lr·••ph. ( ..... ~ ~~~ ph•~ ~h·· tt•.Jm·~~ 

l.!~':lph frCJm th1• dat:\ QC t)H• l)~wpn)p~~tr.:.)\".=::k UO"tf".'l"ro~11!!H.~;:d 5':ot;h•n '.'."(• 
~:llC'nh"\t'~ llu.• IH"~'t- ... ·X~.":t•-£11~·· con~pClnt•.nt." Q.· t~.P. i.E {c:<ll/1..':~1:::· d;;a:o:·\ !:rn:n 

Q=O .. WQ".(l- 0.47.V, -0.20N,). (·1-.1"1 

wh...,.r..:_. Q' ~~ the sum o! ma~itllll;n ~rH.::>iht..· ~o!,~t• !"<Hiittth:-:l, dot.'termin··d 
!r·om ·ra!Jlt: 30; Nt i!'li lh·~· \Ow•lot.•~o·d <d.r~·ti~~··~ d4.)!~d:::··~:;. • ~;,•··~.s:o-·•·ri '"""' ;k 

ir·ac1ion of um1y. ;md i,.; d~!tcrmint•d rn~:1i N1 =·''•.,•'2.~~·u+A'~·•';· N1 ~:-- t!il" 

Wt;ll {clo-lytinw\ clowlit"NlS, •·xj.lr<'~S:·~r.l ::a ~h~· ;,.·n~pl)fJ1: ~C';1·!~~. anrJ i~ cktt•l"fl,i.w•:J 

f1·un1 N, =N~.,+'N~ .. rl+•Y,.,, ltht.· alb•·do in fm·rm1: ..... (~S) l.s: takt•tl f .. ''1l.%a1 If~ 

n 5~\; 
(5. \" ) 

wh1"rl' kJ i~ th•• \t•~ICltr of tiH• d.1y ,• .. •q):""('S:<:~~jj .aS .'t fr;tl.:tiOI\ 11r ~~: ho..,Uni 

ct•·trn~lilh'd fru:'n T~•hk :H, oT..4· \ ,.; :!1•• h;;:.c~·hml~· r;••h.•tkin rlf•l•-rmi•WI~ 
(f(lJn ttft• .ail* U~Jl\jH~l·atul·~~ 0 ;1t ltll..' :10\"1\"I!J"O~~)~l(·;,t ~t~Hit:m ffl'fii~\·Ch~tpt•·l" J, 

T;1hh~ 6} .. "'~ 

• ·r~~c-· an.!n·c, ~. l:\ o~:-..: 1.' ~.-n,·t~ t!J'" Jt.•:o~~' d d~o~t-·o~tl·~. 

•• 1 h~ .. .-.. !a:,·t "' lf:f ··J.~, .• :1 ~• h· .: .. ·•'"r;r.u1•·.: ~;. r!''""'c'~ .·~ .:~ •. ,,.:n \'t, r1~,·~~ 1 

... · ... ::· ::-: .......... , ... 
_.i,.JZ&l &I £& 

-~ . 

•• 



.d~·- •··· u.• loll llw :tH·~n tt>t;.•ttm•: ·.vand ,.,O:tK:~~Y .tt tlh~ m··~t-<tl·(,;ot'i:ll',d ,;:t •• ~:(\n ••• 

( 
ttJ+2::l",,-f.~n) !lh'·•S\It'l•d olt 1h•· '"'•~h\ n( tJuo .. n•·:n•mlH•·,· la !u/!'f•<: :.• =-~.---- , 0 

1!'4 :h•• nt•"<•o ••··~·hm•• .ur t•·:npl'•f,\l\11'~.', ;and r l :i tht• :-o<~>o:tn-d:•yunu• \";ofaur 
pr•·,.:•UIP' H( w•• .ur '~nf•) at tht• :~wt''i'H'uln.;u•.t! S1iltiL'Il .rat a !wf(hf u{ 'Z m 

I A~Ul "tJ , :.t.nu:t..,._:" ,.··•~o~~Mc1 ~,.•~•1 t...,~rLC ~"'-"W'I'~W.M r~a.-- (J" •• ,.., 
J\:~ t:~c m~...:lt, •.t .cn:. U.t) 

t.u.:w ... 
,: ... "' ' Ill .. y 

~0 31. u:. .:;.~, f.9) 

·~ ,.0 nJ It,) 6 10 
,:() IU '!:0 Jro !ill (,"() 
~ 71 1'0 ,).!() ~•o ".!. 

"' ro IJO ~; HS f>IS 
(,.S r.s .2t0 416 6.17 
10 M :!{<J ••s G!AI 

Wto c· :~kul;,,f" lh•• fJi.ll'>lm•"'h•t·!C fur tht .. n " ddk or ('.n.('h naocrth hn tfh· pr· .. to~· &:t 
c:;ui•· Jo"(·l•l·u;q·:--. :\t,lr~o:tl nnd ,\j>l'ill fnt• '-.. aeh wh~)h~ t!c>~t'f>t' o ! ~hco nw:ln day. 
1::1w Jil' ••'nlP~"r•atur<• frc.Hn -:?' to+ 12'. 

( .. iltl44~. ;,h"p[~·. 

t.• '"~, I .. •• "' 
. 

"' I " I " \ .. 
I 0~ 03& O'IG 0.32 0.2:5 -I -" a.~~ O. H 0 .42 o •o ~ 3> O.JS -Ill o.so 0 49 0 .49 0 49 0.19 0.49 0 . 49 

IV o.~ 0 f.O 0 .57 0.:.9 0.61 O.C.l 0 ~ v - - 0 . 64 O. G7 0.71 o.;s 0 .56 

. _,., Y t: 4t~rt by Erulinst lh,• \":.tiUP$ or tl• fo~ l~ F..-b~ry 
t- ,...,m lur-.~·r ir.:r O~t'r"\".at um d.,,~ •t th•-· l>:tta;JI"~'JWtro\';i:l. mt'h-1\N!n(ic:..el 

:-u .. t :n·• '"',.. Hnrl (tJr th ... • m.~ .. n ct..ylim• ... \'OIIues nf tilt! lo·x-t,.\·•~1 nnd tot..-1 
d~o•:tft:-t.t•..;.-4 ... nd fl ( th•• 't:inU \'t.•hKUy durin~ m ••ltii'IJ: do:tys irt Fo·u~l...li"Y .\"1 " 

e 'J . 3~. N, ., " · 73, ~ ----~ an / ficc. w,· u.s..- lhP t1l>5t' I"\' OI.t hlll dOU.3 , • •• t lw ;:.,,me.• 
t.hy..; h • l•!ut ,, t:r·•~h r••l:..une Uu.• n u•:-.n d .1ytim"" pt*t·ssur~ o f thi.' .c.·ah.'r \";trwH' 
••f th•· •Hr tu th·• tll'-'••n 4_.y,inw :a u · h':up•· •· .. cnr~·. 

l . ••1 •Ill' t)••t••rnun•• th'"• valu•· n f Q. lly Ph•ans of T ablt• 30 Wt' ubt.un lh:•t 
th· lh:i-.:au:om fK•:4ttbh• fhex vf sot,,r rou.b-.uon Co r tit!~ l.,litucJ,~ ~;r· on 1 ~ 
F " !ll'"l-•t·y '-" 2.1V'IC'·•l/C'nl-ct:•y. Fornml:. (•I,\') gi\.''-'$ fo r Nt =0.55 :H\tl 
.'11 •0 7:1, q .,. ~!. c:.tl/c:u• . U.ay Swc•· sol.•r rad, ;L:iOJl is ind ··ra·ndt!'Ul of :oi r 
!· 'mJ"'"r.,:ur·r·. '"'''' 'Nrlf• ' tl14' " ·'m"'· \·••lu~ obta ~rlf.'d Cor- Q Ln th,• eolum"~ o( •.•:,C'h 
, ,:r I• IHii"Niun• f'J'l lh)t• J2) 

Fr1•m ~~ \') ~" tJ•·t••rmtu<• lh•· \':tlUC" .o( 'r:. ~ l r ... ,. ,•;actl air'-t('O"Ipt•r.ttnn .. 
\':'l!tH' friH'U -~ 10 •1. J2' . [o';,r tlw m iddk or F ebruary at tl lati1ut.l•· u[ 46 .. 

w•• tind, fz·•un T..:abh .• 31, koJ .-.o_.;;1_ W• fa r.d U•·· \'•••u••<e ()( tJT,• ~"'' • .or II 
,•,1lue or th- .tir t t·ml,.· r'"atllr(· f r<.o;u T .. :tw ' • (Ch·•P'••r lJ l·••r ••'\.t:J;~•· • . I •H' 

:.n .Ill' u:n~p•'l'i'U.:n: 0-=2' ._ ... ,. <•nt.t•n. iro:u T.•hit· f,, oT.•••,R(I\."'•11/~""Il\J '-'·•)' 
C•lcul~lln~ with fonru.~l;,. (!t.\"j for N1 -n_:,!; and N, .• (),'1 3, .,..,. oiMun It••' 
\'ahn.·N of lr•! ..::"'\'"n in Tal;ri~ 32, 

l ' I'Om If~ \") .... ·~· ...:: ;; h'~~~-~ \ (' t~~·· \ ·a>J.•·s or LE + P. ·p, •. AOI k I' pr·· "'~ .u . I -r 
t h • ;11 t• \ l'< .t•~ltLI~I''·' ti f tn:n th~· t.!:r"·i?h C #/(0), t~~~· d '•'! U1•' ''•h ... •'r'\'11':• •1\ ~t.,tH 
fr·~ ·:n lhe' Drw;n!·•~pt-t ro\·::=k m· ·t~·('t:·olr.·,:;z~ r-.,1 ~ l;•tin:"' hh• t:r•ll'h ' " II'•~ ~·\·••n 
h••t•t') Ft~t· .k~ =ll. -i 3 .:tncl a ·.-.-l:":d \'(•:ot: lt~· l"'"r th;· h ·~u:ht nf Uw -•rv· n• •nl''l:·r~ 

1,f ·l.~m(~t'C' ·,n• oh~~in (ri:~=-11 (ii \') tht:> \'d~llt'"!ll" n f LE + P u;h•t•n •:t 'ru tw 12. 
~tum1w1 .: foa· l';,ch ;~oir ~·-·n~t.h"r•nnt.,_. tlw \'nlu• if; ttl Q. 1,.,, ••llll L£ + P, ~·· 

''b~.u~l ,lw ~-~d;;h> of Qo !Tab!·· 32t . 
·nh· t~!n1 !a~ ion n f q0 fo:· tht· trHddlt' of'"" ~wx:\ ni'HHh ~''' ,mr ,.,,,mp,.• 

ft~r 1 ;, :\i:l l'd~ dnd 15 ,\pr·:n 1 ~ stnu~~·r. 
·n •. • \'~•hw!i or q. i\ rt! p:.ottl•d em ,, s:r..tph •J:hl'Jii•' ,, h,.l'll\"·· tllol lk!t f' •• ~1··~· 

:.n•l onH:~av• u ...... sp•.'C:tfic ho•dt ,-xdtat:(t' qo l"h·· :v•tnt• ••blt.Uwd , ,,.. ···u·h 
'-'"\u~ or th•· .lir lrm~C"ii\Urt" 2n! ..-:.ormt."C.tt•d by :.. fl tt ·nf:ht Ulh' rrut~~- -~:! •• 

1:1 pr.u.-uc .. ~ (ort.""ca.:;hng of t.c.·u d-m••n:s t:C :h·· lC'•~ l '!l <lt.1\ · '"'' V l"Uot a)' 

,.,.,1u 1 .. ,•d· \h (' d.st•• uf 1t."i bt:"';;.n:un~ ·•~d t!w 4 <\t•· r ~·-· ~·· •• t •hide ;.t .... ._.~, .. ,.. 

1\ t ~r··sn't "At' <C;;Ull dn m,t .t~.t ... ~~ h:h-._. 1oa~·h:1V' :-~·c·•!ar tot,~. f'\'h i J<'U" c•f 

th•• -NO.\I•r !'SaJE'-• :. t Utt• r,lt"lflu•nt o f 1:••• p:ash \ \ ' h • u ,.ttrk •ttt: " " ' " ( •,r•·•· .. ~tu~J.! 
n1,~ tt.1\d utl<' h .t!O, an cnc·'!'l ca$t·~- ,,,, .. ,,•r:.~•· "''h t t"w .. art~ a· ,t.•c··~ , . .,..,, ,, .•. ,, 
at t!u• 111,,n,.-JaTfJ o~tS•· n·:nu ... n h(rurs . ...,ht('h, un d n•ahl , IH .to~•r·,. the• .. cc u r •• ,.y ••f 

tlu ... l~\';,1,1.1~~ h r••:t'ku ;J ,r ...... -;C"p~ t.l·u ·wc ,, n st• u\ th" '"'H'' " ~tn~•·. I' ••· IU:q!•' If; 
tH 'o't'hH,'h 111•• I-;"\' p\l."'h nt· ~-nrs 1;<10 c!t•lt'l'mm••tl :'!\.t lf1I:O· I•.:' th•· h!Cf,t•~t 1•••'411 :• ' I 
uf t lw l ('t• 1·n .. -,.,. ch1r1n~ 1!w ,.,.UII• r, 1 •· •• h:o ,,,,. n .. •, l11·1l1tl .Litl1• r "'·••~· H,. 
Tlll'l'I.'(PI'~·. thl' {~1\lO\A.'lnf! r··!.·l~:~u~!Hp t!-9 u.~t'fl \t\ l h ·· t•·r llllhl 'll' •·f 1' 1(o•(',lf: U P I: 



Hp =/(H,,j. 

FH!•Jn· !"J:C r.w··~ Ut•· '•··w·nd••rat·•· ·llf rh•• ~·;'!.tt•r :-\·"~~··itt lh•• f•r'-lillr.•· pu:;h 
nn fh·· h~~h· :-il ,;t.._~,. -thn·w~ lh•· !o'1;(1tl•· I'; •• p•·r·{rrd f''l' ltf!.f~ Lt·n:t Ht\'r·J' ,t\ 
S• ·:y.•t1k;1 'Ons (h·p••ltcl••nt:l' t·~·ll hr tl~l·c~ (ur" 

1' ;olnj!· t'<IHJ:•· Cnt'•'•'ll.'<fll\~ f•f ~h·• JHttHnt!UTl !:•l 11nd of lh•• tnH.-tt j"tJ'I'h:,hl~· 
!hi ·-~·-•to-t' ~~.l~~·· 111 'h·' fu·."'t h••· 1n1sh; 

:!o l'<'hrtr-t·t·;,u~~t· for·••r:-;,:ii~IIH nf till' rf;1tr u( iC" fWsh 

f'l;.t'~L' ~:1, \o,,ctfr ••.•..:·· Jl~ Cr.~m•..; ll'o:- i"·u!t "CI th~ 1tll-l 

F:H'I .-l '•"l)~n·u ·" .e f:.Ut"lll'll ••! lhe rrf~\.lr.:u!h "'Ill•·• 
m!(• 11n1, 

tt •• -. J t\~ ~'··t··nnm•·d fr,,:h 'h" h• .. - h nw nllt•.st prr•ho•h:,· "'1·•1.!•·. •t •~ 
('l•l-t"'-llrlt· t•• , . ..,::,-u!a~·· th•• d.,, •• ••f ~b l>r•r:•nmn~. 

:}_ / 

V-
/' 

·.-L~ y - -

1-~.·- -- -___ L 
1--.. 

t~ -

1/JD 

Ill; I~£ !'i~, ~ ...C'I'"t tU~ ... ~'"1:11. f~o. 101 .. hT pod~ tln 1hr \eM "Ot\t-1 ~ 
~-~!~ .......... ,.a. II,. . ... J fo,O•"ll"'' .~ ~ f:wr.illl)lo.tll(.'l ~~-e -Uio~ ."bli; 
IJt-• "o ""·'~' '" t~lt ~~~,_.1,• ••' pt':lt"i, 1;,~ 

Siln•L=••· l"(..•ldlll'H\:O:.hlp.."S Cotll ;,J~o h•• tJhl ;,~u··d hH· Uu• fn..-."(" .. ~; ••I '''' ,, .•. ;•t~-.h 
,..,n ~l ri'+"(_'l" ~lro·l~~;h. In lllf·:S~ c~~''"f tl1•• •·••·~•.r·~t l<"•• pu~IJ •m. Th• e·H •·t' 

~.t .... ·tch o..•Jd 1au· {"r ... r.·spt•nr'l•••&: "''••tt:•• .. t ;. r•·f··r-•·t•• •• ~;·!~•=•::• .:.,t. ,,, • •f• h 1. 
nHH•'d, 

Th•• ·,..·;t1Pt· :-;t;tg•• ill tlu• hi•!".' itt' pn,:;h l~oJH ,\~:'fl -, .. do t• l'tHUt•·•l 'f'"'l, d .. 
l·••l ;~tlo:tshiJl -.. oilh 1}w . ..,·••h'r· s:~;•4'' a1 lh·· h"l!lnn;:,:_! r-f ~••· ~•~h:• tc·• p• Pll'fl 
'l'h~." st;q.:t• f.•J.;u·,;u;l.-·•·t~··.<;. tl•t· rr•r••'/.111~ c:t~udnl••n" -·~Hi, .. "":t;• ,.,,, tl1 

LiP1t·l"trdttt>.:; t!t(.' n·<• ht·•·-~k•Jp 011 11w r·n·.-•· 
Figur~· 5-I:' &::h't>S lha· do·pt•wf··nc·· (~1 tb•• _,:,.~- tkl'l'\:.! ol'" t"•'"!l " " !'' 1 • hoi 

lh\'~"1' a1 !o\r••:slo\'Skii}r':i on tb · m~·••n ~~.4~•· duna~ !j,~- ftn;l _·, d.o\.: •tf •l • 
~ l:,hh.· u:<.• fll' riod. 

():1 t'i\'•·J'!'; <\ .• ,,.,.,. \t:• 1'•~~-1 . •~ IJI'•·• · rl• til•;.· '"li!'H [, ..... ,~ '·· .1 l•.J•1~t •1. ' • 
~l1• •:1ld h •: t;tlc..t':\ IIllO o•I'C' I.Ill!l l PJ /'do•W1-~·;•IIJ.:• f t~·· t ,·.!1'•1! t t •;1• .,,,, , tlf '"'~f:'• 

••( 1('1' fHIF-h Tir(· inpul t·J..:tr·"rl• I"P•'t•·~ :1~.4y h• tl,.- -~~~: ••f •··· ;tt· ~· .• 
•··raru·r.-.t,n·.-..~. th-i• ;.;rh•un~ of~,_ .Je .\i lt h .,;·•·n· d .1: !~.· ;• ....... r • • •1 ,, •• , \ 

'- 11.11 ..... ~ :::., ~·~ 1!1•' ..: .. ~ ••' •· \' ,...,. •• ,, ·,- lllf ·h·.: !:.,, :~ ;.~~~ rr• .• • ~. '•' 

~-'~· 

<f\!'i oiU •·'I(~Oll"llt• ~~· l!;l~•· !ll• ' l1 t'~oll\ottl•' ••f i.•l't•l ol:<-t,·~ tJ,. ~· •· j'l a~ '•'• "f • 

,\rnur lh\'•' 1' at h••lu$•.•tn•,l'~k (I· ft:·:!"t ~!a-• l•a ·h~~ ('d~· H·•· .t .• t• ••• lh• 
b~·sHtntn~ ···t h.'•' pn.:-th ts d··t··•·n:l!t• tl h -."lt !• •• : • ~~~,~~ .. ~-~., ~·--: , .... , ·••· 1•·r.-1 

' lu-:t\ tlll\ut !q n •nl th~· 1'1:-'~' II\ tl4•' -.•.~tt••t• •C.•C"• ,j,ff, .. ·"1.'• r ~· •· :n .. , t ~\ ,'11 ,,., •• , 

xt •• r;~· 111 tln• ti.cy of tc•• p~•"'h 

I'' 



-· 
• 

'lllt' \'ol\U•• ••f l:.q l.S d••t••ruuuo·tl hy Ul•· .. to; o r h ftfllllUJ!f'aph,.inu\ ,tr tot lt~o~\ 
d••.'f•'l'th•·d \r. ~ 2 01na.l bo.s•·d on llw d..at:t h ·u:n tlh• t-;o:u~<ltfU•I'S:k lllo'\I'(JJ'Oio~u:.:t l 
''•IU•m. ·rb4• " 'ah.•r st.oa~· 1S tll·t•· r min•·d rt-.un lh•· ~r:.l('·· • iAt• 1t·ntJ~>ncy tlu,~ull! 
th•• f'l •:t"NhnJ: (ll"riud~ Witl\ a fun• .... ··• nun~ fH'I'lorl n f IJI) 1U 5 d:ty~. 

1-'nt• •' mnr•• 4.'orr •·•• t ~h-awm~ f.J( til•• •·•· l.•h u n -th lp Juw, llw JI•Hn b. 1&1/, tq1 
•1 •·•· JllcJII•·•J un tht• J.:ro.~ph (1-'iJ:;\Jt(• ~~) ru r- rwn 4J .. y~· t lu.• d o.ly ,,r ic:L· push nnd 
th•• pr~c:~·tling tb.y. 

TI4t• t('f> t.'O\'t•r on niPS\ ..... ·t·r~ nf)l\'lnQ h 'OU\ "ou th tf'l lttH•th (f n.·. 
"'>~••. \ ' ••,..ts••t, Xortb~•rn Uvin:;t;. •·tc.) f)rt•n1u: up mo.iniy due t«• th•• hu:h 
·'' !U•· r lnrr.u •tl tn th,. '=I•Stn•am p:.rt ul Uw 1'\'l"• r l.-.tSII1, 

IlK 

Tit•• \1ut•· to( 1C'1• br'!·.•ku5) •m Oe•·s•• r,,·••r"' 1-t d.,.,,.rr..ew rt :-noun';y ., .... lht• Hm•• 
nt lin• h··t.:n••u•;t "'lld 1h•· IU\•·n !'>\1) ' '' lh•· ... n ••. , :n• ·'"''= t n lla• h• .,tix •• :• r.-., 
,;,t:-> ~'\'•·ll ... -. hy th•: ,. ..... •>( pl"ttp;.S:••h<rn ut tlw th.t.,ru.q: ~r,sn •Ju.-,n~tr···•••:a. 1h•' 
r n •••r', 

·n, .. ~·tl'rl!y , ,( ... •~•· r, ~wff,,· " ·"' tu t.,r,,, .• ~ .. &{h·l\·' ' ' r , .• l't ~ ~.-., l•r• .. ~ ,.. 
up lh•• ,,.,. l'"h \ '•·t·, I ' • , . . .. , ••• tl loy t l o•· ., ,. ,., , .. , , , • •t't t h • u jl .. l t • ·•H• p t t1 ••I th• rr\.•·r 

lkl..;ln 11( ~ tl• ( Jth\•• ,ofU• ou nt • •S ' •• •• 1 Aitl l.' l• • ' ' " ,,.. "'I'IJI'•'!!': a-ol• · ! •; • ~i•t • ~-·•••1 

ltV th:• tto~IUI\'0\II'Il l NUIIl }A), nf p.t• .. ttl\''' ot l r t •·mp•• r.t.t •lt 1 "' l·t"1r ~II.IH• J l -.t' ni 

,; I S , i .. S \ Intt d f' l •: tct ,utt , ftH• C\lht• f ~ I I I~ •• ~~UJU•·d tM d•·p • nJ lltl flw ,\ ,, l··r 
y•• td 11( •• czwt·n tn·•·r h.tS in. ' I h•· r •·t't•r•!· tJ d.H• , , r lhJS ... un: •"' lh• 10.u n 
:•· nu II\ th• · ·~pl"'· .. >-t'•tt !••r th·· tl··lo"l"n •u, .. tt .. n ''' fh · It'•' h p ·;l k l ll} •l-ot•• fto t· a 
,jl~ '.O.ti:Otr••.ofiJ rl\'t'f' " \l't•\('h '{1\o' ~IJ .A- 1 l' ,oh t ltJ! lh• ' tr• ••HI IJtt • •'IIHI IS 
1UIU-t1• tl {r•r Wlu C'-h .1 (UI'• r .:. ,_t o ( ICt• h l"''•lktlp I-"' JU"t·ft.U t •d, l ho• !rlnl!•' l' tfw 

for• JO:dt'tUn~t rw•·tttd 

,. - ,_ ;-1-4-l·++-HH -++t--'H-t-++---i 

:er ~· -1-1- 1- -f-- - -­
- - 1-f-~ 1- 1-1--

1- - - -I- - +-l!-+--+--V-1---+-l 
- ~-~- f-f-f-- -- -- -~ -1-

'bl 1-+-+++-1 -~ - - •. :. .: •. V-- f-:1- -::; ::~+-v-;1/r...+--l-H---1-1 
-I-I-

"»•r 

1-!--~1-- - • - 1- 7 - -1-1- -1-
-H-- - - !- - - t7 
- -!- '- I- - - - y'l- :..... ~ ...... - f--+-.f-1-l·-1 
~~--~-- - - - 1--1-
1-1- - - . !- · I- - -- - - ·-- - - 1-
1-1- I~ 1-f-1- 1-
- 1---V-f-f--f-f- --- -f--f-1--

r.,, '-"-'-"'1~ -:..... -f- f- -f- - 1- 1- rl-i-1-1-l 

/Of'l 

t h'· t 'ltf'l', l •t u ·t •h••8 b !\ • C't'l' t' .Olo) f'"l10':'U O: .Ho ' t\ P !'l•t ~ "'"':0 .. , .. , • 'b' :., ·...-r ~ 

''t~oi!Wt.:O'- ·'· IY. •::J t~.:_.,. • ._ , ..,~,.: ..,., oo • ~&.• .'"'· [) ~"'o;•-.! .ul 

ln 1ua:w c-.s.··~. ,('4' hn·.dmp <"t'n lto· JH'•·•ht•:.•rl "!l II, ... bOt!-\<:: ,,, :~rluAI : • ., ... 
l•·ulp·r·o~r-~r.• d··'·' ,.,..,hovt "s1n~t th(" rn•·••··~•···~~~r.u· .. l fHr•·•···'"'• 

l'~u· (;&;,;ttll' 'i •. ,h~t.·h d···h·rrt'Un•· h w l~<o'l!l :~~l\f)C c•f u,,. lf .. -.. 1 t"Wnuff .tnd ••I •h•· 
t\•·~ ft'\' f •( ll••..:lt'\1\.'lh1U t•l lP.•· ac •· ~·u\t !'" ••i ·• ..::,.,,, '"''r· :cr .~r•· ... :•(. , .. ,i fHt tr. 
thftt•n·u l 'It ·'Y"· 'I"I'''IHhr~t. on th,• dtPt-•Jtr t· ur th•· flit I • h h 11+1171 th•• r·• Cl• •11 
•.\'Ju:•r(' hu;h '•' .1\C'f h•'~I U-4, 

.t\~ t'\:,tiUPl··.~ \lo' t' ,·,m.;;ul•·r ((, ,. ,.,,,q~ >~f u··· hr···•..,\11' 1· ·1 th• ' H•' Hn·t •· ·•• 
,\ h·k~a=11i'I'U\'CI :~n.t ft~l' th•• ~•"~ l'lllt• I'H l h :r·;, ·'') l I'• lt•.l.t:ik 



1·: 'Clf!n5l1• • I, 'Ill•' tlUll" 11f '"''It'~~ hJ' j':tkllfl (Hl th"-" O b' at J\l<•kSt.ntlrO\'t'l 
II· l(~• r•• !'lin tl•'l ll'tUI,.; \ IJ\ U\•' tinw or ttw twc::nninl! o f snnw n\clti nr:. t tu· 
••lh''I)CJt~· ••f ln~h .. \\tth·t' wav•· in th~· h.:;•dwat~r!' o f th1• ti\.'"-'r a nd on 1111' 
l ·•)t11h l,\' (I( ll"" PN'I$~at:lttl«ttl on aU tin• n~mo•inin~ parts n r th4" t.;•sin up,;lrl.'+'ltn 
{ri•IU 1\1•-l~"' .. Ufh 'U\'0 , 

,\,.. II••' Ullt ltt ••'l'fU,_ t n d l'' Sl• r~·S:->i«•rl t nr the det••rmin:.(.flf\ n f til•' lr:••· 
tu·• .•k••l• •t.•t•• D ,. .• ~ t;.k••· (1) lin- r•ocrt.-d•~cl d·•t•· nf .;... S \1111 nf po~ith·•• ,,, r 
•··u•J" ·r • .tnrt·~ •'•I•MI :t,.~ (01 t ) (m•·.;as u n.·d ott lt:tl~:tllH; ••1\d (2l th~ Jo•u.:,lh lu 
tl.,y ... ut Uw fu•rtud frtont th•· d.tlr tof otcnnuul;:tion of I&.-30 .. .11 IL..t·,,;tul ''' 
........ to , ,, olt'f'11U\UI:th10U n ( !0.•15 .. ;tl Snr•:nt (D~s). I. (•., (D, 5-D,,.}. 

'' ' l;t•lh ~o~t ... ten,.,,'l !0, tfi' c·;,k.-l••••:d fl"l)nt till: mC"an-diu.-.""1 d • .1t:t, Th•• 
f.,,t, ,,,1'll~ , .,,, •. , olf'~ ,.,,,.,, :•:c Uw •J.••··~ fnr '!'("hir.h 1J .. • ;~it' h ••np .. ·r; thu-.• ().AM,._, • .,. 

l~n '"'4' !' ' • ·•• U.t rtMUI tht• tkU•· lnk••n as thort :.[tel' ·~hich ahrrt• w•·• ~c1uhnc~ 

..,h••t' l• " .,.,, nu luu~· r t llHn 3 tJ:,y:-;, hut ~·;u, a sum or nr~g.,th·t• t.·n•f'·•• ,,uu,·~ 

.. ,, ... ,.,hiU~ lh•· ·•'•···••ly ·••'t·umul:•h'cJ sum c'r JtOSllivc h ·nltn •r:llllt't:!;: ut S\lref\Jt 
HI· '''" t •• l. ••fl ,.._ lh:• l Hll•· r ·A'hi\:h llwl'•· '·''" !"not Hton· lh:\n ont.• d<:l)' •dth a 

'l• ~ Ill\'•' I•1H)'" I '.jthU'f' ( UH\ ltJW•'r 1h;.n -3.0'). 

,-- - --· 
AD 

II 1-

--
. 

V-i 
.s 

·S 

--
•/ 

V· . 

... 

/-
f.-:....-

p. 

IS 

. . . 
~ i= . . 

JIJ D.,:D.P 

111·1'111 ··•. Jlf"t..s•ttft"'•ro!oo• ... o~n t·••~'""" !&D .,. ,br •· . ..-1!' ,....,w.- .... ~ Af ••&.r~ .. ~,.. D' 
,... , .... 1 , ,. ' t , • .,. .t -'" ~'-.!tft"·' ..,..! dw I .an:•• c:1 , .. ,.. ::t; .ot lle..Jt ...,...~ .. .- O\d .,... 

~ .. lh .. IJ, .. -o .•. 

l l t•· ~UI!' u f lit• • rt• l;etH•n"'lnp D' =f(D.r) <K:I~ t.lrawn in 1-'t~:,urr :,; ah•r\t: llw 
t~ \•· • ··•t.:•· '•t th•.• f l t 'ltt o f th'• 110int~ (D' .. 0 15) .:.nd ~~..._.,.,. th•• t•:erlh·~l 
ll'•:o 1 1hl·· IL'•··IH"•'•'tcup d ; th• D' for a s:h•t"n \"4llUP u f Dlt· .,, ,. r·:u·h•·"l 
, .. ,... .Hhl•· w•· tu·••oJi\UJ•JII Ill'•' c•h 'li•••"'"Ptf <hiring p;l rUculilr11 rarly ancJ r.spi\11)' 
11•'\'• hplnt: .'lprlrt~l4. 

·na• :o.u• I' ;rr•· \h•• 4'<~l'>•'~ wh··n ua•x:lr•J~ tin .. •l::ltf" D , R l h;t'A'inJ: p~r-lod~ ut 
;, •ttl t•, , """ Ul'll'*' ' " '''tll~t\ to fl tl.•ys, •luring IO. > ~'. ha,·•· ;tlrt.•ady ~·•·n 
•l:,:-. ••t"•• •I ~It :\•! I'LI\11 I:\ Utt•ool•• (',\!fl:t•!i U't' brt'O\)mp ht!~ii'\S fill tlH~ ii\"t'l' it'fl' OP"' 

1!1 • n••:<t •i·•Y :tftr· r· tta•· l 'ltl'l)' pu~'\ihh.~ d.(1•', t, .... I D. aD'+ 1. 
l11 .rll tllll• t' ('li"'•'M, 11 t·r•n·••t·Unn of .1\D in rlay.!oi, rh•pt•miiur. o n tin• ro.piclhy 

(•r •h•· lu•.tl pl't~t>.:••r:,ll,•n n,·•·r th•· r'i\·•·r b:tsin, f. l~., d(•p('r)dil1~ o n lh•~ Vi\luc.: 

,11 D, , - D,a. 1s •ntf"f)d:tf.'''(l iutlw to.~rly Wl!tllJhi+• clatr• D' fur cl•l•·r·ulinn•~ 
Ill" lr"'·- ht't•·jk~:p d:.to· D u··l(!~:r•· ;Hi). 

If ••l su,~ut thto fl.•;: d!t•· r ~o . .,._, \ ~ ... ,,,,. ;u I" lo•mw•r .• l\11'•• . . .... ps ... lnw ""· 

a•••· hrr,,k tlj) ·•t :\ I••S.;:;:it!lf\rn\·'' IS fl•·J;,~·t·d. 'Ow h •tu:th ~Dt It( tlu,._ •h•b,,· i s 
tlo't· rmm•·d !rom VJgtJ.ro.· S9 ;t~ dt•pt·nd •·nt nn \h,• tfur ;ltlf•n of th•· ,.,..t;~,t! 

p•·r•u•L 

•1· • " !' ' , •. \' _,,,.~, , .. ,, ·• • •'tl( 1··•11 •,,~ • . ... ,.n,• .101 •~•·· a:~t· ,,,,.,to. P •'' ~·'r 11 

,, w . • •.olt•\' .11~ lt'~~- ~·rllll~•· ;ot " " rr.ut . 

!:1 nv .... ·,. r·;L..;,~,.; ·Nh· ·n !It•· fnl"'l':l!"t il" PI'• p.tfo tl fnz• olJH' !'H H/1 01 l'l\"•'1' 

l11 \!l~ t:·· ···~n f!'CJ:~1 r!H· r\ro,u: h , ,f ~, t;~n:·· tl'i!Ju1 ;• ''.Y, th• · 111llu• U"'• r•f \ l w l.•f!•·t' 

.. ~, ··~ · d h· :<~t:• :, HHf' t'fl tl:":lll• · r•,u••=--. 
11.11"'• f1tl' •·'i;ifl'pl~·. th• t·t.'t." t11'.'1~.olj.l 0;1 1il'" ( 1)/ Jl\ ','t'f' cii iAII~'I'I~o:ll tt·oom 

rll• nl••Hth t J{ Hw i 1·tvsh :s mon nlv ·•U···"··d lw 1~•·· :t rt'1\' " ~ ''' Ill•· ti••ltd ·,\ .• \ •· nf 
:11, 'rot•••l1nh~••••r\·.' T~ :t·r··fnt···: tiw 1!.,~. ••! .. ·c · t~mui.ITtllll o f ~0. It :••1~ ''' 
(/), I() IO:u t'l!i.•:l :1ttd. [h•· th£f,·r· ·,,r .. D, F - D. K .ar•• trtk:••n t1 ~ 1h•• \n.IIU l•~nn~ 
~·c tb·· f''li:p :··· :.:.:.:ml f•'r' ror• ·C<o:-!tll~ ;c· · lli"I'Ot:..uu (1~1 t h·· Ct.Jo' a! lh• ... ,\ •. 11.!• ·~r 
l ... aol;n"':..'' ·'. 

1·:\..t 1 pi•· :!. l<:t~ h!"•· .. •k~tpf"ltt t!l•· \:nrrh•·nt fhlll:l 11t 1\·· rf',~rtl~ , ... '"·•li!'L•·d 
:,._. t•:t• r·:~r· aa ttw -A.att~r ..;tou::·· :1~ :. lt·su lt .,( !U•· ;tt'1"U' od ~.,(' w:•t••r ft·~om •h~· 

,·.·~·' Ut'-'': •• l S ..... ·tl o\ !" hf th·· ··dv.utt:--· n( t!lt• rt·--~1 w :t\'1' I I'll!~· th' · h••;cr-t '·······~ 
••( tin· ~nf'lh••f'!1 lh"t ll3. 

'l'h·· .•:nn.ntl (•f !t-:'t n•~···4.:; ... ,~· ''' ,._..~,.s;,· .., r•a.a:·• Ul t lo•• ~,_., .• ,. s!.•(" ~.llrt•'t"'ltt 
£••1• It'•• bt"f•.:tktiJ' tk; .. ·!lll..; n11 lh•· d · (l""•' n( t~··.o~trUt'l:t•U Of t },r• IC"-t' t"f~o r olntl 

••tt tt ••• ,,· .• :.·r-y:• h!iJ•I! c.•~•·•·!t~· ••f t l\t;• ..;:~t•A ,. 

f Juo; .•~:H'l".A~t nf ),. .... , •~ ··'ti:pr•..,.=-· .. 1 hy 1~ •• -~:n -0. ••i , ,. .... ,.,, .. a~: r 

h ;npoe· r:nur•'1'• •• 1\d lh•" p;--...-o,hul! t"<:otuht~u .. , -t •·~· I!••• :t\• (·"'i.~r)t•·n·,,..-.,.,.tttr• 

clnnr.J:, dw tn rt:oy!'= l~~•ti! t'h··~· t :,;.. •. •·n J''':-.lt\\• '- •'~:• .... -~- • 

.--\I! Uv· !+·rupt·1·.•H: r't· t·h.sr.,c~··n:-OtH."I' ..tl'•' •11-t·· •·:Ju:•· ·,l Sr••t'l\ 1!.·• ''·•'-' .. t tl;r 

Sho•n}..ur;o;k :nt·tt•rli·Oitl~u·.ll S1:Ha••n, .due !1 ' ' )ot l \ .\1• II ••1 lh•• :u,t. o•r t'll\H :o~o•· ,,f 
1h~· \'-••!·~ Hn.·· r# T h·· 'l 'Mnhl~ ~0. l"= ,. •!•·u l,•t"d h•r 1•1•' tt'' n"•l f rum ·.&h• :• 
,, , ,. lo' I~•!WI':llitl'•' J>•k··~ ••n ~·l•,..:;tn-.·· · \ .,iu· :- '" h "• t,,., ,, '-,up, • ~ ·· · pt ' ' · ' 

·-· l.l l'> l r1 d.~~· .;; (!:0,) ;\,.. 1 r .lfi"IHtltl pn·i(•tl t:1 11\1' l ' l kll' otft• ·•~. ',~" ll'' ' •h• 
IM~.C,tl~·· "f lh•• mo';l:l-d:tt. l'rl.•~ .\11' 1o•tnf'll' t'.tt; ;1" h1 Jl • joCU\• \a ~ ·r•'O.C, ,,f!• I' Jt'~ wh 

:. IH•'.In ~ d;lll"''·'~ f\•'t!·•••·:·· nmp• · t· •• t:u·o• 1:0: t•l '"' ' l'\•lt :1111 "'' 'I''" tl·.ott 't ·!, ,\.: l•t 

llll' t,',tkul.lti ~m tlf !04 , 'I loa·,, u~r. p• l ' h~~~.:; HI ~1.~rd, ,IUt.l ,\IU •' oil • ,tl · • I l l• l·Hio• I 

with.~ i'(r•·(th'l•'tn ,.([I _~ 



·----------------------------
"1'\u.ts, thl~ for .. -ca .. .; l is pr•.:r•:.rc.•d (t.n lh-.~ h=.ls~s o( rht:.o .::r~ph "•lQWil In 

l'oO:U"'' GQ 

It-•: lu···••ku,, ... ~ (olhrW.!'I !ront thr dl·f'nition of the ll"C'-'t'Sitr'Y I O •. st:trl~ 
5 tl:•ys t~ h•.·r :ac:cumulnliOn. 

.... 
; tr,.(ll•(. t.ol, ~um IO, "' fll l'.l1l•ll ~<trrr .• l p-_,.ltt\'r .o.u ut~L;'l•'l·lh:~o'1 ("'"Lll\,•u: lhC"" lrn•jll: f.lt~n·t 
iJ~rrr.~ 1r1f' ! , l!~p b~l,rr HILl' tuuht') qo:,.nuy rot ~tlt' bt<'·'~"'i' ,,f tl\~ 1('~:: t'l4' lhC' t:<•llhun 

" ' k I 
H~'IJI".l .M fi~JC"ttll" .1\ A flllk"ll~ ...( 1\1c Ul(',Jif\ -''1 tCUlpc-t&I.IU!:• -1o- dull!)' lbt )tl ~~)· 

bttoo¢(1~1..,..Dti;-• .. Jt•r\•l•~t•, 

u· tht• rltlfl(t tl•'\'d~"•JUi l(h1U1h •• f'lt•ous1y on lht• \r::a~a :md nn llu- Nua·tlll'l 'n 
I h'ut.t c·tvrN. II! I' b a'Cickup ;.t t llt•rcT.I'ttk wt ll I)(" <~Cct.•lt-t·:•ted. 1!. duruu: th'' ·-· J ll.ry/S untet th•• <lCC"IUilU}_,IIO!l u f lhl: RC'"Cl'SSitl'.)' $Unl ~0.,, llu- o\':ttt•r IHt.ttl\.' 

'" :It•' up~t•··~am p.u·t of tlu- riv<-r bttsin {tht• lha'·Kur'l"" r;acio~ t=lh•) rntl'll 

,.,..,. r tit '.! ',l'inh •l" s ta~,. I\)' I I'll ~n•l n'IOrc, ic:e b r·.~akup ut Bcrc~nik ncc:u a·s a 
fl;~y •·:t r\tPr nn. the J\"•·r·:•rt•• 

W i th :t r••r•·'Nttruiug Jl••rtnd Of Up lO 5 ll:tyg, 1Cl~ ba· .. o,kup (Ot'\.'CH.'itfi C:iJU be 
p~·p;u···•l wllh<nlt 115hu: '"l' :.fr h'lllJlt" raHtrl:' Cun·ct•st . \Yh(:n Ch4.' 01ol r · 
t•'lr~Jt••r:,turo.• (ur.,•c;t~ l 11' tl.'t•:t1, lht• (o,-.~t••arnin...e pl•riod of icc bl"l!~~ .. up 
fnt·•·t··•'ttt:: t;:ut lw lncr••tu&.o•cl 10 !'-10 day~. 

1\o·:-o:uJ.-s rh•t•r!ll «hlch flo·.v (t't)IU Uu.• 5outh t o 'h••nor th. un n~auy ~tn:•U 
awl •n·••1ium riv\.' 1~ nmJ 011 thf' head·..-o.tcni of l;~rge TiY,•r"ll it-t! b rt•t\k!4 up dut• 
tu •hf" ri~·· m th(' ~a1o'r !J(Olf:-: u.ud If lht: r:ttc or hh;:h·wah•r ' ravi:l is hiJ:'t. 
~tn-t:t• ,,.,. lunc of no·-¥ Ul('r,• It\ 14m,;alt 01nd lbe loc~1 nmotr t,l:•~s ~ l!t't":»l e'ftJt-, 
'' ' 1 •hr,•:•kUf• (U1',~:c~U; for Uw1; 1• l'tYt•r:t 31't• (•ro•p.aC't'Cl h)' \ldlli:: fhr• ~\11' 

1•'tJ\p•·r:.tur··· rl'rre'f"41~~. 'lt'Uh il fcrn·wurnin,;: P•1 1'iUd of ;.tbnut ~ rt.tys . 
'rlw !ota.:•• .-J ,_,. llf'C•'~"•"'Y r(Jt ic•• bn·.:1kup t.h~~~:rtrls Ull lht• thlc:-ktlt'fUi ;uuJ 

~trt·ne,lh of lh•~ ict· t:m,.••r, 1'h1.' lhlck\•r <111d :.;trOnf!•~r lhr· tC:f.' C(WCI'", tlu:• 
l~~ rg•"r th•: ris!"' tH'C•.·~~.:ary for lts dl'"truclion. 
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Thu rifi•' of -x;.t•.:r sta~t· U\.·("•r•· lt:•· hrc· .. k•lp t !ll: ""il!t<·r prt:dr•!~•·d ot, rrl•)r~ 
t)fl•'U, tS :tllhwt·ti ror indu'••t:"\ i:.t hj" Cu•·.,n'l ••f \":.nvu~ tw;.t.t:'lll,, . .,. 
c:h;1 1-;u.·t··ristic~~t. 11t•'SL' ("!,ar;.c!•'J'i5llcs :tll"C\ c .. k~· 1n1.o ;..cccumt Uw tlwrrn:•l 
\J#>St rucli(olt nC lh(' icc, ¥-hieh laS(.••,: p};,t•t• nn ln'•~l ,, 1 d•••..;.•• rev• ·r.;; 

Snnwtitu-·~ H i~ snffit••!Ol tu 11,_,. ")Jt!y a f(UahlttHv•· ''!lill'iH:l· ·ru·. ttr. ••t ?it••'!'' 
rlttr, r11r t· ~;1 ntpl••, tlt(> r&Sf• o ( ··••·"' l••t' .t&H\1.!1' :~1,.,•,•(• a •I~'IHUh• rJ,,tun' I HU' (•tht•U 

\.1••· d"lUll\ htu· uf th•• '.("ah.•J' n\'t·t•ltto·.t' til rlt)l)llfl::un\, nr tll•• •l,,t•· ·•1 \\hit' II llw 

s\.l~l~ rJs,· n·;acht-d <t Cl)'f't:.in \•ot !u•·, 
In tho'• a t)!Wn<:t- nf c.J;tl:t on uu~ rhfclcn•·~~ o! th~'· sc• c·o"···r o•;· · •· H'-'''.v ,Y"ar.s, 

th•· (ll:um o r thu ne~ath•t: ai r t<·mpr•ro~lor•·s dunr~f! u, .... ,_.,.,: .. H.·•· Jl•'f"lf"l ("lr 
i.JUI'It1S,: a J)Ot rt oC Ul(' s l<tble ICl.' p"l'l~l, 111 th•• C•l\lna• r,f ·.ctt;u·!l th•' lllitllt 

.:r<.Jl'llth ••r th"' ic•~ ;ak,..s p l;ac•·, 1R 1nt1"01luc•·d .,, tlu· r•·I••Uhrl .... Jup ,;.: •. ,t ft•r '"'' 

hr•·••k~p f,..r·-c••shng. 
tr- 11r tl•·r to ch<~t:lct•'r17.•: thf• ~\r'•·•lAll• of lh•· i.:•· :th••••l, ott·•:) Uw Ult'Lt'• ;61r 

t•'Ulp•·r~mr~· tt~trinJ: s o:Jh' p•·nod unlit 1h• tl••tc.~·•ct•• throu.::h n• ,aurh '"' 1~;-oo"'' 
tilth~· '" .... ,cul••Hoo (d'"trlO!: l fl-20 d;.:-·~. f<UIT.\I!ul••,: t:•••r•'liS IU~I·uoh:('•·•lln 
d.•· •···1-•h~nslup. ·nus .sc t'Y4'S, .at u ••• :~ .. n•·· tur.·· .. an charo.<'t ····,. ••·· 
\\ah·r- \'l•·ldin~ ,~;tJjo\t.'ity ur H~·· !-' "\\• \' ..:m···r· Hll tho• .(1\'•'ft J'i\·••t- .,..~uu 

In:·~,. , r~ f1,,~·1nJ{ ln t'o'J:!l,.u; . .;. .\tlh :a 1••\'o'r•· ,.. 111!• 1', ~~··· \1•\rkn· '"'"' ••( th· ,,. •• 
tcht•o•t l"' ;do~~~:!·~ J,;q·~·: ·•~h.l \',II"'H•!J f!lll;1 t·o•}.•ti\'t· \)' !tll1•• i••c):l\ '•''••t Ut \•.If' 
ThPI'I'(t)f'l', hl f~rt~(";L•.it$ uf iet• Ll'\'akup t •n tlw,..r· r h·•· l'l'i , Hw 1hh.~krt•'to>rii uf t!u• 

~c·· f:kl\.'t'r l'~H\ h~· rwJ:k<:tr•d. 
l.r'' us t~f'll!'1d•.' r ;.;.om•· •·x;•mllll'~. 
1'o (rrro·c·~LS\ h:t• hr···-rkrlp nu HH~ o~~~· llt\'l'f' ·•t 1111' t t 'I'A.' fl otf r: :.t-:j..'·• tl ·~111'1' 

(i tl Hu.• ft)lto·.nng rl'l.J.tionslnp i.~o~ \lilt U 

~lf,,../('f-1_, ;:EB;), 

·~o·h••rr• ,.\Jf,! 's th.._• n:;;l.· ,,I tt1•· ~\-~I• 1' ~ '·•1:'' •l:t i'IUI! IH'"·•k-UF) fl\' ••r tl1•· r~r1111t1•'':u 
, .. 1n1•'t' :;1:1 ~·· Hl:tf'· "\'d.~n•• pf !J.ff~ ,,. j)l'•·drl.!~•·tl u:: :tny ,,f t!t• ··~l"lllll.t :ur t ····•l .. )."" 

tO_ •:e 11 .. • .;um of ttv··m-."'.•a-dhJI'tl:.: 1~<•&.::'11'''' :·u· t•~mJ.wrtti~Jr•·,: h·otn 1tw r.l:lt·· 

pf thr• lwJ:inmn.'j, of dtt• ~\.ttl!··,._.,. po ·rwtt tn 111, V·'~"'·•l;• nf flu ,,,,- ~· ltlt••'l'•l• 

lur··~ throc~ll n· , !G. is tlw sun~ <•( 1h,• m••:m-•tiufn:•l ,,•~ •••···· ., t r 
h n•t•··r.•hu·•- !<1 tmtl1 ~<:'-' hn·.tktiJ' It t n,·luot·· .., lh•· .,.lt :n ·tt( lh •· , .. , ... ;IIV• 1•·-=•· 
p• , ... 1nr•·s from tho.' I3S\ p:•~~.-.~·· throu~h 11~ lu,.•·•l u r Ut" (',,lt::ul:•••••l·' h•·fht'4' 
f('•' tu··'Gkup, ·'~ ·.a:c\J a~ :h·• !'Um n f lh•• ,,u~l\i•.·•· t•·rtiJ"' ' ';Uurl·-, •lurh•R , 
th~t ·.\ln~ v·~rtod~ \\tth ~omt• co-:'fhcwnt k U fr·om lh·· ··n•l nr th•· tl, ;,., hl. 
th•• pa,;!'l"~·· (us··d in th•• C"-'leul.thOII\ 1ht·•mt:h W nt1t :nnn · llt.~n I 1'1 d.tyPI 

1,.u,,;,•d, tlwn k.~o.s. if 11-20 ti"'Y"" ,, ... ,,., •• ,. Ul"tt k - O.l l·uTth"r ll.~.twfo' 
:1 ,., • • n,. ,-,.~~u'U•·..J. 

l'h•' (IIJ'l'(',lSI l~ i)r4'}Mrt'(J l\y "\14'C.'t•,:~l\'o' ioJ)()J'"n!'OJII.tiJC>Jl,lll ol f". fn\\(t'o\!f, 

~UilWfn,:: !0_, for lh.· !'=-l.th l•• ll"l' P''r)tl4t oHHt •'- +t!l (r•t•o •,•:r~t~ 4•( th•• Woth•r ~~~ottt l~1' 
.Jn•ll6tJ' to•mp;.• r .thn"•' Oa h.1ad. ~·t• r:·o·fhr'l th•· hr• .tl.hll) +l.•t•·. '\'t• tlo-1t'f'I111Ut ' 

fi'01J\ lh •· f•ll'f·t·a~t r("rl' th i ..; ff.•t•· Ut•• \".•lUI':O: , , . All ·•II•• ~0. . I!,, .• ftll\lll 
( ~0-•• \111.1 h .. ·~ ou Hot• l!r-•ph 1n ;u:·("ord •• ur•· ·•·•th lit•' \':rl•~t• ••f !0, , U..- ,•h1•,.•·n 
d.•t•: -..·iU ht• lh~· d;Jl•" ,,f h··• hro•:~kup U th·· 1Jt\tut (!fl_, ... \1/.,\ It•·..:. "h: r.h••r lh.,~l 
'"'' p~:\C•· • ·h•·r•· il shunlt! h·· ... ·..:,,r,f.n,:; th l!h' '-"••lu~· ••f ~0 •• u .... , !tr••,okr;p 
n~ ... v vccu1• 1·;11·h(~r 1h~n tl:...- ch,,s:t·:• d.•t•·. : f tl U··~ ln"'•·r. h -•· ht'' "'"'"i' ,.,.r,lf1' 

!,,,;.,.. l1\ th•'"''"' ('o.s••:o:: 1lu· r.dclt!.ll~•·•· pi" r•·J•••.ch ·•l. 
h.•,· h l'l·.:aJ.up u!t hH' (1h' Ut\"••,. 111 1b tuu"i1•· ..,,,, Hf';J••I' f",\lln•t' l>ol ·'l"·~·\·4 

t.IHI' H) I he n~•· o( l fll' w;\ tL'l' st.1~t·. Th1"' I' \ ;or• t.a ,•,t·J~ · ·d l•u~P1 l1\' U.•· :u• r n·11l11f 

'I 



ld~h '.\';IU't" "'';tVc (fom Ute uppl•r fCOjclf"'S of lJh: rivl.:r' =lind by lhc local inl1uw 
(from trihuL;•rlt.•sl. 

fiCitJI:[ fl. Pikl11"~o..ttan•~·'"'f'•'f't1,1l .. Mit~rmuum• .. ,. M'(ttf•ll,.ll., \ll"it M'""~"" 
l'llft.: Ob' ~\'U <111t,t'ln'lr.n()t ICiii»K'• A~ .... .c .1 (!lft<lller~af l,._r h"n "I thr­
n•t M· .. ~mn:~ot nt&.IU<,It' .. u 11:'411f".' t.loh.lfL'I .!~r1 n~ 1hc: thbl~ u·r ptli .. -..1, !:0., fl'lr 
\'.~tl~l 'o'.t!u,•JM t!tc 1um (Jf 1'h.e mr~i.·Um1n'l jkltithe- .alt tcm,c-·t~turn 1.1nltl 
l~c l•r'"~~~Jfl !8h 

kt.! lJt•t•DJWp ()U thr~ ot,• Jth·cr at lhr' \'ilhl'tt: nr Pot•v\'!Ciknt• w;•~ frmnd ttl 
ncclu' :3.!'1" r<·sull or a r'"in· ir1 lh~ waat>r !llta~~ ~bo"~ aht· \dHt•!r minimum of 
nl'}t l l..':'i:$ lhtH'I·L~!'Il. ·n,i~ ts 1h1.• m(.·:u1 ris ... • at ~·hich hJnkful :.1agc dl·,·~los•~ 
or1 •htt H;w;z~lll1 ai.•<.J)CW5ktK' l"'in.·r 8trt•ch. In Orth;•r to incr<•:t~l' 1ht• forr.~ 
-x.-ar·ninl! pt·l'iod of Ut(!' fon•c:Jfii1, lhL" rk~~ is d<•tt•rmin••d OtC"C'Ording UJ the 
Hs:.z;u•' 1-!;'t:'-'· r!H·· lim .. • tm,•r,-;,1 h··twN•n ,a ·L5m rise in Hu~ '4·:ttt.•r ~t-i1f:(' ••I 
Hy<L:r.a~• OHHI ic~ hn•akuJ, at l'oluv~ko(· \':Joril.'s from 1 \o J~ d~'Y:s ;and d'~prnds 
nr11 lhc il.icknt•ss nf the iC't' CO\'l'r and on 1 he mNcoroiO·J::lc-al cond1tim\s, 

Tha.• iec .. t,n•..akup cJ.atc is lJeh•t'tnlncd hy means or tllli N."lationshi p 
{Fi~uro GZ) 

wPwn~ l: q, is the." :unoun1 ~f ltt·:u illl*' pt"r unir ouh.-r "-Urt::u:~~ or 1hc ....... 
SUO~\'a ic~· (''W•:r thlrit\~ lht! p1•1·ictl (rmn '(he ol.!Jm f'ISC d.:tll~ lO the di•tc or kt• 
hn•ak••J• kah:•al•u~cl C:nnn unom<~r:•·Arh !'h-~10.-.r 10 tho1t dC'sc.rib~tJ in § I .-.lld 
h:.:-;.•,JIJII t!Hr:, h'OI~l l!H· Uy.&lz.an' j:!.:t.;t.• o'lnd nlett•m·oloRll.'il.l :\Ia[ ion}. lt~r: is tht• 
ruo.-xl nHJU- 1 t •· tllk km.•s:o; 

lt1 e;•s•.!~ ·4·IH.·T~ 11h~ Its~ or llu: ••r;:mal dal<: (~f thr> ·t~m· lt·\·d ri!l(l dQ~.,•s not 
rn.>t'i'll• tP"• n•.•cot•ssary ron~warnlnl: fWJ'iOt~. il i!-1 po~siblf• taUS(' th~ fo~·,, .. 
cas1 of H1\' •'-"ah~r st;Jf~·· pr···pan•'-' nu tht~ b~Kls or choe .st:l~t.· ri!!ic tt.•ndocncy. 

Zc·· ht•t•nkt.:p is fH'l•dil'H•tf a ,; follo·,\.'s . hnowin,q the \'~lUI' or lt,c, \:\IL' 

dt.•~t:J'Il'\ln•: Crorn Fi~•n· U2 tlw \'.1h&l· ! tto Pl~ce•3~ry (()r ic:e breakup, 
.... q 

t:nn"'-i!'~ lh4
• .t:.tt· of Uu .. • -1.5 m ri~t~, or .et~h"rRJ~nin~ h h·om tht"' for~cast, wv 

fwd f rtm' 1111" ;,ir·tt'mJx•r:-tnlra~ ft~rl'Cil!lt ll~l' tfal~ pf ;,CClllnul~•tiOn or th•~ 
t1•:-f;•·:o:o~••ry \•alur· nt _t .qt. Thl!C will h•• tlw date nf thr- ict- bn·akup on tiuo 
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... t .. •r ,'1_..; 011 t~C 11,,.,~1 vf fl.~· -'.C.t.rl' .-~oJ Itt• l:lr"";.:"i' ~:J l~o\.•1'!> ii'IY;.r .. , lilt' '''·•.ti~ '' 
P,..li\\1 j.,t"l~, ~q:. ~ ,J illnl:h,lft d U1~ :: • .l)l~t ut:; Uc ~:'I,C'i(mJ\ ill lil; .... un.'. All'o-
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.l;q, - fCI•-1. 
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lftc~l/~1 

er r----r---r---r---,--~~~ ~M<N 

- ne _,._ 

flGL'P£ ,_.~ Ar.t!Kin:t nil!,. et(lfti:I6:J fo~t 1~ IMu• \jt ae o.t: 
Wot(U'Itlvte4-Ji"~:l .. t lk(~flool S._._.,III(•.UWOitU;( lk'(' 

O:.p. b[or:c- icr brr.~oiNil', !.f., .u a l'!.r.ruoa et lhlt ... ., ef 
~nc llld...-,.~o,_-.lllt'H'I-'tt .. C .111 t~tMitJfl't 4ilhf\J ttw •t.~\k­
trt' ~~~~ U ... ~df ., .. ,,... '~~"IIIII~ ol t~t' lllla•uro•IU • "'"'' 

"'.llft'l"l~JI:r.t-

it is thcrdorr. «:'XPC'tH•·nt to lntrc.Uucc, in addition. \0 \l•(.· sum of 1hr~ l'l.'."!%••lh•t• 
OJ.ir tl'mp•~r.:tturt•g durin&! the !'tMU1t: tc:-t• fH:no•l t!O-J. ltt•: ht.'i\;h1 of 1hi!' ·4;H•!J' 

sta.Jl:~ ~tt the beg;,lr'tlnr of the ~tabtc- .. tce :-t'-·rlod. ,\san .;uJdltion:.l 
char;iCte risUc o( thC fct: thlCkt)C't~. lnstc;td O£ tlll! w:.a.tcr St<tg«: al tlu• ~W(!in~ 
n ing of the stable iec pcodod, wr rn:.y ute: \lot~ mt"dlum or maximum (If,_) 
water su.g"' duf'lr\1 th4." tna.bl•·-ico pt!riocl (untU thf! bcginnin~ !JC th~· ,.pr;ng 

ris~}. 
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Ftc:;ur::r f,!l, (.u;"olt ~.t•t4 IG rnrrc~t 1tc b1ul!\l;. "" uur t~t"f'*"' .. , dK' ," .. -" .,l K~T'·~>n 
tK"forr l~<t ru111.HI C'Nilt"l "''";., ~u~ urruoJ "'' {tht hf lt'nl~r•hnr ~· l.o~kn .­
m~Jitutt"d aa. J:t•o)iliM, 

11"~ rt!'~auon$hip !tt•ltit-. Hn.) h :tl be4!n •• ;m·lc:~·d out for" rnn·c;...~tmJ: 
icc bro..:;Lkup on th,· LDu.·.,.r \•ot(·' ;.nd S'UCC\.~~J11U."· Uliiol~d \01\Hl the c:on~tt,tc:inn 
of tht• \'ot~:~~ U~tlrol'lf'ctric: rl~r"t im. XXU Cuo~r<'~" of the Cl'Sli. At th~ 
pn~s,•nt till\~ svch rd~t\OMitips art• U51{'d, tn pou-ticulttr~ t o for4~~~~ ici• 

bTtOlk:Up Ot) tM hc:~;dy.·:l\f'nl- of lh l' W'•St('rn f)\· in:t. 
.As an t.•x~:~~mplc ..... c ~l\·~ ln Fsc.a.r~ '"' the r~'arion~hip for fo~!'-tin~ ic•· 

brt"akul' on tht' WttH<"m 0 \•i!\.\ ~~ th~ to•·n of ~Uf'+'lh. In this coiiSt" thf! ...., . 
quantit)' If• a)AO 'nclud4.'1o lh'-' hc;H lt\f'\Jl durin.; ch:a ... ·s, but tJ(YS nut indudr. 
th~ Ju.•al af'IPut durin~: th"' bst !I d .. yA ~forr ar<- bt'4·~~up. Jc•· bn·irilup on 
thr uppt"'r courR4.' n f th~ Vh.'lll tt'm lh'iAA lfo :.~,c;o-c1att•aS ·..ttaCh a riY' in ttv• ..-::J.h•r 
st~~i'. tlow('~·Pr, lh~ nucnllud,• or lh\• tn.-sc.• ri~r "·aritos o:-.;y Httlr and 
t'h~ a·don' in Corl.'c.,~1ittC let b rc.llc.up. •t m~~· !Jt• n•·ch·C"tr d: 

To Corcc6t.S\ th .. ic"' br.e~kup an r"'Ctl' •·hi<"b no ...... in r t>J:ions • ·tth • sofl 
winter pcor if\ snow :.nd with tr~~U\'n' lh:..•·~ crOJph~ a r t· tHwd ti-"1~"J I' '-' r, ;,,• 

• t~r lli'•j'tl \n r~~\jlf' t:~ "·u -"''\J ~ IJ"• d ~~~n•111tt "" ttiC' t't~\ofr•• al ,,..., w • u ,..j lo:'~'r!,.,tl ..: ··~~: ,;: H.t 

}'U '$ torl<:'rt ru"'' :t nof';Ht'll "' t ht ll:'l" f"''I1<'U,:t rtl• •,.~•u. AI o1 11'1'1111 .-1 ,.,,, r.on,...~ ! -=-\~ntt<"'l i!Ji' I [ ' ' r•·.:,mr 

told\f' l'flll';'<l I(':,II'IH 'IIflthcUI':ff!l. 
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(7. \') 

wh~rl• -~0, is tht' sum nf the t.li.iily fJosllivc ~•ir tl!mper~ttu·l'!s· duriO.ij: the 

p!!~lnd :t·o~ _nw ih:c..n•li_co•l_·~~ss;Lgl..· 1hrou~l1 t1"' ~nlil ic~ br'1:akup. (1hc:" 
th~.or;'~~:t., tr":t·n~H~t~n. datc 18 the- date or Uu• lX•glnrlin~ or the 'o\'arminJ,! {up lO 

;~ po~~1i,·r:- t'~ntp~~rntu rc} whkh canst-s tc.•<• hrt~:.kup}:- !9. is tht:> sum or liH· 
t ' 1 " Lll 

f :~'. :· tJ.OStti\·~· 1~mper.;.ttures or '.'.J.~h •ha~: A! iS ;L r;,clor- (sm:tl'kr 1hiU1 llJli ty) 
'~h11.h IS dt:"tCrt:nifJ('d for ~"llth th:tw; l:(lr?h_0•) is lhe f;UJ)I or tht.~ t~UiHltltit•S: 

~~0. duriug 1t11~ stable ic•: pcl'iod~ D· ls i)ic th<-or~tic:•l datt~ ror \\'hich 1tw 

Oil r· tt·mp•·ra-tur·~ J)'-'SSt:'S th1·ou~h 0"~ ~0- is 11w sum or the mE.>an-diut·r.at 
n~·;::otl~\·r• ;"'i r _t("r:"P(>~UlrJrc-s dur·ing lh~ stable.- ic-P. l'h-'ritltl, 

h Js r-.:cotntnt'JHI<:-d h) dC't('rmin•~ th'• ''"'h1es of I9. and ~0. from th~:-

d,,:.nirw.! t•~:np.-. .. roHHr~~.~ (fur t'XO!.rrlpl'~ il!5 nu.•>Js\Jrf'd :l JJ lr'O ·;~;) 
Tlw \".<1luc~ or (~9. + .1:(~~0.)] •~r~ plotlt•c.l Dl\ the nnlino~tr;·~ ·~lltd lht• \'a hit'S 

of D (lrJ th(• ~~b~c:i~Sot; I~- otr··· the sl•r•·uwfet•:-s of th•: -~1)1'\1\.'fl . 1'11e r~ICWr 
k f(Jr · ·~;~h thdo\l' r•:rw·:.-~r~nts thf!' ratio or 1h~ \'Mucor /(0. l:O_), COl'l'(•spontJ. 
Wf~ 1l) 11w d.,u~ D or th~ tht:"ort•tic;'l d:oh~ of tl·~n~ition of lht• otir' 

t•·mru:~·.a~or:~ thr·ougll o· {s~(!' Figur._.,. ~5}, to \~1(' \'Olhtl) of I (D. 1:9..;.). 
~~~r:.>~j)l\~dtn~ l_o th·~ date of tlH~ bt•giltning or !he gi\'Cil thJ.·.\· for· th.C K~UO•~ 
\.t.Uf_ or .,.8_ (fnr -;)H~ da~(> or th~ Uu~OrNic;tl tJ~unsition), 

l'ASL[ XI, EumpHc af l:..&lCLil.itih~ •he- ~Uil'' .){ r~(tH'~ .aU 1CI11(\Ct.Uufd Ot'{'Ctl<l:J lt~r jt'r 

hf•:.llon•p, aHn~ thr !.Ide- of trit-,.,:~.·u~ll tl.lll$Ui(lf'l (~I+) 

t ' • s I .. I I 

19ll Ill 14111 :tSI :n.o 
1~/1 1.2 60.0 0.-10 o.s 
:'9/1 16.1 70.0 0.46· ·7.4 
11/11 1.2 ~9.0 0 ..... 0.6 
U/11 ti.8 56.3 0.57 3.9 
2J/II 4.5 4S.O 0.~7 3.0 
4/111 7.4 41:5 0.77 5.7 

I~K 

L.;t us c.Qn~ir.lcr thf: e;.:a mP:t•~ of c;ti~~latiOI\ or.~O.-, rn,:.,dt· in cnn~wo: tion 

with llh' i·c,.·-hn:;.kup ioi·~cust fru J!J33 :..t · th~··towu Kh<:rson ~in tht• Lllll~p··r 

(T"t.o!•: ~:n. . 
1-\r'IO'.dn~ th~ <J;~~C" of lh.O:O bt~ginnin,:: •)f_ - ~h('- sto.~.hh: h:C~ perfqd oulllth•~ 

pt·~_·idi!!l~:o d••t(~ of lfH~ tr;m~.i ~i r)ri- Qf th(. ai r·tc.inpr· r'ottun: thi'ut;t::h 0'", ._,.1.7 
<.li.:tt! f"min,: thl!" _qu;,?t~l)'_ ~0.;. c..h.i;-ir1g lh~ }:l:l h!'~- icf•. J)i!rl_,,d·(~unng 1h~· p,· r tud 
lwt.\'-'('n the inUiCoL\ P-d t.li.lt•.!S); It is ·cclunllo Z51'-, W,_. n·ctJrd tht~ d.~t,•s l)r 

tht• IJl'~inuilll{ uf·th;t_:.o..·s obsen.·•.H..I in thl• -stabh:o ic•: p•~dod, l='•)r •::&ch 1lh• ~\' 
from 1h·~ oh~t~n·;1lian d~tta m 13 l•o".Jf·.-; ·J.•c IJ4:wrmifW tlw su·m ur U~·· rf;u !,~· 
~:J.i•~ l th••' '-~i •. ll~~llp•~raturt.~~-. Furth r,...r. C<n' t)•<~ vah.1C. 251" ,,r .!0- 11:(: rind on 
1ht~ onJinc.H• ~.\r - (:j~iu·~~ 65 liW \'a1u c: or·ttD. !0_) fof' 1h•: pr(!di.c.H•t,1 (bt•~ o f 
lh\.' tn~u:iitio:l (th1.• I :=it- H~·.u·e ~1\ col umtl 7 J ~r1d fcir lin· d ••kS o f f.·~•ch lh:a·.o.· ld~l~ 
fn:1-~:u·inr; f'i;!'J•'{'S iri C:Qlm.nn "i } . \\'•.• duo•:~rmin•.•tll•' \'~t : uf·~_of k : for thl~ 
put-~)OS1' '-n~ d i .. 'i<k th~.: ,.;,!U<.~ I'Jf .J(D. !0.) ·for· th,... ctav~ o f ~l~r.' Lran!"itJ(nl (~'2~ } 
hy \IH~ ''ilhl•~ of f,D. ·!:.'1-~ fllr· ·f: .;,.ch th:t·.,•. Fur t''XO~mpl_•~. in (;1;(},:,.- ~-r, oh~•·i"r) 
tJ1;· fo;c wr. fo 1· th·.•{l,.._ . ..., ·xhid\ ht•$t:l.n On tH .tam.::t i'Y· -~··· (!i\'id.-• :~2'· h:~ nn·. 
(,llJt.;a~ninJ! k = 0.40. Thl~:'l -.\'~ nnu the \'Ol !II•.'S of i!6. (o~· .- .;,~:1. l h.1 ·.-.· ~.m~. 

" _..;Htmninl!. r,h~;ain ~(k!O .. ) ·ic:i ~ ~ ~ . ~ubstl~u~ int: i n Nl,U<•l i(m r!l , \') r !~· · \ 'H hF· n! 
l!1 

, lD. !:0 .. ) fur tlw d.-t.tt'.' or tlw 1.1'~11:1 iti•.m and til•~ \'iliH•' ,_,f ! lk~~O.) . """'(- Ob lain 

ft.:•r thr- J'('lJl:ir•.·r.l \'Lihli' •>f fO. 

l:8+=32"- 21• =II".' 

Ln Pl·lie t· tt• ~:~~~tt!r·n'lifl('" th~: if;,t e of ~Ct! b•·r••~:ap ._,.,_. h :•\·•· :o h :-TI :lit.- d:it •· .. f 
~\CL'.uan~ !~Hi<m vi [IH' sum or th•• 13 hm:J·s po~Hi\~~~ ~·l r ~4?h•p··~·;,ttu·~·s. · ·rpa1 

to 11 ~ . 
Tu (lh~.,ain t ill' c;lku1oJ Lian '-traph I_'F'~gun:o Hr>), ;t ~i:~• il;or ~_r.:.ph ts u;lH~.~ ~:--

p}fi,Wtl fm· (;~t.~··~ ··d ••:p, in1~1i• 5>tah1•: ic.: fll·ri,Jd t1nH l th.:~ lh•:N'd ic a l 
t L·,;m~H\(IJ~-. th•·•·(~ w,,,.,,.. i•lS~ ~n:fic<H"H- th.-,.w-=' Cl:· 1,,,. ~I""'"S :u ;t lt . T h i:-o: tt r·-·ph 
:cwn-t·~ tv dt•H\I"n1i1t~' ,lw fac1or.s k tO ~k (h·St .ilpprmumt.\t}(•ll. ',\.' •.- dt•!f'n:a~w 
th~~ \'! lith'S nf k i :' tile.~ .i<l~:"'lt' w.ay ;-::;.in 1l1•-. c ;t-~\"ubtit:t~k o f 1~1• ' l.JJ'•·:d·~ul-. d., 1~· 
ls•·\.· ~lhl')\'(• l. "rw·.\')t\l,! thc . ~•tJ"l.H"O~~mat!~ ,-.·.Jat:~ r:-t •• •.v~ , ••• k~:i;,t•· :lw 
\',d \H'S of. '!(k~O .. , _ .-\dditl~ ;o tln· l~tt.•r tht" ..-a:u • .-:-; o f f0• ff'-'~n t!t1· 4n: h:-•! 

,bt~· • • , ... ,: ohl;i ln th~ -..·;tlU.:·s ·ur ~~-.. + l:(t~,e.)) n• ·t,~l·~:-o:•r••;o f o1' plr•ll t!tt: 1h t• 

c;~kul•uiun L:: l'·i.ph. Fnm~ th~~i"(> \-;lllw .S, ;'I S: '1.~ ·-·11 ~~s b·<,m th 1· t.!.• !· -~ .. t 1
1
v.• 

t1•.w:oitinn ~1r.d. ft'l1JU th•~ ::=u:n~ o f tln' Ut!~~~:i .. · •~ !t•r lt_•mp·~r-ahU"•'" rhn·lll~! tlw 
5t.o.th1;_· ic•· J'.I"L' it,~l. '.\'t' pic>l tht' fin:;t·J.pproxw~-•tlCtr\ ~~·•qlh, Fr·un) tJ '-"'·' 
~·o•·~·,•et ~~~~· o,.·.htl•~~ nf th,~ f;u;:10I'S At =•ltd n•j')••;tt lh~· c.l]_..._~_u!~t i on nf !h•· 

cpt:•ntitk s !(~~.). 

U.;;;_inJ: tht• latl"l'. ·.\(· ,,,,,t th\.· S~"~t'lad.·~•JlPI'o~iiri~•Uf\H .:r···f'lh ~ Ull i!ar!y 1n 
~h·· h-,.!"1-;q-,~H'OX1n1atton ~.i':•ph. 11ll' :;t··c c:.•n•f ~,:-aph i~ U!->'' I.J ft~r ... -,~~e:·~. ~ti~l,L 

U l'h'\'t'~ fu r \~ha<:".h llt•• ~~~lVl~ f~u-~·<;;-~~,ir.J! m+~ttwd i~ ~~~· ·d h~~,··· •~ j,, i!!t 
\\':\t,,:· - ~!~ll!l' l"i-.";t· with~<''' l't' £•.aku 5') Of·<."II JTinr:: hdllt·~.· ID. l!' ,.,.P~:·i.l• ·d. !h•• . . ~ 

hl'f•;.l~UI~ futt•-c-o•s! i:: I'JI'I•p_,tro•tl in :~("r'01'cl;nH:•• wi1h tho• r.-.,·,··~;.~1 ,,r clu · ·.•:;•1•' J";. 
!\. 1 ~•1-!•· J'i~··- •,l• ~o 11!1~ \.'l'i1ir.o\) ~,,,~._,. f('l r i 'l'r:' 1·-n ·.,l;.·..:fl Ht>1" :lw C'~~··n (""n•t; n ; · .···~ L 

Ttn>- ~ri lil•;ti St~tgt~ ri::o ~.: fOI' tc ...... bn~;.kt!p i.; L'l•h:k .: t •·t! ·.t,•jth th·· rnr:'~ i-.•1' ·l~j' 
t"i\·~·•·ln~rL t"l.u· ;1. ~tv,·n d\'~r ~1n..'~~b lt d••tu·•HJ,..;: :' ~-~ a nl_;.;- ••:1 :h •' th~ ,·~.ri··<.:~· ••f 

, .. 



1hf_.' icC:· CO~'tll' <H_\~J -i 1_~ -'S~t·-..•ngt_h. -~·-~ .•~o·C~t ·a~- ?il . lh<'·-~u1.cr : st::ai;:<i- · b,·f0~.! its 
.:::·rilic:d _r·~.s~.\·;mU _h1· gr~m~~·u_1 ~:m ~t!•~·W;i.lhl'l' st,q;c in ih,~: :-_Htblc _ice -lll'·r'iOd. 
1' !_;Hmg th-.·_:-· :~wtl~ot.ls :_(O·r- d~tl'r~dnl~~ ~lw--. c~itic~l_ w_:&t~-~- !l~.<~~('" _ i-ific ·_wt.• nw_ntiO.n. 
1h(• ~ollo~-~~l~. Or~.-a graph, V•h~.it: ~h~ds.sa_. ~i~~:~ the ·ice-. t~ick:~css ·IIi(:·_ «:'r 
th~~- v•~tuc of l:O~ _lsYriOI! ·,h,._,Stul~lr: {c~· p4~.-riQ-d,·. ~n<.l _ ..,..~<J5r.-,~rditio•u.·-- ~:h~<'5·_ the 
~Haf:!'--' ._·is;•: hi-·rlln~ · rc~ h•·~·;akup (o'\'I.'T-1h_<' min~-mum __ si;~bl~-: s_~ag~_J; -_.:'AH ~- thC· 
polnt:; (hu', ·All) - or. {IO.:... /\~) . a1:1~ ~'~mH.•d (o~. :.~.11- ;~l~c - ~-r:-t'3kliPS _v,iho~e ~aQ 
i,;..,·t.· -_0·:-~u.uS~·~ i_n ~(:tti_nJ{ uP the rclOltt'(ln~hip ._(;,y) • .-· --pti_thts gi·aph·_tof:c 
riisliiiJ:\·d~il_ b~twl~'.·n · ctls•~s of ic.__._ brc;:,kilp h~:ro•·c : rccO·r~i_s~·g·:~£ -~l·c·:,·alu-e-- or 
IO~ d_('lc_1·~nin(·d from Figure-65, ·nu~· pO-ints n:pn~~_{•ntirig lhesc ccu;:c~ 
\ ' . . .. . .. __ . . .. . 

~•su~n:; Hi> .it~· tbc upp(;f' po.i.rt.- '?i the ft<"Id;. These ·pointe:;tre ~o~r\ect_c_-C(b:y .n 
lilV! by the followi1t~ •·elations;hip 
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Tlw (lUI'Oltltm of it\' ctr·ift <m fh·c··~ (~~"fl.t.:r lt::l"lu·c;~kupJ is wholly' d.4.·tC"r• 
:llln•~d hy ll~·· r.Jim:.ctic J)''CIIIi~t·it,t.·~ or llw difh.•a•c trt pa:ns C.J( lho.: l.l;,:osiri. the 
1lin,•ctiou :.mJ \'t:-locity of th<.· ;Qt ~:.:n. arW Its lrihutt\r·h.·S. oind the: fli'C6erJc"· ~f 
l<ili< .. ·s ''' tltt.• t"i\'rt· sys~('m. On rh·'-·n; u:ht•tc lc\.' brt•akup ouh•:nu:cs 
dn'.\'m;tl•t•.rtn. Utt! sprint:: icr. d•·ih is .• ~ts o) ru.l~:. :iihotl~.-; olht!r r.:onrJiHons 
l.lt.'in~ t~Cl.U~-t 1h:m nn rivt:rs whoRe icl] brcnkup ;ulvanccs upstr''"Hl'l, 

'J1H: yc~:)rly "'·al'iatior) i•~ ~hi': llnt•aoou 0! th~ ~'~Pring tee dr.ift..<m i•ach !:!;i\·t~n 
t'in·r· Str~·tcb is d~h,rrnin~ll by lin.• thic:km•s!O of tht."' ic-c cOvt'r iuH! t>v ttl ... ·• 
(•Xt'.'~lt tO ",'l.·hic-h it is dC."-h'O)'t'd l~:J'o\';.lJ·d th(' bl'J;itHll1'f': Of i.ce dt·ift ho:\'~'J'd tilt• 
lf:l!t•·o f ic1.~ br.-.akup), tht! cha1",1Cter of thl'brc;o,:i kUp. tht' .a.mt~UU or wah~f'· in 
lh~ ·rh-._.,. ~n~ fin;'li.Y. me m<'h.>Orolog_it'al cOtK.thiUt1s i~ the vt:riod Qf ict: 
dr-HI. 

w ... ~h·c.~ 1)l•lo·.·.· cxamplt..">s 0/ nu."1hods (J( rort"·~t.s ting tct."': c!t~.:ll'ln~ or fi\"1'1"5. 

··nw tim<! or iC!.' cl~·~uh•~ ''" lh!"! Z-:')'<:1 H.l\'C'J' ut :\[az.~~~-(}\"0 dCpt•r•uJ~· <>n lh~ 
tinw Of ~li:Jp rat";:mt:·C or tht:.• firl-ft iCP pdslill.!-0 at :\f"t.::UiOVO and :n ?'('i~kh• 
\'uro~~' {:4:to~m •lp!"ln'ilm from :\:a~;.tno,•o) (l;"i~m·(' GG}. 

'Olt~ tiln t: or ict.• ~~~ariu~ on tht" Amu~· Hi.\·•~·t· :u f::katr.rhto- ~iJ(I)) ·~kfi 
tl(•p•.•nds O!l dtf! date 11f !h~ t,.:·~lrmius: of ice; tklf• .:u1d on tht: fl'JI:It lw :u. fnptd 
to tht.•lt.•l!' CtJ\'f~t· thl'ough its 01\l(.'l" sur(otCc, !.q.J, ~tot dat~ pr<~C"dinJ.: th f! d;tl~ 
of th1! ll•:qjrtni•;~ o·f icoL- llrHt {l·"'htur~ £i7). 

'11ll~ tim .. : (J( ic>~ dct~rin~ on 1ht- Amur lUV('.r M th~ \:'"il)<lg(' uf nogoi'Od::ikOI.· 
<in its lowor- eou rs .. ·) depo!nds On the d~t~ or ic._. push o.nd en thl! m.a;..:hnum 
lN·~l or iho ~pring high WO!Ite-r :.t Uw tov>n of t\hab:t1·av:;k ("fi~m·~ CR). 

. 
C. FOHt;c,\~TS T,\KIX(; INTO ,\CCOU);T iiiE 
Df:\'~I.OI'~lf.!"T Of Tllf' AT~lOSPIIt:ruC 
PIIOCf:SSf.S (I.O;>;G. HM\Gfl FOil F:C,\~TS) 

Fo,. :-. numh·~r t"'f .)''~~•rs tonr..· raogc..• fnl'll.!r.:~s1 .1i of ic~ l.JJ't•ak:up on rh•(.•rs 
,,,.~n: pr·c [l.4 n.·d hy • t•:clmiiJliC ••ccurdil)~ 1t> which the l:wt.•;•kup tim'"· wits 
d•! t<'t·mint•d ()!II ~h'pt:rKh:."nt On lht• CYfK' of th~ ~tlnlOSJdH.>ric t'ircutr.tion {~~..-. 

Ch:Lflt!."r I, Pon·tC, § 7). and on the wt~.J~E· lt:mp~r.:LtU~ t u •h~ nonhcrn part 
o! the Cul( Sln:am. "LllC ph,y!iicnl l.Jasis· ro.· the lU! (' or the latter ch.;•r<lC· 
tr:r·j-~tic ti1.•s In the fact that tlw hiRh wntttr t~mp.-!r.ltur~ in lhr. unrth·rn part 
or th.:.· G\1lf Stn~.am, whi!r~ the m:nctmum h.:-o:f.r tl·;msfl·r from thr wntt>r tC't tlw 
~ti-t' h1 tin.• ·.wJu,fJI" months occ::ut:s, cur1trihutes tO lh(' appt:oarance or ;1, ~tahlj} · 
pn'ilHt-c :tir·t•ltnp•:r·ature ;tnon~~ly 0\'r.r this rt·gl01i ilnd of :• HL"J:.-th··~ 
~,. .. ~mal.)' m·•·r the ETS, Tht- htttn" is connccl4:d with the form:ttln11 cf 3 hif:h· 
;,hi1U,it• Jlrt·s ~ur·•· ri~l~(· o..,c~r- 'AI"~tf"nl -.aters of the: 1\U:~on\ie; :•1tur~ 1h<" f!.:t~h~rn 
r•~·l'lpht.'I'Y r)f Ut i~ r•irfg•· cold :•ir- n'ali~l·s Cram lh(: north a:rrl\·t· at thr. t;T~. 
Jf th•! '.4'!ttf:.t· co;·mpl:ralun~ _,r Ou: Nnrth ,\tl~t.titic 's 1ow, th~ invt:>r!il(' sihmtion 
''rhw~. Th'.s J'oJ'l:•Honship b~l~vc-('n tt.•l! t•:tnp;;r.tlure ~narnatic-" producf~S ·a 
1<~t•~ nJ· ... tl"l)" ic•• hreakup on lh~ rivl!"r.!=ii of th(' t:.:TS. 

[:1 rnt·(·C::'ISI~ of lei~ br,~••kup Or\ rh·~rs USC! 'I':Us mad(:· of the f~•r.t th~t th.r,o 
ah.•·n .. 1li'JO o r th•1 prc.·vo.tlinR cln:nJahon tyre~ durin~ lhc months nr J:lnuary 
mid F··hru:ary •fdt!r mJ:w.s r'ht.• ~ubl'J<'QU(.~t d'"' "('topmcnt of atmo.~~~opt\r.r1c 
pr'oc•: s!'>t.·s in lh•;• spl"ing JnMih~. 
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tn practif.:~· • . d~lt! w .tlm ~~fi(nc<! or inr.:omplt•tl•n.;::;s: ~~r the ·A·~,H·r·, 
tcm~o~Vra.iurc J<ita foi* thc)•;orth J\tl:lr1t1c, thi_s t~:rnp·~·•·:mu·'-· ~·:~s rt'lh"'C4.:d hy 
[t!:l •:quiv:llcnt i.1i"i- tCmpt-r~~~ti-t· o:u~oma,l~~ ;.\'4.~•·-~R·~~ O\'•'r ·t•.e ETS. ·nw~ 
rcd~c~d the accur~C"Y o~ th{' f~r:-c~a!>tihct rd~tionship~ -.nd or ~J·,~: fun:c :l.!'t:i 
tht.:msolvcs. J>e~pUt:' th•~ gt-ne.rMI &t~ ,i.6(a~:;to•y .. ccul':..cy (}f the fon~c ... 'SlJ( 
(abOul 8~. ·fn a nutnbt'r -o( CaS{'!S the for~·c.oiscs lly thi~ n,• ... dtt)d 'fl"<.•t-.­

un!'u..:ccssful. 
Trte pl-inclpal shorc~o~•ing . qr the ll"'H.'thCJd is the f:1ct_ {}•at th'; :•un~::;.l"ht:!·h: 

pt"Oe(!SS4!:i. a·re. qunHt~h\"Cl)'. l'Sll~~t<:d "?Y. m~ans or thf..'lt' das.:;~fu~.;lt~\.10, r11f"' 
usc of"thc -ROlriU!· t.•:n.ilnntc~ of-~c atmo;phcric: r.trocc!'s~·~ ;,n•l cumhtums 011 
thl" \mdP.rlyi.ni "ground th~\ inr:rm:nc:c thcrn. ro1· z_·i\'l!rs.hf d_lfh·t•·i.~~- ..:.,·o~:r:L,-.hir.ul 
n:cion5 or the ETS i s also on_l)· a VI'I"Y I'OUJ:h o.~p_pro,.;inl:'\tlfitl. F tuuHy~ th~ 
t~doptmi ~chi-ntt=~ of ;~lt.~rnation c,t! tht· atm_ospht~i-i.c prvct·,;:;•·:~ hvtm ·.t'UH•·r 
t(l spd,jg alm~sl a1w,.y~ c.lu not ~otr•'C:lly r• .. :.rln: l t\:r• tl1l<• ~h:n·i•.lll_!n~·ot ."f 
tlwsc pr'OCCS!i:I.!S, .t\t the pre.s..::nt UnH' lhcrdQre 1his r:,_,~lho~id. d··~.iln(.• au, 
ll\.'1\Crnl c:orr ..... c_tru~S1<, , canrlot _b(• r~;-c:onun(·mlcU as a ba~lS !01· •·cmtll1.•· hm~· 
r.utA~· fl)l'"~ca~U.ng .or tee brl.'akt•P on , • .,,..,.,·s. . . 

Tht"· method!!' us1.•d :od~'Y. f~r lon-g:.. r~ngt• ror•~,;.•c.;,~l:5~1n~ 11f 1c•· hrt·akup on 
rin.!l"~ an."· l.as:(•d tu\ ~n analysis and •lu~•mit•••h·<· •:MHn~ttitJn •.•( lh~,;.• 
atmos p tJ(•riC: pTOC'l'SSt,'.f, CHIIS.irig b,.~,•akU[l, '.L•itll due :t!lOA'~fh~''~ [o'' Ol!w r 
tuclOI'.S, <.\~ t1pplh:d to r i \•c r3· of ditr•:rcnt a::;col!r:.\;1hic:,1 r•: j!ion .. o;;; '..\hic·h 

h\fh1\'r\t:c: btcakup. 
}1\ WOr'king o·,:1 m<.•th~dS for lon~-r;on~\.' roJ'~t;'ol'5l~1t~ v( it"•! brc·~\kUfl l'lll 

t•h•urs . lt i.s:· nCt::'t!SStt.L'Y 10. fir\d a pt;a1;8illility uf eshm~lti.n.:. ·x~Ut n .o;ur_ru~l ··nt 
Con:w<uning pcdod. Uh~ time llf U:c bt•~;;irlnl:•g ;1:u.1 lh•:" Ult~"lt:-:aty of tlr•· !u•:1t 
fH(IU1 to th'.•iC<" COVt'r und to t11t.." Sllt.Ll' CU\'e~ r ill th~ J:h'••n riv~·r ha~ill. 'lhi~ 
\s the bo.t!'iC 3;Hl most dllficfdl p:u·t (o( alw pPJh!ct':!. ,\n ··slinl~lh' uf th•.' 
thickr-a.•fOS :uui §trcngtt\ oC fht: iee ~on~ I' ,: ;.n, u:;;u:~Uy. tw tn;lch,~ du·t•ctly 
from obs\.•rt•atioH dat.,. ow:wil<-1bl~ 3t the nwnwnt lh•· f'•r·:~:,~.t ~~ bdnr. 

pr-~paJ'(~d. 
·n,._. tim(• of th~ hcghmin~ ~nd '1·-w intc·r+s:ity of clv• hNU inJmt a,-•. c-onr,··~t··rl 

•.dth t"hl! c-1<~\~.._.lppmf!l\t ~f the• -i.lttuospht:!~·ic pr·m:t.•sse'f. diU'ing thl..' ~p•·int:. ',\ ;tn 
tht~ nppi~tU'.;111Ct! '""d cJura.tion of ~o .. c :t1ll•d hCilt ·x;to,'I?S, Thl' r ... woec:;.shtlJ: or 
ttu~ lc•: IJrt.•odc.ur on rh·l~rs ~-ould bt• more :t~ctu·au• if it "A'•.'r•· h:,s;...-d Otl an 
\.•arty t•etln:~hOC\ nf ~:ueh h•~oJl wJ\'l.."s;, fl~;t·Kt.'\"t::r. u,._. r.-.:rr•;n1 s :au: '-'f 
kno-.w1l'da::e of th~ t.k\'••tCtpn\o.!;U or ::.!cno~pth'n<' P'''te'-··~t",•:ot po...·l'tt'-il~ ~c.d1 ~·n 
l't~tlrn:ue onh· "''i\1\ ~ o;hol'l fo~!\ .. ·arnin'l: p\·ri(uJ. Ota:r ~':fll'l'ith·.~,..-d :•\'t'f""t.:··IJ 
dU\rilCt'l;'rbit,CS of tht: \r.t~,;.•nslt)' f.)( 01•' ox:rl·nl(llf:·t:p fll."l'inds durjmz l_h•• till\1

' 

ittt~' l"\•.:1.1 Wh("tl tfla-.• or iCt' :111d ::;UQ'A' m;ty !=1ar·t onld k•• hf"'t'~•j.;,~p em n\'t,;.'J'~ 
1"~". ~ec:nr com l:Je «.'!ltim:~t:··d with o1 l:tq;': rftr,~u.·:tnlil\i:: p•.•r·i()'c) {;ohoot ~~ lt\llnlh 
Of ;nor~)- Thus. r')l" t•;.::ttnph~. tht• ...:.~\lnol, ~ortlwr·n livin:l, l't·t:hoJS'a untJ 
Oh' ri\·.~rs ·.o.·ith tht."i•· l.l·il•Uli.lt'i\.'$ lkl\' •: tl.dr ie...- ht't.•i<··n up in till' S··CfuHI h;IH 
of ,\Jls'H nr h' ~J••)'. ~~~duo~.:..~ .. - of lt···qm:nt Mtt.f 1U!··mft\"•' "' .• ,,.m:n,::·IIJ~ 
~~ r\V\1!-f ill Apti.\, llt' ' h,~at lnpul n••f..···~s;, •·y f•Jr-· i (' •· hro•,,;..up t..•n thn>•· l' n :••rJ'i 
nH\)' l~xl~l ~'lr·~;u.l)· by the~ mtUlil•~ or ,\pt•il; in th•· a=.,:-:•· ,,f z·~tl'l: :•m' ·.u•<.•~. 
•.o.•o•rrning.po!l"ii.ld,;;, tc\' l.Jt· .. ·.akS; up only !.•t·~r (\ta:oL T':u ;c., t!.••·~:- •• r tlt•• 
tp;:•! bro..·:~kup f;:H' thl':4l" ri\·~r:-> coon, nh\'l••u$ly, ht· rf,•t•Tl~unul :k~ d•·;>··tJdl· nl 
or- th•• tnul ar ;1\·•·r~l!~·•i chanu:h~l·i~th: of ;\;q'nHn~· -.:p p··,•it·~ls ,n :\ 5Jn1. 

\\'urmiu~-up pt·rlneli in Clth··•· munH1~ ~~1·t• t~·pit' .• ~ c.•r .,t•h·r· r•'4!il•m~. 
()( (.'()UJ'.sc· •• , ro1r1icuJ;•r di~tJ'Jhutiun p( th•· tina• tlC ttw !)(·\;l:LnlriJ: .. rul ~·f 

d\t' hlh.•HSity n r indi\·iduoOil -..·;tr.nin~·Uf)tiUtof"\··•1!<0 m~•'l ~Jti•J'•1·iah!y ..t!f4·rt tJ, ... 

d.ll<'fl; oC"~f iCI.' brr,a loc•lp C\t' fh·\·rs. 
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Wlft~tl ttu: Ju .. ·rloci £or which the J.:L'•_l~·ralb:~t•tl. hcoat-inp~Jl char;.e u!:rislieR. 
h+LVt• to 1'\.' nhtilin~:d is. di_.\t.•r'ndnt•d. it iff ncc~fitc<\'t•y co· clU(iry ',whJc'h 3tc l.hC 
h.LSi~' :llmnsj:>l~t.·ric P:·nCt.•_sSc~· 'with 'Nhich. lh>e-. 3J;"r"lvnl _~r warol atr" maSSl"& to 
the l!h·,~n ha.:-;{,, or rt;_gf~n. ls conrl!::ct"l!_d." 

11H.' a n3lytis. or Ut<'HC prOC:t::\1\t"l'\ 5houhffirs t be cnrrie(J uuc «IUitlltatively. 
S·f'ltl\f:'-1im("_,. II iJ: po!->t~tU)1e tl"l_usc invt~f'tf~o1tiona un thr.· r•:git'H~nl syw"11ic 
r: ... ~tt)f'~ h_f tl1•" &tiVt_'tl r·l.·J;i011 Co1• thl~ 'lnlr'p~;;,,!, {Jrh~ll ~uci_l tiw·~~fl~:tatlOfl!i. ,do 
m.11 t'Xhil o~· ~h•!y do rwl C01.•cr the procC'sScJi whach c::O:U8c ' thc wa'rmin~.;.up 
pl·:-iocf~ in Np.rin,c:. In the Iu'ncr. ca.S~ ·s_UCh proc.ris8cS-ho•Vc to be · 
.::h~~ract'! ri t.l•d ltldt•pcndC_ntly. 

~pring 'WOI>rming-~up pC"rlod!J :trc usu.l.lty ec•nnuctcd with th(' trO*n:tport of 
h-i.";lt in cyel(lnic systcm~ whlc:l• move to the: ~ha•n rt!'J:JOn h-om the' "-'r.st or 

~outhn·l-.A(. Ho•.~o·l!t'•!r;: unt.k!r differe-nt getlltJ'l\flhicat corldition~ tht:!.lnCiue~e 
nf iht~ t.lir-c<tion of uansport on it.ct tnlt-nSity m;r}· lit diffcr·ent. ·n\\18, fur 
('X~Imph"'. ror 1tu: 1-\0!mOt Hive r . &ystl~m heat ,lranf'port from Uu.• '"cat ;1nd 
~~tllhW('Sl ir:'lA, C'Jn til(> ih'._..-ra~c:. the saml~ intcm8'1ty, whc-reafi lfl the upslrc:irn 
pan of th(O d h' ·sysh~m corvcid•!rable shoW mcltiH£.ts usually only C::!\Ust"d by 
h(·=•t tr·;)n:;;port frOm llrP. sOUthw'cat. 

ConSid('r~n~ thC. proccst' lhntlc .. •itds; to w3rrl1ht£l-llfl' periollB, att~ntion 
Shh~Jht o.l~o h•· gi.1.·t:n to th<" sc~ic or lhc unch:rJying R:I"'\tnd en lhe p<tth n long 
which th•! w:nm .'li r mas&-ef; muve, It ha_f .lttc larccs.t 4!frect on ~·armhtg-up 
in .~h.•ppc r~J:iOn!';, \1'hcre tn !lome ye-brs lnl,;:(' :t.reas nr-e conl.plctc ly co1.·ercd 
wlth SJJO·.t..· nnd rrr.e af snow in oth._.c:- Y'-"Otrs. 

(.l\.·•~1" th(l -!Jnow sur"f~cc tho air c:ools down. OV("r b01rc- snit H w:1rn1s 
''P· Thi,_ difft•rt·n~e iK p;trttcuL: .. rly strong when clt;o;~r w~·;uht.••· p1'CY~ils. 

w._. •lote 'h.:tr ~n rt..~gtons whc r(! tl\e snow cov~~r tow:lrd tht' bt·aiunluJ,J of tho 
spd!lf:: tR uJ-...·ajs_ :!'\labl~. Bomc irrfhH'I\C:C of H.'t ~hlcktlt'-'"S on ic•· breakup CjR 
,.;nm•.-timC'~ tu: noh!d, 11,is i~ dm~ tu •rc ract d~1t If lh(' f!:now res<"r'-·e-~ ar-c 
targ•.'. ,, 1.:an;P !Hnount o! hea t i" r•~qU1J·cd ior :mow•mt'lt wa\P.J' \0 bc-~ln lo 
!lo·.v u.1 Ut't dral nt.tg.: m~t. ~-n $uch c.-s(.•s U1e depth of tht." snow p:,ck on thl" 
ir-t• i~ o:•lso lars:cr, which dcl3yS- the tha\•dnR of snow. 

U:1ving: rc,.c·~Jcd th·~ birsic prOc.<'s~~s causinM tht .arrh•.al of hc:.t to thl.• 
J'h·•!l' has::iJt ~~- •·•·grrm und•~r C(Ulsid(•rallon, it i!t ncceRlW.ry to jm,.•cs;tig.ate 
fnl·thl_·l' th·~ pu~~ibHilies :IIMt nu:tl10ds o£ .ror\ early (.'t<tlimatjo" or lh,: cJ,~\."l"lop­
lll·~Ut <'I{ th{"~f." ftl'tJCt:-~!ff's. In thi!\ c~H•t.•, it i1'- n~..·c~·sttary to rcmwt to lone· 
r.tftR,t~ '>T•~o.thcr forcc;•S"\I'ii , fr-otn v..·htch it iti pu~t~tib1r to form ao ide a on 
thr h1ws gcn:~~.•rninc lk(~ (h.~vclopmcnt of tke blmospht'r-ic pl'occru;~s. 

!11 thl~ COl~(.' it ~houJd be boroc in 'Jnind that fot• hY,dr"Ologic fnrce.;asting it 
is sufflcl~rn1 to U~i~ Chc- d•'v4!!opml"nt t~aws ror u definite type of pr-oce&Sl's M 
a d•.·fir~it,.• tinw or th(! y~ar· and ln a dt!linitc r<eRion. ~y· uslng thC' tol;a1 or 
:1\'!"r·••w·rl ch:u·:•ch·r·i!HlCs or th~~~'~ processes. In p:~rlicuJar. for- ex~mple, 

fCJr lnt~s~--r<tnr.·• ron:c::astin~ or th.P ic~ br•~<1kup on many. riv~r}t Ch" unt-rorml1y 
<lf ftt•! ••ln\ns ntwri..c f)r<>C• .• ,.,...,.,. ()rl'\"l•ilin-:: durin~; 1hc S)'OOJ)Iic spr-Ing 
~~· ... son· j,. succ•:~.-.:fully usl"d, 

.:\11 rn.JX~rlaru st;t~t~ in worktnFC out il long· r11ngr roreca1Uinj:c tt·c-llt1)que- i~ 

tt~ finrr qualltilllti\·~, Objr~Chvr~ th.itl'3tlt•rt.Stics or itlmnsphoric: pi'QC~RSt'S. 
,\hhnuL;h u,.~ :H~al;.·~is or t)uJ~e l>roc-<·ss\"s .and af the laws I!:!'JV(.•rnintt tht'ir 
11•·\'"ltlplll''nt u!"m•lly tw~in:-~l)Ua\B:Jtivr-1y, il1fil not ·applir::able ·to a JivP.n 
i~u·••r.:tstint~ nwHmtl. 

A qualit01th·~ ··~timo)tloo of proc,•l'f'C"S in••vitilblylntro<tuc:••s into lhc 
t•~chni•lu'~ an ••h•mf.'nt of !\ubjl"C.Hn~n,~$s, t!Yt."fl lf lts result ht t';~~:prr.A!Jt."d by 
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:t 1\Umhr.r {for" (lX,41nJph~. ttn~ tluri1~~r~z· CJf •Jay!; Wilh pro(r~(t!;('8 nf a ~h'I!U t)'p••. 
f.'lc.). 1::xrc•·i•.•nc•~ shn•.r.lR' IIHH 'Ntwn u~i~l.( forroc:•~tinJ.: rn•·t.h(nfs •,duch cnnt.~tn 
qy ... \lt~Ht\·~ I'.Slimah: l'i ()f tlu.• :tlmO~pht•J'LC PT"f•Cc~$(!~. the ucc:ura<:y or for.: 
cust:! tor u iiumbt•r of y-~ars is .. as u rul~. appr•:o.elably lowc.•r than the 
C::fJIIftd~:'nc•~ lhl1h ~$ (h'!' mNhot\.· COtk:ul;.h.•d froiD d~\;t rr( c.hct:'k ror("Ci:•!liih tnr 

pa~.~~;·~;~;,. of llw (p1:.ulit;•ti\•(• (::)l;,ru C11:n:ai~~ of th•: ;a'Jno:-;piwr·k Jl~'tlc·:-"'~··to 
tl(•plmUs 011 the pc-c.;uHIIritics .of .tla~ proc~:ss~!s ~hich i1. lih•mld r~n,.c.·t. ll1ua. 
if ·_tht: dir·~ctiOn-·or oair•· mass transpor-t pl:•)'S ttu_• main f"!.JI~_ for ttw·.~t~\·.~•)(,p­
mt..nt o( ·...-;nminJ:·UP p(~dotls, ci~cuh•lic:m indic:•~s. rdkctln~ ll••: (.hrt.•ctlnn 
r 1( t)l~ Jc·•t..linJe" c1Jrrf~1tt hl lhl• tl·(lposp}Wt(•, COLI) h4• us<:~. (n ,,_ num_t)f~r_or 
\!;1-:;;c.tt Hat: pl·culi~ritlc·~· o i th"-.' p-r'OCl·s~cs 11rC 1"\:fh~ctf'rl. h~ 3 c:.omh•u·•••o•l o ( 
fluctua1inns oi t lu.' nu•Leorologic~•l r.Jt--mC'nt!l ch:~rac\H'It'hc or Uu:·nl ... 

Wlwn th(.• com.liti (ul-S 'A'~ir:1• pz·t>d•!(l~rruinf.• thr: inll:n.si ty f1f hc~'t itrrn·nl to 
n f(ln·r. dt·t.~a· bo~s·tn or rcJ:ion arL" ·~"prc:·U;<.•t1 by o!J;_.·,.cth·c qu:mtitati\'•' 
ch,1 r11ct,~ristic.s, ·-~'·'can reprl~s('nt, :.Is•> quantitnti\·dy, th~~ d•~p ... ·ntl·· ~c·· nf 
llH.' rl.tt(.'S of iCfl ~H·•:1~kup Or'l ri\.••tf'$ OM tht!SC conditiOH~ .. f\d (tfl o~ht•l' ti.ICtOI'S 

fic.t~ ... cn\"cr thic:kn<'~S. eke s;no·~ r-c~•:l"-'<'5, th•• .,.. . .,.u~r- Si:.~•: or dH<ChOJ.L'~•· 
chi•t'actr.nstics. o.nd otlv:rs). . 

·rh<.• m~tho\l.$ uto:~d ;,t the pr~~('n~ timl.' c:H'\ W~ dh·Jdc•tt toto t·• ·t• b:.:;tc .. 
gr·•.•ups. 1 .. :.-pt:.•nd:n~ 0 ,, lkc lca·.t..·s J:O\'t'roing thi! d·~,·~·toprncn1 •' ' '_tl<' ;tt nm!C!-pht"'rH: 
proc~:~if~I·S HSf'd 'n 1k<' (Or{'caStfr1f;. 5um•~ of lht_' M a rt..• h:t.~ecl <~U tht" _ 
umloJ'll'il~· of Ule- :ttrnospheric pr-oc-e"s;~;; dunn~ Ch<' :-;ync~pliC :opnng 
sc:1s 0 ,1 (~·1 ): Q,ht .. rS t..akc• tnto .ac:cour-.t tiHt tlt:\·r.olopm,!nt itnd tr::msfonn:.~.tlnn of 
\lu.· ••unut.;(dl•:Ot'1C proc:t•J.j.iHl·s rrcH-:1. 01~~ 5(.'4i.scm to anolhl.'r (~ :!), 

~ l. V(\r~castinJ: ha•f"fl OJ' th~ unj(ot•mhy of th~ atmo!'ptwriC: 
pru(l.."f"Sl"s durin~ \he Sprir~g synopllt: Hc.•:I!-;On 

h!•.• lt!·c-~lkup Oil tni'JSt rh·~:·-rs o.C Sib1..'ri:.. ~~ml o( th•• ltOrth1-.! rn h-alf ,_.r (h•! E rs 
f'•c:cu•·s us:uillly in th,• ~ccond h:i.IH of t\prO and in M•'Y. '!11.-i '.' hr~.:.kup 1~<114':~ 
tbt'l·f'fflri• O:it•pc..•n\1 on tlu: frt.•que-uc:y ;,ud iuh!I\Sity or IIU! 'N<li'I~UOi.!-~'1' ll•'l"l•J•h 
Uurin¢ thi~ p4~1·ind a 1td that (jln·ctl>' Itr('(!edint::, l.'-. i. •• .• tlunn( lh'' ssn·ln«. 

~ynopt ie !'w;o.sot' .. 
'l'hf.• .ipl·in~ syn(lptl~ ~e:Lson bc-,;in~ (~n .rht• 3\'l.>r'~IJ!.t' on I:. l\hrd~ ami~~,~~~ 

C"'t- 5 ;\Jav. Tltc t!<n•Ht•l\ bl.•J:inning- of spnng wa; ob~(''"-'«-"d On HJ l'·•hn~··r~. 
\ht.• l:u.-·~t on :u :\l:,t<·h. 

·nrc tl~i.\Un.: or lhc ..;~:noptic ])rOC'~.!-= ~·H"S , (j(.>\•<>lo.rinJ! wi:h Hw (tUSt·,t ~~~ l~w 
sr..-in~ f>r:-.ason. i. ~·., Ut'U;l!ly rrc.lrn ~ht" mutd.h· uf ~\ar~.~h to _uw lw~umuu:: of 

1
\pril, rm,k,~F- H ty•f>~ibh• tO ch·~c l·ibl' du• pr.ra\'~'ilin~ ~;o·nornr. prc).(."~S ... ,.~ . 
in thl• latPJ• p:u·r of 1ht.• f>:t.•.1S<Hl, i , t'., in .\pl"il ~rnJ "' lh(' bl.' f:l n_nu n! n f !\1r.)'. 
"'-' h lch tlii'CCtl)' th,ot("tJUint: tlW 11nV..' or lee ht;I"Ot~up nn 1'1\'t"l'~-- nll~ 15 
po~s\bh• ht.•1·omS.t' or lh•• <H•.sumptil'"ll Ch:H u:•HOrm :~uno,.;phfi'IC J'II'(!CI' !ii-W!'! 

pr, .. '-'"~1- dur·ing o1w ~ynnpt•c :"-t~:l:-;on, 
1r in March :trld at Hw h•·~innin5: of r\pdl ;;_\'n•'ptr(" )'li'IH:r:o~s••s \\·!ur~, 

Qb··· 1·~sr.! to tr~•nl"~·•·t ~~r w;•rt-n ... ,. m:·~~~,. \f• u ••• a::i,·•'ll r•·ain-n F1J'4•v:o1. 
h'•' brt·~kup nn th.;.• rh·,•rs 1:0 ,.,"·ly, If, ('". lht• gth•• t• ~10md~ ;H t~''-"' 
tim~ prOC'4:'S~f'S "nich '""T C.("tJH("('t"d wtth Cht• JK'rwtr:\lli.IU 11( _ C"u1u 

~t r •••assl"s Jlft.''-';lU. lht• hrf'aKup -~ ch•);ty-·d tn I·•Wr fbt·~,!ll;- _ m ~J;•y. 
~ir1Ct' •a quaHt;;tlivt:' \.'·~uai tktt.•rrninOILtiJn nf '"'~ c1.ah~ or tlu~ lw(mnWJ{ u f lh•~ 
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SJ~rin~ Synnpti<' St.o~Son frnm .totytlOph<" m;,r-s int!Viti'lb!y IC:t.d:t to inatC:Ut"<ttc 
<."~••H:Iu!i;ichs. iE is o:•..-t\·Ls~')l(" to t:sttn.l<Uco lhC ~ynrwtir: ·,,.,.;r.t·~!'l~il ror ·th~ • 
w-h_o.,·. '!'on~_h nr 1\l;•_ ··~h. This is (l(•!itr.ihli~- sinc~~. U~Lml1y, 'th..: loc;::;tliCIH of the 
f)J'lnCIJl;;tl r'ltJ~,~s: . .:•nc~ tt·ouJ.!hS nn !hat l)h.·an H:,_y."t maps £rir"l\"Za 1·ch: omd (or thL• 
.Spd!l(!:· ~•.'aJIOI't {"C'linr.:jci~·S ·a11.tJ, COn!H'"fl111.'1llJ.r. th<,' prj~\-~illnJ: d(r~:>diOU O( 
ta•otn.~p(•t·t n f tlHJ air rn;Lsst·~ aJ."o cnlncich·s. Thl! rot·ln h' \\')tich lhis 
t·c.~~""''~•i·i~?' can ht• u~·:d inwQrkin~ tmt Ol (OJ"Pc;:astin~t t.-.c;hnh11u: dl'ln•nd~; 011 
lh•.' ·fl ' "C':-UIIi) rj tl,.s- t~nd i;~ti~JilirHl5 o r Uw ckt\•clopr:rl •'tlt or ihft ~lmosphel·ic 
proccs~c·~ ·.drh which the •• r~h·!tl Pf h\.·o.t to th~ gi\~c.~n rhrt•r h:Lsin if' 
r.:•JIHl!.."Cl'~''-

·rim~, (or ••:~~::tmplc. tltc pri ot:hnl carullhorr £or· icc: hr•·~1ku~ rm ri\'l•rs of 
''-'••st Sltwd:1 .-arP ~lf~dc.u!.~ cd intt:nsl,··~ warmin~-llp. c·,;l{'ndin~ hnlh 
0\"1:"1' Uti! f1\QUn10.iHOll!; rr·J!iuns (If AtMi,. \\•ht~rl.! tltc- high-'NO\W r rorm5, .;,:ml 
~~\·l"'r t~!C h•wlamJ pal''( (I( thc ' b:t~Jr1. l~x~•mitl<tt_ioll of.'.:.toJ·oJu~;r,;Jl clilt:l· nn 
ua~n~r .. ·t~. v.·~•t'nlinrJ,:-tlp ncur thco' r,r·olm1t nn·tl.at nn altitU1k• o{ 1 km. Rho·.•:<:d tlml 
snell fH'I'I~UI~ of "•J."ar',IJ1in~-up a rt,• t:otU:.•t.•d hy luon.; tr·~nSJ)On !rum. Un~ sou Lh­
'A:•·st._ t:t1un~ 1)\lu.:r v.:lu::n cyc:lonc!l m o .. •e ! 9 W~st Si l>cri:r from lin~ A!adt ~nu) 
L1 ~J11 :Ht H(':u: or fton.nl Ct"tHr.al ,\~h• {tlroc:t.~s,.c-s o f the· AOUthY.·., .. slm·n type) .. 

_, =z 
flCI:'lii[ C:.t. Ch.1n ~ Atlltt~tlwnc pllnl:fiFft I'C rrtr UY~drwor~C:I6 
•n·t', c.atsuns; h\·.tt ,,~,..,..H, c•• ~,~o·t.'ll.5•h::ll-o~. 

J•C)CI~I(' 11Jjl'(l.,_ll\"(! ~""oUilit~tl011C lt.a.JCdO•Il'!, 

Til<> f(•r·nwa ion o! a d('(·p hi~-th-ttltil•Hh· tmrotnet·ric trou~b 0\'t.~ r the E'IS 
~·~vln( a hl t!h·IH'•:ssurc ridJ:(' rwcr SltJ•·•·la is chca.ractcri.sUC or proc~ssr:s nf 
H1(' StJuUI\\'I'SI.l" rl1 t)'pl.' {Fiq_un: tiU), 

In lhis ~·~,!0(• h~;;ll is ••d\'\:Cit•d :I lOu( thr• l"ll!'h.•rn rwriphcry or Uu~ trOOJ:h 
.,,MJ enid •u r rn-:.,.n.~~ _pt•nf'tl'.:tll" aJtuu: lh t• v.·~·!'l<·t·, ·pcriiMu~r.t nf the- h•ounh to 
th•~ •JoJ·c.h·Nf'~fhrn ~nd t!w r.•~nt r:a l r't..·a:ions of 1hc t:T~. c.oo~''ftm~nuy ttY 
co:np:u·,,t~! 1h<: ~ir· ltnnr·~r:,turr· fluc tu,;H ion tn w~$t Sibt-r-ia :.nd in th e · lndiicah·d 
··~~touo.; rot U•·~ t-:·r~. It i~ p{I!-O!"tihl·· ., , C1hJo.·c:ti\•(•Ly clr!WrmiiW the do.vs wHh 
J>!'OI.:l'~~'·s 4'1( lh•· F:tmthw•·!'t~~..-n l_vp··. wllhout :l \'isual C8Umiot.tl-t:Jil by 

- ,p;ynoptlc"-1 \ maps. Tht! rolla·o~orio. mfltl¥.Hl is u,;• d ror lhis: fvr' ~:-.ch d-.J)' (If 
M urch tht> 3\'L~r'~~t~ of thf.' 1n<:;au djurnttJ air ti:mpl•rMUI'~Ii •-1 1hr•.•o: 
nll!tt'OI'Oio~ical f\tatiOn!i in. W1:~' Sibet·io·l (B.ar·n:u1t. Ta\~;t ;urd :itll -~llt). ;~os 

wt!ll as 1hc a\·cr.:t~(,' v:1hu .. • frCJm two mett~ot·olo~icat ~q;, lion~ on Hw I·:TS 
(:"tlusr:<>WOi nd [ .• ~r),ugro..LJ) i~ ca'Jcul.a!•·c.J. n:.y!; ..... , .... ~ liP• ri J;~· in Ulo..~ UWiiJI nlr 
t•~mp~·t'tlhU'f" in \Yc.st ~ih~da w~~~ :..s:soci:IU(l w ith a tlft'l~ lt1 tlu.• u lt":tt1 ••Sa· 
templ'rtltUI"l.' in Uu! northwc~n i•ml <:<'nt<~l' o f tlw I::';"!;.;, ,.,., t :uns:lll!'l"l'-r.l •·~ dot)'" 

wilh ~outhw\'Jit~m type- p.roct~~$1':->. 
Ht•• ·•:vcr, lhe d;..;r_s of le t• Ur••:;.kup f'nl rh·~r,:.; .trr · :tfkct~·d no; ••uiy l1y tht.· 

£rC't1tt~'I1C:)'• but a !~ lJy th~..· £nF:n::-hy o f lht.· prw:c.·s~c. 1'4 •hh:.h r.~~~~~~- 11,·:•\ 
tr~nspoa·t. ThiS c u n t.u.: t!~tkcu i n\f) ou:cnurH b y th •! t ot., I ch:u·ut:t•· •·• ~•ic 111 1h•• 
warrniuct~np in ·•l:-ty9 'A'ith =• t lliO." I'h'·J•ic· pn>c•·~~·· ·; ur lh~" .!='outl.""• ·~h·nl 1)'1"' 
durlnll M"rch (by tlu.· sum or ll: mp~~roaturt• ri~>I:S). Tlw ~ll!H i l( Uw l\"iii "11T1 tl~ .. 
nrt tt·tnpt! L':tlll i"I~S isc.oa lcula t~,·cl tt!l fvltows. f:u1· ·~~H·h ll .• y . ~la~;l••d oa~ ~~~ 
d"-•serUw tJ abO\'!.', th" •:xet•SS Ovt•r -l5"' o( 1}1'! ;:- ir l •·fnJI•'I';Ah t n ··, Ol',"•'l~t(~•·t! 
ov •• ,. thl' '-'t' W!.!-sl ... Siln~r~;tn na•h.'C'I''etln~ic"l !i-l~'ti•'~Hi. (~O~ 0 +1 5') 1 ~ .:·.,1l· •tl:•l• ·cl, 
3n1S 1\jt;n lh'-.. w~lut•s of ~fl 3tt· ~ur.,O\<'d O\'l'l' aH .;;;•n• h •h•ys ln ;\laJ•c h (I!!Oue) . 
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.1-n~~IIVoltl.:t ftatlllt,t ~llt"lt~~"'h'>71"JI Uol~l''l~' \ ' \ ""-•:• ,t, J ttti ~II NJO: 
~~u:CJn v•hl(' !t~m I h.:, Ueo!lt.•t••l·•~tcJl l~ .. · w ll! fl.•:tll~l. I•IO:,J .. ~! 
~!l:,!:.:t. 

1-r.t \1~ follOW thC' t•·cl~ni•,tld O( ~.IJc'lll.Hillf! !ho• ~~~~~~ .!:.\ft1U nr lt'rl : IJ('I';thll"• ' 

tiS.l.'.~ in lhl" ··~~tnPh~ fm· ~lard• 1!q (L ·n~,· ~t·.,J'Ih:4 ••I !tw uw;IU-Ihut'ta.LI :1i r 
u•ntpo•r.JI\II't..'~ d-u' hiJ: thi ~ mNUh {r, \V••l"'t !-Oth•·n •• t :n• :•·• ,.~,,ur..,. ••( th•· 
m~·h•nr·ol<,~h:~t l ~Mfi<'lll:>: fs:t r•t;ml, ·r .• iJ:"a '~""' ~IIJ'I!UC I :, :nl "tl rh·· ... l-~ (m•··~~~ 
\'UIU<·s ,,,,. 1\h,i-::k\'il •• mt l.(.'HiUt,l';h1) ar•~ J:!h·•·n in 1·- •t!:\;l·t· ';' 'l. ,\ .; ft ·l1••.a'..: rc'•1fh 

thi.s nc::ut·c. dh' all' ••·:nr•·L'a1nn· 0 \'t't' \\'•·.;1 ~1h•· ,·i ;• .,,-,,~ t.•·h~·.•. -1 !( U!l'i' 

n: 



Hi :\f;.rch. Cnn:'ff.."flU('Ut!y. du• nrs\ half' of t\l~r-eh tlropfl out ~r our con.sid~ro., .. 
tiou!-0. Th•: tina w~,rming·up 0\'~r \Vct;t Sibl!'l'ia wlth ""simulumeous cooHnlll 
em dw l:'f,S...! was obs(..•n•C-d on 11 t\larc:h, Jn thls Cii.S'¢ th~ mc3t1-dh)r"nal air 
t•:mpt•t'Ut\lr'l~ CnJ' the st;ttions O.trnaul. •i';.i.gu and Sur~;U\ w-aA e--1:~~'7·. 
Con.s•.··-,···utly, ~he t.'Xe<"!lS or tltc: «ir lcmpe"r'aturC' over-t s• was 
.l0=0+ IS' M. 2.~·-

o,, Ill Mar·ch w.;trmlr,(·np ln "-''-'!It Sihc-ria .;.mrl cooHnr: on H•c Jo;Ts· 
.(:t,ntlnurtc. '111•: m -.•an tl•mpcr·ahU'"(! uf thl' w·~5t Sib~rinn Al~tions 0C' chi• d.-y 
..... a ..... u.2•f ttml .lf.l•$.8°, On U\ i\Jarch war.n,ini!•upl.legJn on thf! . .ETS. 1nd 
thi!'t dt•y ht tKlt tatu~n lnto :Lc:c<n.nt ir1 lhc cal<:ulatlon. Th~. Wi\rtn\ng-~p jn 
w.·:;;-1 $ihc ri-. and lht~ temru~rouurc. <:.,.,.,in the E'fS was rucw~d on 2l >\tarch 
;jnd (!()rtth~ul'C..I on 22 ~l.oarch, The t~mp~,-atur(~ on the&!.! d.lyA was: . rt"HpC<:tl\'\l-1.)· 
-7,!} ;,n.t -5.5'", :.nd the \'alue or .10 was ?.J and 9.S•. On 23 nncS 2·f Murch 
llN od r tCfllp~r;~tua·~ in· \V(>Sl Slb4!~·1a w;t.R - 4,2 .. , but on '23 l\13f'C:h . il-ro~e on 
lhr• fo.:Ts, •~nd thl·J·.efon.• only 2-t ;\lal"ch ls inciudetl tn tlw t~h:ulniion (40-
.,. I 'UP) wht!n th•.:- tt:mp~~r-attu·•• on lhr. £TS·b-:oftiU1 to··drop, We- should be anore 
pr·r·ci.!=il' by sp•:cifyinJt> thut rhly ."i w1 .. .:11 the ai,· tt'mp~raau·c in Wt'si Sitlcrla 
i.S mOli1WtiJ1t.•IJ Jti:Jblc a£tl'"r ti~inr: {10 \Yithin G.S~) ai'"P. inclu..Jcd in t~e 
r.-;l!cut:Jtion . ·n, .... co.~icutation thercfnrt· im·oh·t~d not only 2i March. whl('rt in 
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UGl'Rf U. ur~·l.a1to.1 11o"' ~e f.u~ •~lut- ,,, chi: 
1itnor at t« M,ak"'f" T o,ws ~~ n81tdl~ ~~ /!II db' 

.as .allllk:HM af 1N _,,.of lhl' 1ra1~rotlllft IIIC"I 
Cw;un•htr,•ur ~V•~o"''ltl tn Mncb %At. 

-~r••!{t SrhJ~d;4 ol shotrp h•mpt.:ratun• t'i2S~ (up to -5,9•) b-t:tf:.tn. but also 29, 30 
<u~d :n !\lo•rd~. •,o,.•Ju~n the .u'r tcrnpcrMurc ·o~.·ils moimnlned from -2 to· -2·.rt•. 
The ,·u.luc- r.)r 69 Lz1 these days wOJs 1'4~Spcctl\'l,.'ly 9.1, IJ.O, i3.2. 13·.s·. The 
total :o;•an or !f,•mp(:1'i~luri! rls~o·s duri"r:: !\lar-ch l !l4G wa& .1:48.;,1:1-t. 7•~ 

Tl•f: llru!l ... calcnlatP.d ~:h.:a,rilel..:rlstics of the r:oum of tt"mpcrature ri!il'":'l arc­
f~•if·ly dH!;•:Jy r•:lal••d to 1hc dat•·s of lhc i~t..' hrea.kup a')n lh~: basins of the- Ob', 
fny ... ll t1 1~l ~1iltdlc.• \'r.n_&s,:t l"i\•t•n:, As om ~xampte we «iv-.· Jn Fttur<: 71 tht.• 

t·l.ft~ r ,. dl1t k'"nt•Jn .._, n~an ;t1r 'lf"''"ft4fW.:C' fiJI rtrw .,_~..,a 'ILJt:k-r r!IJ.1f"llr- -r lct~1•19,a" 
n ~ .lttl.'t; 'll•' 1\'11111\''·u\lr~ "'11 fk r.r~. 

17~ 

r~iatiooship bctw.:!<!"n the dflvi~Urtns fr'OI'n lh~ r~t(..~ \':t.hw of th~! da1""R ot_ 
ice hr(!~I\IUp OJ\ rh;t:Z'S or lhf: Ob 1 Bas~n rrom ~0\'0C'iUt r,;k_ 1rl Su_r_(;H (1~ ~nd 
the ftum ,I~O or the tC!'mpc-n1urC! rf.fH•s in ;\·lard1. O,.sp1te sorr.u. 1~rg 

err-or~. lhc relationship ha& .. n~UsfactoJ·y accurncy ( +·,;.,;. l'l.6i). 

ffi\.W: J:, f)rrt'l.tii•W ff"!Q tht '.&-:.("ol T,d"" Git!'IC ~,~ ,_., .t.: ~tt-~: l'lll H~~ rf 
thl' b£•1..11 l# thr l>p~t {)b' .H -1 b,rr,c~~"' e/ *""' 'MQI. .I6t (II( 1f'M' 11l'l~~ .. ,.,., ... hiT flq"") 

10 :.u=t:~ u~ll'f lftU~ •cc1""11111 ltlr ~fJ"~ llf r~ stftllo1 ~l'llt"t .111J 1~ ;-~,·u:. <' .t11n111.1l) 

m M~r<l'l in ~nnb: )(.ualltu1o~.f\ .arrll ~" .AU~I. 

loom-r•n d~prtr pr tt&c ,,..,,.. cu.,.• !>~ .I!'~Lll :IQem t>d••·a tl," r•tn l ul::t·. 11-·J:t ·1•1 
dq llh .. r 1h1• ,""~"" ~~;tovu ~--~ttn-1 l<h·t:r thm 1':-: lolot•·J •111t11~~ llt .. rrn•.;.r1o <!-.·p~ "r 
tt..,• 1t~o"'' 'I:Q'IIC'f o;:t.n~ 10 tl'tc: ,_.tt"d n l 1.1oc Ot h1;-~a·r ~~.lrl: l!f IVoon'[:~ .loh\'~' fl1C''~u·C' 

lf\1\Jl~l)' -~lh lt:t' &H CUIIC'n.l c!I•K"l~J (1.:1111 lt.C' '101111. 
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and dp: .coun1 Of tt·m~'"r:.aurc ri's~'.s ln i\br'th, 1h<" dl:pth uf Un! ttnnw c:ovcor, 
and th•.· ;tlmosph~rtc-p•·essun! dmractt.•rltt\,Ct; .[n Nm·th f\.017.Z.khs~n a lid 'I'\ 
,\)t:;l4lnrinc: t)n.• monUt or··Mnrch. 'the data 111\ tht? snow dcplh on JC) March 
(t)cfOrt~ the UC'U~llrlihg Of lhttwing) ar~ ~Vt..'ra~eU frorn fiv'l! 1t:Siions tn the­
rrty.s~1 Hi~·o;or t.,afiill (Pt~v!m.lar; .Scm'iy;trsk. S•""mlpaJ::ttiH~k, Sht~rnon:dkh:a ancl 
Cll:lrsfwy~t). :md ri'OIJ\ tlu'l.•t! .9ti1tions in thl' Oh' ba~if1 (U.'lrn:aul, niisk :.nd 
Ab•hkav;q :u,•l ~hdr .:l\"1~,·;·~~· th•\·iafinn~ f1'0n1 '1h~· rHt•·d v•1lne :trP. fnu•uJ. 

~'••li~··.)•• : hJtti•; ~t·aUwr• t~tJudilittn~ f'r•:\tOtit it;~ poxitiv(• pt'''I4~UH't• 4u\C.•r'".al)• 
ht fian1aul c.·xi:-tt.-4; tiH:· tlir·.-c:tirm ofllw air r.n•·rr.raf i~ t•vntunt~d lront tht• 
:-oit!tl ut th•· •tiH··t•t·IK~·· ;n rlu• IU't·,:•oun· ;tl\lll'\~~1\~:-; irt r•·f.!itln!\ til thl" s.tMJ.thw•::->1 
(l"a:~ .. Jiusk) ;turl no1·th··~~s! (Y,~nist•ittO't}nfU,r-r<"",f~iflof\ under f·Ufl!ii ltt•t r:-wtiun. Jf 
11,.. (liH•·r·•·nc-•· iH tlu- fH'~"!;iMit·~· :~tmtlH•II":-i hfo\W•~c·n Kaz .. un~k ~•uc• Y•·Hi:;•.·i~k i~ 
ll•:~;.,ti\'f', w<: h<L\'t' cum.litions; fnl' h~a1 trun~port from the .ROuth and if 
('f)sltl\'f' e(mrtllions, roroinU•lwof cold' rr·orn the north and. northwc~t pr-C."\'~il. 

Ta!dng :til these fac-tors h1to. account, the accuracy ·or thl' drpC"ndenec 

is r:h·~n by f ... 0.56. 

Th<"' mrlh<•f.J o( forccastin~ Icc- t'lrc:.:tlcup f11r the K:H113 .and Tnbol rh•c-r 
h.asi~ ••lso lnO\kr.s: Ul~{' of tht.., unifoc·mit.>· of th(' :ltmosphcrlc proc•"I'St:s in 
th~ .:!pl'in~ ~·:.:.tR.Hn, 'Ot•~ tl<"\'t!JUpnH.•nt or Olt!fOS_ph!!t·ic prOCC~Jh:OA c;m·sin(! let' 
ha·,~:t~t:(f Ot1 rlN~rs, l.c;.t ·lranSJW)•·t from lhf! "'·f.i'St and SPtn\,..,·~$t , i~ !d!!-'' 
t·.stfm<ttcd rh•!t'e Cront th~ ch:tr:tctt-ri~tics of tot'o'll warmin~·uppcrimtf!: <\t th•• 
\'nrl of fo*...J.wua ry and i:l M••rch. ·nu;• inclusiun, itl tlu:.• c~tLitu!otthm, or 11.:\ta for 
1h•: la~l -~;".-cf:ty pct•iod of F't~hr\Htry is clu~~ 10 th(• t~iLr"llC't' b\lJ{1n•~lll!! of spritl.l{ 
prt"'c•~~!';~.·~ t"'n IIH• WrS. W:i rmini-:• IIP (ll.,rlod:.; iiJ'r. <'St.im;•tl"d from lhC 
tlUClUlllifll\fll h-1 till.' tll('iLU daily :tlr tt.•nlpf'~·;tturC'!i from· d:J1:t of tln'l't• 

m•:-h•fu'nlnJ!k:tl stoltitlns (Pt.:rm". Ct•c.•J·dyn• and Uf~). '11u:o pa·t;u\iarily (lf the 
•·sl~m;•lfun ~,r 1i)t: -A'-l-l'min~-upllt.•rlml-!1 if' this nwthod consi~t.s h~ th.::a't w~· 
l:)~u~ inlo ilCCI')ttnt nut 1:~il of the ""'•lrnlint:. but the wilrmtn~-up p.:~riotl o:.ts _.. 
wltr•lt.•, rr{\m U1~ t .. :ginr..illt! to 1hC' l!nd of lht• ai.r h:mpf"r;..tur"• rl~r. ·n"' 
ha.,ic 'A','\r·m\n~-LIP c;l.:t,·actr:r·i~ttc i:>; tltl· higtu."!'lit tcmpcr.ttun• CXCt.'SS O'\·er 
-J 0"' tO.+ 0 .. ) •lurint;t Uw w;um.inQ"• UJl p~r-totl. OthC~r ind'c':". mainly thP 
r.lu1·~tirm~m•J lUt~":"n:>ity()f lh<' v.·~•rmlng•up. i.\J"t! t.akt.·tl ullO ;4cCOIIUI by a f;•r.lor 
~. ~\'hich ror U waruiiug. up of ~llt')Tt duration bU1 O( high it1h·n~U)' i.s t•qu:tl tO 
fl, fnr a \'(.•ry tat·gc dut•Mtrm l1i 2, and tn most cases is C41UO. l to 1. ·n.us. 
1hu ':h:lr~lct.,•t•lst ics ~r P:-lc.:h warmil,~~up lf' .&0- p(9 .. + ll.l1') . Thf:"sf> quanti1it.":-t 
;,, ••• !-"tll11111t:d o\·•·r tht• '.l.'h'l71o.· p·~l·i()cJ frvm 20 J<"~:IU'uat>y to 3l M•••·ch. ·rh•: 
101~•1 (;h:ll·:u,:lt·a•iMic:~~t IM (ltJ\~'i•wcJ :t r•· c:nnnl!ct{'~ by fa,r]y r<"li:•blc 
t·••l.•lh'l1ships '"'' ilh tht.! d:ti.\!S o( k(: ht·<'akup- Of) th<· 1\::tma atKI 'fobol ri'''" ,. 
h;t:>in. t\n ,.,mntph: or ~u:h:. rl'lntlon~hJp {or Hu• Belay~ river b!\Rin 1::; 
gh·,~u in Vit:ut'(.' 73. 
. To incn.';&sc thl" fo rcwd t'lliug pl'd<>d it is pu!lstblc to rt~~trict th(" pt·riod 
of ':~h::nliltion (I( Z:l\0, (or ~xnmptr·, tO the di')' of 20 1\·lilrC'h. Ttn• acr:Uriicy 
or lh•• J'datitm!ii.hips ~11 ~hls C~!'H' of t::QUI'S{' dcCt"~URCS0 tiu& for f;rlu\ht!I'U 
rin~1·:-: ur lh(' f.\:. rna. :.nd Tobol I)OJ !'tiu~. 'lo'ht!rc ~10 earlier isl'luln~~r: of r.j')ft'Caf'ts 
i~ rH'CI,'S!:I OU",j'. il l'Cm~ins saUf;rHcCcu-y. 

·n,.,.. m•'th~)ds dcsc:t·iiJt:d as 4!)1amplc·;~~; (If forf.'castin(' iC:l' bt't'takup on 
rh•••r'.!'=, h~r;:t•cl <'tn cSiirnalion nf Uu: Ch<U'O&ct•.!r o( ttu: ~·arming ... up pt:riods ;H 
th•" tr:cir;uiuc ot th•; spring synC'IplfcaJ fW-SOrl. l'k1\'1.' hcrn •ucct.•ll:sfutly used 
iu ro41tin•: Jlr:t~tic•; fvr <X'•·r 1 ()yearN. t:,:p.! ri•~nc•~ sho•·:~ surricfcnt 
r·•·li~hllity {.tr l)ll~ rrinc:ipl•·s of IJu:st: nh:thod~ and lh(.• por:sibility <"-f apptyinJ: 

.. . - -----·- -~-·-· . : -· .. --=--

them to for~~Ct&:t o{ 'ce brt;tkup on OU\t"l" Th~MI. lll"h·~·n th's ph~nornrtmil 
oc.~urs in tl\e second half or tht:- l'J)rtnl{ ifynoptic ~e:t!;"tn. 
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rcctan·.;1t../is cr.aduC~.lly fU1•:d up. Thill P"OctiJ~ d~\'4'!1~:;,· fo•!!t'·~. ·_._,;;~ :~-~~0Rs:t':r 
tt.~ .cyclonic aetl\•ity in M;, r ch. \VIu·n the.• :•ir cur r•·nt i!'i d i rt-<:"l•!d rrofl•·._lh~ - · 
soutb'llll'l!st. c-yelorth~ !!Cy~h·in~& U!\~Uy p:.•H cnn~h.k·rably to '!"'-' w~!:sl <1 f t~111;' 
re~iom;-il.nd\!r coMi"'-'rulion. It oe:tur A; hnwe\· ... r , that. th~ ~ths- ~d'- ,_,ra!:'- -_ 
the~~~d cydDfK"S uttotl4tr th(' s:un~ «•'n l· r.al ditf"~tion (tf the_ currrnt r..r.~~ 
t t) dtr "':a.l't . ::u\otl UYt"" clt\~1· w•·ttt,•m r•·cluns In tlw r•·;tr.t.t' lhf·~e _cyc;::lrWII .. ~ :·. 
st-ru~ 3f'ltiC)Icfunlc: p••n•·t r-~••iu•uc necur. In th•·A•· C':"'"-'' !\, t i ro• ~f(J r_"U•,: r ~~- _ 
disp:.lc:emf!'t'\ o f the c ·yclonc path tO Utt' o•aun ltnd lh\.o prupo. ~.,U~ ·of_?~hi :' l r 
Masst!s to thto northcitstern r~ctons ut dh.r f.T5 is m o'' hk~ly . . _ ... __ '-

Tbes~ pecutia~iti('S tl'l::l)' be: t:.k~n tnto account by m•·a~ o f d.·,~·a_ on -lhC 
prc s.s\lf't.> .o.n.otn:)'Y In Murm an.tk. f"'(u• ~~·· u!lu:&l char ;cC:t f!J' r,r U1•: :. :.. _ _- _~ 
atnlosPnc-ric. proc~sst~. tht: afctt or the pr,.!'Aur" eu.QmOtl;t' M thi~ ~il1t·.-_ 
:~.gr~e~ wlth du: Jiten of Al- tl1c dl'!\•l.,.hnn of tb~ iodt"x I (ron! tht..• tl<lrm. ln 
thC? spN:f:.l eases ck:scril~d abo\'('• tht"" pr~s~ur"' ~nom:a_ly 61 in ~h~~~~-'n""':lr. 
ho~s ;u\ oppo!iitt' ~lin. or In lite c:-.sf• of a h ighly nu: i-idioo:al ctJ:r~nt J~·cql.IOtl 
to zerO. t·or~such c;.tes, thf' dUf<"r~ttc:t• tu•t••.:<-n d u.- :.c,~.a l <l~te:_of ic•! .. 
oi-cal<up·on the P e-chora, T, an41 th;at e~pcc\\•d rranl rdat\OnRh_ip_ (i,....). 
r. (AT~T'-T') i11 Conn•:c tt~ with thi~ ''aluc ar 6p ft"i~ure 74~). :· _· 

T.:..ki ng into account Ut~ c.orrecUon• 10 the t•"pc-ct•!~ let' br•-:t~kup d;,~l'S, 
obt..Li_nC'd. bj _rncan8 o f th{l rul;Ltionstdp; thr1 l"rfc:.t5\h~~ mdho~ •.•c-_quii--t·n·. 

so.t.isfactor)o: accut"oH~Y· . '-'_xp~Cs~~u by t_hl' - ~atio .f:-o.G~, In ~"'·'-~~ ~ii1~ •• 
forccust ·Orlc shou1d.lirAt ¢~\cul~'t{' tht Y~hw bf ,\· f,r __ !\_lar~i., its __ ilt~_\·ioati·o·~·­
from Lhc ra·t~d value a'ncJ1 th~· 'Pr.,·e'aurC anom~ljr, .\P f~n· :\la_i--ch in. ~-hir_tr~<Jn~~. 
;r &I . oi'iut .:AP .. · t;a~('; .th~ J Dmc •'l'it'l, . t h,.~ : t.~xPt·t:_l'-;d· brt.·~k\rp ~l~tC _for __ ih~_ 
Pcc:hoi-a." Uh·~r. t~ ' d<~h•rrnsned di r cCrty f'rum ; ~iR,u.i--cM.'H~ • . · ir lhc_ ~igiis.";~.rc: 
d.iffcr~nt. "then ii nt 't~e cxpCctl·d dtly: cortc.•!~ipC'Indlnfr ~Q= th~··-~·a.h_I'-~,.Of .. _l · i/; 
d~h~rrt: ii\C'd c'toin Flpp.• 7 o44, :.'nd th~11 tl Co rr-ec:'\ion AT. o~Jta,lrH.'d from_ 
Ftgur~ i-lh tn •H;:C:nJ'd:.&t~C:': with ltuo '\'.:.lu•: or &p, is introiiYC~·d. !h<' r~r('­
c:ast or icc bf-~•OkUp OR lh•~ f'(•ChOrol in \9:,9 lS :tn l'X~tnph•. f'o.r tl!i:; _c:t_'!iL' 
I,.., + t:!Ukm, !Jt .. +j d\tm, &p•-. mb~ \h~ (•~pN:tl.."d (lc~\·ia~iurJ .. "f :tJ:L~. t~~, .. or 
ic~ b i'C;)kup from 1he- ro.tcd \'OJlue- t•. ucc.,rd lng to 1hc rt-lations1JifJ, shovm iu · 
Fi,:\.lre- 'i·h. r·-+ tn (i. '-"·. tO dA.)"K l:tt c r th:lt\ 1hr: fOI.h•d '-'a..,lu,~}. =-'~·nee Ult' 
sis;•lS of _AI ,.,nd Ap at•• dUC~rcnt, ..._.c Introduce.• :11 eor,.._-clinil .:ac:cordinJ: t c• 
_Figure- 7 -th wh.ie:h I& 6T•-9d>*)'«. ll• .. \:'API.'<tt-d d011y r:.-r+6T-+10-9 •• 1. 
COI\SNJO'-'ntly~ ice brl·;•kup on the 1'\.-chor.:. ahould tk.· t',CfK"CV:d 1 day.1~tct 
u.an the r.:al~d date. The bt~-.k\tp l n lP$9 ;tC\Wlll)' oc:c-vrn.-d 3 d.t,Y~Ja.tcr 

tha;\ ~·xfh""Ctc!d. 
In o r der tO .t'~JC;Jtr.inf• fh~ d<"'9••ndC"ncC or thl• <lilt<'& of ice brt"<tkup·on riy•· rS 

o n .th'! pt'l!~311int dlrcct!on of ;.i r m • :&l •r~n !lport tn f\l~rch_ O\' l"r., nt1n1~r 
of y<":a.-.,.. it i s n.t::,;.o 901Slblc 1n u!h• m:.ps of •h~ mont11\y _mea~ p~-&~n" ;at 
toc..•a l c1tel . nt~ m e thod ol t.•sUm.i.th1J: d1~ dirr<"Hon of th(" i~obars :oo:thl'JU!' 
·mo.ps by mt.·.:a~riu-c 1hdt o~nclc of t~lh.aliou en lh~'p;~r;.Ud h;.,;_alr<'O&dy 
bct.'1\ d,~sct,bcd in c••aptc r l , J,art C: S 1. In fn r \.'c:tlllinC ic~_ br(•astup oo 
riv~rs of the north .. •·a~t on( th<! ET S. th-: ~n,;-h• • i8 rn••il!lurl. .. d . .;&-~ •• point' 
" 'ith che coordiftat~s GO'~. l<u. :and $$' F. . lone. _ . 

Th_,_;- ~\·L~1aptn~nt N t'ltn1ettS)h~o.•nc: J>l'1'1Ct'lo"'-'~ lo :uarc:h d~~.·t••t-rnirl_(~s t~_-a 
l<lr'~'~ ·" ·:xc_e nt ;.'1.1 . ..:o lh•• tilf\1,! uC ir f" 'bl'\'••locup ctn •·h•rrl" or'F.::t!"it ~~~·~~i·:-:~- ~-~~._. 
i flflow o£' ""'"~l'rTI 3\r mtUUh~~ 10 lhi~ .rrt:tnH b C"ftini'J w'th Uw_ ll'·r~~y _Clf Ut•~ 
Sibc~i~ri' a nticyc:lonc ~net whh 1hl• p\UitU•C::~ o ,.,.(. H11! l:-•·~a. · l_h~-~~ r ·h~~~~ -~~ 
~yC\a·,,,~ sc:~'I,'S, from dlC ~'"''· n,,. timf' nf tht.~ h,_~l:~'.n'i_n~ "' thi·. Wl·~u~ru 

' .;, 
'•' ", 

... ~~..:-:.~~~j} :·.· - -~-:~~ .:~- ... :: j,: .: -~ :·~:::- . '.: . .:-'·: ... ~:.. ~> ;': ·, . ~~ ·_:·:: -. . ---~= •. ;·· . 



~ - ..:- .. ···r-:---•· .•• 

' '', .~ ... " ' '-~.: : . ' ·•: ... ::·.;·· 
',.' 

lr•u1SJXlrl ancCt~ thu ict' bn.·o..kup dOLh.'tJ oil tlot• Lcntt ., •• ~ e:.n ~L!n'l' lt-:8 3 
-fOr•:c.·astrn,q argl1m.eru. sfncc this· r.Jr-oCcs~ ·tM.·c~•t.t more lhtnl ~ tnoOtti bcr('lrt.• 
ic~~- bl:!·;~~up~ J.to,..·cv't~r, · di rcct· d~~tc!"miuo.iion ,of the do.tt~" nt \h1.• twiionln,; 
tl( lht• Wt;.!t\·(~·i:UU -tr.::trifip(J,0t fs (:o;lficC\L•d ~~lth 3. \.1,ii\U~1 ~S:tim.;,tjnn Of 
~yur ... p•k '~maps ·..._Hd, - Co~scq\H.·ntly, ·is not·:'-affickntly obj~cth•, ... 

,\n objcc!li~t!. clla racteii&:tic :or tlif.: .. proCCS!fi O( di.'C';l)' or lhc Silwri.:..rt omti~ 
cyclon•: tS ):iY_t:n ·hy·. itu.!:mcru;lioni.fity- tndc~r. I. caic.u·J-.u.-d I Tom the mt•oi,.. 
fl~, isohartc sUrrOJ·cc_:eomour-- nHo~p ror_ Moi.t:rch. ·nu.~· w~sh.~l'f't 111plu:o-ric-;i' 
fl·ctan.~h_. iiJ bOunded bY .'10"-' a"d t 2s• E. lon~ .• I he Cit!fh'rn by 125" and 
IRO' f-:. ton(.--. tbc.; ·sOI.ithc!rn by :s~:O:.I.;l, osnd the r1orthc-rn by11l" N.lal. Tlte 

fiJI 

fJC,.I.~IIf, 1,'~. f)L•vt atlo<C11 nr tl1C ~m.O. f'lf l~f' 
t!:c.1lc1J~ t~n th-e' Lrn.1. 11 llldt~niru)l~ :r;­
r:.•m d1~ tOUt'~ -.·_.Ilk" .n a fiii"'C"II<ln t'rl thf' 

n~!t:nmcc poin1S are c~akcn throus:rf1 
intcrv;als or 1 Q- in loncitudc ~nd (R J;uUudl!. 
T11t.0 int.lex _l -i!t-ctalcui:•1C'd by d~termi,-•4ns 
th~ d-1'!\'lalions or 1111: me-tin• mOnthly ~t!'O· 
pc)tcfltial at each pn[n& t.ro~ Chc:tr. rah:d 
Y.. ... Juc,_ a"Veraginc th("Sf de ,•i-ouiona 'over C!af':h 
spht:rical rcc:tiiiU,(l<' 3f\d &-ubtfactiug 'ttw 
ltlt:lln ov~r lh~ ~aiUc;"'m ' fro1TI U1C!' niN'n O\.'CI" 
tlit•. W('fllt•r-u rccua.nclc. If tiu1' dt>cay or 'i:}H! 

Sih('rhm a.nt~eyclonc hCii!ina tall!, in MarCh 
over th~we.'uern r-ectau~h· .,. stablf! high­
aU'ttudl:!' ridgl.!'. 's maint.aincd, ·•1\<i" ~go­
po!crHi-~tl •.i"c:::(•cds ltu: r.l\f.'d ,:alu~ und th~ 
ind•!x~ tias ;i pU:~'lti\'(: y;,'l\1(~. If \..·\"fU·t."3.St 
tr;,.nspOr't ,.llt.•vt~loP~ .-tn Ma'r ch:· th'(; 1'\igh­
altin.ide · r·idf.!c. .. in J h,c "",C'~Nrl\ 1-rin.t" de'= a)·~ 
an..J the i nl.it.:,X b~c?'m.~S nt:!&a.th-C. 

Thi~ m:.kt•S It p08s,blc tO ll-'~ '1hco \'aht~.fi 
or /' for for"t.·t;a5trng ·t~t.' brc~ki•p ori ,;f\•t.>rS 

.1111tn!(!Km: CI~UI.ui··~ iB.Iu in M.uc.h, I. of East s•bcria • . l-' igu ... ~ 7~ .;h.·l.~~ :LS an 

t:~:a.nple 'lhC' rt•l:Htl)t1Shlt) hrtwf·~n lc("l 
hn:;,,kup em t!w L('n~• ~tt Otckminsk.am.l 111c .imJ,·x I in .Marcl1. It foHo,.,·.tt 
(t'Oill lh(• ~t·aph th~tt the.· dt~p·-~i.~:.ki•:ee "is r~dr)y '4'(•U dl!nn .. ·d :~nd ,,,;,y··i,:, Om· 
~;ts•.•. iu 1,960. it "-.'a~ ~tlarply ,upsCt. "In th~ spring of J!)Gn th.: dt:COlf l)r the 
Sib~l'iat• anth:yclo·~~· bt.•f:: .. ~' \'ery ('ady~ on \7 :\J~t-eh · lllc rtnu cych::uws 
\H~ l-.-' ohsl·n·cod 10 pasiii_ from •he_ 11.·l!sl thruugh the, LC"ni Hi~t.>r &.lsiu, 
Th•: in•I•·X f l1>11d, lht.•J"dotc. in ~l;.tdi a "·t:i-y •3rt:C' l'lt.'C.IhVl' "'a1ut>: lfo~,.c .. ,..,. 
m 1\,,rn-this· proces1t "!3S dlscontinut.·d. 

''~ w .r~s.uh, iee-br_cakuP_on. the Lena ... ·as delayed 10 f,'xtr~rncly );lh,• 

d.ito:!li. ·n.~· f>m;~ibi.ht_y !,(!"uct' .a \..._rRt" for-to.ca;;;ti".C ~rror rcduc<-!1, of covrsl\ 
lh•· r·di;t~llity t>f thc' f:nelhod. biJ(· (I(I the whoh" chL• dCJH:r\lt\:ncc.• n·m.1tns 
:"i:,\ isr.,.cu.H·y. !I-ince Ute confitJcne~ HntU ol th~ penuisi lblC' error (4.•0,G7.a 
cr--1 ~;,ys} • ~ a•j-r... • 

1\ St~'ll~ b~ ri.o\~d _l~l fi:~h. (n1l!rrupCiOfl)l it\ tlu!' .c..IC'C3.)' or lt\,1 S.t.l'l'tO.c' 
=•f'H,:ydon!!: ha,·~· :~. p~•:ticula"rly sil{nificarlt C'ffcct Orl ic'i! brc.3kup on the upp'-~r 
~O(n".S(~ 'lf 'tJH• L•-•na, for ·which lh-C' rfk!'11tod dc,SC:rlbcd W3S found 10 be 
unn~li:,hl·~·. . . 

On the w.ho!••. "''-'~ho_cls fn Whi~h us1~ is m:.d~ of lhc uniformity or \hr 
oHmo:;pht.!rit: pror:t:s5ic:» Or·_tt1•~ ~piing ~t·a:o;on. arc r('"L3th.'c:ty_, rc.li"ble. 
Uo·~e·•~\.·-·r. irl imJhdc.h~'•l Ct•st}s !urt'f;:u;t5 pi-t.:pi\r~IJ Qy n\i.';.n~ of thf'm cootain 
];trQ.I,!' l'l"f"0(!-0, Such t;i·rOr!'i, iH otddilio.n tt",-thOt'l(• coni\('Cl<·d ww~ :\lut .. 
.-~li"t·nH: inl,;rlsiLy: awl. nonlmlfut·mit)' of lh~~ n\it~r~atlon of ~~~~h·if3:"~' 'hc<~t ~Rd 

·~ ',' 

~:. ·, ,:. 

~--

coid _w;t~·c~t, . :-r~ du~' ~~.~~·l'r\~ a \·cfy.)_~~~ ons_f:t ·~, the -~~·~i·n,~ --~y:~~pti~-~.t_·. ·~-= . 
8~a~·on:,;::shari)ly dHft!r;il~t: ,in the nllltUtf~ oi, 'h.e- pro<\t"S~L·s ~r~~ -~~,_. .P~-~·.c~d_tn~ 

·5eas.on ·~ or to a pal"iLa\ cht~~f'ltC" ln, the procl.'&acs tJurinq t~f! -~pd~g :s-:.~so~. 
Which .:'ijs found to bt: mOsl_ lmporta~t in .t~e glv4.""n .reg-i~~·:· :=.:··~- .,, -.~· - . ,: 
·'.··t11e pOsslhUhy of such t•rror5_ ~ .. thr.- m<&in shortcornu~_li!' ,or t~e/Nho\e 
tec~d'lu~· de-.~rit>ed in.~hiS ~eclloo. --

S 2:.t"'oreca.s,tin-: ~~d ~~on- :.Uo ... Uof'C:C for- thl! char&etet of 
th.e -..r~rrarte"!m~nt or the atmosptlif'ric 
·p~essf'& -from whnf'r to BptiJ!il _ _ 

:\1~ny f'"i'-'Cr"l moflt imporl-'nt "ror tht" national.~onom~;· ~_,:a<:~---~s. '-~~-~ Vot~a 
anti it~ riqht. trltn1U.rtes. thto Don. Onept-·f'. :as -•·c~l ~~ nn·a_·~-_of th~--·-.--: . -
'1)orlhw<!Atr.rn h;)slns. h~\·e their iCI: brok~n u-p not _ _.t th~-~!pd_ o.~ lh~ ·sp~_,nR 

- ~Ylt.opUt:·ar"scaflon._: but 3~ _th~ beciunint:: - . a~- \hc. e-nd o! .M~~ch _and.~'! t~~~--
firs·t h;~tf o( 1\prit . Lonc-r·;:tngt• rorN:o~5l1JI~ u£ u::l' brt.·~-~t.:~ 01) _lh, ~·-_ .rJ_~ers 
cannot be b.~se(t on the \;-ntrr>rml1y of 111., atmosph~ric prf.!~-~·_!'>!1.'~~ ofJltf~. -
~'~atJOn;,_:.sinct" to prm•idt• 1t1~ •. nC.<: ~Ss~ry~f-qr(:w~rnir:"Jt p~rif1d . it : ~hm~l~ . h•.!·. 
·p 1·~par('.~ ;:;t ih4!: br:giMning or tn~ddic Of !\brch. L ~ ..... usu~Uy b_(lfor(" .. tt~~ 
bl.!gi.n:i.inlt .o~ at_ tt.H~ ·-\•try ,u._.'ll'inni.nj~ ,Of ~~ spri~~ synop~i~~~ ti!e~s·~n . ... TI~~ . 
corr~:sPor"ldi.ng (orcc:~s"t'"l m'et;h(id5, ~.hou,l~: ~~t·~r.ror_~_. ,;. _1n_.so_rrw -~-:l~, ~~k(• . ~_nht 
P.Cc0unt ___ thf•: · 1~Ws gO\.•t•l'nint:_ lhe ' f'C<lrra~lgement of th~ at~?SP~(•f'IC . 
p_T~c('S.s-t:s .from · w~nu:·-:- . tc~ . sp~L.~a;. _ . · .··... . ~· · ~ .. - _.· , :,·. . : 

·nl•~sl· l:L·...-s. can b~ t;:Lk~n ' into .a~.~~unt r~la~tv~~~~_. !'pmp_ly ___ r_~r: -,~~gl~n.~ ~~~~ 
rh;t"fS: Wlicre"lhC-'tra'ns!ormacions of •he:- t~Cml'I~JJ:h<.'ri~ p_r~c_cs~t-.s, e<tkt·. pl:u:~_ 
n~Or" Or· J~si $m;x,thty · ~nd V:.Cnt~:·r 'conditio~~~ prc:o!cr\.·_l•' _thd r" it~_~u~·_uc~ ~m ··:­
ttl(", ~pi~ing' p r?c."C~.A"~.-~~ 'In :~uch C~P.«:'~: ' it. i~ sufriCic'nf_ ~0 1~~-~-· }~to ~c.;f:.u~t~ 
a_lung "''t-th · the .cha,r~ct'l!~ ol 01t• wlnlcr procC"IiSt>s,. the wn~1. n~);_nr_ ,~~ ~. 
spring ·pl'oc_,~S~t'~ !ih3rP,ly diff-.•ri.nl( from t)t_t! wiraer (m~_s._ - ~o. a~pr:a.r ~ar:l)'. 
TlH.~ rilrt1u)tt -of fo•·~ca.stin; iu• brc•t~UP on r'i~"t.•rs o~_ th_c n~~h_·.n·~~c-rn. ~ ­
rt·~io_n~ ~.1 d~c .,~TS m:~~y lt'n·.:- ;.)~ ;m (•.xampl£>." Til~ _inrJO~ o~:":ilrrn :~·~---t?. 
Clds · N.-gin.n ~·n -"'·in11.•r 01nd J;prin~ ltv pend!'!- mn''''Y ~n tht.•. ha¢1( r o~_-_1_1_ ~-v.:-•_ r . _ 

_ -;nlcnsi\,YOf lh.! · "·~ste-rn transport ot alr masses. ' _·Stro1•g ~-~·,•r.h,pm(!~t_ or_ 
:f:his~ff-an5-p0~£ 'is U.!l.tt#U~ coM~~ctr.d ·~o•i\h lhe lfth. .. n"iflc~tion a~~ ~ispl~ct:·rm·nt.· 
:or uie -lc::cl.:.l\dtan pr.rss\lr£> n.1intmum durinc_J~-n~ilry~ F~h'f'\!~.ry J~w-~:.~ ~ Uw 
=~o;ists: of Europe !l.nd a J:rll_~ual d('\"f"!('pm~.nt. 'n)\t~rrh-~~pr~~-- ~f~ ~--~tJ:h~ 
_"prc:~·!iU(e. ndg~ Clor·anticyclo:w- o"cr Ua: s.ou~hro.st~rn n·g~?ns n:!-,th.e- _f.:TS. 
ntC"I;aUer pi-OCl"SS .also c;3utU!:i the i~fiow of_ h('o1l '~-tht"'~lt"\""(.'~' rf·~tOf\S. In_ 

" thC.CoUU! ur ~r.ak(·n·c.·d W'~~tt:rn lr:l~,part. \h•:,-Jr;(• ~rOl"~!"SC'S ::t.~l'.l~·s~ · ~tttbl •~. 
u0 .,.._.,•(•r. in !hh~ ·c:.st." too. the ;nfluf'I\C(" Qf wintc~_co~i.liC\1~~ -~!:."~o _- · 
prC\.':.ils, p.trticul.:Hy H tht' iCt! bn·:.i<.up on thc_ri~·~ r~, of ltv.~sc . r_t!(l_~ _,_s · 
dtlc .m ... -inly_ to tlu.· ~ht•rm~_t d t:stru<:tion of ~lt.c.• ict.• -~nd to th._o local· run.~ff: _so 
.tho..t ii _ B-~~·~~·; _w .. nt<>r p:articu!~r!y, a\ the ('nd, t:on~,'~~-··~~ly_ a!~_'lcts_-~~-·-~- d~)~'~ 
in )C:t" \H't:•a'kup. • . · . _ .: ·._-> -- __ ··:· 

~-- · -~'lu: irlte ... nsity _of lh~· w~flttro ,,..,':,sport c:•::-.. ~~ t'h;. r;,ct_cr~~:~d_ b~?h-4!'' 
pT~~!!un~ g ~:.di,~•H ,01" ,fitf<'~t.·llt(" b';-~ ... ·•·n th-c-. z.n11~''5 of thr- ~ubtr_,~~·~·•l ~ 

· n\-li.Xirf'll.ln\ .;.nd O( th4.• lctol:tTUii;iJ1 n!hUinHnl. n,c , .. r~•'r lh.1~- d_af~t. _l"f'UC~; , U_~~-' 
h~j:-1(·~ tht .. :: i~i.:-ns~t):·_~f u~c ••ir 'curr,·~t;' l}!ff••r,_·.~:~·!t. (in _ ~'~r.~;~s ~f--~~-t~\·.i.ttt•o.f;~ 
froril'·th~· fnh•d,va\ut•J ."lr(" c~lc,,lah·d r,,r, f rbr~t:t '1:'- ·. Til•· ~\l:.ltn ~~·- ~·l .. 
m~:dh'luin · i$·- d~~!c~-~-,f_n:-d·.~r~J.n (l~:z,,.,.:,-~l~i\\u t!~tl:k- ~t ttu- :S;~~-P~ t~n_,_n~·· 

·? 
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:._·.:.·:: ;f :-·:.:-- :, ·- -~:~ ... ;-:.;.. :~-;;. ,.. 
··.':: •• · . '• . .. :,-; .1'', · • .. . . •' .. ~ ~ .. :·.-· "::• ~:·.;~~:· .. <<· : 

.·,' ··)· .. . :·m·~le6~J?i!ci~-(~-l.'ltir;~.' .. :.-r~d ~ha~ _or thc~:-:on~ ·-Ot dur rc:'ota~dt•n Mtnfi~~m , from·· 
;'obH~_f'· .... uott d~ta a~: tt.e . J_a_ri-MaY("n 3.nd;M~rma_n8k st•Uofte. 1 ·/ '· ~" • • ' · .. . 

-~ / 
,. 

, 
....... · ..... 

·• ~- :· 

.. .. . . . -. . :----:~ :::~.·.· ~ ,._ .:.:,' ,: '): : .. ,' ·. ' ..... 
F;CiUHt 1_:t._. U1.·\·i~tH.'tl~ ti 1t1~ fllt!~ _Elf ic'e btuku~ oni~~t of JiiurUI ;tl'lfl"' lllf: 
ro~ _:cJ ''.ilu_~· . _1.-_ • .-.. _fUik't~~ ,.( ,~~,~ -~~~t~Mna· f•~m ·,,,:.. .. ,,ltd ~•la.r t.treht .. :·. \ ·: 

.- (111!~\~l." .J_~~rcf~·r~~:e. ~t'coidt~~ r_o ltlc-:mer_co-n;Jrlog~<~l ~f••IM Soli·~ O.Oo11e &nd ,;..,~ · 
t"-r _IIW41l .lcc~~~n~ '"· lh~ m_t'C~ot~J~gic=~J ft1:r1CII'd l•n~~hrin Ill~ ~1111'm&nlcll~')_q· ., ·• 

; ~CbJU~~~- ~-: . _:·.·<: . :-:::-.. ·· :;~ . _ _.: _. ',: ··:·:1,' '; :' ·.~:.:_-· :· :/~'/.:·.: ·,.:-.. \ :·~ :::·~~. ;:_'·:· : 

. • 1_-~~;,nn nJ :i~w_.~_.n fht' atr h.·l~l""'tu~·~ o~mm.,.ly'a~t~-.PtlfDuv~lll Jt<lr'lir.A 1_11 · ;1 • 

. r~.:b~~~-~~d ~C.II'JIII:I~il'l.g Vn.t!l ~~t' rlru flo'O l~·d.ay ptnddl'·-: Ml'f'l:h,'· ~Milf,f 
. .. ·. ·_.~c~~~l~-~~--l_he _.H Jll_t'•u~l" o~.~riLa,tt; · -~ ·· >-~. ;.·_ "··.'.:_, \ . .' : ·,.•. · · ·. ·:\' ·· .. _. ···.-•' 

.:nu:··courS_e or - tf,~: .. transfo·r~~'tiori or.t.tu!: p,:~"~~~-~ rrom wl"1er ":;:o ·aprtng · .. 
· Ls lak•~n intn_aeci::ii~~t_ bj~·:thC··vartaHI'.I~ ln U1e air'tempera«"re a~oin~ly _f~ofn. ' 
t'r.hru~? ·lo ,\hc. fj('~~ t·N_O tMt~day .pririodl: of MAieti. ·· ·., \-:1 ·d:_ :·~·-· ·_: .. ·· : 

Wht-.n Ui•: tlt.-P<'J.\dt.·nc~.'of 'the breakup d:aiell ori rjvorw, ~ ror 2l1UIImple,-: of :: ... 
1-;_._,.~lia (Fiolf~are-·. 'Ui):Of!'thc _ prf.'Ss\lrc differi!'ncc In f'-vbnary 'l• .iiv•n. .. .''_._ -::, 

·· q··~.,h.ic.an)->kil ~a6CB-_~·re !i~en to~t\11-into l '!l'o aroap•: If m• varl.atlon:iO-·;:~.'> . :<·· 
1h1~ tt-mpe~lu,-e ili\O~alj- in PF!iroz.aw~• frOm Februa,- tO tiM t•o t<I!F\-day· ,· · · 
P"-·ri~s ftl M.;..r_-cb i_s_posi.iiYe. Ice-·b"'t~kup oc:cun~ rel•tiMiJ .-•arly •ud. if •. _ _'­
n,.«~tl~. rel3.!i~J,.-Jat~. £yen .ncJ• • bigbly sbapJltiC'd w•y -ol anow:tnr for- ' 
th4: vou·i:&liDrt tcnde-!'ley~o"<lhe·cbaracte:J" of lhe ••,.o•Phcrlc proc~ea~ Ia · 
fndlld to ~- s.uflh::i-e-at to ~blain n-satisr .. c=toey. fot-• caetl"l .,_ • .n·od. ' · 

.. - Con~ider:able_ error·& Whot-1. QSinc U.ii ~t.d~ne•f Dl ... n ._. othe1'" _ ·:--­
d,:i»e..JI!!'nCt-~~Ttdch l.ake_:irJto .aCeotirU the ch;;aract~r o1 tl1f' lraftl.fti..on t;a •11c -~ ..,·-~ 
•prinr ["'m. ciota·:rinly . .aii-ln~:·u,._. first on("· or ,two ttn•dly period' of. fol2r~h. ·,: 
arise in .lhi::u&~. ·.rt-i.:.it.;;eij·_ r~r~ Ca.Sca:· Wh~it the •Prhlc t ynopt•c•l •cra'..oil . - -­

:-h•.·c-in~ · Joi_tf~' ~·-~(~~-~-:~-~-~(?~_- _r.t&rc~~ or ~1 ~-~ bcrSftntnc ot April, , i.Qd th_e, __ ~:-' .. 
!ltf1IO!\pl~~r:tc ,p~cess(~~ Ch3r"':C:I~ri&l1111 it ,di llcr:.'aharpt)t rro~ fhote '· ' ,'-:,., 

.i· pr•!\~_~ilin( .~u~i'~-t~~--.P-~:t'_c:Cdin• : monlhs • .J . . , ·.·,. ~:- \ , J : ' :,: ::;•/ .. ··: • . : . -'~ '· • • . ·.-... -· 

' · •;:. t:''"PinJr sUe~_~ pn.-ssibiH~y. in mtnd, whic:f1 thnu~h ro.'r'r. •rc' y·ery ~_·;.; ::·~ • .::::;:-. , 
.~ '·.- ~J~·fic-·~rou~} ri _TOUt in.-: forediSta_"'l;~ · it -~s n~c~:51tll')' a.leo·to w'Oioac'· o\it •. technlqu~· 
,:_ lor c0r'r4~c:'un'g a . ~f'?~~~ran'gc- rOrccaSt.~ilh l!ll:rilaJlrr ra.rewarn'inc P•rto·d . .. bqt' .. -·:·=_ :'··:< 

,-. '. - .. " . . .· .. ' . ··:- ' ·,' :· ,. ' ~ ' ·: .. ~.;.:.--_:·:- ... " :. ·. '/·.: :.. · ... 

' ;:. : ... · ·:··.:::··:::·..-· .' ' · : ·' ',:: .: .'. ,_:._-_('.', _·; .. ' . 
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.·.. -~i _,l~·r.: :E·Tsj~~m -~·leo ~-s_o·uuiw~~.: ... 6~]y ~~-~-_:m3gnJ~~d~--~f·.·,J~i.i. ~n.dic·~~.-·~.~~-~e~~ 

... : ... ·: A_t~ ~o~~ca..s~ . Ln l_hc Rra~ic.nt _caus(!'~ · t;ubs_~qU('nt· intr.1lsiflcation nf ~ann~ni-Up, :: 
· ... · ' .:3nd:a dccrn~.·H~ eaus~s' :ut~riuation;· Thi:-r'cfure • .. from the\•o.rlaUOn in '1hc- ·: .: ·· = 

. .. · . .-:···q.·;u1i(>nt :_of K~:!. rr"Gm tJ~c prt!~·:~·intc-r··sca'so:i.. (zw.;~vcmhC"rJ fo _ihe Hrsi t;;;.lf .of. 
. .. _t_l~~: : ~vin~t·r:·: (f?c:Ccmb .. r~Januaryl ~ ( is p·o~sihJC ~o ~·S"timat~. ihe..-·inte_rlf>ity oJ ··~· ... 

·· .-•·arn:ing-o~ ·;n tim SC~Dnd h>lf Df' rh• wint.cr Wobno.iry :ind lh~ lir'~t hnll 'or 
?.h .. _reh). ··· ·Tlu .. • in~c.::sjty_ of· tlu:~ar.·:warmjng:-up pt•riods· in ·i'mpurtant ·ih iC:e .: · : · 

. t~r~';'kUp. on ~QUt1u-:-i-n _rh;ers,- ·poii-t.icularly. in c.:~S('t!i of om c-arl~ brC..akup' .. _:' . .. 
·.: 1-~_rom th.:: variati~n .in _th~ i:i--adterii."oi ut::O r~m.·thC ·nrsl. io ch~ ·st~cond: liau·. · . .- . 
;' :of -~he.·· wii1~~r ,{whiCfi i1i ·tJiis ca~~:··c8._n bc~dl?tC,..min~d rrom. data · du.rin,·· .... ~..: , .:< .· .... · ~ 

· F~bruar')')~ ~Jt. is po~s~bh~·:)o foi':i-d .tn· idea or the intrn8ity.of the. wa'rmill,R-up-:·. 
· ·: huc • .,·~ll ~uring ttu .. ~ ·sprtn~· Ryr10Ptlcal ScasOo~··. L ·~. ; ·,.-11-f th~ fH.!Coud half nC . ·, .. : <·.· 

.:· : !\la~ch t~tld hl. r\pl"i~. · "''h._.~ _ ic(' 'brt.~ak:'\ 'up'On··t~c : ri\·er.S. or ah·e-·c:cn.tral rll"'gions·. ~ -: 

. , ... "lln.! rn~g:litt_,d4:s .. ~r Ut('st• ·gradir.lltii .are c:har;.~.ctt·rizcd by ·the .. d~frcr~·nce · ... · .· 

.. . :.· : = __ : ·, ·,~ ~()\~~! t ~,~·-~~-:~;~;~ ~~~;~7j r7tr~~·~:~;f;~ ;~~;~~ r~.~~~~~~~i~·v~·:~l:~~~-:~:~t-.~~~;;:.~.~~ :.:.· 
· , flr51 Rro~p u~ · t:tk~:~ .. ~ou_ti~W\"S_t_, ~~ th~ r:~gion f~•r which tht> tc-ch!llqu~ ili _b(•ing· .. , 

·:~ ;.\·9~-~~~.d ·~_,ut·al'ld rb.c fa-cond ~rouP in this rC.gion itSC"lf ai1d ·sornewhat.'ntP•·th- :. . 

'; .•. ~;~~~i~~i:;~~~i~~r'i~r:::~:~io~:•::;p,i~::~~r~:ritgroups. used 'in dctermio.ing iM : 
., · 



The icc '-'" th•~ Oka Hi vet btea~e uP under th.o (n£lucnce <'f th·e heat ~nput 
Lu the pcrlo•J ot Rnow·m•:Jdng i~i. th-e r!vt•r b:lsin (its brcnkup d:~~te dep~nd• 
on!y ~liRhtly ou lhc th.ickne's nf the icc ~0\.'Cr). CttnSld~r-ablt -.-a·rminq·up 
bt>-:ins 'll.'hh rare ll"xccplion$, lhel'e in Ute sccond hall ~f ~l:.rch or· at th~ 
lv.•_c:innln,:t of r\prU, t. c •• j n thC spring Sl'as.on. 11U!' brl·ak~JP dates ror the 
0~;:~ Hiva~r tha~n.'!ort~ d~J)Cnd on thC v.:.rlalioo in f ft·om the first tO the 
5\.'COUcl half Of th"'! W(OtCI'" (6fa)~ Till' "alues of f are· determined from thii!' 
(re'-'ps of poi~ts s ko· ... ·n in f"ipre 11. 

,\ drpe-t:1th'!nc:e of thl~ type T -l(br,} fot for~casting -i.C<' br-eakup on the 
·midt.Jic anti 10'N4tr course of the Ok~ Rlver-·is gi\·tm ln Figure 78, The \'alues 
of ~Jf are given il'1 Table 36. 

Fe~ Nun cr Fo1 o.u h1 ror tb~ l"cOrbAHn C'lf FlltN1CO EGtlh<" 
l>on~Ad ef 

M Ob Jo:ulby'-'lt"\' Don •M ol cfOil.-1 ~~aibphn 
~e1\'ol~~ 

~j\i(f 
Utl!.t.S<t: Lgw~r Vttlfl .. 

l>\ 1t'f 
u.:u.ap;~ 

Yu' "'""" ftkl''IOV 
Yc•' t h "C"II lt!IICf'l~h 

"·I 
------

or, v, .,., . "· IT, v, ..... 

1919 o.•l-1.~ -1.~ 7.0 19~,0 : .s -3.0 0.7 3.0 
1910 -o 9 1 o l.'l 1.l 19-!1 0.6 •.o R.7 ·-~ I !Ill 1.1 o.s -o.7 0.3 l!r'J2 -<.6 -3.0 -5,$ -5.4 
1?12 -1.1 -7.$ -8.7 -1,0 1~1 0 .0 3.5 2.3 \.J 
194--1 0.2 0.8 19~ -3.1 0.5 5.5· 2.5 
Hlt-1 ~--1 -7.5 --6~7 -o.9 19>.\ 2.3 - l.J -o.s 0.3 
1!01$ ~i 70 7,4 3,6 19Sii 1 -~ --6.4 -10.1 --.5.3 
1911' 2.• =~:~ 1 

-4,6 --6,3 1~7 -<.7 -4,1 -1.6 o .• 
, , .. 7 ... 1.5 -o.s I~ -I! 6,1 ... 0-~ 
l:iU -1.0 s.o

1 
0.3 -1.8 \g",') ~s.o 6,7 5.0 6.6 

1949 -1.6 1.7 0,9 1900 -1:. - 1.9 1.0 -2.3 J.S 

TluJ (or("C .. SI e:an be prcperl:r! ;t.t th'l~ bt..:.;innin( o( March. 
~i:-rlilar d("pC'ndeoces h;-.\'(' bt:cn obta~m~d fol" du! upper course oflhe Oka 

.-.nrJ for· Clh~~r rh·~rs of-the central re~lon of tht;• f~TS. 
lC fthould be nOt'!'d, ho·~t.evc:- r. that in st'lme ca~c!li ic:P br~~kup oCcur5 

~1r(·.-.dy i n 1h t' middle()( :\f~rch, pac"t iculat:·ly Otl. fhfl upper' Oka. 1t is 
conu<.-C'l-:-d ·A·iUl ol consid•:r.,hlr~ de\.·dop:nmt of h(•3 t tro.~ru;port .ilrc-ady ln the 
s.-·~nn•J h:rttf of m e ,_,-inter-, Such ca~cs d£d not exist in 1he .st>rlt"s of v(•a p• 
c:m~Ml<.!'.'Tf.'d wlwn ·o~.·orkhtlj out the meth()d (from t939 to 1960,). f'or ihi,~~: 
;~•·du'l thr•r-(.• art' o·r~~ m;~ps. 

,\t th·~ ttm•~ of prepar.wtion of the fort•-c:nsl, thl" co:\dition s for ~uc:h :m 
.-·., r1y tc:~ hrr;o.-,kup t.'Oln br:- "'~Umatcd rrom thr prc\·•thn( dircctiio" or 
tro•ns.port of air m;~s.•wlli ;md fronl th<' int€'nslty of ~·armtn~ ur, in F~bru:ary. 

1\ ~h.-~r.lc<:~+·rls1ic: or ~hP.: tran.!lporl t!i :•roctic-n can bt.> the anJ;:Il• m. formed 
in d •i! dLn~t:tiDn of the air ·cuc-r<!'nt5 bf' t· ... c~n tht> l aohars nnd lh~ p;tr;Jllc\ 
lfl tt.t· fi'[!\On or ).1flftC(I'A" ()n 1he mt'ilr\ • '!'!·''U1!hly rr~IS\Irf" m t\p {!'!.C'r Chapt,·r I. 
P~rt C. ~ !). 

nl<' characlcti~tic or .. ·Arming-up intt-nsity II tJNnrmtn~·d from data QO 
Lh<.• nlr.•m-dluronl tr!mprrzuure (obstorvatory lm, A1i~ll~l•son, ~~o~cow), 
l>oty!ll urj'• cho:o;t!Jl ..... h<.'n thi-s temperature- was h~.:her u, .. ll tht! cJay bdore .. nd 

19IJ 

•' .. ~ : '• ·.:I ' ·~ :• 

t.:II:C<H.·ded -tO". as welt as· all day!li ·.~o•it'h il tumpP.r:..u~•·•_. abO\·t~ 0', llw 
4.'Xtcnt o( temp~ratur'l' rise durin-: ~.,ch of tht"SC ddys is dl'h'l'm1 ut·c.l .:." 
6.8- &+tfr. The. sum of l.he tcmp·~rature r i'St:S durins:t iJll ~uch lb~·~. . 
obServed d\lr'i n~ t-"ebruo.ry (2:4.6}, ACf'\'l!sas a 10\'"'1 g('n(.>r;tii:r.r.d char.,_c ,~rumr. 
of ht!3t-lran!tport int+."nltty dui-lng thi1'·m,nt.h. . · . _ 

Th~ ·ic:c on .the Oka .fUver brc-_aks up car!i("r 1han th(· hm<· d•~h·rt:•un••d 
rrom the" r-~l~tiot\ship r- Ht~r,) tn ~~ses "''h1.'n tho:- ~•~"" curr ..:-rn tn l·'•:!u~:.r·y 
is no\\· im: In from the souLhw«!Sl (the ;.n~l•; ca. is ·.a:Hhln 32CY :Hid t r)'"l ;a.no1 
the sum tae o!-t'h~ tt'mperatur~ ris(>s r.xce-~d:c 71):, Rr~dftup u~u-.!1y 
occur& earUet. thl! largt- r the .sum I.40. For I49 ~l?O"''~ I :3r'>' 1c•: b:···;,.kup 
on the ntlddlc aJ'ld tower cours{' of thc Oka is pnsstblt- S-J 0 dayR ~.-ar-ht.•r 
than the r31e"d l'.ii.)\Je and Oil the upper cours<' lS-20 days ~01rhcr. ·n,i s 
Ahouhl bf: bOr~ h\ mind ·.wh~n pre-paring a force;&~\. 

UCil:'RI: 1,. (~' U•ltbrn: h~ ~IH U,td ¥"4.lt~r f>f l~r tl~~<:: d tl:o' ~'<.l"''·f' 
""n ~he \"~1l" .:-'•rtmur:-~ rn•1n \'.,l;.;.•po~J, T. u .. t~to<:t:~n ul '"'~ ~-.,m 
!'r 1t.t rnro~n·~lvttld nt~H~"~ Alll<'r:'flt'fJ1:•a·t 1n \'1'11)•"'!"'1.! ~-Jnfl; 1P-.c 

~t•Mt- I<=< f'C ' n'o$ ~ntlll ftlu:oJ:o,. It., ~on.! 1&c- '11.1:1.~1:~n 11\ 1t.~ 
tlutKttth,:c <~( ~(' :dA~au· ,r...,retC'n:ul ;;40o!:.,.~:.t r,.w.1 tl':t ... , ..... :-t•l 

tuh---:t 1a 1t.t ft·lt ~a"tt d th - 1uu. ·at"•-

:\n •'.lrl)' ice hre.akup on th ... Wn ~.nd LO·N•'r \'nh::~• nt:~tJts ~~~ t~l•' •ftr~1 :It'' 
h ,l.)f Of '-J:1rc h, 011\d ~Qfn••tim~·~ ,,t~O .~t ~W _.~ttl (If f,,~.._...t:.•ry. £h,.._l' .. , t.(•'. 
Hr~l f~n·C:<t ~t 3houhl bt> pr("J:!~r..-tJ .alr-,·.,dy ._t 1h._• b•·r;:wnlu~~ oft-·· hru.,~y, In 
thjs cast.' lt is r.C'C<"fi-'O•rY to tak\." tmo .accl'urH th•• ('n!lllhiC•n.: of h••:,~ U•pu1 
in th~ $•'~Ond hdllf oC th'.' .,.,·irn(.·r. tl;.; ".I."(• It ;1'0 1hf" !hl('i<:l~:1;.~ i,•r 1~1;: II"•' c·•.l\ ••t·~ 

1tn •.t.•hl.<'h I~HJ Hl'l~'-' of,('(.' hh•.l;..u~ on w~·~ r· fi\'•'rc:; tkpr-:u!..: to •• ~ •• n;··•· , . .,.~·-•~t 
th:..n. th(.• ' i nH.• of hr\' ... kUp i'tr\ Uw 0:.0.••. 

.\!';., lt'h:tr~c tt•r-i~ttC t' f tr1•· lhi.c::rws~ ,,,d ~tr·•~a~u~ ~·I lh•• 1c·· C"•n··-r Hu­
~un\ of uw mL·~,r.-diurw•l tl"!I.:.:LH,·f' .:a~r 1t'mrwrM:tr'.'~ (rr'rr\ t!~•· ~~· &:•••'ta:'ll!: r)f 

1h~ ~tablt.! tC(' ~~~riod t<t J 1-'f:'bru:u·y is 1~•k~u. Tc• •·l"~imat<• 1ht• h••z.t l';w~t 
in ltn~ ~("C:<.)fld ho:.lr of tht• "A'inl•'f" tl•C' \"ari;•f'l«••• tn :Jw n•1.,tl\'•• f;'"L'P"t••nlHI 

~ .- ~ 
• • ~1 ':•~ .. -~ ' • •"' I • •' • • ). • 



A:IOu.Hcnt ft'Om tht! pr~·wint~r to th~ first half oC \ht~ winh.•f", IJr, , iN JJ.!t'd, 
1\n rxampi~ (Jf such a rt!littlom~hip is ~ho· ... ·n in Fi~ure '19 forth~ Volg~ below 
\'tl}gu(r4d, ·nH: sum lO. nf fll'~t:ative t~mpt~r.;.tunlS hli c~teul-.h•d f(IT 
\'ol(ot:rad. the v .. 1m! ot V, is ~a)culatc:d for U1~ points shown Jn Figure 77. 
bfr Is iutn.uJnr.c{j on th•: graph by ~t:pou·O'itluJ: 311 the C:tiii"S fnto two ~roup~. 
TJw first ~rOuJ• inch11.k:s ca.o;c~ with posBrv,• vahu·!4 of M 1• i. o .• cuAcs 
-.h•;n ioh•ft.~ifir.atiotl f'( the l1r;l1 inpuc in tfK: ~t"'r.f'HwJ haU o( the wint•~r ,.hould 
h1: •.·ll~h.-CU!U. In tlw:u: Y4.':irt~ h:(.' br•.okkup ·~cur:-~ r·...t.nlvc:&y '-·:arty, thl! 
bre:.•up d•y~ h<•inJ! f•lrly elosely corrrlatod wilh 18. until 1 fo·brU-11')', noc 
St'COUd cruup iS Tn<i<f~ up o f C3.S\"2J ._,.1\:'tJ 4r, < 0, i, C.~ 'Nht"n tondiU:unS 
f)Ch;t for the attenuation· of th\: heat lnput. In this ~itiSt', thto d('J)~nd<-nc~ <Of 
the bl'<'akup dMr~·s on ItL is ,.Om(>wh .. t lr8• cle-arly Ucrlncd thon ht U\4" first 
group. 111is ia r('gulnr: tM breakup in such c:at~('• occura !:atc:r and ts 
mc.11·c lnlh.u.•1-.ct.•d by she conditions of the eont~uing .s.r.ason, which '- re not t01lccn 
lntn ~·ccount lJy the given relol.Uom&hlp. 

·rhe total ou:cur.-.cy of tht: rda.tion~hlp h low ( +•0.'71). llow~\·C' r, 
wh<.•11 issuing •• for(.•cast wi-th such a lDnf forewarning period{:, month before 
the.· l'arlfe.IOt d:.tt•::;;:), m ost imJXJr"ta"t hs tbt" pol'sibility to c-orrt:ctly predict 
an ~~arty icr. br·t!~kup. 'A'hich co.u1 be donr•"'l'll with 1hi~ rt'lnlion5hip. 

,.\t th\! ~rut o( J-"'cbruary, h is pO~sible to lmrodur:~.) corn.•etlon in the 
C<wt•c.ast. For this purpose U1~ follow•ng .arc t:1krn intO Olceount: (a) tht" 

~T 
10 ••• . .. 

A---:a:-: . .,:--~a~~~-,="1:--""!":...--">!zo .!!.!!.­lt.., ,. ,rr. 
tfGUI~J. to,. Jkii'Uttonl Of tc:c•btctt"P "·"rl Nt· tf..- \'vii• to!~llttaumol 
\.'of;p;;tolol (,. .. ,. dKM ..-ulM'd ' ""'' r a;wc w. ar . .. l • f«<t'tt~ nl Ott 
Ul~ nf tbr ~ •>t ~ MH"I"''·"•tuof II!C(Itu·e n• ft"_,...tuerr• .Nfill( 

rt l'w~l!!' tbfltt ~Itt 4 .. 'tf'J1hf $'H'Cr;l .. , Jl.a!'IK tee !"tiled. ~• _,.,«..,,,. 
1ftJ U'IC' ~.IJt,:~oan tft th~ Cboli,CII'tUhC. ,,f ftl-t rrl-"'••r ,,..,......WUI J1.6JKM 
IJOPUI tf1t l~rn ro thf' lt:'tt'IIJ ball ••ltlu• loolf'ltt'l, fT, 

•·•r.<-:: z--•r•<+':: J•f'>•Z. 

::...:...,_,: 

\p,:,riation or th~~: sum of tht.· n-:c'-ti.v~ tc.·lrtP•.' r.:.uar·~·s. whkb cl•·to.-r•mil,, ·~ tltl' 
s.tato af the ic:~ cover:; {t,} th•! Y.,_r io.tlo n in the ch:, ,-:,ct••ri~11«:5 tat tfa·• 
r-ch .. ~ive ~«·opotr·ntht1 u:r-.dlcnl rr'Om D··c··mh•:r-,Jan;•ury u ••. ·,~bru:n·y 6(1• 

'A'hleh indicalt•.!f. thto lntf•n"i (i~:ttiCin. Or ~U~Hllittion nf ttw ht1&t inr>Ut l!l th•· 
(oltowing 8Cason, !llpr inJ:. 

To in€;rf"';~.~·~ thi1fOrt•c.•:t!lt :.c:eur :.cy it i~ P""'i'fsihl·· l'• u.c;•· 1h•" •·-,;pr•·ssinu 
•.h _•serJbed (n FiJ~\IJ'C 81'1. It Cl'lntJ.t:&.:L~ lh•• cl·· ·d~•1iono.; Hlt!J .. fL•I••s 'lt u:r· 
h,.,.•._kup f'nl th•• \'nh;:t rrnm ttw d .at••'{ ''"P''•:t••tl, ;-,, ,,.t.,r·dt:\C: ,,, Jh.u r •·lc•hun:r.I•IP 
giv•m in f.'ilut·~ 70, ·.t:ith lh+: r31lo of thf! sum IO~u ~>( dr• ;n•.~m-rl::urn:.t 
n••.:.1ti\"1: ~t£r 1C'mpc•r:nurt·s. durln~ J:' ... btu:.r~ to lhfl' ~um IO. :•ccumni .. H·d 
until J F't"bNary. U!ihl( lu lh~: llrsl (c"U·.:eMII U~t~ \'o..luo.- t8. ~•kulatt··d ttnU! 
• Fr:t.ruou·y, ~~ u dl<lt':l~h'\rif:cic; (,f lh~ le(!' thkknt·~!"t :mfl Rlrt·n~.th, ·r.- ~~~~ 
cur coushJC'r~tUon uu tlu- corr('.'io pc.uuhn~ cnncJHi(tf'~ :.~~'•:.liy n-rn~ u.sr.~: th,. 
,.-.me io f't'bn~ary As -.-.·rU. i. P., , on tlw me:an r;.ti" r,r Ie.ll ~.., .ta.. of •hr-

tt 
prec:cdtna pt:oriod. uo~¥<!\'C'I', u ln tll~ ch•.-:n J·~ar thf• r'atio ~ i!IIO 

con.sidc-r3hl~· large r lh;;m U\(' m._·.iin, th~ ie~ ~rO"'.L~ i ll F··hru:t~· :nn1·e 
tnt"m:;t~ly than wD~ r::cpo.:ct'!'d, 3nrl Utis d·~lOi}'S (cc hl"t•:lkt;p (In tlv' r\n~r. 

AU t!~ point-' on th•! ~r~ph (l:-'("-.lN.· SOt •x(.•r'"-" tl!dd,"(!, :n :tt"l'Ot'do\11'~' .. ·.~o•i.th 

tlu• \':\\U(" O( af,, Jntf' 1111"~\:" gr<'ups: (':11;('S t)f (;art:<" n~·~:..t h•t• \',}:~1•~ fl( ~r~. 
ci\JO<.•s of 101.rg~ pot:iti\.•<' \•;;lu\"S ::and c:·~~s r:!o,._· w lht· rith'd ,.,i!u" lt. 2t!l<tnl. 

In cilsL"S "A'h'!n h:t" brcUokt.~P o n thl· \'()hF• dt>'.~o't\str•·:trr. h·om \'otcn~r·~d. 
::tc:cot•din~ to lhe Ur~u for••cOl~l. i s t;>XpL·cv·d ••arli•·r· th~n 20 ;\~rch. · th"" 
\."31UC' 0£ ar, shnuJd t10t bQ 13.~N\ intO ftCC'OrJr'it Wh•.•n f'Orn.:c 1i:1't th\,' fnr~·c·~~~l . 
. r:ine~J th(.• conditions o f lh" ~pl'ln£: !:<•.!~liOn do rlf.lt h;.,, . .,. tilT!•· to ;,ff,·ct lh4.' 
br\.'<tkup d:H<'~. 'TIH:' t<'~hni()11f' Of tmprO\'ing th•~ fui'•\e<I:H, i. ' ' ·• r) f usint: 

~uercr:;~>ivr.l.)· l'A'O ··~·1MiOt111hiP!t- ~th'~':tl :J hh.:h~z· :l.:c:ut·•~<:)· t+ • t1 ,5•0. II 

$hllUld IJC' borne io mimi~ hOW\:Vt.·r, th .. t fot· :1 ~m:,u tN.a.l Jl\::n!,., .. r o r c;.~ !-1 •·~ 

(~1hou1 20~ tl1c ic::c .. brc3ku~ dttt<' I~ t!·~h-. ,..tr)i.ltt·tt :•~ tkr•:~nf•-'•lt em fouz· 
vatri:-tbl•·~. 

t:xp<•rlt•nct• ~::tfn~t.J in t'(JtUhh• ~worlt l.ly mum: ~~1rh rd:.Hon~hfpJoC fnr 
foz·•·casUn~ ic;,! brr3knp <"n fi,•P r~. ·Nhit:h 1.J~·· inlu ;wt;uw•l th•· f'lt:lt••f'1•· ri..;· 
lieS O( lh6 \':tri:ttfon t•1 tl,r li~:tt lup~t C'OUdlti(•U:O: frum ii•'•\·~'·m to .,::,.,,~nn, 
show~ th••t con:oeul·~r:.hlt• for-:·t·'IHin~ t•rrtu·~ Mrt• •h.t··. ••~ :. ru!~, 111 out 
\U\UJ-4u:ll1 dur;ltion (,( th(' 21.)'fl(lpliCl11 sj•o~~~O:\ tH" ~n &:•'l"\"f••l tn .._ ':ohoq·.p •lt•\"i :1Hnn 
Of th\.• dat"~ Of tJ.,-. !J,_•i:\n:un~ Ut" \'lltJ Of lh"" ,:f•,.sun rt•o:n 1h•• :f\• otn tJ,,to·~ U!--1'1' 

m th•· nw1ltod. lu thi~ cann•·c&l"ln •t 1~ us.··fu! w wurk ''U' Cftr.t'"'rti(tn 
nwthotls: l.l lnnJ: into :.cc••11nt thl' Jlrnc:•·lo~t·.:; :•1 lh·· hf·J!innim: Cll lh· • ~fniur: 
!lit•a."\on. i. c~ . in t-brrh. j ( 111 thili (',Jf'l· ... .-•JHtt"i• H1 f••P-c',tC:IIHJ~ f•u·t••.o•rnin(~ 
jlf"'ricd is pr.,noidr cl, :u ••' :"11'1 in ("ht>t'S f"Jf t• um·rn:tl 'lJ' Jon• h-•· ht•·;oi(up. 
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Ct..•ptcr 1'1 

f"ORF.CASTING Of" ICE: BREAKUP AND /C£ CL£AIUNG 
ON t.AJ\£5 AND STOIMGE R£S£1!VO/RS 

,\ . ICE DR~:.\KUP .\l';D ICE CLE/\Ril\:G ON 1.1\KES 
A!\:11 !<TOilAc•; RESERVOIRS 

Spt·in~ icc breakup of talce!'i and fitOr:a~:c rCI<"tvOlr~t dUI~r• !rom thilt on 
rl\•crs. U.r.rore ice breilkR tip and wind h:e drift bcC:ins on a 1.lke Or 
t'fJSt•n•oil"' the itc cover has bc~n m~htn~: fnr oa long tlm•· under th~ '"flucncc 
t>f 1hP. inr:t1~:i!~~n.: Aprlng. hc"t inrxat from tho atr ond b)' AOI:t~r r.1d,ation. The 
l.n.·l(innin~ or the U1awl1"1g pcriod on most. A:sen•olt' ll eolnctdt.& with the timt! 
of rn:n~1m1.1m rt"servoir drawdo·Nn. Warm unr.Jcr"round w01tcr, pnrtlcu!arly 
that stored ln shores. arrh•ing In lttw-wat~r r~sarvolro, incre~ses 1hc rate 
of thaw. much mor~J than in hh;h-w3tcr r~acn>olrs, 

1\!'1 UH' nll!lling o( thl' snow on I he let: cnver proi(rcsur.o. "" lnc:rco.Rin~ 
OJo.o1mt (Jr $Oiar lr'Oldiiltlon pcnctl'atc• til rough th~ tee to lho wutcr, Thls 
h•·at, tt:Jg:<·tlu•r with th(' ~roundw3tel' hl!:lt, proc(ICdA ot. • hl,Jh('r or lower 
rtill: (ll('prnding on lht .. r.:ltf' nr mixin,:r ot tho wnt"r maS~ eft), \O lhC' tee cover, 
4.'i'tu~inJt; U1~1win~ of il!'t unt1f"r ,:;urfacc-.• 

l)iflc•r•:nce~ ill Uu: thlckn<"stt of lht: 1ee c:uv(\ r and ln th~ dt·pth ot t~nowon 
it ht dif{N-~ttt p:,r1g of tht- resen·oir und th(• <11U•·rC'nt l'trl•.An1 v.:loc:Uh:~ 

•::•tHiil' nonuniform nwltin" of the ic..: CO\'Cr both f4t the oute r :.nd Inner (undr.r, 
!'IJrf.l<"(•. f-'"'irsL ice ll.an~e& ~pp«:ar. and then eratkR in thf IcC' madf' hy thl.." 
fln· .. · o f currt:nts. i n form~r rive-r bt:c1~ o r iu place!& of c.onccntrat~~ outnow 
r,f ~routu.l~:at~r. Om~ to the .a.r.-h•.a.t or •now .. mf"lt lll'atf!r and 10 the rill..: jn 
' lw w;&tt:r lr.vcl cbe ic~ ,na.n~es ~X~I\d, A lurthcf' rl»~' In Che water l rvcl 
incr~a,.es che 'Mater su-rfa<=:e of 1ht- rcll!r\•Oir. Tf\C" roll• o r wind and wave 
,'\ctinn fncr•·.c:w.s . Undt>r tht" if\lt\lt'JiCC or th~ wlrN (Ct' pu•hc:A b t'CIR. Lc :ads 
·•Ppt:a r. i. c:-., icc breaks '-Jl-

·n,,: m'-'Ch.lnie;ll dL"structioo of tht' 1cc- c:Qvr.r . :alrt9a dy wf!<alh: n e d by 1h•· 
l lt,.J·n t.;a l "·ft•·ct. ~r:..du~Uy ~'Xt~nd,. ov~r rtew••r p:trt~ of thf" rrllf'n·ot r .., •. l;.k~. 

A~ lh•~ :trc:a or ttu.• 0p('n w;tte r aud~cc inc:rc:.•<tJtt: l , the: heoallrtt ol lhc """t,.r 
tvhl)- iAh-r\t.lh"L·!I. Wtnd millin1f of the- wo.tur m r.M,.t'A and 'co dr1lt cnl\tribut~ 
t'l Utl•·n~IV«: h•·.tt tran~h:r rrom the W;ilC:f tO_.,_. iCt', 

Ott t<~~lu:s :md ~torage C"f'sen·oir!' (cr. drift \t•ually dore noc ucc:ur. but 
'4i n•l Jc~· drilt !:tk'-!~ plac ... in such ca"t'JI:, Jc" drift on rtftc rvolra lf' u•llally 
1\'.':•r l)wjr l ' iver 7.0flf:s ant.lil"' contr;u:Uoru•, wh(' f'e fiUUiC'lf'nl now V('\ ()C:tly 
I' JICI!i;lto . 

Th•• ic•• on r••!Jl~t·volrs js u~mltlJy not dlsc:hDr~ttd lnto lht! t.tllw:ue-r-. ~t 
i" sloppt!t.l up,;trr"'am from th•~ d3m and 'haw!' nn tht- apot. Only frotn 
ShUt.11 ,..,1lt:'r r~sc•n·oir~. when an inen·~s.•d t.ll8Ch"I'J:1~ tor power p~r[IO•f!~ 
c:nlnehk~ with ic•~ d.dft. l:o~ ic(! aom•·tlmc8 di5C')U•rct•d Into t:.Uwatt"r. 
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Wind ice df'ift cnntrH'Ntc8 to m~lc.ln4 :md t.o furUu!r df•Str~~~c.ton ".r lh1: let"" 
em·cr. lf tl1c win<.l dlrec:UCII\ (S .!\tO.blt. tht: ict~ :.OCC\Jmulalc:> 10 md1v1dt.1<i~ 
coastal zones or (nlccs. Ofum lh'-1 wind c:ont rtbulr5 to c:learin~ of ba~·~ i'nd 
rt.oscnoir J.On~8 important for navi«3don. c a rr1lng th•~ ice out oC !IH:nt. 
Out, the • i nd rn~y drl•t th~ (Ct' Into theA~ bf.oys 3nd J:One•. d f'layml( th~ 

~~';~"':.e:'u~:~-,~~t;,=~twmn-wlnh:r drowdowrt of a scc.r;agr n."1i\!_ncnir. po..M 
of ltle icc cOYer m colt("4 since th~ lee cover tten1c s to th~ ground .and 
(t~e~'" lh•ro. O<!p.nd1ng on ~~ amount of drawdo·•n and sh.lp<: ol :h~ 
..,&tc::r rt:!l~rvoir, the- r:trC!a of th~ ie-to tfltUed on the grC~und ,-...ri<-s wulu~ wick 
limit&, nw thlcknt'll of the •enled Ice iA n.onunlCorm :md dep•:r..ds mottnly 

on the setthnl time. . . 
Tlte sctd~d lee, froten to the rround ~tr.d COYt~rPd 1nth .sno·• •. he!lli u~\JJ 

il i!J Ooodf!d by th~ l'prllll UUi nC v! the r <'scrvOir. So"'N'~~ Jt rrmJ&tr'l~ 
ulldcr th~ woa1.rr ~nd lhe t'l ·.t.•ht'n it llt·st•n1 to lh~o.w it drta.che-s t\S4!1f from thr 
bottom and Uo;.ts up to form tcr blockJ. . . 

Tl1t: lo..-er lht:: winter dra .. ·d0'4' f\ levt\ 0£ t.he N:SCr\'Otr and th(' hzgfwl" the 
r.:ue of rise: of the t~,·f'1 durinx !tpr'n~. the l•r~er the atf>a oC open w:.ter 
surf;tc~ fotmf)d l()W:Io r tJ \h~ bftQ:tnnin( Of lhC' noalin.¢ Up O( the icr. f'roz('~ n11 
th~ J:rOuOtl, ln Ol)l': r Wflr•Jn, the fl"lO(C corn!Jic:tr•ly ~~the .wat<~r I'("SnrvoH 
emptled Cor th<" wlnt~r 1\.nd the !aste-r it~ it rdlUcd u"' ~pnn~. 1ht." m~Jr(' 
b\."orablc a.r~ the c()ndL\{ Ons for the- rJe&truc:tion ;utd mehin~ of the~("~~ co\'e-r. 

The rotc o( the vo.1·iat1on In 1hc- ·x~tcr lc,·-:1 IJI.Irin~ the autu~n-wirlh'r 
tJrawd(Jwn of tiu:o tl!fJ('Ir\•Ol' r nnd itt.! ~Ubsct.&UCnl r~C'h::trl(f! ~~ p:art.icu.larly 
nolicc.ab\1! irt c;:Aae& or \he dt.•8b"U<:tiOn flf1he ie«' co,·..:r on rcservo~rs or l:ak"'"" 
Hl..~ formation!\ :wd on bays of r~Horvoirs hav.ir.~r t<~rgt' shallo·.v W3tc~ ;.~.reaR. 

'Tllt lowcrin« nf th~ wn\~r l t.'\' t:'l as a tt:sult of drawrlown ;tnd Hs rl~l:. 
durin~ tht." sprln,:t tt•cht~rRr." ,tlf.OO l.lf!t.•c l lh•• d~·s:tructi~n oC tht• ic:r. <."ft\'·•·r 'f\ 
rh•""'r l.tllh'S r.tl(l in comr-:-tt:tiOtlfll (t' &"''"fO• t:h:uln•!l ~N!t!un~} •)f rrs(•rv¢i r~. 

Tlu.• fJO"' yr.1oeic.h: l \n the d'•Pr 20nr.11. O( l'f'~1H.•r\'O~TS dt•JWnd OJ1 t_he dq~n·~· 
oC fillhll; Ol th"' rtostn•Oi r. hut tht.'.)' 3.te al-MDYS lowrr th~n on th .. • ra'\•co r 
up~ur;~m from 1hc ~ckwat., r "tone. le~ br<'akup In th~· b.•Ck"A'.l.lt•r ~on('. 
1h<"r"•f'orto occ"r' tau·r th<a11 nn th•: n\n rc up~tr<'~hl-lymg non rj.lfUI" tcd 
!ltreu~h ci n1c rh•'1r, alt ;t r~:-.uh of .,.h(ch at th~: t •!rminal <~:Oill" or thr b<tck· 
w:.t..-r 1uc;a, ic\' jam m;~y form. Jun phl"norncna f'2'1iiiY be oh&t>f'\'cd altw on 

trl~=~~f::t of wind blUiirot.'(O' from~ dt'CiniH: ditT"'CtiOn On U;e tS.•stntCtiUn of 
!'ht! lcC" cover on rh·<'t' 1.0M'II of 'lfl';t.t~r re~f'n•oir~ Is m.nif~st~d ln d d ayu'-C 
ict• drif\ or, on the contr;~ry, tn intenstlyin« lc,. dnh to· CIJL• mai r.. .. l~lu·~hitt· 
p•u·t o f 1he t t'MN''YOi r . . 

•nu! dJs;.pp(•;arancC' u f Icc on lak ... •s :anrf r •'"-" t\'Ot f 5 ts completrd by h:r 
brt'ak tn1 ~n\o ' rulivldt.aal 111a·dl•·111 :.nd thNr r :tpid tha:.a~int on tb•• ~ur14~~ WOtt~r 

l~t~~:". Un~ de"~tnlctlon or d1•· \cl" tO\'t.'r C'tn l;•kr s :md rt.•f'rf'\'Oi.rR and th.,._lr 
comp1cotc o r p:.rltal c: h:.:arlnt( (rf'nt IC:f' iR dr tt·rr:'\h wd mainly t.r t~r lo11n<WinC 
(a c:tors: n l ttll' h•!O. \ Input tn tlw IIPPf'f :tnd lt'WII\"' r l'Jttrf,&~C" o _f thf'" tee 1"1.'1\'Cr , 

(2) th~ ,·clodty "'"' dtr.-cHon of thf' ·Mtlu1 , (3) ttw '\':1f'l<ttln.n •n th~ ·.&·;ttf· r 

di!iiiCh..'lrftl'S ittKJ ll':tlt~'"· . 
WI.! still rla not t .. ··wt• ~ t our- •h"IHJ~:'\l rtoU3.blr• rncthod~ for ,ak~nr. inLo 

,,c,~ount :~~11 lh<' nbO\' i'•l\ IU"t.l fnc:tnr ,;: thit.l dt•tt'l'n:tlt~f.• thP th•strwC:tlfiJI omd 
tha·Ning or Ut•• tc: •: CO\'I'f". For C'XPmPI• ... ''"" nwch.tntc:al ···fkcts: of Hl(' lo'otl\d, 



ttot PIOIOH~:etcd co full t•xtcnt ~v .. •ry J""'"ar. nre not at :~U or on" ~pproxi ... 
m.."\\t!IT tHk \."11 fnto ;..c;:Ccuot 1n u_. for-m o( ~ eorrcctron to tht: obtaine-d n•suh.1 
of c:.lcYiation or Coreca$linJE. 

Fl. C,IJ.CUl.ATIONS OF ICE Ct..EARINC USINC Til£ 
IYEA-riii::U FOH~:CAST 

S 1. Ca1c:ulatlon Clf ic~ cll!O&rinc, 

C>llc:.qf•Hon or lh(!o tnehinc or the ice eovcr on r·r~t•I"Yotrs Is baaed on the 
hL•at·~lttnec c:qu.atlon 

(I. \"I) 
will',.., tq IR th~ itnl(1UI11 o f h~at (p t.'r unll sur rncc) rcoquir<"d for cemplcte 
.mdtiu~ or lhC icc c:nvcr.• LM; Is the ··~~ l o f icc- tneh tuq (fHica l/-r). h'u.~. 
l!r,n.:t'o lt..n :UkiPct.ko P u'·lC'• P.n OIIT\!, rv!!iip t:ctivt:'ly. the thfckn t.'liiS aod ~n!'l:ity 
C'lf c':v~u .. lllrtc.· icc, S tlDw i cc .ancJ "now on lht: lee. 

T lw foUowhlC '\"oalues cttn be used'" t h.- caJc.utaUontl: p~1•1c • 0.9J f/c:m1, 
""·"'" 0.88 ~/em'. p,." 6.2!>c /cm1. 'nrtR 

l:q =73.\.,.1<+ 70• ••·•• + 20&.,col/om' . (2. 1'1) 
I , is thoc amount of ht-a t tltoc\!a,.tl ry for rnt'hlnt: n co,umn or Ute Icc covt•r 

and 1h t! aouuw Otl il. Utf;o column hMvlne; ~ eroRs 1\Cctlon of 1 cm2. 
r\s i !'l kllowtl. o:u wnccr gLj'l:ing 8ht.•s , 01'ly t he tot nl kf! thickru~s~ h,c nnd 

th'.~ dt:p lh o :J the snow on tht.! icc or~ mea&ul""cd . Tho lhh:k'''·'fj8 o f the 1<mow 
ltnd of lhc c ry,ua.Uinc lee fur .1 known.to t3.1 lh fcknc.•s.S Uu:t•(.-fo•·e ho.a, thus. 
to b ... cal~utuc4!d. 

Th\· ;eJJprnxhn~-Llc \'oalut" of th1..· nll!:t.ta thidtlh.·~~ of th~ •uo'lo' ic:l~ for l.hl! 
•·.at~.•r··body :..re:. ut'ttlcr con.llldc.•a·outnn c~n be d\!'t&.+rm im.•d by 

&, .. _.=11{0.1.11,..,,- 0.2St ,.) ern. (3.1'11 
J:"I'Oin t)tJJJ,·t·~·dtfon data fur· lhr.: 1\lya?.'n\:t storot~t~· l'f!lft"I'Volr of the Alnsk~·:. .. 

\'tJ(~ta C"'•nnJ. a - 1.66. This \·•~lUI..' r.an b{" u8cd to calculu.t t' thr \·~)u,. ol 
llo..-..ic:: iu c;.st~:N wh<' n t1'a\'t~r~iu~ t'I'UCks, fH•lynf:tJi ttnd lett hoi '"'" ••Klttt on th ... 
l:i'll'fl $ll't•lc.::h. tl t•an bl~ US:t•tl{n pr~CtiCl' rot' Stnoall And :11101'1' ~Ottl!liJ o( l;er,:tt• 
w ;H .. •· htii(Jws. 

A!" c~ .. lara:·~ IJitili•·s uf •oHr·•· un du1 ••hntt•, the eo.:CfiC'h·ut Q tor them 
)1}•1\Jh l :tiJJNrt•utly Itt: sm:.Uo•r (sr•: (.'h:.ptt:r H '), 

11'1 (l . \·IJ, A.~ • .,, J~ tht• rlo'f.lth of ttnUd Jlr•"Cipil.ltton •klritllit th~ l'to~bll." 1<:.-• 
l)o' f'ICICJ, m 11\tiJtm•·t~r O( Wifh"r, 'Ou·: d••rtHt or SOli!J pr,OCJplt:Uion tK takl'll 
r, ... ,n ,,1J.i•·rv.:u i(lns a\ Uu: rru •tro rolOf(U':..al tot3tion tt,.!Wt•t tn tht: """' '' .. hody 
S lt·t·h:l• und•'r C'm~ld~r~tion. If lhcr~ ttn• H•·v,:r-..1 JnNt' oruloRicaf s tnclouH 
c ln:-.dy ,;llu~h:tl \ ( J th~ 1''-'S~r·\·oiJ·~. the.• nH.'3 n o f d uo nb!tt) rv,•d ~o·aluf'.J I rom 
doi Hl or lf\•.•Nf." lflt~h!OrO)OJfif~~I J ~U:UfUfl!l ·.lhuuld bl' f:\kl•U ltJ dt!1Cr mtnt• the' 
•l !.•ptnul ,,,.,.el•t41:,tit'm, · 

·u, ... d··,Htl n f the sr,f,·N p.tck em lh~.,: tel' (~ d•:lt•r mhwd fur ttH• dati! nt":.rt.•ftl 
" ) u.,. •k•h· of tht: h~>~muiu~ nf mcol unc, :.vuragt.•d O\'r.r oall lhc Ril•fug "-ih.•!l 
o r Uu• s.••cl lctn. 

.• , 

Th~ ltdckne&s or the crysualhn~! icc b cqu.l lO 

• cr.tt - t,c: - A,n..!c• ~~.\"1) 

'f!1~ tot:ll ic~ thicknc~.s on \t1c g ivt:n r'!~l'J"VDil' ••·clif'n be(or'.~ ttH~ 
b~gh')l)illg of me-lting (A;c) h: d"'tt:rmin~d f,·n!':l obs~rv:•tion" _;...t ~~u ••~~· g.:tglnR 
sitCs or lht 11ection, ·n~a method of d•:tcrmininc this (IU<t.nht~· d•·pt·nd:i '~".~he 
purpos•· of the- ci\JeulaHott, L e., on wh(!\ht!r tht' C:l lcu.t :uu:m lS fur llu.· J~t 
of c;:omph:tc let! c:lna.rlnt or Cor &he' date of i ce eltt~ri"l on most of the J(l\·coct 
.,..,a (ok Port A). . . 

u the date Is calc~!;. ted ror compl~te ic~ cle:.rtr.a . th~ :ru>.um:_m lheck• 
nC5!l, chosen (r-om oblt"I""Ya\lonl ~~ • 11 Ct\(.• ltilftinll ~ilcli Of tl1e ~~h•m, b 
taken as the l~e thlckn~ss ~ o n the &c<:tion. i. c . • t ht.• larg~st v-:;~k 
thickncst*l observed a1 U•e alt~l In m~--surcmenttt bOth t;, r from tht.' llih~trc-

and at Ute shore C"tn). , . 
Jf we ealculat e \h~ dilt c o f icc clr:•~ring for mO!il or th(.l' ~:•·w·n :u··~~. th•t,. 

a••l1hmc.•\ic m ea n of th~ rna!llhnum thickru.:.·ss~fl ub~f·n·.~rl "'t 0111 _th.f· ~UC'!III (A~~) 

ifi 1:lkCn ~s U11! totnl lhlclcn<'S!I ll~c of the lc~ On thf'" S:h'l'f1 ~t'C:hl.m. . 
\Vh~n C'l*letllating tht' thlcknCi fJ of cry~t.a11i:nl: k r>, th\!' \*o'll\1.1: o r_ AIC ~~ 

311bstituted tor lltn in (-t,VIf (II tht- d:t.h: of comph:tc ict' clctt r.::g~s br!u'4 
d<tc rlftlned) ot ~ .. is subotlttllrd lor h.., (If lh~ dJ tr olio• oto .. ann~: ol rn""' 
of the a:l\'l'n :-.·rea lA lM"iot~ dcttrmin\.'d), . 

To fi nd the- time of Rccumul:uion of ·th<" amotutt (lr lw01t mput , ~q. , 
n('CI~t.;G:l ry tor let• e lt'I'U"in5t .,,, tiH.' r ,'1U' l"\"oir. ttw m:-~nitud~~ or~ fH•r um t 
tinu~ !ihOuld h~ known. The, unit tim•" in th·~ mc·th('! d tJ·~~C I"I ht"d • ~ 2-1 t:t"turl'i, 
·rllt• qo.;\uthy q consists ol til L' sp•.!ciCic h (•a1 inp1H du" m sol3 t' r:~df;H1on Q. p 
t:' \":J.poro\titm o r cont.ll'nsoului\ )uN~C r~chan.t:(' LE. h N•l ~ ·nhiln~c w1th the 0111'" • 

effective r ;.r.U:.IIon l~tr and h~~;t lnput £roll1 lh~-' "'""U•·r 41 .. · 

9 -Q +L£+ P +J.u+f.. 15.1.11 
,,,. valu,~tt o r Q. LE. P. l~u can b t.· cillcul:~l··d lly t.·d!f.hl'l' ror-:nul~~ C!"t.' 4' 

i\la.rtnal, Xo. ll. in P"•·Uculmr. h)' th<- formul,u: (o1nd rn•;llu>d~) "n·C"n brio\''· 
AH llw hci\t•t';<~halll:l." con11J0tll•nls ttrc gi\''-'U tn c.•t/cm · tJay. . 

a) Th~ bpt•clCic heat £t1fUU rt·um ,;ot;u· J'ndi.lhon C'L;n b•• dl•lt•rrn•n.-·d rrom 

Q~o.SSQ; .t.., t•.1·11 
'Ao"h'~l'l" Q', iS ll\l' n,;l)(i:TI.Uln do•n~i~y II( tht'• h"';lf flU~ frOm total ,:o)~tr 
r~uti:llfoe1 incich•nt on tlH• tC.I..', l:.ltluc in~o ="~~o:m;n~ ll¥" mulup_lt:- a·dlt•C"Uon hy. 
1hc "'"'"'-Phth•: A:.w i~ lht• ~odficlcnl of I'Ohll:.tion ;..u••nn:.uon hy th,. clnutl,.,. 

·nit.' l.'olhtt• Of (f, 1~ d t•lr•rlnhl\-c.l (('t.lfl\ t·· lJ.:llr•• ft1 4HC lh·pot·t~l••td o:-t lh~ 
J4."<''1!'-'Pftic;~\ ldtiluttL' oanc• ou th•J p) rtkubr doth· . ·n, .. C"ot"lf~e.i'!':ll a , •F fqv.nd 
fn•tn 1'.abll'" :n for f"qUI\'otl•·nt clnudi:t.""!'~ N. 

TAML .11. C•'l'llttlrnl cot ~l.u ltlltUI'"'" t tltnu•t"'n .t, fc•• u • tl" t' ro~luu o)( 'f'ol~,· .. ltrrt 
d>'tldln"'' •Y, 
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~1t~rl;'l N. is.thc tolal cloudlne•v~ N1 i• the )(,~·level doudln~•s (tl•~n ln 
th• ISnvie t I d~cimal 1<:~1~). 

FtGlPit ttl. MIIII'JI.n. * .u7 ef htu fte f1f ltll. tailor ad}.llf«< 1M~ 
~the ice, t~ IMe 1<-.N h. 01Yhfttt: tttltei iOA by lh~ atii'IOIIpt.rrc 
f« • JolbC'doof 0.-4 of the Jv.r1VWfkii"C lett•..,, fw4iffcflm1 h11r~!k,, 

b) 1'1' f1' amou:nt of heal n·c~lvcd by Uw icc fl'otn the! a ir (or g~v€'1\ by tho 
tee) ar1d the h(•:\1 lnpul due to c:ond~neoi\\forJ of wate r vapor {or heat loeM on 
e,•ap()tatlo n)on ~h~ Lc:~ co\'cr e:.n b~ c alculate d from 

(8.VI) 

In allis fo rmula . , &. e at~ th4l mean .. diurn~l value8 ol th~ wlnd \•t'lochy 
(tn/ h"C), ~ir tc tnpe r .:J.\ur t! a nd woat~r-vapor prt"seure (mb) a t a h<'i&ht o f 
2 m :lbovc 1he r cservotr. 

A wor k ina: nunlnt:nph (Ficurc K2) .. -.a plott~tl on th~ t..o~Jtis of lhla 
formul:\, ·n d!'l •~•~nogr~pl1 is •uH~blc for calcul:atinns fOr ~ny \ypc of' 
r••sc"•ot r~ 

"fhtt mrteorolot::ical rlemruts o pp<".lr lna i n (8. \ ' 1). whQa e v-..hw e mvtc W 
known wh•·n UAinft U•C"' abQ"·~ ttOI'nOirl\ph, are takrrt from obal!n••tlo'"' :t l thr 
IINlrf's\ mt·tcoraloiJic:d stutio n ••nd :•ret re-du.cc d to lhe condition" ~r UuJ 
~eh•t•n t L'II'-'r'Voir.. This is done rrom eorrcepomHn~ <!DI"TCctiun gr;'lpha Clr 
t.lh l eti. 

J~'haurc 83 gi vl•s n ur:.ph of lh-: r .uio of' tht..· w' nd ,.clocHy ,., a n 111HlluUc of 
2 m nhove tht~ rl~A4!'rYOir to thu "'' "d v~locity M the alUtudc of thC"' 

nrt•·monu!tt•r .at th(" mNf.!Or\Jlo ,::tcu\ Jtllt4n ( = •t .. ) "'''.flldj Uu~ tnt!ou, .. 

cllunlt~l :.1 r t 1•mp •"rollurc (frnn' u t,nlt•rv;•1io m• ;.t lh~ Jn~h·(Jrnlo.:!c~l ~ttAtinn) 
G.. ( t•f" vari0tu1 valueA of ttK• mean wldU& ll( the l:ivtTI r cs,.rvo ir • •·cu on, • . 
II l!'l ti••JIIl co •lt!tcrtnhl~ th~ 1<11\U: r , _. i ht- r oacin n f lhe wttter are~ uf th< 
ruAt•n •utr ~welton to itli len~th. 1'hf' ~rc~!t ot bolya :tlld w idt!ncd ttec:UuM ot 
1t"lhut • .ry tunu1hf' ~htJu1d ll\.' lnc:1udt"d Itt thr wa,r.r· a~a nf Ute ru-cUon. Cn 
lit~ e: .. ut• o l '' n.•·~ .. llv•~ " i r h•mfwrottHrr. lh-: codUe it.•IU: .... '" t~tkt'n cntMUOJnt, 
•<qu:tl to o.n frt•tluc tion o( \h~ wlntJ ••:loeit)' tu t4n ohicud~ ol 2m). 
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/ / 17 y v /~ 
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PIGl'l:.t ,:, S~:~~tnt'-'l•rtn·f·" k1rnr1mtnJ; ~1'1rr hu••u.c'-•"•~C t\~fll:''-""'""'·' 
1.(+ p IC't 11c-m1.J.t.)·l ~' ~t;"'•r..~rnl ~~~ t!1•· ••\OT\•~h:n• o~ l u ! IJt • .,r t tl(' .a<• 
t.•mrC'u t..-w I. ~ .. ~,r rrL•uw~· r im'.•lo~.nJ ,. ,,,J """ "'II)' • i no,/'l<.d Jl • 
ltCi t!U fl( ::ut .t.l-ll'\"C' tht" \ll.lfJ.ot.- ~f1hc U'\ll't•IC't• IC'f (l'\-lf l , 

ll 

... , 

·n,.. \mklti)'A'Il ,·:tri:ltiV~l iu tit~' "' i mt \'••lrtc:l1)' i)l cJr·t•· r·m int•'! a s llw 1u•mi•H:' 
,,f llw wutd \'\*lt11:h~ u.· •• nl•·~I !"Ut•••tl h~ 1h•• ;. p,•UHitn••tt• l' o~ ! l ~hun• 
mif"1tor<•h.tt:IC.ll t~ l;a;litlll. :tiMI \ hf'" Cl t,•(fit' l •'tt\ ... 

"'~'•"'·· 
11w ;elr h'N'f'··a·.-tur•• ;)ntt ~·.at•••· -""·''"'''" l'•·••tt!l-~lf'•· •n ,,.,.. :.t r ~""t·r \1..- ,, ••• 

('0 \.., ••. , , .... ,.. , , :,,.,. tkt:··nnictot•d :·~ ..... f\."l t"•·nt un t1u• .. -;e1t.l;t.'$ uf e . ....... r . 
"'''"~ut••d ~~ m••h.•oro!.,.:.h:.-.1 $t .. \lons ~uul em tht\ "''u tth t t•f du· n~,.,· rv••\1' 
,.:\-.!Unl\ tt·'l, ur•·tl IU .t nd fl5). 
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rtG\J'A.l n. ~do·'--;: ot elM wht4 •tSoclly ~· u Jhllu.dc ~ tm ·~ du: 

ICII! ~otMocr cc- •M-v~Cd •dor:i;l)' AI tk hfl~l ot ,flee .ltl.flflrnnctrt .at 1'be n. .w.o· 
~lui sr.nion n n1.1s tht .au ctcftt-,,...,, I s •1 ch:t ~~U·I)fco~&l &l&li<la ftU 
~•~kit# v"'llwl of elK ~t~et.• vUa. • of Ute gtnn rr.u-~Yair sutlee. 
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1171 I 
nn~•11r. 11·6. ~., rllll"rr'T'f'IHt•tr I .111 • .-. ... _,., ~ ~, .. 4,..,..1' ~~ rl'tci"''olt •<•N tfl.t •4r f'Cm~u1~1., 
·~ .u dtf' ~h.-rl'~tll1·~~~c . .t ·\Uitl,'lll ltof nn~lt1 •l41~t • ot lht w~u611, 

c) ·l' lu• r•f£4.·e ti\'l' i'4JCliMwrt t";jn lJr• t.lclt•t'min~~ from lh~ IKU'llOJ:rDfJh ~:i\•c-n 
in fu:ur•• RC, OiS dr•p '!iJ.dc-nl nn lt\t":\lr lt•mp1.•i-:HUTI~ 8, ;,t th~ mf!U.>orO]<"~Rie:l) 
st •• tiun .:u .. t •-.IUi\·.Lltmt clo,tdh'k.'~l'l N. 

Thl• h•'" ' l nsntl tn _lhf' und,•r Anr#.u:,. o( ClM• let-. cm.•f"r. in cc.ntt""'"' tn lh•· 
comw•tu•n t l'C nt •h·~ l:•'O\t. balanc•• nn •ht• UPf..,.r !'tu~ct~, -•htch ill"'(' d•·ternlln•·d 
( I'll .t ~~ l1ftt!T t~l"' i:!t. is talwu into .. ~C'O\IIU. an cht~ c:atcul.:uhm m•: dlf)fi 

· •h·..:r.t·ttw•1, rm· lhl' Whoh· lltnwt''A p'•ricuJ, 'nt~ hf'illl h'f'\,lt to ~~co unrlcr 
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; •·~··~Tt~ii:~~~~~~.~rJ:~+~ ... 
.. :.r:~ut;:>h c~s.ctc,: ~~ ,·alul" p~ lOp.,. ean bet d,crterminr!d _f.r:-c?m '"'C!' broken'e"'""~ in 

:-,·: : .. Ftgu"' .t\1;· /.: · '-. :. , ·· , :::' :,.: .: . · . : · . --~.:.>· . . · , -·· .. · :·-._· . . ·_-. ·'·::. ·.:~ · . • -

·• .;\S.~-<;::~~~~ ;(.;c;~~~fe~fit• _c~l~~'l.~~.~~{{: - . ', ··.··., .. >-;· , . 
:;, .. Th(' fJ~r~Ur~ af \h,•·cildlletH~I'II C'll fllt-''tJi.&tP or 't"f.tC:h;Drinc i~ 11hQw1\ i.n 

_ ._ . i .. ll>i;<-..omPJ<> <>f t!_.;,_T•iml:yanolo.il"stonl• reserv"'r r,;;. 19!>1.': ·_ _: _ ,. 
--~·.:..: -. -~ --~.~ _t"alc\.l.,tion I$_ n\;,ule f~_r. dieo--dow~"t~m lwid~_.J.Part ·of th .. .-H~r: 
. -- -~ - :._ y.;i .. ~-,~-nc.-!lt'tt.e-'viua~ nl ~uvQT'OC'O_t$. t~· ~m-(F'iprCo 89):..;-''11i4t_ mean-~--. 

,\·.''wiftlh i1-f tilt~ pArt 1• -.-... ~ k'm.: · :n~e mt:tC"or.,tbgieu.l-~1cments a.r(:' tH1c.(!l·,; ·rl"'t,m · 
.. •th<: mct<"oro'lnrl.c:al AtaUOr' rif T~tnlly:uiilkil.': · · : ........ ~ 1:·:· .:· ':··: '<\:.. ·· 

••

1

• ·~·· Thr- h.iUO'WfnR !lix ~--~tn'a:.-~itc!l. ~rC' fllitu:.tt.-d~ Pn chtl P~rt of lbC':~4,If·..,.~ir: 
:': .. S..•o=:'sic.cM.;_ 1\:n":""J"'"kil. -~"•~r,.kal;' Pr~ma~u;···T•i~n_lyan~liii:pott.' a,id 

T"imlyaMkl!,· . . . . ... -.- · . · · · •. . - . · · . ' 
. ': n.;,;_4aoa of tho Krioiuioy~·r.kii ll"t:lnJI ftik ;......, ...., ... ~ 1a •1<-t•~mc..C·i.,._' 

·~\.'::~~-·.Chi~kn·:~IIN."; ~hiet.~·th~,.•l'•~).i :l'it~.~~~~·~l.'d('t.'p In iallAy:~~~ lht~ ·r~·A~r~il(r 3nd 
·.: ..... :· U!l: 1eo:" thi,C::kF:'C!'~~ nl~·.:.,.!IUI';.,d_~..,·O)r it is:~~~ ~har:Jcl••rt~~IC; of the_~~~~r· .. ·. · . . .: 

': :.r·~~~,..n·c')il'";,· lhf! d.:\t~ or lhl•.':rt~lmly:'n~k.H-.p•rt Cb~int·II.Ul", ~i.tu;,U"d 1\,'D . . -. 
.. .... ·· ·. ~worin~e: pli:r. \_w_ ... ~ -~"- '-u..-~ h• th_e .;•aCu\;at;~-~r .~M rilr.;-111 •IPpe;b .nr -_th• : ·~-.- _'· 

· ·•·. -.:. • • _ · • ' ,.-.pO .... ot~tfM.' i.e..-.- !'tinc:f.!' ln ~,._,. ~-~• 1be- .,_. dPpth tk~-re iS mot llllflh',.n :~ ...... 

··y-:. -::.: ~~--~ !t ... al'i."d s~. dt:_iftinC~ . -- ~- .• . · ... , - --~, .. > :! .. ·- . ·-~ . ::_ --_ :''; ... 
. ,' '.T:thl~· 31. g"iv&:.•~datA ~n .~1\·~ ma:"im!.l~.-.iCt"-' 111\ckn~af!. :·.I."CIIw· dPp~~-- ~n lht"- ' ·:::!~:·: .. 

:tr..•! ;..nd d.t\~~"· li'lf i~•· ch_:ilrri'A ff1r fi!••Aina-•it._-,~~ loc:alt~d ftn Uu~ ,.,.,d,~ •04:dQfl nr .. 
:· .. ·.:tw•_j rr~u~rvc.li-,.-"o!l . w.-.n ···~·d~t;l ~nn !ioUd·prcdpi_toilti0n.dUrtne-tn~.•C.w.b1'"" lei-_. 
• ..... •• •• :. ~-- ~- -~f~~ :_. __ •• ,_· • • •• ··.·: ••• " -~ · . ... . .... ). : · -:=-~:: :· ··:·.·,· -~--
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(c:olumn 21 J, 
f"r'Oin ... i. uru 11; w•• ch.•h~rmi U•' lht.' hlflll\ of I'UdiiliU lu,,>\U llll'f>\l(h \Ht· ic•• 

to thr: wau~·r'durlnl! lh<- p ' :riud ( rtun tlu.: Ut•cinnin- nf t}:.AI•:in.c(uo.24. :\l~ r<·h 

(!:~ . .. ;. eorrt'l<pondln~ I<> 1h•· \'Olu•· i! • 2 .75 nnd 111 lh~ ;,bi>~;; .ohtain•d 
thic:J:tt-:s~ O( lh•• C'f"\'ji::1<\tlinC iC'~. lttt .r • 56.4 CJI\, r••r lhP c:t)C"UlOl-tiori u ( flu• 
CQn'l(lh•tt: tc•• r.lt· •• rin~t. w._. t)h tatn IO:-o-.. 2f,41l i~:.l/t:ml. ct:'y. Th~- ~~fWCiHc 
h i!:lt iOptll tn lh•· ... ;,1••r ( ,-on l the bnttOM l•nd: litf"'.,IIIU'tA':I h T, f ,•., "'-''' H•"·• 

ac~arcltn~ to T.abt .. • 36 l''JU;.l m 23c:al/cntl• tl..ly, \\'~ hO.\·t.· iq:= t035cal/ctu~ , .. _, _· 

11•·· !<at:a1 h•··\\ inp••t t(' thl'! wawr- (,.nm th·· tv·t:i::tt:nt.: Cl( tha-4·i~ to 
2·$ i\1:tn;oh i"(!Q;o, :-+Z:-t.-) .. ~t;20 + 1 03~ • 3tl5~ •:~1/cm: (t·oht:nn '2·~ ). 

Th~· !lln; tm•L .c:t.,~·~. ft,.t~•·min:Ui')n ,')r thl• l(Htlllv : •• t inr•1t f1·nm thl· wot t•• •· 
r•1 1tw •.11\tl•·r "'Lir(:u,:;•, ! q..:. , ts cu l cu~aa•ll by m•·-•nK t">{ Fithla·•~- :-1~. W•· 
e;~lc.•u\atc· til\' 1nc•un 0 0'.\' ,·pl~h:(ty U ;n~cS 11W l:"o•,':u' d· r-~h It ~~t'Ct-.:'!->i~t·y fm thlA, 
as imliC::nt•·•J a b4.1\'C. ftnm d.l·t~ on th•! w .. wt• M·• t:•·rt uud di~~-chOJ.r'-:~~s. W•~ 
oh\:•in u- U,f11)!') mf~t•~; t• 1i1l.· h - ·7 ~~in. 

' . I Ul • HP I 0,00$ • ~ - 10' 
••• ,. hit\' ~' ~:--;- • " . 7,.9 ' . 1111) . -4 ~), 

Frum r."h!&U't• 08 \"'' tM\'~ ~-'UH. tl~nct! 
~-, .•. + .If.; 

1).,• , .. ,,u~ uf !t• .u til.: •·"d of ~--I M.,rch A'd" ll-:'5 r.~tl/c:r.: (o('•)!mnn I'~~). 
'fhu-i, th·· toU•l !.~t•:,, i rtfN1 tel !hf' icc rV\.'ot' t' •i~Winz l"h<o!" 1,rri1-.d h <f·m •~w 

hf.'t;lanu'~t of lhr'·A'lm~ until :l-4 ~t:.rr:h ·.c-.-~ (cn:n:-t"'tn :!6) 

:!:q ,-IJi.S'+ J(\70- 4H.S <U l /c-on'. 

Fttt (\l:Up1••h' h:•• clt·;, .-i,,l; iq • 55-"tlc.•:,l/cm' 1~ r··q u u·<'d. 
T h•• c-: . \c\llali<m \S cnntp\V·~d uru:l 1h1..• tot:.-1 :ttn•uUnl o f hc:.at iuflo·-'• f r •l!ll 

•hO\'t' ,l!ld lt'Urt\ b~n\4' (lq a ~Qo+ !f..) bf'enrne,_ e,·q u:\J Ot bre•~r thiln tht' 
o•urt~::nt o( h•·••t cU"1''~='~;• t•y (t)r ae•• ch.•:"II'U1¢ (51~1\'lcat/cm:!. 11u:o amnunt it" 
a C'C\!mut ...... ,) on 7 Apr il. l.'or tht! (l;att• or i t l..' Clt":t. ri u« thtc~< fll'l\ d:•y it£tt .... th•' 
·•ccumu1o.le('ln o( thr• tw~·~s,;a r·,_· :1mount o f tu•.u. \n tlw prt's'-•iU c~·~·~ a Apri1, 

l~ toa.kl"ll, 
Ttu• c-.•h'ul:•f1•1n m r•1hud rt.·~~ rlb-o·cJ r:.au lt•' \l~f'd nell f"'•nly !··u· t.!o.th u:;.tir.a;: 

•hnl:·tiow .Ph•r w f4 flf tf~l••F u( :,~"! .... ,,,,rant: on ne·A A'.~ol•'r f"'t'!<O''I"IIir~. ht.:t ;.!M• 
{lll' .,:Cwrt • r'.onr,t• lC'I' c:!t•:111n~ r('ro•t":tlt~. '.\'h••H J'r••r:•ril•~ ~ ~hort- t "";lltf:.t ' ll"•'• 

1'1••,\t'iHJt ("l ' "l':o!ltt . th" hr·3f il•f\UI (l'f\ltl :ohol'o'l' lll th .. k•• <"O""o'•'r 1lnrin~ Ill•""' 
p••t'iOcl ( I"HtH thr• b••$;i:'rRI\U~ uf n;o•)lli•L! tilt tho• rf.t~ 1tf I!C-SUiU~ ';.,P fv1 l~t'O._:o;t \PC 
COJlc~•l;rt••d Hn Hw IMf;i~ of dH' ;,t"f!htt m••t•'f•r~'1'1C:If.".~1 rt.•S.l, ac:: ri..-~rn~,•·rt 

··· ;" .. :: 

.. :.~-: 



.II•·•~··. ••tl~l (ht· th·-· ~ •• ,.,.,..,,,·mnr. LJ•'t'I •HI f•( tih_' inn·...:;o.'it, nn lbf• hith1.ff 11i d~•lil 
il•l'lo 11,• 'J,.•Io fot•rtlo ll~ll"',iJ (l)l'o'l~~·Sl, ht tJw OttJ:..I,'H(,:I• n( ~~ for1'f' llSI f~tl' •Ab•tJ 

~·· I •" 11;o W,, f"lco\~di:W:'i~ .\f, .oad •'11-IUUl\Hilt.)' ~~. tl.•• l"rll';.ul v;1lw·!li !!')r l!J t> 

lh.1 t'tPn! l'"r"lf•<l.., Qf ~t i• f•d N ;'r"' t:okt:n ''"''''' ;t ~m\J~·1tfht~ p(•dud. >llld lll<' 
~0.!11• flf r, ' " t.11<r·n (l'f"•lll ·.ts n~b.ti(.lflship 'o\lth u,,. rttr !t"Clfl~t·:ttuf'(', 

11.•· t·.d~:, \.oUt>u n( Ut•· IW-tt tnpllt rrom lh~ llio'O:.t~.r ha~ rt() pt•cuHarHit•l!: 
• ••;t.i'~--tr'••fl ~ 111! th.tl d·-~· t·Uard iiltJ'n'''. 

•. , r-·r·'1;;,:--llllg u .... d=.th«;. rtf Lr g11\!:ii.ng n( IC:ta rll'"ifi nnd 
''-... ' ' ··!,· .. .-.o~ fron1 •·n.plrk••l r-:1..-.ttonships 

(' '·• " "·'''''ll!=> ••f o :;· l'~t-~''':1)~ 01~ d1•' ft.~ . .:;:,!': '"'f thf' {~..-rlt'\tlnt•!m ,.., th~t·~·tnc. 
•t• ... 1 tt•"·J Jq l.ht· Jll'~"'\">nnc; s,.:f't~om;, arc• mwtl tn pr•·p~Hl' (or•·r..l~ls m<~JP'Il)' 

111• ot:-•·r-: \h• a Ill·· r-h:<>•·n·•H~f·:~ d.Ha ~r·· Flfl~ follffi ci~~n\ tn fll·t-UI~ r•nlpll"lc.;,il 
1• ,,t ,!Hlo'•hU)~ 

•(l !'ort·(".hlim:; of th~ dt\lf' ol fee de:lrl.n£! Oll muBt part~ orR giv•~n r.,s£-rvotr 
(r•tnl ll.'l tt•J.ltic•r-tship Wilh tht,; di~t•~ -tJ[ OlCC~Imulatinn of the ~mounl or hC!at 
•;•ot•rc•flr'JF)tlfHnJ! to •• ~ivPn th,~knr~;s of Uu-~ ic;(' cow~r. 'nt(' amoun: nC 11\':"il 

'o•' II " il V jtq Ito· (h•HI'~Ch,: !,q, i'i dq.:>:'f~llll'd fl'l.rtl'l lhO.: 111o'ilfl (.1( 1ho• 

l:"J•• S"I lt1 ' 1t11 Vol]lt• · 'i uf tho: iC(' CO\'l'r 11iid-,ni·~•S flw• mt~,L~Ut'•!d ,ll i!Jl tht' u:llj!lnl[ 

..:11•·!-i 11f til•' ~I\'•·•• rntPf''onir ~··ettl•o) (thr-· nn~tnal iL~•.· thi<:krw~s) 

~q-:7.:p_J.h,.=13h 11• ~ •• 1/cm:: . 

.I,II"J"•· h .. I; \h• lhtd\ n•··:-;1: "i ~h·· H'!' o::U\.Tr Ul r.lll, P .• ~ o-~.nU L.r oll'l' tht• H'•~ 
I:!•''":~ tty olf1,1 lf:•·•ll,.l.~·orl~, fFI".t1. 
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•I- / . $rQ 
I [/~ 0 
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,.,_,i'•·l 'I I .r. , t , o <' ~~.~~"~"''!'I· i'--1•·"~ ''' l" o~.·r ·· f \H' l'~l·t•o\lt 
00 ·· ;~. ·,+I •'·II H f f, H {,•'" ,:j St'l' o.!Jft· ul ,Ht ,•,,.; l,.h<11 .j Hot' 

.·•• ., .... ... , i.l . ( ···~ ,. 

"1.• lj,~l•'!<. fr( •ltlll'l·d "'I'(.'IUmlhH~·~u trf ~htS oLI'l'iot'-Hil ltf JH'. It IJ'I \In• L-:i\~'11 

I '·'r1'P I :'1 oil'•' ~l"t•'l!'roi/Wit hy nll':l\1~~ fl( :• llOll)~o")~f".'lf"lll f·)r til.-· lt:ll'th••t!.~ .. 

lilt 

r(·t:ion simOar to th>l• ctivr: J\ 1n Ch;~pt~.'t" V, ~'111rt Jl. ~I (1-'t;t\~,...~ 52,. t\bo 
df'!>r:nh,·d tho·.-~~ i~ tftl• lL·r.hrul}•t•· f•f plt>UIIIrt tttu·h ntJmtl~l"':-l~ht.. 

In the- f::tampl(•s ~h•rn lwr<.' thr hr,;•l ih0r'IW IJof :!tiiJfiHtH·d :rntn U\<• (by 
urt•·•· 'A:hir.h ;t m(.·;,io-~Hurr1al ftf!s:atirc.> ... ~r t•~tl1p•'rOitJr•· '" ntJ~..-.r~···tJ rror l~Ut 
ff'l('J I'~ lt"lOJO tl11·~t:· :r-ttt"rf"S.<;H'•' tloty~. 

Tht> r<'l<•d•msh•P ror ft•r .. ·<:;tstinf;: 1h'~ d.-tt· ('' k4• <', .. .._r,n4 ~~ J"'fl'jj.O•f''-rl: ;t!S 

(ollrr...-s. 
hl .:u:cnrrl<:~.!~(· wi.th tht• • • .' t~.ltti s of t!l•' Ort~ltJ31 I( I' thJ('.low~ot fl ft-\1 H~.:! 1h•· 

s-:..•v•:1·u1 yl'<tr~ th{· rc!U-'f"'\'Oir. ~Li~ts, lh" .:un,.n:n• o1 b~'.;a\ rwr··~~•·ry r,.,.. 
(Oinf)li.'H! kc de.:, 'ring ts (]r:t•:t·mira~·d len· • · J~Ch y•·:J.r. Frt•rr. tlw .~: r 
ti"mpt"r:.iturP thP d.a1ly h•·at inpu~ IS df·IPrml~f·«J by mt·t\n,; ,,r 3 'l"m.--."~-..,.rn 
tn thi~ ..,.,.._ ... 1h-'!" d;Ht: o:f a ccum•Jl.•liu!\ Cl{ lh·· n'I:"IC"' .c;,~o~- t'j' o.m·~Jot ···f h~··''· Iq,. 
fn1· t•ach Y•:ar I S dt:t~nt1int.·tl. Ttw t•ht •• inl.•d rl:tt··s {nr tlu- .tC'Ct:r'n' ll.,•i"n uf 
!q ;11·,~ 1~r:1ph1,:al~y r(·l&tf.•d tl"t trU"' ;J C I~J:ol d;tH· ~ •·( l< " f'~•·:onnc:: l ltJ ;n• ·:;t ••f 
tlu• 1(1\'('rl .-~·.st.'r\•{)ir. 1\a ·~"•1.mpi•· of sut.:l• ;t l'l+}.t1i•1~\,:!up !fnr fl'll'•:•·•·-"lo!l,~ tht· 
dilh:'S or i(~l~ <:l"al"lng on tho,' Pcrr.•htJt':-" no •. Y of ~h·· H;dHilSk r•·tti~')'\'OU f ,o:. 
sh.o·.•.:n in l'igut·P. ~0. ,\('liUll u:•~ cl•~:..ritlg 1!:; •·h~l·n···d l~llf'l' Ul·•" .,! ~l·•· , 

('!=t!C\ll<, 1l•d d;,kh~s nf ac:('un~ul~tiOfl l lf t.h•:- li•'r'l'!'!1~1 ry h•'·tot, tn lht• ,::1·-··~~ ••-.;.;tmp.•· 

n d ... ,.-s lat•~r em t)~·~ ;n'\'t".ii-:l" 
:,'n ~·ari\er ,'"I ('C.ttm\!iOltiWl of tl1" nr-c•·l'o!oi,II'Y iirr,,ll.l~\1 o' h4·,H .J~ ~·•-tr.p .• :·o ·d 

.,.1 ~!1 t:)l' a:-t;;;d Q;1tro,; o! 1(:(' -e!.•.',lrlflJ;' m-•~··s t~ pC'lflfllhl•· !1• pr· .. p ;•r" hr-·( .. ..-t~-t 
nf it:('~t~l~·o.u·inj:i datt.•!'l with a mi'"ln fttri':J.',,I'tl\ll,R JH'I'~hd IJf ~ d~J.,\'~ !111 t~ .. ~ 
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ll':o~'•i o• .~•·• n~··!~··;-· .. t,ol,'l:o··!••• l,o~ot•.t·~o t·•~l·1 
'o'(a" t jl.~ •~· •··· r \' ')< .Jill .•I t •I .U.•" •11'10' ''I "" • o 

.t:!I·" ·M, tJ.r.•• 



P•j ... Pn' •·:r.:;•mJ)~t I \'l!l;nttlll~il•~ nil"·kmlwr~•t;.u·f' [fJn•e;•sl. \Y),r-n U-"il"l( th~ 
1.111"1", lhi fHI"•"" ... ':tt·h:Ut:, l"t'IVnlnf lht: if'!'•d~~LtJ"inJ:: fOr'("I~U~I r;;q1 IJ.I• 
,,~·r-••rrl.!tttl_:.• lfWf'\'·'"'''''· 

~ •~tl•' "ll 4i\'•'"' ·• t::"!l,..r.thl:{'Otl p•l•'lJ(~·~l-.:t,~A) !ht' fcH"t·C";,~fH~~ Hw Jc:f• 
•·J···•••u;: fO.:I n··'·'-l "'' Ut•· 0 V•'Il ··f·t~if.m . ..;; u{ Ul•' r•·s:··n•"J r. hhf3~H••d frhltl •f.ll·' 
••t •-t. ·• 1'\".th'•n-- nn H .. · U.;,.·~)in.~k. T:-:in•!f';utf'ic.u, f;oc'kit otnd 1\u~h".'i.:h•·v !Ao~li'r 
t•""•''tY••.,·~. Th·· ••~· ~( u, • .,. ,...,.l:.lioQsh•P wlthnut o.~tr~t•·rniH't'oiiUI"~· fflr•·~·411iCa 
•i'•'''"' H'll ••l·N:•ys pro\"'d'" lt'l•• fli"Ct•.ssa.·y Inr•·Wdt'l'tln~ pr·rind. 
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I•CL ,·-· --~_.......,,,~ JQm icw 11111 ,.; rv ;otr .l()tr ~W ]fN 

·•' -.01 • ll"'l ·o\..U~••:• I'[ l:oj' J•n~"il f "' 1-.t·3~ "l'l"t'<IA."} 1,1 :11o !I o11; h 1 

I~ • I I r, o rt· t' 11 ~-

,t ~· ,('o.1 'J t• ' ' ol 1 • >I .•! •:·1, or. •1•1•.' il..,. •:At. · I ,,..,. r lo.· ~' 1',.; "'' ,., \1 •t 
' ,ot • "'·~,.._. •·I -~., 1 ••· ~ . • n; ,,, "" ~ .. :,- •I ''"'"'"~l..ll1·•n oJ lr't L:•-·•·•nt 

( • •' <'1• o'\,'l o ',, .• ~r ''' ·r~ 1 •' '-"•1 l fo .. ,.. t: •• o;, 

f•a 'Hd· • ··• ln,~rr.-.:;:•• Uh~ lf:~l'•':"\Jt"nlrJI! p~·rind ~u:Hht•ul USLtlf: 11uo ·•lr# 
(• tl!••"r .. J•u·· l••••• ·c.-a~lsl. tl , .. {m:isibll" to l,s,• ltH" C'f!lationshtp sh•••tH Jll 
f 1 .. ~-~~ ,. ·~'/. ..... ,,.,.,. Itt•• dol1•' (I( lC4~ ·d~•olt"fnt! On IUClSt nf th(• Op~·n n.•e:u~tt 11( th•' 
I• ..., , .,~: ·a , . .,. d• (j· r nu!1• '1.1 dS f1'"1lt t1d~·nt 00 \hl" rl,~tl'" ,·,£ th•• olC("\:OUaJ;a&Jtlfl fJ( thO: 

1, • -11, -9. "' <>•·-.-. .• ,·y fnr nv•1111Jt: tutu:•• co,·.•r 1 Ot!n't 1hu-lt.. ·n •. · tor i"A·.u lhUI-! 

ru fJ' ''' ··1 th• f••r•·t" .... .._, "'~I ustru~ a~r-t•·n:.~·.a·.~tut·" (Ot'L•ca~ts v.ln•·s h·t tn "' 
~ .. If d .• :-· .. ·•Ull ~"no Uw '''""''t',l~·· 6 d .. ys. \Vht·n tao;.tnJ! t1u• v.·•~,..Uwf' f,-.n•c•onH. 
th1 I••T'• ,,o l"l::lj~ jl' I'Jt•cl .u·t~apiJs;.::-1_'{ ln\. t"(•i:\S.t•::i., 

b). F o re!'C .l..<Jiir.g dat~ of \hfJ ()(> .J.tilllling nf let• dritt (brPilk!.lp} rrom "" 
r •·l-tltnn t•• ~h•• <.!..tiP or thP, accumol.lti.()n or thl~ h{'+at ill mount ni"CP.!\t~ary fot 
r.\•·lta111: ~" ~c:•• C<")v,•r lS em thlck. "ll11' b~-~HUI,,1~ or•f ict• drift ~·au h•· 
fl f • •h1 1•11 ~<dldloll ty 111 ttH· ~"'rlH' "".1y ''"' ~hnwu in~ :~''ho;t,•r.li.:m ~1 llhi11 1, /ll"t 
I Ill qlt t11 .;111!1111£:: "(lf 1!1t· dl'lh {hl'l·;tkti(J' Lhc~ l~.lf'li<'~t d.th.' n( IC't.' rlnfl tiU t'\ 

f~•··· 11 ""11 1 h'h lio( 1:•k••11 fn ttoL"' c:r•atu·ellor,, llJr;allt;-1• br1•.tkU~l u 1• hli.,':Lt ic~· 
dr 1lt 1•• ,,.,, 1,1k••u 111h1 "~'(' j'',lfi1. 

r'•tt•u·t· !l:i ~~~···" :~ J:•·n•·,-;,1!-n~d •···l;ntonsltap twt·,r,;'-'ron th{> {bee ilf Ill•' 
l1• ttl rm1fl1: r~( It,. •irift (or• Ju-r.l;..,,pj ;tnd u,r• d.do• o{ tllf' acc:t~ntlj,,ltinn r~r th(' 

tw:lt <ttt1tJUnl- n·~c··s~ary fnr m•·hsnJ! an'~~' GIJ\''''' I~ •:ITi th{c:i(, ·n,,• ~ro.fl'h 
J,!l\'r.s t'J.'(' Hue~ tploth·d .-,n th•-' tJ,,.::;l~ uf \:.to'' t.:r<Hl("lS 111 SJmrH!I;;). Th•· 1•··-.v·-·r 
hiH' cOrrN;:pc'indS to 1he bcglttrHnJ: or ic~ d.-ih Jn np•: r, !oWC\ifll\~. 11\f.> ~pp1•r 
ltu<· tu elm;c-l.l ~-.c\lotts ,~( ur;tu·r 1-P~t't\·••irM. 
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'I> 'I li)ttJ ;,;:11 3WI .... :r:Jrv J01Y "' !;.,~.· •·ttl . ~· .h( 1~ -,; .l t,o''• 1111 r. 't'~l o'l,•'l•'·t 1'111"1~1· I·' 

... ,. ;, w;: . .,, '' ,. ''• t ~ ~ • ~ ''' rl:l· « 
I ;~~1.'rJ' ·t:' ~.,. r;..r.oiil• .! ~· •,•·· •• :~LI•' ~'"' ,.,,,, I rr •' • • ~1.1· •·o' I 

"'" -:· oi'{.-!: !~>,!l,. ,;pl It•'!•· 11-'!1' >'! 1'•. ,o('o •·• •h"'' ·I''" o,,.q 

·•·"i '•·• ····a···.: ··• ••• · ··• 
,,,.,.,. L .1.· • . ,; •\•. • !1. ••d• .~.t •I r'• • 1. • 

Til•· h•£!;rtntni:! H! h''' ·draft 111 h.l,\'S: 1..,; (I' I"I'H;Itlt •l frP~Il .. h ... • , ..... tlur:~ .11 Ho•• 

(••!lowm~ r::••l!H:£! :HH'it l'>·rdo~•t•y H'••r••lw•i V lloiYI 11 h lh•' fC;\t•l'll'-~ . 
.f.ht·lh1~1t~IJ!.t H11 ~tH• {iar'il.~l ollo•i \";•11 1H :.·I\\'I ~ I•, t ' o£l': '•'I H•t ,.,,,1.·\ "'' •·• ,• ,•I• l" 

,.,.:'t't'\'"-'11'!". On u • .-.. 1·:::.·•~:...-.tl,'"~ts '--!'<~!All•' r, ·'' .-....... ·t·,..:~ r'-••:.:.~u-"' lA• •··· o ~ 

.:~,_ ... !ut·h·d 'n :O.tt•'(' ~..t! p .. rt:;~ 3!.r "'·"'~ IT~'"'d•· ·•I r~r~· • t'\ .•l~• •r. ... •l'l ll'•"' iH"4'o-.kttl' 
,.,n ••••" .sHMl! B··•···~~~-\· .. kc'~' ,!0:~.,,-:,re• c"•'" •'n.(•~ r •11 •I!• \'~·:t.-' .. 1;. '• t.,n.;.L ·n,~ 
fur··c ... ~tln~ .... -c~r.h·y h~· th•· 1:<t!:c~~t4:"tf rd ... tl"' ' _.- '.:1' , .. • .• •a.:;' .. o:-tu~ ,. n, .. 
fur•"t'l.·lr'n.;n.: po··rtt"lt:i .. r ~h-· !:•-~tft~;.~Ht.! ··I 1•'•' dnft •~·, •l)o n ·.~o.tt•·r •• r. ~·- •"- r;·• 
Jhf• ,_n•o•r"olLto' t'flt!oll til lht' fslrt ,\.,5r.l4t':r. ll• n•·lt ot( t',•• ,,,, .. ,,.;1-Jh J',jltU'I I•II'~C"ol:'i'·~ 

;ln•lth•" {OI'"oi·.v.'-l'lh:l'= t~··ru!o1 ~of :h·· n. i!.q'ahf! •lf "'•' dnft au t. .. :'-'l" t··h·s• d 
N.1t.:r arr•alt,;; un ~h•• "'"'o.'•'raz::•· :J d .. ,..,.. l•"·t:•'l'. 

f'rH·oT:o.::>UtO~ •}C tlt•· ~ ... ·~;onmc: ••r ·~~··· th r rt 1~ '~"~·•1• •t p ... , !J' f"f ""-•~··r 
a···~··~·~in;· h}• ~n''''~'-"" ''' th·· ;,;•·n··t·.•.~l··f: r••latt•uhhap 1:•'-···n J•• I •H'lf'• ~·:' H• 
l··~c; acr-nr~tl· th:11\ ft ,r tnl"o' t."<•S!"F \h •·r1·· t1 p-~rt,. 't'h~ .. 1.~ ~1·1•· 1' 11 • l•"to::::l,·r­
abt~· n\rlt!t'tK'•~ .t:1f u-..· dafl· r••!h'l' '" l~"· l;::~h-.tuh•· •~"'~~ ~t'''l'f'h··:~~l'lt t•· c ... ~ I•·J ·.r~ 

A"lBdl a!"<' :tot 1:1'-:r·n 111tn ~.,,~, ,~,Hif h-.· lho• ll••"t'n11• d ~· t · •• ·~to• 

c~ F.Jrcc:~f;tir..g: loe.al ace br"""-:;[l:-- =ll~d p:(' C'lt•itrlrJII: on ri\'Pr :t<•n~;; ;\;'ld 
lHy!i o( r,~,•at<'r n·~·Wr\-'t'tr~. ·p,, .. l•"!":tr•'•'Y oi fPI' • ,,•1 Ill! !• l.tll~ • l.'· 'dr .tJ! 
,,..,,}1,•\~·t! ~·· -~~r~~,!'i fh.l_\'~t ••f -...:.l•·r , •.. ,.., t.,,,.,.., h,\' ll1•' •• ~.~ \''·•~''''"' ,.z• '1o't'•''''· ' ~• 
,·,•l.\tit'~,!-:llt}l:'> 1" r.,.d~ll~(·d m .• ~n~y .-itt•' h• t!'l' f,il'l ~•··•'· ~~~ ~·.-« j ,, • .- ••• '' ' " 

tn~•·l~rlnt: u( tho• ·.\-;rt••r lt•\···1 dar111~ 1h·• 4'1'!l••r 11•1d pl•'l~·••"l4h",,·,r,,!to·.,•t .••t,t 



l 
J 

~u!J::.'~fl~a·nt kvl"l rise durlnf! Uu! ~pr·iu~ l''!t.!La rt:P contrit,utr's eor;::;id~.rablv 
If• lhe ch~.o::;lr'uction t,f tiH• iC'-' r.l1 '/t•t·, T JnR infln··ncc is partlculady ~lt'ott~·in 
plai:(·S wtH'I'!.!, in =~ccr")rdLIOCr.' wi1h th~ m o rpilona•t1·ic 1L•attJt~~ n! thC' [!iVt'n 
··~·."it't'"\'nir. Uw icc durin,:: tile wint·~·· dr·o.s .... ·dnwn rtr.'"f.'7..r:'S to thf' LottfJm I"Nf.'r 
),"U'J!I" J:ll ' i•<iS, 

ln .snr:h (:~·U-'ws, takin~ tht~t>t: r:omhtinn~ into ;l{:~ounl may ct,r-tsld•·f~•hly 
lllr: r···••s•• lht• ·l'CTUI'<•Cy of the- d••f t•rmat:klltlll nf tht· :•m('Ur\l nf ltt•.at n•:<·csS;lr)' 
lot· 1c'!.·· hn.•.:lktlp -t1r' icC' ~~ k;trint;:. Ttn: tla.'"kn··~,t; (~r thn ic,;- t:CVt.'"J' h,( l.wro r e 
u, ... n.: ~annin~ 0( th:i""ing. thl.' h'\'t.'l hiJof tbl.· prdlo~)d dr·~·wdo~·n and thl• l"' iFJ~ 
in th•~ wat•~r 1i.•v("l bdOI'(> ir,r- btl'ilkup nt th·~ fir.o:;t ir..e ,pu5;h 

(II. \'I) 
r;t(:lOf'~'- 'J.'~\II..:h <J,•H•I'fllint~ tl11~ ;~.mount 0£ hC':\l !qo llt'(t'~H.Lt'y for lc:t• 

•"l4"'al·ing {•)r bn•ak.upJ. 
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' ' l • ' • •• 1!;;. 
! ~;·1.' 11f ;1•1 O;• I Jh ~~~ ( l :l. \1/J, •lW·.J ! •t ,1,.\ .,)Wtth· ~~'" 1 .,:~~ 1111•1"~ 1 
I'"Ji••;o F<"' •::111 •'l;lrt· ~\lilA(~ (of 111101 , ,;~ .-~ .. ,..( t o.:n •t .. ~l'j !<~t ' l"l' 
t.:rJ " ":"' ;':! • I•~ fly~l!:i-~ to:u:r.-.~1 1 u'l 1::•• t 0:1•'11 ,;:(It:~ J.;('(>llnfl 

~· . . 
H .l\;1111. l:.qt I. U(?ti.llf"U ·~:-t t f:t· ll·ll..im·~l •·t tttl" I("C ~·ti "J(( 
""' !oq• u:r ,.,...;::••:•1•'!!- .,r th .h.l·~~ "~~·· ~•1•1 L'•~ tln• ... .:~r t l·l t~tl 
' 1K .11••:\ \ ' liJt• io'""'I"U p l..-fl< ... •d .!f.t ,.•!l>.,n h-H J. 

.)jl 

J .. ql••n .-1 Z.t. ·lnJ IJ.II •1.1 t:•"l' ~ ... r of 1-1:~ J•rt·~<l'f'; ~-v~lut·T 
:•j' 

•"' l :r,. Jt.ll fl ff ••r• tl.~- ·,·~··,,~. \~ ...:.~~ 

Tn {rn···t-:lsl lnt~.:•l i~·~! ln·•' .'•l-iurw on rl\' t'l' ?OO(•S: l)! w.llL'l' rt•·!-H:r-.·ui n ; 
0
,::. 

'-'"•·! I ,,s !t• (1)rt·r .• 1s:l 1<:.<' llr-•·· ~1 1< 11p un rivt• r f>. it t.s pDgt;ib lc. with ubst'rv;thm 
~~.,~.l n n h<~!HI. 10 t~~(.~ n·l;•ti unsiiiPSi s imil" r to (2,\'} 

(12.VI) 

· • ..-lr• f" ~Qo lf-i Hw :c,t .-11 h (.' ol l inflow prr 1mit Ouh' l" .surfac:(' 1"1! the LC'r CtlV ''1", 
Ao·htdl J:'> m·~: t·:o;,~ • .ary f(~r ict! breakup; h,.:: ts tht~ lh ickt11)ss o C lhe ice cuv~r 

------------------·-' 
~i~frJI'e Lh•·~ h~·~itminr~ r_;f IJtct '."in.g: 6 1/ i s tt.(. ·J;:•1•·r- l t•\"t• l ri s t• ~ tf'.l\.'t· U 1c 

lo·.\'"(~St pn•fi(,rd dn• ·.~nl•o.-11 j (: · ... ~ :. 

TJ1•• ()11 :1-ftlity IJ. /f ~.hr,·c lty :1 t !;O C"b:~ c';4cft- r·t ~.t·:-;. Lh •· Ih;.w \ •\·1N ':" l ty, In ~!ad~ 
i l •~ c t r .. ;;;•·l v r t• i <,f •·d 

tJ~ i ni; di.m•·ns~rorl~! :ln <• J;>"' IS ~IJ·· l"l·i,i q rn u:;hLp fo r <1•~~~·rm1mn~ ~h ·· ftU.iiJll ty 
.1: 
Iq0 , i n rhis C:ll:>l ', n~-.y lw rr'jH'("••' I~I•·d ;t ... 

_1;q, - f (.!!!..) 
l ,,p-;;;; ~ h .• I 

-.·hiT'' L ... ~tHrJ /}:1 ~r'l IIOt• 1 L~n.tn~ ht' "-1 :~ ~ld • h~· tr •· r! .. r,~! t;;. 
Fr i-Ju r•· ~q ~i\''·' '-' !<;ijl'h '' r·t•l ~~~ ·-• : • :::lnp for, rh .. H;-.:hu•-~.J;: ' ~ - , r :a: • 

In lbe r'f' /..: HJ~l ••f !h•· i·:···p•'i!VJ ~ \;J ~i<"'zt. ·n~~- \;• ill (·~ of !q~ ;,,.,. d··!• r•t; ,! t~· -d 
[ n:nn t!11• ; jj ,. 1''1TlP'' I-;d :.n- •• (ot t I~· · · H:.-h HlSk ~n• ·t(·')fro:o~;r :d o;tl• ti•;r; • h y IW ;•rt~; 
~ ~r .;, oumn~-:-\lph ~ i ln ti;ot· H; ,t,.~• •1·· - •• r·J!h·d ;r, ("t ... r' t' t' \'. l ' •j l"'t B . 0:: 1, h ·Jt 
,p ln l l••d l• )J' Hu• n · ~1n1~ 'Jt,,J ;· r f:nn~• : •.1··1':11t••r•. 

·: ;h·· n p]:H ~t:~r. l h•· g ••.;.ph>; n f (I~- \ ' It 11 t ."t ··r:·n \· •·IH ' n t I•• , ., p~T ,..._ • : d f ,, rJ , r.1,.;,•• 

IJ~l t ·.•;tt l''}t t l h , ot 'J:' I ''' :•p! ,~; • ! l r ! ;.: tf• t:t• •; :oh F ·;; • . r {q • . ;~,d ~"\ II · ·~· l ~ . ·- h1·• ··~·:SJ 
d JS {inc! !HJi ~,i~ qo d;•n r1;.: l lt•• h~····• f".u;• t);.y• ,•n d ~)n 1!1 .. p 1·· . ~"'· ' '" ~ ~" :'- · 

o;· 

Th' ' vah: •·:~ f'l( :!:ql) :orl· l"o.t k .. • l<-~ !rt.J !J)· n.•··· ~~ -.. .. r ~l..- ~ ~-~~~ ·~ l 1 • f ' ' ·! \' 1/ ·.•·'P~Ll 
l b •· nt~·(hL;d C• f :"~ll.: t' • · ~ ~-l \'o· · •PPI'I.IX : i~O<i!l/}/1 , 

'fh•: :ir,"'l· t; ;:';H' r •.)f n1P , ,,;i;' ~; l;.urm nC th,· 11m• ,,; i\ '1" h r··r) ~· li) i1y n~··;m:-' 11( 

t !1• · r•:• 1 o.~. ~ion;..:h: P f-h:··~~~ Jll 1-'l 'l".l ro·· '-'~ 1 ~• \'t· r:.· ll 1 1~!l 1111 11 ('.i "" • ~ fh · t~ • • ~ • '! J ~ .,~ : t ar , 
•'t'HII' t~· t·•j·.J.;il t o fl. 1!,i _:.' :" , ;. ~ 1 ~ V"'• ('",,., , f.: I<• l d .• _y , •• ~,d 111 l <" <~ ·-~ ' ~ ' t ·.~ u tby>..~. 
i! f) ',\"• • ~·i.'!"' , a c;hi lf'/ (' •);!ltllg i~l n;~ p ~·• -p;,r·.~ ;~q~·, J'f .l ~l : . · (' fln ,, j.: ~ ; p f d :'o'•.' ,C!o< . I !; 

thL' O••(' P' :'=:S ii)' tt) {i}l'l•t ;\!'i t th•· \';l ~ll1" _:;; (,{· ttl/, 

C , FOnEC'.\ Sl T\'fl t;·.::t ' ' 0 'iII ~-: ( ' I t ·\ H .• \CT I': !ll "; TH· ... ·. f ~I 
rilE :\'t'~ lP~i'I IEH I (' I ' JH jf 'l-:·:..l...r·: :-: 
•1 n :-:c .Jt.\\GI.' F O Hl :t'.\STl"•,'G } 

Th·· m.·1 t·~ pcf.'\l~i ,,ri ty r.f ~~!(' ~:i)l"l '~l.~ k · b ~-· ., ;.;,m . ,.., ,. ,. t~ :··· #·. d · ··1•·d <I!···· ·· <.•t 
.~'iH I'~' r<·<,.o·f ·.·'•i ['!<i ! S IC •' !l!t"':ll!l~ r: i :o-; 1 1 1~ ~ -, ;ll t~r 7.0rto ~ d~ :·· ~fJ l h t ' ' 1''." ~ti·.\ ff-''Jt· 

,.,_,1oc: iti <':i, 1' -:~<!l ' l' ,'-l l l4..~~~ (•f•!td;t: l"~;,.,, p n t'." t l h 'J 1!lt· , ,. , . <:" , ~,·· · r , .... • ~ • ;c;: 4·,- 1~ • '! 

o ;l I"L'-'t' t' S , tt:~· p••dP•I n( :1,.··· rn • ~ ~~~l (l l ,.; \• r y !r;n~,: {.\ n : r.r t ~h ,.~:d ~~ ~ · · r- L l n 
I~U-" ,~;"! ;:; •·. th• d a t•·$ nf I(' •· •·t ·-~• r n: L' ···f th•· ,.,.:,. , j'\ f'i l'~~ 1 ~ :TI' •I"' 

t !\;I~ · P•·r~th-:lt ~·r ~ t•:h\"i!ha~ ;i•r·~ · r:1 p~·r·., to.n· · · f'·;;, 1:: ;il :u : l:• P \ I!<• < · ·•:n -.• •· I .. ~:: ·• 

fH •dr.d . ·rh.• t1 u :,· nf :c •· L·l· • .. ,t 1 n~ f···r · .L CL \'• q tl .;t ' .k l !• -..~ f ~h· a " ~ · ro,•• · r· •· .• ~ ~ 
!h• · n•f(~ l··· h t• :f,··t• ' I Sil .,·:·" .J ,) :.; d· ·p •· n r!•·n l ("••1 l;lll~·· ••1•·-to !!"•P · r·.:. t •.; r· · ,; : rt . !""\ ! ,, : 1"~;. 

('a '.::H••j h~· fho . ..:: •· ~11.:-:-o• •~p !u·n•· pn.\ r ••;.;.:,••r ._,- ~ ,,~·!.' pr···•ra 1 ~ <~"! o :~·;,, r: ' ' h": ··r ~.: P' ' l ~ "', 
l~h'~(' p r ·r\olh .• nu~·~ LH,'I ! lt.ltt' 1 nn::-r.m~,- l ••I'H".,f."l : l).: r-1 t~l· H , • .f' . • · .H·n~~~ H 
. ..., , r t~.·r· rl'::>•·rvni r- :o~ 

.·\ f> :t n t· :-;;~nlplt· .._., . pr·· ~ •' :lt t ~, . · rr-: • !h,~(l ·'f (: tn· .. · , p .. t :r •i~ ,(' , h :·• .• lo;t ~p ., .,d 
~ : ··:~ ri nJ! ( ) Jl lh•' l tytt: n·· ~ l'• · ~ ··r\ •! r J't !,... !n • 11;•••! : !>. '··~ ·" ··d ,.~ , ~ / !11 •l• p, ., ,,J• ··a ·· · 
,)f t h e do~lo • s (! ( h 't' .:·~ ··· ,J t" l<I J~ •·J t ~H· n ·,.., 1 \ <•l l" n~• TH • lt!~)-.. ; ~: 'i :l ll~ l • • ~ ~ :;r ~;r ;• " 

; 1:\d ;h. • d ••• , . I\( Ill··· l1r: . .l l : .lfl '<t f l l : !t n ! t 11• ~~~· . 1n - 1! \ lfH o! ·• l f • : ;l po : of :ll' i ' 

l!n'du:!~• n I! l f.. IJ:'·· n.l1 l ·;• r. " .... · .. .;1 ~-'' ~J •• ' ' "' ' ·· ·•1 -d t ! .... I·· =~ H~~~ P~L! " ' "' : • ~ .t 

I• 
J 

~ "\ '"' h" 1·-···· 



a·dalinnship, co·ll{:U};jl•.•d (,,.r ;rll llae 1!! yt·;u·s ·tl••.• n·;:.•·rvntr <:Xi$i-L'i, i.'i 0,4.7: 
rltu·in~ :.'• .V''<HS of n~ulirlf' u:w n! th1.• 1'•~:\llWm>htp (Hl52-19(i0J, 1his 
d•'lli'nlll•llCt1 W~,-~ round 10 11~..~ y(·ry .:)l:£~JI1·,~ allh(nq~h in th~: l•,~l yi.:~H·!-> sl:ill'i• 

r•:hl·,-.;,n~l.'rJH·:lts in lhc aln~o.o::;ph!·t'i<: pr-ot::e~~{.'$, in n•' W<ly t:..~(.·n into accoun~ 
hy thl! arJ!Uml·nl!i of tli«.: d•~ p(·ndcncr.•, W{!r(! ra(h~r fn~.qucnl. 

[) 

.zo• 

l lcU;il· :•~- J.•.Ho •. o•f I<' \ 1\'l:ftll~ ·•1 ~~~- !'. 11 ~-.,; ~ ~-• ; ··I 
rr:.- "'!l-,1~1-. '< ~··rvull, D. ,, .,_ .. f,,;, .-U•>r• -•1 1 •:~- •·-~ tt. ,, . ._ • 

''( ' ' ~·~· 1:• ~.~ lr;·t•. hu ~n<~ •li th ..;.ott· H1~ ,, .,._,;··..:"" " -'1 
~;1 1'11-~·~·t.l!.,H· f,)~.n '"' '"·foi;H .. 11•••! 

!-L•-•--11'1' '[: ••f I~" .Ill h:'l•j>o: l~l:o!c L'•'""/• if' o·.1:l;~·· ' ' •.& '1 

• \ ;•nk ,:-H ~:,\:lo•;tl tl:hl • \ (I" 1~1o"l t!,H• ~ • . \j•l•! 

T!.• f• •r•·r ,,;;~ ••f it·•· .--!~~;\rtc~g rJa thj• l(\'hsnsk l'l·~-tl'!'\;.111. i . ..; J'l'l'n ·<· t··d 1_1~­

~.,;.~,~~l~ trll•• ••('(·• •tlllt 1h1• 1llt~~ ~ nr••d SUIT1 ~~' 1<-t'!lpf· t•;,t•JI'• · n~· ~-· . l:A6, &htf'tlll~ 

n.~· p••n,•d fr•Jrn f; :\l;•r•·h t11 ,;, .-\pn1. Th•· c.1le~JI:.~I 'H' d r:AO fr·~'lfJ nw 
!I.or:.n-11!~!.-IL;ll :llr-t•·nlp•·r;•t'.il'•· d.l~~· :•t 011• H_\'blrr·.:k m.-t··nroi•·t~1 ('-~ l .:; \ ,lltlln 
t'< ~-:, r·n•-d wJI oo:; m<h~~.ltoLI Hl Cl1;;pt1·t· \.·, l"ar·t (', TL1• (jrlai•!ily Lt.O 
'· holl'iH'll'l'll•·~. l!w llo:~t'l·•-' uf do•o,.•o'lnp~nFrH t•f lh·· ~II!Hv->piH·i-11.' jlf~li· •'S!"t"~; ~._'llll h 
;., .•• (~(~H~\··• ·tn) ~-);b w~;riHHt£!-Ufl pj_·nn;l . .;;, :tl lb(· twJ~i:tiiJHI: of Ow ,;pn•••: 
")''lr·.-wlu•l !''·i!SOI' 1bJ"OUj.!b( rtJI W!Jid) ICt~ tlil1 llt:1~ l~ti-<.1':; ld,it'• •, ,lH•~. II\ li;,• c .:; ..._,, 

•·I .Ot ILl t.!;h ltH•·n~Jty r•( w,tflt':.li\1~-~~P. \~· 1 B1 th•• !ta•ltl~l..i! \:lm•li tf•"•n;; H• l'tll~~··l\·~·~ 
n ••. ('l tl' l •T!J•m f•J1' U!l' ~t;t' l')('Oin!lj..~ lnr···i_~:.'!>t fr'(\~li t!Lc d··pt'ILd•·m··· n f 1111" H.:j' 

~ k-ol"l!•~ d.ol~·-··.; l ''l' Uw Hy'i•'i.f•~k 1'1'~-i- l.'t'\'Ulr :1nd ( J f ~hv \';<lu-(• pf L,,\0 r•tr tl~·~ 
rti.L.II:imurr~ ll'•· lhkkt JL·il-~~ on 1t ~~ rn;·HJ·· n~l l fi ,\pnl 1\'lth '' tlH•;,n (,,..," A:>••·nalii;: 
p ··nnd !II' .lbh'.l1 20 thy.;.;_ 

w~1!1 "" ·~-t1:1w • ·h~t·n:;Jtt<•n d;;,,1 (lrl u,(• lh~ck rw:o:= ;• fir ~b .. lt'•~ •~QYtr ,\qd f1n 

tl.•• H"( ' t•! • ·-ornlr~ n:1 ttu• ro•:-. •'r\'')IJ', tt "'' 1111t p.trt~l.u)•lrly dlfiil'Hil lo 'M)dt. 

j•Lit ;, •~·thni•l\1•' nf hmf,!· r;t:~~~·" h:'lt"t·,·.::• s tlnr: 1r.r• c.l t.·;-u·i ug . H••·J{t·vr•r, n1o~t 
..... ~·1•··· f'f ~ · l' \'Uli' S: ;trt• (rf UlOI't' r o-Cl"ll! •' \IS:!I"JKf'• OHHI1lH~ rn.~thods or 
(ton·L":I';linl; Hwlr ICt' t:\f•o•r\l~fl' l l,t\'P t•> U·· prqJ<~I'l'd, .;ttl il l"lllL·. -wf-.)rt• Hwy 

'If( o!oo,· o.f It:.• jl>l-1! t; J• •,~I•''I •Ill~·•· .-ir l' • t:j'•l~,,a~ $!.r.•.)1~o, ,.,. 1~ U•.o ;~ 1 ; .o!,:_,1.,·o,·o;-t, 

I' :1 ~~~ 1' , , , l.,_ "•' ,•o·h·<'o> :«o ,• ,,,~' -- •.t·, !r, l:~o· 'l~ ·-~ -~l:.~ -~~ ~··:; ll.•S LH t••·•'•l ,;.'<It" 

(IJ'(' rilh·~L Tht~ jn·uhl~·tTI :. rlsf':-J f ; ! hrar.l,! :~b)(·((~ rr(•JIH'~' [ rlr t> r_-a o;. ' :; ~ n Ill~· 

:-~hsPnc.-:· i}r trh~H·r·.·i'l.ti,)O d.;lt~•. 

This prohl' ' !l'l wa~ ~()lt·(·•l in twn · • .-.-,yJ:; 
Th~· hr:;.t ~~nnsi ~ts 111 ot):a1n1 n~ ;;, !(m~-aim-:• li tT~ l· s fH •J.qa , , :1 a•· ·· ~·•J',' 1' r 

thlckn•~s.A:t.•s .-~nd it:t' cl("'tU'ill~ d>nl'!'> foa· ~i• •~ l:ondi lint)~ o f t! • ~· r,-ln ·n , -.:·~('r\"ni•-. 
hy ~ <Ak.uh• •ir)~ frtrm rn r•tl.·orulo~~r.;, l d:. tiJ [,.,J. p.is t yi· :••·~. ·pJ lihl:nr~ l h .J..­
tjat_o·~. ,, tt•chnir~tw r}f lollJ,! .. I',ut~(~ ftJ r•:c~s hrtt:, i.s -.r.·nrl-:•·d cJut . 

Th(,' lhkkr)·~-".s nf tlw ic;f' <''•"-'"1. h··f•.1 r·~· th~· lw~l~~~~~ ~~~ r; r m•·iltt.!~ ·· .Jn tJ•· 
c:;~lc••~ah•d ftll' •·ach Y'·a t" -,.·i. l h ~u (fl•~i(~nt iH'curc•r..:-· ft_... r f(q~ . ,·;tn~,.. fi,p·c;.~Un~ 
of l t.'E' ch•aring fr·o)~ m,•!(~OI-GhJgiC~ll ~irl\;, l r•r th•- ,_;t.:~hh • 1<-'•~ P-·~ri~Jd ~!" t't ' 
Chap!•' I' 1\'j. or (:(JUt'S"' , lhl.' h~~im\n:~: nC 1hl• ,.;. t.-. !Jil · 11;•· r •· J'tHd 1:'; ;.l;;;n 
ij ,_. ,,_·nnirwd ln thi.«" (•;._;:;,. h-y l:'ilktl\;.~ l~(lll { . .., l ·f• C iJap lr·r·ll(l, 

l.('f• c!(';LI'l/1~ dat•·~ r.a.n hl• t;";~kul~h·d hy thr• m(•t!tnd ikSI~l'lb"rl l'i l'.• r t I\ 
~ I, of t hts ••h,,pl o.•(' (fo 1· ,, l bH~kn•·:-;~ (•f lh•· ic •·· f:'O\· •·t• h•· fpn• t iL !'' l · • ·t~lw<Lnf! fl f 
Hl<:'!1in~ 1101 ~n1<1 ! lr~r \ ];;,n 2 5t:m l, In ".l,' (~ rkln~ u .H ;!j(• ~l:nd.'> r.~.r hu:t.: - 1 <'6u~·· 
lnr4·U~ :->ti ;1~ o( ic,~ c1t•.:.. l*lrJ~ i :1 ...- i dl~rwclo:;r(• ;,s of t hl· T .... t a:\t,v;i :1~ ~ ~ l. 1-~ :dhy ... tw ,· 
~\rod ::.:r~n;r• <~Hv· r r•:S~·n·nirs, HF • St..' rJ f·~ Q[ ic•·-t•! •-·'-"rhlt,: tJ:~•·-~ . .._., .c··· t' .-J : e ;a1:11n_l 

by a. ::;omP·.~· h;H <Hf£1.' tTtlt rrH· tl~·)d. t n lh1!0o n t•!thn ti (~a•,' b.:I •J;o.'H\1~ •·~;~l:.HI~1tl I ~ 

tlt-if•d 
l.lL, p,h, = Q + t.,+ LE +P. 1\ 4,\.'1) 

'l'bt: lt'-ft-ho~:HI :-;id•• r~i 'lhi~ · ·•t•:<u ;.c·,u rt·pr·t>!'>~'nt.-=- 1~1t' <J m: ltJ~t! •-'l h <·,d 

JOI'C I.·;>~.•ry l f .l m d l (:l,:r..pl"1t<y th<· tlwi) r·~·1 • f~U 1c •· tid..-: low.;~ !1_ .. rh~- n~jot ~ 

h ;•r11 J :;,.itl•.' <•f tbo• l•qn :ltit)ot IS tac ~u:T\ ~~f ,;,.- b·~• t •"X•'llll tlr,t·• l .~t::p~ ·~ :· ~~~ :~ r··•l 
tio•· -(>Oil•: I' -"'Urf.u.·(> (J( l.h~· j (:~' Lf1\'•' r. T 1.•• h j'-io t 1~1Pl• t I ~• 1i:..· ~~~~rio- t ,;.t;rl,l 1 • '" 

th•• t(' l' ~·.tw•·:· I S. tlc.lt irltl·oduc-f·d l'l t h •· f'' ill;lturn , In "'~:.tk~ • l;t tlr'l.i~ LL' ;1m l P . 
II;•• 'Atnd ·.- . · l· r~.:ny a."i ul-:~ ·•1 a1 lb•· I·,OJl nht r-1 t h• • '' "'~n'l'):r.•.-H·r ·,\· i• h• •u~ • or 1 , ., .• 

ht.•!h ron I' ~h·· inrhl•~nc•: nf th•• 1'f'Sr·n:tti J', 

'l"h··· ht•:tt-••:'IX h:lr:gr Cf~I IJ I)!'•rlf•r~~~ iln··!<-i•~' -" t l·•• l'oo d l :, nl -tw -;1 1 '~ ! !01' .. r•· 

t· .l !•· ul:i t,·d l'l'•llll ltH:' !!,1t:1 vf t.-:1l'h ·~f :!•• !'"••l:r' Rt :rr,•b r ·J t,(tH! =' , ,,-

,, f~.'> •.:n· •• , , n n ••f t h e' m• ·t~·nrc>~':'l t;o •::• t j·l••t~1··· ~·- ~ - Br·,t!l ]K•Stti \ '•' o..~ r:d ::•"J!:t! l\' ' ' 

\ · .. :•a··f' ,,r tht' h •·:Jl· •·x, ·h.,!IJ!'' c:t•n --.p(m<·n::-> ,,,.,_. ~••m;l';•d . 

In th·· .-.~~:> j.'J\•~ · ~ t)f ;t ('l)r"l<;P~i' ('i~1,h• .:-:.• ~···,~JH E r •·A .i:v l t:f cil!~.;. t t•" c• •rt ~!i~l'- 11"'. 

C'~4•t:: •· !-o l!H• :o> ~· ;~I ·sat•·r ,-,•:· r-•f'\'l.'trS w l<ll'-t· · rl-•1·• ;l )'•· -.t~:· -d ~· · ,_, ht .• l :l 1!, - 1:t•1;•h•;. 
~ll."•~n l ll 1-'1~ur•·;; ~·\ .1 w 1 02. th._... d:1:" :-; •:•f i •'~· t·l··.onn~.:; ~,{ <j ~ •• ,·~~ · - i~ :~ r l 1;f th o· 
t:: t \' '"''l n·~t'f''-''lll' t· r·~ion t.·an. b•· .:: al~~~~~~~ ~ l'll ·1o .i. fir-..• :,ppr·<~'i!ln;,tL•1: L hy '"' "•• ~ •~ 

nf L~J ·-~·· ~··aphs , 
T it•' ~~·rr\~~d •.•.·;n.- r_·(~tlo:t ,:-; 1 ~ 1:1 ,;,.to": rn~1 11. : nr:, f 1·nn: : n r l i·r: l"'•'l!• •J!•{· ., 1 t~hl'>. · , .,. ;, • 

TJIJI, -; d ·tnfl t! p~~,.;t )-, · ... -~ . Ui<.' d.Llt·~ ,;f ttw ;J.f l' n CJHJl o :J')'I m- d • fltH l :' h ··-•1 

; 1 111r1L::~t.; an•i lh fntth~~J: f''lllt!~' r• i;·,~IVIH•! ·. ;po,; !w t.n·r.' n t! • •·~: .-• d-•t•·--; <tr·-d II;•' 
d<:LI">••: I• l'i!;tj.._-~ ,.,_f d<·\..-k·pH;••nt (;~ t~·.·· ;:.1n,l•'-';1ho· nL' p:·r.r ,., _.;.~~ ~ )a 
(<Jf•'('.r.!"ll!\t.:, ll\o.' 1<"~" t~l· ·.on r~~ 1l,ll•~ l '> r1•·! •'f i1\ HII~'.i :J;.<- ilu· ' ''XP••t ·t ·· •.l •i.d•· n l 
;u·ttln<'.:\.il l •-)tl c,f ~h·· :Jtllr~l;:lt (~f h<'Oll U•'\('~-";uy f·n· r!". • · ittn~ !II•• I•'•' •·)( :.'-I ll~£: 

,,:~ l >tf' r·~~ !'n.'l1i1" ~n tlw -·~) \•l"l1 yo:•;'ll', TIL;f; <ipflroa.c h ;llolkt j:, ~· /l -"-~ tb :·· ! II 

d~~ p1·a~.- "'itll thL' t'Otkulo;t iL"!' nf H;f · I <"'"~ H;a·k.-1•- :-;~; t1ar;·q: y •·tl r~1 b.-fn• •· 1 1:1~ 
r+·~•'I'V11il' t•xi::q,•d, T lu.'l '" p.u·t i cu l.H'I)' ttnpo\t'Lin l r•' t' ,..-;, r,_• r· J'o•~;('f'\• lll' /1< 

Wll! t r~:'tr~."'-idl• r·;.~hh' w;.tft• r inf lc~w ;\1)(1 of):-; d~:• I"J!•' , l lltf!• l l'!<, ~tt Wlnl • r ·h·aw· Jo , ·;\ll~: 

l':l'ht• ! ' ,,..~·uh~ll' tt Lf• :; ("If l hll" hyf!r.,u l ~o:· rrofl·!~ l t .: •l'r!> 1 ._\ h li 11 f!"•·n i("t · l'l ' l n~ l!l, P~ 

wtth ~ j)f'f'J,\1 ,-,~tHhllllO!O ,,_f )'-,C'.'\lln~) \lt f nHn t~rnu r~.!\t _,_•r r . . \ ~, ... jo. . t r:Trl'_•·· nf t 1'l •• 

~·:1y i~ ;•l:::l• !!It' p• !s,lbl~i \.\" ,,( J! ''''P·• I'I rl~ ,1 11 tC <' ,;,· [ • · ,j l't111.: f,·,r ·-~ •I '•' l •• 1' 
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., .. 
11 o\;•'j' ' "'· J"',IIO' l ••! ~~ l' !:lo ~: onJj 1 t \'•o• .., I•'• •o o·o! AI. ,1 \II 1111, 

''•llfljltlf"· ·''~ ·l,:r •rv~ •'"' A~ t· : ').o.'l n'l•, D, .~, .1. 1,11 f'lk'll 

· l •: .. .a~t•l.-.r.~'"' l!~~: •:. • ..,..!y~UI')••''"•• a::.! .. Jt\ Aut· 

or Uw i(H', In o•l•h1JI)tl, in :\l:trt:h \h(· :-:pri nt; syn•Jplie:il ·"'' ' <tSt•n b i 'f,{ln.o;, 

"Ah ic:h '''\''t••j::;. o vr•r 1h•• fol'ln·"''''L~ p••nod, '"tluciint: Htl' tL("i!111Tli nJ,!<Jf ;\1:.y. Ju 
Vlrl.tt•: of the: utufurnuly o{ 1h~ ;,lu\O:ooph·· r u· P'"'rr~ . .;!<;c•"i JU •·v.uHu~ •tunu~ lhr 
!0-•' .. HWt\, ttu· ft>r'UJl4?J",ot\IH• cnnUttlotltt. lrt :\1ilrt:h <'pprQqtn.,.1 ••iy ch;o r,tt.t··•'l~•· 
;d so th" C:•~ndili"lllS of ch~ 'Ahttl•• t t•:~mdtitH~ p ••r1otJ. l1o•' <•lr .. h•:"nj,1'1':t t:lt~"' 
.·.nn rr.otly In ;,f.J f'Ch lh••nr:-h·Jt\:\ rk rnrtt-tJt'''lo~~r..al c;totl l')fl Cl'ytwt•veck} H:4»rt•­
h•r· .. d,.,.t,•rrnuw:i , tt• :• l:trt.:''' x•••nt, thf• llft•"''r u :r· • l•·~lrt hJ! t• r t ht• r• ~('ro;ol r 
( F 'g•n·.:> 'Jft}. 111,.. , ,..,,,.-::a t.nlf\( p \ ·flhlj f"Jf en .. bl"'-"»'i-t, ·•·hacJl c;.~· bo· 
prq ,..1· ('tJ vrt t 1\ prll, '' •"fUl l H• :tn tJ;vp ; t)t~ t\;(" :lvPt'~&;«· .,,~ .r("Nt'~C.J n f 

th(• tt•J,til)n'>hip i 4 th;ai'::&Ct••ri.crd h)· f•!l,7:.!. 
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111# 
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tt-a,t..r .... ''*''''"''' . ·1cr"" r •w:z~·-··" ....... ·.·D. 
~1 ,,1,.!1( 1 .. ··=· •l:' r .LtJ•l•""";'' ~.\~r.' , ........ h "' : ~ .. :t•: •~· :f-1 
,,, F~ ~·111 ,r1 . A
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• 

1\"•·~•~··r (·:!C..UIIp\•:, l')a· 1's tn~ly .• :l':i\u :t101·_.~· · r .. :h t""'\-tlir •~ (':••·•· •:l h'•· 
( '"f' 1h1• il\' t·r·:•(l"' ' ,,,, 1•1 1\pdl t~'/ t:a~-ku1 .• ttllt tlnf' tl.~· 1•••r,r~tl f:-"11~ !V:t~ t•• lf' ~•l), 
i t•t · owhln~ on rt usu:.Hy !>c.·5:1t1~ •n F\~~.)J-u .• ry. In F ··tnt:..:.•·y th•' ·'Yr.-:t•tat•,,: 
~··:•~on \'I li11· ,oto•('Ond h~l! l,f ~fw ·.•dn(o•r h•·ai!l~ :.nd t''li.1•·:Hl~ (l\'\11. ,!w ht·~ l 
~H ~.t ll;tn•h , Th..- U.tto·a rt f i<'"'~ d f•.u'JIIC lh••r('(r')r•' ~-=-r~d~· ltq~t·rd '"•ll tlw 
atr· •••mp•"'r.t!\•r·· i'1:1001a"i"y u t F t-h na=-l'"Y t t:1~1r•• !'i'. T!w f,f' .... t !':n~ p~·n•,.l 
nr 1JJt' fill'l'l...'>l~t. ·Ntuch (' i'r' l.H' pn·p.'}. n·d nn I \ l ;, t·ch, ~\~) 1h~· :wl'P'.I~·· ·· ~ -r.- · · • ·d,. 

:) rnouth . T IH' liCCut.l<"Y nr thi1 r··1·lliO;l~hlp is t'hiir:.('tl• ri7.t~..t hy f- t'!."';'j, 
~;,,,·h ..... ::\n•'nc.hq, .. ;•r•· ··~tn·:J\Pl_z .zu111t;, .) ·~·II•• :, fi r-:--t ••I'IH""r.~ .... u,,., 

~ ..t.tlvf_y r r .. ctu· .. t r••l}'.JIJ't"l't~'"Rl~. tfo.,~.•o" t' t , ...... f O,-I"A!1 rn:nc: po•t to~ :.i.1"td 

<ti: CUI"••l'\' CJf 111<' fnr•· c tUO.(!'i r.1!l tH .. ('OnSnJq·Jt:l\" lrT"fll"l •\'•'d, 'f H·•· \ '.H I.<t.ltlltl Hl 
tlw :air·i,·mp,.r.,lur•• ..:mom~·1~· tnnn S t·~t'nn It• "'''·t "t-hlt, .L~o: llqii"'Hl•'nl .. ~, \tt" 
p C't' l.:"thna: \'an.t\l''tl tn th•' .·h..J r;u•h• r i;"OIH',. , .f H .,. h · · 11 invu t l rntl' Hw !O•.YIIt • 

'A't·~·. f .St.' t• (.'h··ll!.-.r \". P .ul l', f, :t•. l~ t .. }t. :-t 11\1'> ·•·"£"•~\Jt,t. ln •1-..... ~ •-l~ 
H i~ ~·.;,!'thh•, ,'lt \J.t.· bo~C!I:1'Hnf! ••f l-'• h n t Ar,.. :n ·1• \• I"U1o~t•· 1t,t· t •"frthti·~~~· ,,J 
lu•a t tt"ll'' 't tn dn· !'1-t'C<Utd h.1!f ••I th•• ·o~.t nt••r, 1. · ·. , Itt J· ,·~• r':.f ·r~· - ~1.tr-• h, .•• ,ti 
.:n llw t••·c;ln~linr;: '"'( ~t.lrch - tll 1• t:ondici\,11.4 ~·f f.•··•~ Ul•l\~t in \1 :•· ~.•IWh~~ 
:t.)'r•optlca.t ::;l",t5Cn, 1. t ., tn ,\hu-eh - 1\prd. Th · •ir t•·r•~Jwr· •• n:r• · (n 'lw <• 

' ·'' """-~•M•• ... rr ... II•••••••••••••------••11111••---·--•••••••••••••••••IR••••n• - - ---
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1H011t!1s rn~t :nly dt>tt'rm)TU.•s tllf! Gata~~ elf icc ch·~ring. Thu5, for t.·xou r;pJc, 
t!w <..lnh•s of ic:c <:lc<trlng on the KuH~ystu~,. t'l.'S(~n·ulr arc ob'liOusty t~L'\tetf 
·A·ilt. th~~ ''~mpe-raturc an0maly in March :.nd J\p:·U, which can b~ sl'en from 
Fig:.•n~ !>fl, ·n·~!? hlrJr'f' al::;o $h0·~·5 ho .... · thf! S('\"('rJly of th(' . ...,l"ll•r. c.-~prcss1~·d 
by 1ht~ !'illm of tht."' m~·an·mnmhly tcmpc:o,a,urcs from Octobc:r 10 ~1an::h 
(bench~m:1rk nwi('Orologic.,l station Ul'y;.~.nov~k), )nnuc-nces lh('se dates, 
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'tj~ 
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Jv 

JOI> 

;JIV 

lOIV 

IS Ill 
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·-· Cll- _.1 
o-l 
o-.... 1 

1 f;'l1tof ~·.a \'.1!1-ltl•"\ lfi '1!411"' d :t:f r!o'iiJn~: •':"1 ttw ~o;,,kr,,-~ <no·.-.:$ ~~~• -'I 

u I I •r=····~- D • .. -.l!l 1111;: oiH•t~<rt:rt'Uitl!t lii<'IU~tr· <iJJ; Lfl f, ~- ! .u~(J ft•!W ... j'lll 

A +A 
-.!!.~. f•i -.~ !•"ul ~~!>:tr l'f t::c- J.u:n <11 rur. .. n·!llt.'lllhl[' o~u tt'l:lpt:.~~t<nc-1 
~· t·~ :.-,,= •=••~ ffitTI ~~·· c::i'ou ''''-!~r._lt, l8_. 

Th· h;asn;. rm· lhP t'OI't'C;l~hllg l(~t.·. -:~j.ftUt• is tlw r•~lation5bil~ ~PtWC'L'Il tht."! 
'~l·~ar·ir•~ up ,falf'~ of ~he• ~lnr••g~ n·st·rvoit' anfll!u~- v:Jr1a1icm 1n th r:­
ch;q·.,~~t··ri;;tic-" o( 0\1' rd;rtivf" gt·(~~wknlb~ gradi,•nt fr·om lht• !irst ~o lh~~ 
.:.- -4; ~•:1t.l holH n( u.,~ wioh'1', llr, (J·'i~>ln:· !)9}, Cas•~s of par:-tii;'1J)Oll')y ~f'\"·t·r·e 
. .., • • ,lkf'!-1 an:- t,wrk•·d ;•s il s~~r~rat,_. group, l\lrtJcularl.)' ~.-'v~tre ;lrP ~:u;('s 
wfo•·t; th•• ,o.;um or llw m•.-;·,a~nl•.mlhly ail' h-"mp(>ratur•"H (n)m Oc~ohr:-r W 
FdlJ':;,-, n.· "''''~: h>•!•l>'>' - -1H~. 

Ti,;_. \~it~~).-·~~ ur fl(t fTat-.le :W) ·.1fi.~r·c (.ktt•rrnillt"'•l. as d·~scrlhed in Ch~JHt•r 
\', J>.; t-~ C, ~ ~. from O.t• cj, -... i••hons of t!1P H1f'-iH1-11WnU1ly \'Aluo.•s n! 1'111/J£ .Ftt 
H>•· pf lLt)l s Nhn~A-·n in Fq~ur· .. • 77, durin~ Ht•(t'mb•?l"'. J.>mrary anti F·~bnh.ar·y 
frnn1 tJ1(: ntli'd \'<d,l•·~. 11H• ~~~':'cur.-"tc.y t1r lht• m1.•thod itt c.ha•·a(."t('ru:<:d hy 

~ ~fl.S-.J 11 ~l"lu\Jhi tw tH'1lt.·d lhat thi!' r-r"lhtion~hip lln~.·!:i r!rawt1 fo1· yo•a.rs 

"ith •• p;,l·Uc;ll~·lrly ,..~·\·t"•n• win:•~r arr.• arbJ\r';;'''Y due to U1<" smo.~ll numh~~r of 
~~H~~~ pninH, lh-""'~'\'f'l', ('\'l'tl 1r Hu•fif! ~Jsf.~S' ;:n•t• 11nt J•olt into .1 e.('}Hlf'."'lt~· 
t::r<mr~. ~~~~.1 n•l;,li•Jrl$htp ( 1-'·~··•·e !:1~) t' CJHI.lin~ ~ali~faoew ry (th;• ~onridl•ncl~ 
hnHt r,f llf•: p••nn~ ~.G!hll• ('rror~ ~ .. n.~)7"16 as fl:lrd. 

'Jh., tn n•<: -•f.. t tf( i('(~ dt!:t.rinr. <)II HH• UPyaiJ(J\•sJ.i st'!'ction of tht' Kuillysht~...­
r····,t-:•·r-...·Jq!· toy tJH!-\ m•.•thJHl .;:;It} I·•· prl"part~d ~t 11u.• b.-.r,inn1ni ui :O..Tart:h \1-'ith :1. 

rn~·.l.n (r,t·•-·A:;J rttl~lf! pt•f'ir_)d <.•{ .;l!; cHlt 1Wtl l~)i•n!!ic";, 

'11 ,•· f~.,n··"·;Lrr,r=·~ p~"ri ~·d m.~ok,·~ i' pu!<>tJLblt~ to n•f'lnc- t!w for~cast in th<' 
m.td .ltl• r.•f Apnl, u:;Hl$: tl;;• t·l\pl'r>t:;~ion t.!t•s(ril:n·d abr.l\'£'.- !or lhl" Hybt:1sk 

.. _, · !WSW. Wi# -

r<>Ser\·(~ir, i. r" •• tht• d~·;:wrld4.·rtct: of liH~ dc1 ~1 · :-; of ir:-•. d· .~ fH••! ·• f1tl 1•· ·· 
ihickncss Ofl LJ~~ Mll'n 1•f u~mpt.'J'<ltu.·(· r ifi•·s I~9 f.'IJt' J•;I! t lw f" ·•·J•·•I i .t ··~u 1!, 
March to l!;l April, Thf.- Pf'CU!i:~ rlly or thi:; rdr~u(ln:'>lup (h~IH'• · ltHII ~~~r 

fOV .. , 
JQ• 

t! 

10 

" 'tO ~ ·• -• ·2 0 :l + 0 8 fOU, 

f ; l ,l;i' f. ·-~~~ i 1.•1, 1 :•f :.':' •:!•·~•1: : ;!' ''~ "·' ~ ·.~. :·, •I •h' • 

D . .I.• > 1 -c:·r.~ ;-'11 ••! !1 r .: : ; _, , :.u.•,·; ' ' ' ' ' 1 · 

lt ·. ·:- .~,· ,, r : _.; .:· ..~-.::•·>: 1 i:, . .,, ! !:r ~-r. ( r ~ r• · , <. • -·-. : , : I ·: • • • 6(, 

~~~~~~~~~ ~~y(~~~ ~~a:\f:l::~~~;l~~\;~::~~~-~~:~ l_>(;~! ~:~~;:.!:f;l ::~i;l; 1:~~~.~-~~~ ... ~.~· ·~~; . ;, : ~~: ::!: ·~-~-~ I t! I II 

pasl ;:,· ,.·,al ·~. u~··ri to S•~t i' up , an~ nrH .._,h,'i<' l"·,·· ·•!. h:H f•,ok ·~i .d • •I I'· J' ., rll 1 

/} 

tS• 

,,,.o!,. ---~,_::-. -~2;::,.,--J~oo.,-----,,.,i!;oo<t'b•o6 

l ;p 

. t~ ·-< • · , " . A , 

!-A. :.0 , , . ; • • -,. >",,- :;. .-. , 

.!. ff·~r· 1h i:-- rd;,:t.~~·,_.,hl fl ,:-; fl . .tfi ·n,,. n1'-1t·tli''-H1-!0•1'~·' : · · ,. , ... , .•.. . ~ ,--- ~~ - -:- .!.,y -: , 

1: c t ,!>t• (t) tho• t' IT•)r c:.f !In • t( .-· <' k,;nn~ (' .ik~rl:lliH1J .; 1!•-·:l•~··h···.., Hw 
r, , r··~ •• r:\ill~ P•' t'll ld (I' r t!w ~'UJ'J'I'o~i hi ~<·•··('; I ~ t l fi l :, f·;·y •• W1 ~ ~H' ' \'' ' , ... t!·· 



·-----·--------------..,-allllil'"ll*Dil·r.i-•rw+""'· ..... ,. .• ...,. ,. .• _DI.IL·• .... jlii>I-Dll· lliloj--111101-•u•.,.•••-•••••••~--.._-..... ,. ..• ~,_...,.a..·.:~ 

w.·. ~~···a hi antJ!IU~I" ~·:..otmpll·- tfl(• T..;iLI:Iy;~n:-~kti ·.¥ .. 1•'1" t'P!->t.'J'\'U.r, llo.•n•. 
:~~ ~i! ro•;,(i-.• lH~ 'IIIJUII• •d, tho' Li 11\P f>f ~~-,·, t'l ''•I t'Ln:~ d··po'IJI!:-t j;,r·n·.•iy llU I h•• 

~-·-•n.Jifil.lt'~ r.J( tb(· !-'l:(~on.-1 t1.1olf o( lh·~ ·J..'lnt•.·r, buL i:1 r;J~•·!i n( !l<,(ln~l] ~tUfl hili! 

i·····l·lt· .• r·in-.· sprihl! f.·un,H•hmn (of t il~· ."il .'i:r~nrJ half nf ;\l.:'lt'Ch ~~~l<f of ,\pdt) 
b•···on·,,, IlL~·~ I irnJHII·lallt. 'fh•• lhtd.;n•·l"s ~ind Mn·n~tfa o( Ou• i~·· f'nv•·r 

:; ; ,1!,~ :~~·: ~;~~:; :·, i;1r.:~:n;; :~~~:·: ~r~:.~·- ~:~ :~::,~: 11~ !~ r•1 ;,~~:~:~ ~~~:;~: :;~ •. 1 :.~,~-d r~·;,~~~~-~~~\·,it ::r ~~lu:~: t'! 

f'. '£ 2 ftw til•·' l~o·•.' hl·t·~tkttJ) ( t;' ttw 1.n• ......... ,. \"••I~.L TiH•rt·fPn:, ~IH· h·dm.i•llll' ~)( 
f•·n·c:~~nnl; it't~ t.•l..-;lri•ll! •~a th·~ T~imlyansk.it t"t'.l"'~'''''-•i•· l'{·s•:·mbkJ4; th;:ll 
<t··· :..;(~!"i!wrt f<~r !op··r:~l:-otinu ic•· brl.'.J.kUf} on 1hC" l..t,•.n•r Vlll!r~l. Tht~ d\ff•: t'f•m·t· 
ll•·s 1111~)' i11 rh:•1 W f',tk,liah• th•• "'nn nf tlw n•'l!•lri\'~ 1r·rnp~?t"<otuJ·P;.; d,tta of 
l)p• tll•'l~'Pt''ll(•~il'al !-:l;l(ion llo~•.u::h:t ,. Ll r•~ uz..;-~.·,1_· 

•\ o.;.imil.JI' •~·~·lHll'lll(• nf lon~.::-ranut· ((.tr·•·(';.l~tiut~ 11! if~·· <~lt•ann~ 1,;,~ hf· .. :n 
·,, <..'d·.l ·tl m .:t i!Jf' .:.. 11un\b•·r 11{ r·t·servni t~ ~ G<•1'1kii, f\~ib.~·l-'lt•~v. \'t•lf.!•.·~t·o~t..l, 
T~·.jrnl,\·,,n:4Jo •••)tl)-;.-,:d~cr-..•1-w. 

,·~. l·."dlii:'JtLP fot· f<.ll'f· r·,,q,,l.f! i<:·~ <.~h·;!r·inj: (ll't tl:t• K~i!n:. n.·~··~·v~'ll' h;;s ;,,•.,.n 
\'~'t'kh·l ~·•JI t~iri•' runly. ln:.:;tr·.id 1,f ~llt' tJJ~>·."> f;f k•· l'l ..... "lritl~ durint:; p.• :-> 1 

y ···••f:-> t!;~' <..l;tl•·~ of .:H~(·umulc..hon of d,•fuu t ro .:unrmnto:o nf h;.•;H, l:q0 , ;trdvit:q 
thal•.!f!!• thr· r··ult·t' &!JI'(m.:t• t•r tlw i.t: i~ ,:o\•t•r. ~~-~·•·l: r.::-.lt.;ui.Jt•·d, 

"'•I' '""''II )'(':of' (fr·or)11~~40 tr~ l !)59J tl;t• r.btt•:-;. (If lh,• ·l<~f'Unrul.\li•!n rtf t!W;!';!Ir~~ 
rqo, •'f'!tl: l{ !''~fit)!}, ~ :"Jrtn_, :HltlrJ :tr.d i-!1) t.m•uptO~I;.II,/l,·;;IJcml W(•f''·' ('.'~lno~ hkd b~· 
<H• d>J!-0 1d to•.l!:v·~t·;·,p!Lc,; ,:;,in:oil:,r W th:t1 ~;i'''''l ill 1~ •• , .1 B, !Fh!Urt·' 32} ;,nrJ h;; :::;:,•(1 

(l•t 1h•· d to• t•f Ill~· n~•:t•.•oroif•.gi~·.·~! .'-t.Hions ('~lu'IW•< (fr) t' ltH .. t•Pntr.:d potn of 
l!i""' t"•• :o;o·l ·\·~'it·'~ ."\Od PPr!lt' '!ot•tlw fi"l'~ t"lt'.lr th•-' t l.ot:n). In tlH~ ".LJ:·· t!w 
h!l;t.::-li:n•· ~;<·1·i• ·~ t •l ii~tl••.s <•£ <lr-C:nHul<aif~lj cA t>o..~•~h \';thV· <.~r !:qo wrn• 
('<I ~l'l) ; . .lto'd. 'llt~·fo;l' Lhh·~ f" f tl) 0•' l'j'l 1tl~'t1 W Jlh' •1l(llro:-jp!J('I.\C~(•in~\;!;.diOJ) 
do:q·~4 c h·r-~ !1.1w~ by n~·-;-.r~,.;: of whkh an t"t!~rl:r ••f>tun;•lt· i~ mad~~ £1{ lh+• 

t..'\•HdrLnn~ ·~t 1•··••r ir.pht !~1 tt .. :· )"hq·ioJ .,f ie.:• n;wh~ru.:-. 

~~<t·h r·!~.rr·.;.·:~•'n:<O:Il(•s fnt' lll•' 1\;,m.:t r····.sr.'i'\'(liL· n-.; .. .- b.- Hf\' ln•ii~···.'l nf 
,j, \"•·l, .. p;tH·nt .q( tb(~ ;,lrn~··_!O;plwnr. J1f"Orl ~:';.····"" ;d l1;1' h~--~~i nnlrlj:! ,tf lhr• SJH'ill~ 
:-:. ."•" '\•1p11 (';,.\ ~··· itS<.I't ~~ ~l ;t.l;.n·d~ ~. "~~~~-~·- lf'l.' i: l~.'<l r·q~ t •f t~t1• r"~">$o.'I'\' ! •il· U.~W;' lty 
(",I'{'Ul":" a! th·· ,-,~d or HnA !o)l',l ."i'l•rt, T(• fr•I'I'L'i.!.:-;."t k4• hn·;lio;.up V II z•i\'1"1':"> nf ~bi!:! 

,.,. ·~-~~;~!,1. tf;·;.)~: ~:~~·l·;J.::~. /,~~::;·~ 1 :~~~;I~~~~~;·.: ::;.:.~;~·l: ,;~r·:; i •;::::~~11 • ~f It·;, nspn t' I of ;L I 1' 
rn.··.~ ~···~ r·r•l.J!h'" ttl HH· 11~11"1ifl''•:o'it;_.rr) tT~,n,,s o! th•• E1'S ~Cit••f'lt••r V. l'.trt<:, 
":; l ' · I '' P"~jll"f..'~;so•ll by l!·:t• 0\ll!.!i•·· bl"·t ·~·!'t.•U ltif' tSfo!tOJI"::; fll~ 1!1" "tiH'{IIO•:\!(•!Hhly 
pr··,'-'!'o:tt·•· ~:r;ap Lu· ;U.Ird; •uvi th•.' p:.t r .. ~n4·· ! ir) Hi•• ,·q:pt.)q t)( _!;._• si;H\c>n 

Tnjll•'.kl•- !~··cb>e·.:.:k•)<.· ~a. •• 'U,1· c.,•lll"'l''~:tt. in 1\l:tt'd.> ~ ~ ~-~~~a~ly dic••cl !'lt fro m 
1!1' ' ,.,.,. ,.,_,, r1•:ni1'.\•"Sl ~"'1' IHll"lh !ll" <a< 100·!, ut' f!·~·m the :;onU~-'•'"-1~'~1' 
:..:···o!h {}.;,w <a<:,•,(F l. J·~~~:t•'rtl cu e•n-n( d;t'l·'l.'11!•n j~ '-"'·-'''Y t':)t'••ly ohs••n·;•,*. 

l't:•· o.,.•·•:t!Jld ~·ha,· . .tt:tL'I'istk, lilt' ttl.lnib<•:· 11 n( -ri..~~·s In :\!~• :·,: !~ ·.~·lOt 
I•IT•(: f':"."o~· · ~ ~.( 111•: ...... ~HPn\ Or fo.(l:;lh·.~···~t-·r·:~ lYi"'· r ·i·O··cL~ thf• ~ni<"n.•;,ity or 

pt·~:-.:• , ....... "" t',lt::.o:trl~ ,~· .q·nlin~-~·r rw:·tods ~n 1~1'~ b .. iSlt\ -~r UH· t\.o:-ntl Hi\"('r'", To 
n-•··S4• p~· o.!<'•·~·.:l•fJ h•.'l ~o~j;: ;dl t.·d..;{•.<i '11,')U"1\ t")'r.h•r;,~ ::: I'H"\('I"JJ•.~ Ill l!w l,;,~qn (If l)"W 

1·:.; ~n-~ ft1 "'' r f n·rr, r!t• · "'' ' s ~ ~)J' ~;·,u fit·,~,·~·~ t. T!~ ,-sp ~: t,;II'&H: 1 t'l'i JO li r· ~{ ,, n• 
r •·Ld.t·-1 -. ba··· 111'·.\" f"'ftf•t:t o~.hfit'l'(•fll f'.·;tHJr•·~~ ,~f lli«• -~>HaW •Hi'lll);<o::~}lH:'r'it! 
pt·,,,.,,:.;:-:, :--: 1:; ;\j.-.r,·lt. 

n~- · d :•f·· 1\l 111•' ;,4 ·t ·lHI<:JI.dio n ... ,, Ur•.· b··.lt amt·•qJ<I !qoo n•··~ ·~4;~,, r',Y !nr :r··· 
t• : ··:~ntH: i :<'. <!o"kt•:c,up ,~ ft"Ont U,•• gy;!p!1 ~Fi1!ntP I OJ) plt•UnJ (o)r "!.IH· mtd,Hf' 

IHI"\ ni ~~~- · •~-.Jnhl ,-,·~:•·n,..,,,., r·'or a>l~) rr- aroU 11<(n.07ii0-7.fl}, •~n·i ot )f.;<l 
f••t" a< I ~-.o·· a11d n<O fr-1'>.076a.J. th ... !i,YSlf'ln of hrws l ~~~~~!1~.1 b~· u!-i•••'; in 
t!lhf·r L\~·-·~. llw ~~·,..;.~r·m nf hHf·~ 2 l,.nr a:>ltit'Y" Hr': n·quind d;~ti~ i! 
t)•"'l•·rmu;l·d rror·~ ll,~· fhf(,·r·(•rl~r· Jf,(1'~ a. 

Lrot us (nlltrA" llw t•l'd•·r r,f jH"''II·••·~ tinn ••f 1h·• !<~J• ,.,,·:1 ;1, H.·· · ..,.n;1p!• <o( 
l!Jr~fl. In M<tn;h ._.r Tins .l" ... r 11..- ... nr:it• ,,f UH' i~,.~ ..• , .... r · l" !f. ,. ~1;•··•tl 11 1"• '"''"'"~"'' 

w~s a~.~J40 .. , n •="l' d;,y~. lu111l~ (';Jf•r· ~>t:>rl ~·•.n-;4•"'1-:- . rq .. , , _n-;., 
. :i4fJ-7~U """1li, 0!1' rlUrpl)t"( II iS .~>rn;tllt-r lh>l:l 1:1. 'l'll"l'.-f•. ot..- , .o.·• t!• ~··: :1•111'' 

1h~ n·quir<·d d;rt~· (rt)n\ ttw sysH·m~Jf l1 1~' · .r; 1 r~ ·· rr~•:• •· lfll} 
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I'O!UoCASTI.VG OF !Cio J,l.\1~· liND !liSE OF 
H~l TT;Jl ST,IG/1 DUE TO JJI.IfMt,W; 

t I. Condition.;> tor tht- fonnalihn of Jiltn."i. F'olclors 
fh-t•·rmhtinc 'Ct.'" ;;,m !'Ha~._. rise.• 

[ct· bn~o\'kup <m a rl\·•~r i.s not u pn)r:f'~ss which ;.,cJy;mc~~fi :.drm~ llu~ rh·~·• 
!l-~ricU:-· sucr.o:~i'it~ ... ~·ty, 11H~ nouunHorrn lhickt~c~s of tht.• ic'.:- CO\'t• r ;1nd t)u~ 
m.onuui!orm rot-'~i.ott.'knct• ()f th(!' r~\'l~t· chaa~tt .. •l.ou ittt \"O:.ri<.+uf; stt•!tdwJII l"Xclud~· 
S1tt:h •• strir.l ~UtCf?$Sio_u ~·\·en ~·h("n ltc-Jln.·:J.kup b•·~iHS tu tiH• low.._.r 
r•·01dwo; tlf til\' r !v,•a· . J:.v,•n hi t}u.- ~_,~·· c)f jc•: bt·,~,.k~lp '-'·hich ~th•:U\C''" 
\IJ•!-!ta-r;uu. llu-n1•WittJ!ic-l~ '~ru·uunC•: t'}l' imJividtk11Rt'Ciivns: of !>1:.h1·· k(•, 
lf••,,n•••f'. tlw 1<;,: i11 tid~ C"'-."1' i~ :tll'''i~dy so \'-'t-Ukctl'>'d that u:!uo.~.l'y r.<m:-;id••r­
~Jhi.•• k·t.· p:n!:.i 1t0 not (~wm \Jmlt~r tht~sr,• c(ln(l·itfon~. ·nl~? f;1ct Uo;tt 1c(J- hn~••kup 
u!'iu>~lly m::cm·,. lh•·t·•.• hf~for(' the :tl'l'i\·otl ()f Uw flooU -~·:w,. is imJH)f\:u1t. If, 
Ju <.4CI.'flrd.wc~" wilh th~-· pt.ysioc,r·~•phh::ll h:atUJ'(:5 of 1111' rh•r•r ()~1~111 Hnd th~· 
n'lol·tc•·H·uln~~...-•~1 crmdili(llll). thi:' Clo,nl ..,·,;a·~· and tel..· bt"t•:ll..up (In tlw rwr•r 
u·;t \'''l •io'.1't1xt r•·.:t1n. 1hN1 ttw it" ,._.,.._. il1£! d();~.·n~u·t'=•m n~tw.'!y ()3r':-t Uh· ('1-: .. th 
ol !ht• i c•: C<l\•r·r an~ ~l('("t<'h whn't.• ClflldUimts for k•• bn·.,lwrr h:t\'<~ n11r yrt 

~··I [n. h;•· ,1-•ffllll itl~ ~\· ith d·~!'j.lrhCi i()a nr .:td jaCt·rU p:tr':;. of ffH• itt.' t,; O\'\: f' 

h·.·~in:•, ·.t-hih· pitin~t: of I t~,.. hhlcks '-''':'tilHH'~ +•nd :.L c:-onsldl!l'~bl•~ P•tr'l •'f rhe 
r.nn:s; !-it•Cti•)n .,f th,,• ~1 n•;JJn h'('.C'I,tn~··t=~: c•h~lrur·h~•t 

h-:•: pm~ ft>rm p•·efo . .'ru!Jly in NC•<:'tlrms WhCr't~ thr.• to11~itudlnal slopo: n( 1ht.:­
l'it·o•,. r.~.Jn!>idf'r~•bly dt•ert•;\scs. in pl:tccs with h~l.lnds. 5h~rpl,l..'nr.1s ur 
t ~l!)tt·;a4':ti(.lfiS tlf IJif' bed :1nd in :z.nnc$ of th(> lJat:kW>Ilc•r ;'lort:':t in \l·alt."l' r('SC'l"a 
vcurs, f·tc. 

JC•: FUn:;; ni·•Y ffJJ"ffi ilt pbc.t:S Wi'h (.;n'OI":IfJ),! Jn•d CO!\dUiOII$ .;also in Uw 
••hsf·~~ct• uf .:..n k " co,·••r or c:-o:\tiuuou.ti ict: (tf."!d5, ~[1ch pm~ arr. l•"'""'t'\'~ r. 
h:s :~ st.d>l•.> :1ru.J lk~ not r·,··slJlt in~· l;•rg'l' dsl~ of lh{'l w3h!t' :-o:t:tc··· 

BdorP ic(~ br•,_.akup, tht~ icl~ CO\'l·r is u~u~Uy p~'o.!'.Sf~t·n·d for lon~,~ r tJmr. in 
pi:H~~~·s nf ro!ducr?d slnp(' ••nd rJC~ow velocity. Du rmt:, th,~ fn· .. ·2hlJ: of ri\'\~rs in 
!";urh plr~c••.'> th•• f: r~t sto•bll~ ir.J· ltn•l~'·:s :tnd. in thi• c;1st:' of sufrich: nt!y hir,h 
r;lt•• o( lC•: :tpflol"D.:ach to th'~ ht'idr,:•·. loerucnll(;ttii'JI\:-1 >:lml pilings uf tc._, ().ttn~) 
m;,,.- foTm. k•• .. <'<:umulatious in ;rcuch pi.J.Ct.•f; ar(" l :JJ•ga:r, !Jn.' h iJ:hC'r the 
fl*.''.\ .... -d~ity O( ic"' hJocks apprOOIC::h1ng the bricJ~•: :'-ntl tlw lar~·~r in Chis 
ru:ri,JIJ ,Ju~ :.lir-lt~rnp•·r~-~.1ur-.e fhJ<::'lu.:J.1~£mti (s•:t· Cl1apt1.'r 11). ();.~;isr~ t(1 ala,• 
pn~s,;lt~(> (lf t•:u'itm~ lc~ fot'ms untJ(·r Uu.:- icc CCl'Lo'{·r. it:-; thkkocs~ ln fluch 
P1<1t::~~s in.l::rr.-;>$•'S .. , a -hi~~wr r.atc tha11 em nd~bbm inn ::.-~.·clionH. fp•..,·ard 
!'JH'in~ Ill,· thid:Ht•S~ o( lhe it~t· c~uvur thrn• i~ i.arJ;:t.'T thJn OJ:I lh~~ rnOr~ 
\iflt>1r•~.;llll lr,lc-:Ut·d .'itt'f'lch. 

lh•sjd~s t-h~ fH'f•JOu~ n·ahttu n f liH• icc• ccn:t·r d(•lll·n~t,..'Otnl or a rj\•c:r ~u-~lck 
· ... ·}wr,. iet· tlnlt lt>'f!"''· 31\ mt,·rt~l\'(" j:c:-11:' drift wiah a nn·Jt ,.,.looc:ily 

";,"· .... ·_;:. 
·. _: 

. .,_ .. 
:.·::. . ~ 

: .. 
''•I"" .· 

.·.·. 
· .. ,-..:.: 

5uHicu:nt f~)f" d.c p-!Hnt; of ice bloc:ks ls ~·(.·tt;."'.!dry fm: .th• {~rm.· •.ion ~Qf •~ ':.: ·:- :-. 
const(,!t: f";.hl•: it~<~- j~m. .. .,·1,, , . ___ • · • • •. ·. •. •• 

,;n. iC:r: Ji•m m~Y - fl'}i-m If ':ti th~· tlrl'''· nf u • .-~ :·:!.Pfl•'o.:.;ch or lhC: n~~.;l~ __ \\·t~\'f.' an~ ··· 
ic4.' drjfl I he ris•: ~n - lht.• '":~L('r Std~e (-.nd i'ti t1w.icP .. t''l\'•'r), du'•• u'doC.-t 
t'!l!:n.ff <t!HJ "'lso 1n th(_o· '\'t•n h·nin~ 0C lhf: 1':•: tn\·••t;' .. is .-.~t!l' 'RmaJJ., :.n~! • · .· · .. 
in.s.if fic:p· nt for br·~~·kup. : · ' . ·., . -;· .. ·_-

U+·crf!:.:ls'! in t:i! ..... ... r ttmpc::-r;o~~r':$ (0 n•·~::.tl\·r..- JOlt~;.$ <.llll"'ln~ h:·~· iii--!·:tk~'P 
P•-·riutl ~l~o Cn:ltributi:S tu lh•.- rnrm~uon 'l( ic:f" j:Hns: ~ ; .· . ..; 

\lost tJh•·n jr,t· .1~ms Jr;nd VJ Corm in Ill(' ~;,ml'• pt:u:•; 'Nlth a ~··fl~.' t'<tl 
d·~l·f':·'-~.s~· in tt'.t ri\'•?l" slop~. , !_ll(~auin~- " --~-(:(' N.' il:iH' in __ tilt~ .!otttlJl'~ ~\'(·1· ·;~-- - _ .- . ,, , 

ct:m:ilclcrobk ri\·.-~r streteh .d~c. m [h': ~OJ'OtH·:tphic:.d ;1~\<J ~··o)f'!o~i~.:d f~·ahJ~•:!i •. 
,.,f 1!1(' rh"~r 1.).-.sitt, in cnntr:\si 10 ll'l~:al ~··c-rr.-:•s·;~ _in··~hv sicp,: o,"'a ~r~nw · 
iSt)!;..1t~tt c·t,·t'!l' Str'\: tC!It:5 , ta Si.lt:h pl;oCt:~ '1c•• J~;n~ -~rt! tn '\:-<1 ~t~h.h:. ~-Jt js ~·-'. ~ 
:rtucl• n~or·: fJlriit"~.h to co:nl).;,ll S!lch icr: pm,; th.m 11-to.<i.-· ff•r.u . ;:1g ir• udv·r . .-~· ·:_::_ 
piact-S Ufl{)t•t' ~onrli:116tl-" ral.·or.:.bl"' Jor iCC• Jt;ll f•,l"_:naHnn. , . ._ ·. ;_ ·. 

h .slllHihl b•! lmz·n~: in tnind that p_nr-U~ui.:lriv f~'h·t.•l'~bh· ~tmcUti~"•n-. (t)T iG•• .... 
;<~ :~u-:d m;. .c!~• J'iOI:l :-:prln£!; b r•~.J k~p ;, r1~ c z···.-H•~rt · ;~~ "p!;,·e··~ ·\"lt•·H h -';''-t' pr.t'<.:_l-~d•·d. .: 
hy •(''~ l:lt••·:•~;~:P dur'ing- dH! \d tlt•!·r (!O(id, '.\'hic:h ~WN:wd on 1ho·· ~i._._ .. n · rh·•~i- :_ 
~:tn:td•. -.... ·ith ll;o,•·J:I!n~nhu: .ar..~ -~t>i-gtnl:: _ln Hl!' ~~ ··x·: e.·n·-.ll~ll;:. ·' · _·. , , .. , 

:\ r.:t •n.:~ r:i.~ t.k-cre!'.:ast; in· ttw Flopc !S lhr c-.n~l' nf f• ·~qu••nt if'·' J;til1~!llnt: ~hi." 
hi Ol l'fl••t· p;u•ts n! -Nater rt:JC.'(:I"\."Oir-s. IJ•)tlJq•••r, in. th1!'\ r·~ol:t- Jlw rhwhtt~•iis ... , 
t o{ tt:•· p tllmmJ! :.,.•or (!l'(•~tly Hlriuc:rn:~l"d' t,y tlw n:.tur~ Hf tlw nt~v.rt c..•mt n•• • · ·:: . ... ."- .,:_ · 
(-qrt~•'1' :u\d J<:pr"inr. d•·.~-.,.·,l<t-Kn (J:" s~'•·inL;_ •·•:t•h,,_.~d. . ' ·. · ~ 

rl ··' PI~ to th•' •: I.•U~I(j"f'lth!t:' flli , nJ!' q( Uw lwd hy di::;tu·cJ .. rl,_· J•,ll~~d-IJ~. ic•• . • t 

,,;l~r · k~, ,,,,. r(·:,.:L ... t:JcH·<! H• ~h~· ~tn•.i:flflu'A.' tnc1·~·,,;:,•,:.:. ~:1l.lf'P~~· ; !ho·::~t~·p·· ·or _tlw 
~\-:il•'t' S•£t"(.W(' nn tlw i\·~·. J;,Jh ~f·r;~inu ;H'I"<Irlhnt:!y al".,, itt1' r.-ot~• · JIIi .~=harlll,\',.-;I_I'LlJ 
llj) ... 'll'f·ttln (t'(ltH tbf"' .I('P j:1tn h:tr;kW;tf('f 1hlll' r•lrnto•of t'ta(f'l•' i:W!i1' llll' ''• ',, •, 

Jur~l'l' lh·· ht<:ri•.J.!O=(,· lr! l~tt' ,.,_._..l-'lanc •• W w.ot•·r muHosr··•n th;• ' "'lr··tt.•b _or ttu• . 

:~·~ .~:~:~;n.. ~r~~.::S~~~ ~;,:.~.~~t~~,:;<·~:;~ ~ ;;:: ~::~.::~:~:1::/~;.:~.P:~.::~::~;~~-~~ ::~ · : · . ~·: :: 
"iH···~•~::~h ul14J 1h•~ l1 i~h• r tlw v~· i<,c:in•:s ;,t ~"'lnd• H ~tp;')r"l'>•dl··r. ~h·· .pl.t'..._ .... -,..,_( ic•~ : · 
_pmmlMS,:. . ··' .. ~·., 

T!v,• n~"-1'-:t;m.::m n~· · ill II!·~ --~·~t•'l' ~~~IE:(• l.htri~~i! i('·~ pma1i114: tlt_'p··t~d,.._on ·· 

;!w 11m(1~ml t.•f !C:~: pi lin'= Hj) 10 {ol'm a ~"n::'' 1mtil it!-. hn:.~· th r,Ht~h. Tli•· 
t1nw t•f br•_•.tk-throuc;h ('! :l Jdni d··p+.:m!~ '':\ fh•' ~tl"•':ti!~t, t"!{ th1• JC•• :N>\'"r nnd 
f\r' ~Jw f'I ."SiS't:&f•t:~.' {oi tht• ~hnr~S \0 \h4.• I)!'Jh Of :)~C tc-o• o.'Q\'~·r hi"'. jf .__ .... ,~ .. u·•• , ~ ·~ -~~~( 
:a :~nn£:" (') ( l~lf' !}rt;•.l.k·~hrOui!h of ;t J;...ra ,,·!,kh r(•_r-rus 1tl 01 <k·!i:\i!,• pJ~ct• Of o. 

1'h"('t, tlwrt ll tl•.'P"IHI.:' t"tt1 :ll" h.'4' ~tr•·Ht:•h otll·f •:~ lh •' t'll·;t· Ia :ltf -~;u.-.- ~t··~·· 
~Jf.'h•·,- llu• ic•~ co\·~· ·- do'IA' t,~tn~;t:t'l frtJm til~~ u:.•· _1a m -. 

l),:p···ndint:: o:'oll llw lo(~,:, l l'fltHhlion:;.. wi:Nt .:• .... 11-fieii:toll:· ~~''·'' r\~·~~;(i.,·•: :d•· 
t•~mpr•r.;tl\ll'•~ ;-;rts in tJu~·hl¢ i~·~- _10in~n.1nt;:. th'' t·r!O~" m :h·· . ..,.;~1••t• ~~ar."' i::: 
~Hi!lll' r :ll.~ll it'.. ('il!'lt•~ n-twn 1t p•)-F>ith•t• ,,iJ· \I'O'lfHT~IIU I'(" i!-0 nl,l l llt:nw•d, 

lu c.,~ o· ;:;; ',\h•~r, •.t·iqtt·r- rc r• tu·.-. .• ~:~ip.w; ~HII .:.nh.,.•·l jUt'nl IC"•' }:un:ni nl! h:t\"•· 

t~r,_.n t•h~•·l-,:•:-d bo~fCtn! aC'•' 1·•1111\~~~a::. 1lw u-••• J.:\111 "A.:ll~~~- ~t.u:•· l~ hu:iwt· •h:u• 
Ul'll:l(·r l!t;,\l;l~ ~f,:ldfhun'4. lh,• nt.J;.;=tm~tm ~p·· J-.'\fn l""L"··~ ~ ~ he~h··r lh.tn \tWI••r 

li~~t~tl t'tHHlitions ~·l~o ~··twr~•l1Y in c:;:.;•·.:o ,..f ·• .•n:•hh· it'•' -•~ '"<'\•!i .~t~-,~ ·.f'ith :~ 

ttn:~h ..,.,,h'r st:r~·-·. 
Tlw ht'l!i;h1 or t'll:-.~l:num l\'l'a.t·•;tl ....... t.q• ~1·lP.•' d· ·p··Hdr', (tf ~-1'111"~··. ii!SO 

·~n 1h·• f~nn of lhr rh·•:r lwd Nl Ill•' it"•' · J<Ull ~tJ· .. u·ll. 
~~~ (';'~''"' .,,;lwn, n:<f~f"r· llh~ ~·:-.:1~11:11; ri:,•••t•·h··rt ('omhtt .. n .... , tlw A.;,(•·a· 

(II'J!•'lfl('t' 14·1U• th1~ t,·(·' l't';H."f!t'S ~ n·rt:tln 1<·~·-j:lflt l• ·.••I :•!t·l !ltr•~t..; 

··:-._ 
·' 

-. . _--:,_- :--··---~--~~r--'1-ll!l!'J. ""'· ... --.. -~-----------------------.. ·--------------------·-·········-~~~-~·~· ~ . -



u~c· ~·~·-·,·~· b ,,,::.-,, t•yv~s~••u.~.: t!u- J·•H•, lh•· n•ax.irmnn in!-j.~m '~';lh.•t· St<•;:•· 
t.~ lluHII·•r !.·, ab· lfl~!H· •V•rl r1v•·1·-twd fp,dun·:-:.:. 

'l"h· \~·;,t··~·-o.:t;JJ.!•· r·z,:;.•· 4IL1•· 10 1C::o..• J;H~1111in1.: al:-;:u d··~h·n~l~ on l(!t' J>UUJI)inP.: in 
I:P"-in·:·r~r :-l!n·t("JI .. ,:.; of tht• r"l\"1'1', Tlw n~~~~mtu1[•· of 1lw b;•dcJ,,Il(·~· df(•C:t and 
th· h'"· ~;q1; .,...,,t, r· slot~· · ••t ;\ lji\'l·n roint. nf ;, nv•·r .l)f>c, l),•p(•tut on thf.' 

til "''·\JW• · 1·~ 1h .. pi.JPt· wh•'l'f' lhto Jam fi"H'nb whzc:h, unrn,·tun:•t•·ty, H.; not 
•.tr·wrl~· ll!l;•·d, P·•rt~l'tJJ,,t· 'y 1•u ~tr•·h;lw~• n11 wtn~h tll•'f'l! il.l no .J:•·n•.or:tl 
ll• ·• r• ·;·~·· l!l 1Jw rrv·· r· l-ih~l'''· 

F lll.tl:y, •.,o,·h·•u ilr.I:•IJ'l.lHJ! ohs••J"\'alitJf1S nn ir:•.'-J:tm stat:•' rlSt's i t ~h•"1nld lw 
bur·~~·· lH m1nd th:lt 1hl' m.•:\imnm H.'f• ·j:un s.La~,·~ t·ar~ bo• IO~\'C'J'(•d hy ('Xp!o.<;t\'1:~ 
.or:ol nth, I' lll~'Oif;Ut'f'S ,\'h<•t ••·hy 1hP f('o• hltwk:-: o\f'l' bnci<;t•n ~1rul lhP l">ll"t'U~lh nr 
T}lo H • ' • ••v••r h~·flof't• lho• fnn1'1:t1lon ul ttw ;a~n ll'i n•Uuct·tl. Un !'>rntdt 
·t l'•·tdw~ {.1\'0r.•h'·-· f£tl' .I·' Ill lonn.•titl11 !<'~et:h n~a.·a!-;un•s ln.i.y, ill .SOJll(• C<LSt·~ • 
•.• •Tt tt>o· hlrtn<dt<m uf ~l Ja:n. 

t : ... plt>..;l,•tl-.,, ( IJT!••d IIU( lu r!··~ll'flj' tr'l' J:lnl, tn:1y :tpp:ii"<.'CitJy ha\'~· Ji(U11P 
lntlclt•nt·r- nn llu• It ••-j."111~ n · ;,jl'l' st;\1:••. 

l•1 ~··u· nd. fcn·J,.·t·\"•'1', 1h•• nl.tXlmUtH ns•• zn llw w.1t1·r sta~~· Hj)S:In·.nn fr·{•tn 
ol .l·•:t: ''\'•'1' til•• pt'•'•Jam Rtiii!"•' 1:-; Hl.ilUlly d\1(' to tlw fe\lO'o\'lrlg' eOt\dittrm,~.;· (l) 
Ill• · ch;ll';h·,•·r· r1f tho• ri\'t•r h··d uad r't\'1'1' \ .1lh"'y ~~~~ lho• fl.Jt'tlt:ul~u· t<:-o•- J·Uli 
"" lt'•·tdl, f~l ,,,,. <'JHtr•H~!o·,· o£ th•' u· ... "'n\·tT nn lhc• l•:~· prn slr,"tl..'h, {:·n rtw 
i.l~1 ' '•11'1t <of n··· lJtl lho· l'i\'''1" ••lid, 1~1 tho• f'd.fl•• af .1 <'1'11lhflUC'IU<; l('f• CO\'•' I', ltfo'O 

rtn! J(o.,.~ s. (•1J U1•· w~· :~ln·n,:;lh; (5) llw tn1c•r.s1ly of Lt't' clnft; (fl) 1h1· 

\'"~lid()' :H '\'ll\Ch Ht•• l ' ' f' ;tppt'll:.tcfU'S t!u:• plal'l' Of 1~•· ,!:IIlli {7) llll' •J,,'Il•'r 

'•l.l!!'' t.fn·,\·nstn·,~~r1 fi'OIJ1 1)11 )'ltn; (lq 1ho• f'all' (If ~ntwth Of thl· flovd ht•flll'~' 
. .z,.• ·\h"r t/w fcwrn.:UH.•r-1 ()( lll'' J·•rn., (!l ) lh•• diff•Tl"tl(:(• lF•h\''''''1 lh•• hn11· nf 
lt'" l••··.~l-a;p ~"•?1 !h•· m.qn l'i\'•-r .u1d \IS l~lr;:.- lt'llmt;ll'iP~ 011 lh•· Sh'dd• 
•md•·t· c·un<qrlt l';diiJlL; (!OJ UJo' 'o\'l",itltt'l" ('0\HhtllH\S u~ r•u• p i.•t•ind Of tbc·· k·r• 

J:!lllllllrlJ~; (ll) th•• fJi~l;JilCl' frOm 1Jlt' ~Jl.:u:ot' of (orm.\tmn O( lh(' l(,~L" .l.atn oll\d 
ll•r• ~;t••~•· ri""•'. f 

J'•· Pl'ltw•E"•l ec+Jitli11Pu:r (nr I('" .l ·lnlUUtiJ! ;•n' ~Sf'>'§ l)· fl) Ill •• pn·St'f'\'d­
'l'''l i)f n..- t('o · 4'(1\'t'r' dti'.\'Z\Sll'l'[~J'I'\ HI 1Ju· pan or thl..• l'i\'l'l' (1\l w!n.:·h tC't' 

!}f't',:lo:•IP r•,-cut·r··fJ ;1nd ll't~ tJnft twg.•n ;u1d (21 Mlffic:wnl :::ctc'r•prw~.s and 
•. ··I•WL1\' rtf lh·· n rliJCJ \(' ,H'f' Th~· ru·st COil(hta~n ,,, ~omt• t'Xtt.>nl dl'J.lt'tld.':; tlll 
tl•• "'•·rhnd. 

i\-> ·~ t:h~tr•,wt•·n ~ l\1' t•! Huo SN'!)Ild eomhtHJII tlw r:Jlr" r~( l'is•' nf lhe '.J,'~IWr 
•:~'•L!'' h·-i'lf'l' Hw b1·1!u~rung of If'(' hn·~lktlp t:5 u"tl:dly lailit•n. On JHUliP ;·l l't.'!'S 
t!J•• "''C'nHd nuu!1t1un r·x~~l.5 ... •n•r:-· j'<.·.~r· ''l' ••ll,tOSI t'\'t'l'). ~···~r. m 

.oC'C(•t•d.cnc~l' :.\till ttw •dunoll iC': and Orogt·'-.lphtC COndJtums of 'tha.~ ~t\'<··:1 l'l\'''1" 

1_ ... ~-m. ~ll<:h, fur ••:-..:••lHpl<·. ;, rP tlw 1a1·~·' ri\'•':·;;; of SilJ"I'i::l, 'o\'ha·h {low 
fr·om sotllh tn wrnh, ·..,.1\(•rt· 1C'~ bi'•:.IIHip w t:iiU!lt•ri m;unly try Sr\f.IW·I'kH~h 
f!Ot1ds fr.•r:nln(! iu H•(• I.IJ)P• ' I' (~OIIthr>t·nJ p;uu:t of !hC' IKI~tn~. !n Utis ~:·~w. rn 
O!"oh·f In fnt'•T.lSt tho• pl'~~~.lhtltty nf o'lll !~~· J<HJIJrlitl(!' il l.'i Surfu::ic•nt h' ktWW 
.\.ho'lh<•r lb· fl ~'!-01 t•nnd11!f'ltl (pl'• .'it'r\'oltinn (,f tlh' ICI' CU\'('!'

1 

tlb~l'llCI' or 
, l!cdlltt:w~ !rn· ht••·."''l-!llp ~'t It'll' tiiHl' l,( l!tl• dflfH'I,,)C'h or lhe [j(•Od W.:l\"1:) l!'j 

s.,l i ~·lt••d <'jll d1•• p.11'11('1ll,ll' l'i\'o'r' !drf'1t:h, Thr" f1rst C"l)f~<hllnn IS {lllhlh•d 

(·~··:·y : •·:~or wh~'n thf' ri\'rr· ~h•rw 01nd th(' flnw \"••loclH··~ uvrr :t lo,c ,1\'(•td~ 
~Jo- c r('.•'>'' r.c•nr>r.111y. Thi~ i r. parlir:-uh rly lrur Jn til(' cas~ of succl"s!av~ 

&UW££2 11 a :u e "= && iWZ:WWi 



--------------------~----,~ 

,..,. -.4"-.• that for 1/,. (~CC'Ot'tltU( t<' u :,• ~l"'"..i.Sntlprsk •.r:ett•t• f::tt: t'} .ll 3. w,,( ,,_. 
:C:l.:\~ ... !>t•l,"'v.' 2~flrm :\0 •r•' fult f,1mwd only u\ OrW .r:tM• •""' u( :n . For 1/n 
tor s:tilc;tos hvna 2.an tt\ 2!'Uh·an at•· J..IH1R fbrlnt'd u , hatr t ht• c"Jh,·•. t.tnr lf,r 
Wit h :t ~a: .. e·· all'!)\'•' 2RUt•m lt"t." J~niH Co t·m ··d •n o:''ro v f lhc C'··~~!t. t'ur list 
aho v•· :.nocm tc.~ J;.fnM l ')r crwtl m 1 t'·"~r·s. 

fl~~t;;:t li'r;: "''"'•ll~~llt'o\11 "'f'lo••tl\ t~l(' r()lllt.lllf';> •o: •PI ,, o' • l rli •l1 1°o ~ ' loU I 

Poorl..!••~fiU!•"''111hf' M•"'df lo::<,l lllf'~'<lllil, .t~t.J lh '"'~''~"~''' 4 ,1!,• ''•••:• !illf 

'''HO,Il OtJ: ~~• It t ruoo•oJ ( u., 11'1 •' Ill "''f' ~'o• 1~1<' <.J .>H:Itl hr•.- o•l I l!,o ~1 ,11'1' o•l U . .. ,_,,, .... ~ .. ,. ... ,.1, ~··O:f') 

'11ms, nu rl\'•·r·s UH whu·h lht.• rt• 'i' .d.o.:ays ">ufft•'t••nC ri<'C•J wto-us11y !tJh' 
~1-1 ~mtt c•rJtwhhnnl I t u~ tm-.•lthh•, :at Ull' l_..·~mllUI!.! of Uw Jltlthl •· 1-..'l' 

p •·rtud, to tnrt>t'"o~ .!'l: t lrnm Uw , .,,lur n( tht• n~a:ctmum 'k.•1•·r :Holt!•' HI ah,at 
••·•rtrtd tht· panbabthcy n( It'•' .)OinHntnl~ .Jt th t• hlt)•# of sr•• h t 't',1kUJ), In lh ts 
rar~·-.• in.d yst " f' ;t:\ lw ~t-:.phh:t\l tl· t ..::ur~> tn?) or''' l.tbu, ... ,. ft•rl tl 

U should h e• nc•:••tl, hdtt •''-'t' r , IO:\t >tlii~OUJ:fl tri"" J·"ll~ furtn, ,,,. .1 rttl~". on 
,.. •f .. hnttt'" -c;;u..,·•C'h llf rh•• rt''t'f' , lh>l"ir !nnn.Utnn tn ·Uh•·r t•t.u • '!!. •• :Mtt •~ ~'' 
• · ~r lttd,-.cJ. (n f"MrhruJ;u·, t f lr'l' l:'lotJ\OHOP. Ot.'C:Ur:l rto~\"ll 'l!'t'li/U ol( lltl' U1'11.-:1 

K t·.l~llQ:·arsk. tlu•n Ut•• JH'Uh:,tullt)' nr IC'"t' .totmnlLIIf; tlnw.~.!'l\r'•l:un ,~, HH' W \'. t\ u f 
d··• r•·••s·~s. S!nr•• ;\1 Uu• rn"m•· t1 ~ nf fh·· hn•,Lk llu'tiLI~h rrf upp•· t' ,,. ,. pu1 tht· 
l''' ' env••r' ••:1 th•• lo',\·•·r tiU't•h:ll h·"" .tlt'•·.-.<Jy IMd t~nu'· to t.l\KuUt J:rat •· . F ••L' :1 
!H111"1' t·o·!J,,hJ•· rt)l'l't' .:t.,'lol t1f lht• JII'UI"M~Ilhly !J( u;•' Jo"lmtJ11Hr,, 1L 1 :~ U•'t.' •·~S,It'>' to 

lr.J'\.' E' nh~Pr·,•aiJou.o.; tu•1 f<i'' ~~ tiUU! l•• l~r> l;lto • .J l:·lt;lnr, ~i1t•, but Cut• " ~<~ •'l't••.s of 
ci(•t.•· ly·!'-ltU.n~·d S1l••..; ~'n ltl•• l'l h ·,·tc-h ,0\hi'\'t' ami twlnw llu· nww tUl'' · Jn 
unp•1r1~111~ -c:a~a·s It•(· fU'uhahl•· plner•,;. n( let~ Jafns c.1n IJC' d••,••rnuncft from 
ir•"' <'f11U'SPS :tt tJII' ••ntf oC lilt• W\ntPr 

1- nr n r.t v•·ry lur.h H1;lJ~··or: II.,, th •· prat •. ahlhty of wt• p mmuu: C'fl Rurh a 
s h·l'tch .app.•r.-·nUy u hit'l cl••••··u•t~ 1'" It••· pr<"hhiu\Olry m•·.,~ur~l' Ulkrn 111 
h r,..::ak up t h•· Jrr ru~···r. lrt l t.-.t' l.lf'U)1r h}· ··~vi•JSion.:o;. 

•)n otlwr nv,•r!", '" p.\rl)f"Ub r c-.-, rn·rr'!i of t\rt- •·r~ l of lh•· •:-1s. d •t-
pn oe1p.ll and«"X of tJK' p .. ~ualuhl~· c.f th ... f(•rmattnQ of ~n •c t• J••m th th•~ r..ah• 
nf •tu• ·...-,,trr·:a.,Jt•· r ,,... h .. fur•• u••· l.r·•··'""V· 1\ ct•rlair, d•1tt'noh•m·•• of lh,.. 
pn•l>-tlJII Uy , ,, tcr·pnt wulf' l'•fl:l~'~j · ri S~' '"' t ht• nt·~;,hv t• ntr l•'n\Jh'r'•.ltttn• 
iU Itt•' t.tm•• (,( 1('"f' b1·•·~kUJ) lJ .t lt:o n hoto•a.,•t·d. !•'1r,nrt• I OJ lllhuwtt llw 
r• 1o•W.rnt;htp lWl'.l.'•'dlo lh,.. prvb.1h1hly of l<"•· J•lllHtn:lf. 011 ttw N'•'lll:'ln Ita·~ r 

.t a• .... ·J>.-'!U-, 'Wtifii!lliW a_ -

ern·n ,.,...... -.:.:r~ 

tktovu:-<l ct•.J.nt (rt;oOJ t;. .. u_,....~ U-14 ( •• , . I~•- , ... .._,,,.,.' - t •· - I 

••h •ctrir plant) :.r.d :;.c"'• r,.,,. ut Ut• • :th·r "'""'''' ' - · · 

1•:n•l,.' r.t4urt.·, 

:-., 

Ill," !;- ~ • ( ' I. t t4 ' 'I 0. I I• I 
1
• ' 0 ' ' 

lo:o .•·••t'·• ''""' '''•• ·'l'"' ,,,,...,,,,,.,,," 
.u d r. ""''·"' d \~, '"''' r >~I,,, • " ' 
; • '• ~· I<. • · •· H .\llr: >f U I ''' (, I~"' 

•ft-.o· •• ';••• ,• 

mea ___ ,,_ '811!1 
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i-·o.-~·t·ustaun ,11 sc .. J:.,tllmthl! irum sprt:S;! ctt;arou:lt .. rtHU<:K- r;,h: n! 1\l·•f!t" 
li'IS•• oand ~,.- t.·lnpt•f·•I•U'•'- dot·s n,~·11 ··~"·huh!. 10 prulclph•, Uw poss ah1IHy 
of lhr"''IC:~st:raa: 1h._. p .. r.}J,,Juqt)' t1~ U.''" JOI.J.AnHOJ: from oiUUifllJ' C"h:loT~Clt'YlSti.cS 
- lht• rt~•· to[ ~t.:\1!•' ~-~ tht• h.,s;:u:rnrtr. nf lilf• ,t;l."lblt• 1;(!4.• p,•nQ4J, oltttumn 1Ct• 
pU!iho·s. •'1<. 

Th~· frn·· "K:'lrmnf! ll''l'lt,d •l( (tlr•·ctsltnq fH~ Hw h;•s.\~ o( th•· c·at•• nf ~•l••w-~ 
rb•• r,.Ln a·· 1~\<."r•·~.o::;o•d hy ;l:laly1.-\JI(!" (rl·nm (tb:-::~·r·•.:;ltiUl1 tl~W) lhc dr-pr.•Ju.h:ncL' 
o! l}w rat.' of nt~~\' ris•• 011. tw dt•t•'rmuun$! C:.H:t.,.a·s. 

~ :1. For;•ca:.-ttng thl' rnaxi:nu1n wollcr st.:t~~· caust:>d by 
let• .Fltllr'l~ln~ 

fl ~!muld b·-' B'H;•U th.,t '' h~chnifJu,• of fori'\~~~slin~ maxtmtn 1'\ lt'f'•_}:qn 
'·'-'"'' 't" ~t.tgr""~ h.1p:; iwt·u !:!UC.:t ':'i!'lo(Uity oht~H-.. •·t.l. hH 1\0~.~o. only 11.u• t:.·•·r 
"-lr•·trlu~s whc•.t4.• 1c-•• J.:IO'lrun~ i s rhh• 1f'J 1t. g t•nt.•r.:•l dt"t;rt·.,:-:,.• 1n Ull~ rn•t•r s!op'·-

For ~~("h cr-tmtllum:;: th•~ nt:tan ro•ctott• d..-tt·nnuun_c !liP 11<'XImttm sto•r:•-" 
rl~~·. Aff .•• f)\'('r 1ht"' IJ'l'i;0 -oJf4fnn\lllf! ~t:lg•· .:It .. ca'C'II pnwt tlp~u~-aln from lht~ 
lc-~· FUll r-;: 1, c;ln, C•lr lht• pcrpuse- co( ob~:tinang ... fr>r~ ... C-• :·HlUJ:: (l"Chnu;u~·. \)"' 
~~J:nmanz,·d .lS roJ!o· ... ·~- • 

\ J tho• !tu~kn•'s!-1 r)r lht• I Cr.• f;U\.'C'r" on ::.O:"'lt• •·n·<'r strt''Ch Cnml whtcb IC:t~ 
.on·jvt•S w th~· o;-ivr•n ICt •Jam r"lrt•kt., h ... 

2} t!w d•'J.Hb ~J! Uit' Sn!l\1." CO\' PI" vn I!H• lCC' (;illd U1 liU· b~HHII}, h •::. 
3} !IH• rul•· nf -~~·:H••r Sl<ll':'-' E'l;oOt"· l,._~rnn• U~·-· ht·r.•nfnll~ of ll:t"' pu~tws 01• 

bt·l"tlt't' th•• b•.• ~inmng or thf' l4;f',..Jnm .:::t.q.{t' J"l$1', ; ; 

-;1 thf' r;,th' of Lt; •. tC1t:1l ht•at \!~pu~ p••r t:rul sli.r{~c,• of thC f'tl<-'~'~lC'(" CO\"<''l' 
n'\ lh·· r<•gwr: nf .c•~ j>Hn:nt:ut (Iq,~.l to th(' JOt;d h(•:lt ~rlJmt P('l' wut sudac•· rJt 

u, .. t.now r-<.•\.'•'J' ~~l u, •• f"1'!:H-•n nf flnu1r (urm;•tiOII «h.:nrt!! l!:•' pmmwc t!q .. ); 
~) Uh• tHI:c'; •·l cC :a n•·~;:,tp,··· :qr to·nlpl~r .. tur<• w tlw ic-t>·hr,..;.kuppo·raH.l tD-) 
In J.::f·r~r>r,"l. tt11• fnl~OW &IU~ :qhnuld :1t"iu ()h\:'inusty ht• t~•k•:n u1tn ;u~t:l'lurH· 
G) I he ch.lr;at"\r>l'" C\f till' ~~·· t'O\'t•r on th•-. I."XP<.'Ch•d lt••·-1:unmu•r~ Slt'l'tch (II 
If ~arc"' lntp::.tou..-~ flow Into Uh• \r.••-J:tm slr'!'tch o f :1. rl\'•·r ,t i~ 

lh>e•·~s~•r.{tl"l U41tv•dn<"'' m tht• (':,ku;.;;.uon 011\so-· 

ip ltu-- thff•·r·r·rn··· b..t~o~o·i·t•a th·~ tiOI•' ,,f bf"o··.akup on lh•~ m:•an l"H-'f't' afl.(! of 
1lS l.:st'q"' tr'lhl!t:Jrl•'~• Wht~o·h n o w tlltO tfll' ~l\.'t'U rt\.'l•r l;trt".'tt'h flJ/i, 

flluS, l1 IS ~Hlt.SI!.t1t• tO ~.<;~umt• thO!l 

(1.\"ll) 

J!(J".\"'·l••·l', 11 •~ r1ot 1~1·•·'~·'+ n•'t'(''i:t.<ry tu ln~,·ndlt{'(' all tJ,~ (;u:ll)r~ 
;ipp•-:•rwr. 111 j'q\J."l.tiou 11.\'fll. !t u; ob~·:ous that J{ th .. ·r•· <lr._, nQ 1;\l'i!C 
1!'\hul:., tf·~ on 1h•• ~1vr·n l'l'lo'•'1' Kt:·••tC'h !J.f m~•:: lw ••xc hut.·d. 

1~1 m•·tJ\•H!•; r,{ for•'<"••S11n~ Cur ~trr~~·h••!->- 'Nllll c! H'~H<-r:.t s1at•·· clf'r'rv;,,~ ,, l!it.' 
tr••~n>v•·r· r· h.tt'-~C~C.,nS~IC WI th•• t•:otpt'<:h•d H.'o~~j:tnlrnlll~~ ~f1''-'1Ch f]"} h:s ~ tu br• 

wlrl)thJt:nJ only ut tl,•• rar•• r;•A'-'.S -.....luC'h .a.·r·n~ pr, ·C"cd.._ .. ,J hy wwt~·r br~;•kup!\: 
·,qlh '"'Uh·.,•·")llf•fU fornht!Ulll nr IC't' :•":'n~~ oa~:d ~aq:;;''S. 

{n Sh!.l'll•· rt".'' r!'o a n~"~;4(t\'l' ;ur (t'JI11Wrafl11'"t" 8_ 1n lin• p•·TI(Id I){ lt."t• br1,.•:i;:C:up 
.,. ··r:r~ m••lj' :r••r~· 

Wtth .t sm:tJI i.Jd!r•r··n~·· '"''"'''~···n :h(· amomttR '>r he:lt tnp•H \IHt'UII~ the 
r:wltJoJ! JWt'ttJf.! ut llw rr·J:Illfl <>[II" I' fnrmal!nn .:.mt Uw t"l'J!tO•~ o( !h.')£HJ 

furtr..O:.hOII, .\.t;ICII rl•·\•·J':l'HW'~ (;:t:U'tl'\1! OHl•"t' lou t••t"·-.t ih• ("JY"--. ..... ~rot •1 •• 

• ~ t! P_!_ :no....- i,J.f• "'ll'::ut•'lJ h·ttt;• l~r ~ ohuJ -~•••r-. ,t.unnu• •• ::i;q. • . 
f • , r. · n , i '' ,H .... !O:'• r.c.•:r:.t 

'" ,;~::~:~~~ ~;~~::':::::;:.:,:::~:·:~::~:::;:,; ~:~::: ,::: .. ·:.~::;r ~~;;7··: ··: '":.:~;' ,',' .''.•;;:•;· ?~ '" 
h/J•t '"' I'H'l'r'> <O( l: .• s.l "iLh•• ... l,l 

To fr,r~Th~( tn.,x~n~l:ln lt· l'•Jall~ .,.,,1• I' "'l.li!·· f'•r ~!l• f" ·:. 1: I' .,1 Ph•' ft,A.I'l. .. . 
. ~q I 0 

tlf T<"'~!'u~i<.. tt H:rn.G Chi~ t':XW'<-hNn. tr• wc : ~d-- , .• ,\. h . ~~ . '· 2:,·q- ,,., -· 

fuJ' lh•• ;..:,-:-c1 ~ 1 :) Ht\'~'l' .• t t!:•• tn.\11 t1( "'·'Y'L."tS tmi;t h ... 0 •. _ 1. t:ll, t••t' '1 1· l.· ~~;t 
ltt\"•'l' ; 1 ~ H:•· lt}wn ~Jf (ll••kn\ 1n;oek, "o\'lt•'f'•' •b )l;u- ,..A.·;~t· · r· ··Ll· • I lr••n lh•• '' •' 

;;1tn n'\!nf!•l'·~Lll<;tr~"".;nn ,,f th4"ffiHJ~'rlnfHu•C •lt·k:r .. :~Bt·.-... !· ·· ~·~ ,-,!~'>. c, h .Ill 

.. I 

:: ,.~,u: .. ~h 

·.· 
'.'l' 

''~""'' , •• n~. '" 
Hu• t 1 . 1!H~!t 1,f ~li•' , 1·,: •£:• or J\1·1t\)111r•uJolo"O, th•• c•-n• r· •I ·I P• 1 1t · I j',• t' 

l··•·-:.~~d·· -·b;..- d•·· ,,-.1~··"' .,.r 
J"ttt r·•· ,l.r-l' ''.l' ;.src:· · 1rlb .1.u F"' tu, t!,•· •ll;' • •t ~·t·•' .,, _ ,, ·, ' ·" '•'•"' •·••·· 

!iilii~~,J~~~;~~~~i~;:~.;)},~;:,ic:::. 
AUh t!i•' -£nm.:~t.1 \·o..lut"'c: ••C ~· ... 1\."h n. th·,_, ' 
U\r· ("(~flt""l'.ISI.,._I, 



I'! \'OJ 

A fl•'t;iltl\'1' ;rtr 1•'!11Jl•'l'.:l~lll'r• HI tlw tlnl•' o( u·~· t~·····.~kup tlru·..; ~\!•! ~···(' hj' 

t•\'o•f'\' Vl'otf' lmt nr;h· Ill ,.,,~U1.P 4''~t.~•·!< ' flw ln!l•l{'fln'• f•C Ra l ~ l!w l"• ·f••P' I.•J.:• q 

1TJ1.f1 ;,t'f:fl1Ull ltl 1)1··· fo:'Hl t)! ('l•rr• .. ,-.,n.~<; "• T.i··· .. ·.tlll•'Fl n( AH,!'"'. ••!J1;1]1i•'•J r:•ltnl 

l:t.\'111 

0·,\ '111(" tn tJ\4" iihx•·r;(•r· of ""'JUtrJr,;l tl.11,1 hn th•· 11'''•4'"\'"•'r tt-~.-·k••• ...,, h 
1••1' •• S::l\"••1'1 rro,.·1· :· ~tJ"t•tch 'A'f' ~a l(•· 1t ,lf'il'''' "tnl.:lt• lr l't'IJfJfti'Ct.fmot\ 1H ,,,,. "''1'ln1'•· 
r••nt t>r Ut•· l'.nin of rn••an·fhl~t'l'.::d I'H'";:~.Itl'.•' ·•>1 I •'HIJl•'t-~h~r· · ~ .. ,,~,11~ ~iw ~. .• •.. 

b1=•·.•m (,J;'rr'HI~~ (h,t;;-m ~ l:1 th~..; ,.,,_...,. '\"•* d•·tt·rrntiH' ! bp (\'ldlll1~1~·~ !0. 
fi•t' ll•"' j'l('r'lnf.! f••tral u,,, lwj:tmun~ of tj,,• ~t:.h1· ll'l" f••nn.•t•~•n :•1 .T.trlll·•• ~ 

:ur·lu"ol'.''', S 11H~1' (or''''' rl!~tl Jh\•••r oil ~!t" ~·I"\'U1'f 1\tll•"'i\, 1(\·r•nl:r~~ l'ttll•• 
"'' '"'~ nr•v•··r·tt~nt:: tlu' i,!r~,-., :t1 ,,, !II" u·• t·nv•·r·, 1tw \' :du•"" qf All~,= .\"•·t't· f• ····~~~ 
:o ~, .... ,.:.nm•~A·l~•L mnr··· r!n o::o ·ly 1 •·Ltl··•lln X,Q_ tbrp\:; ~hiS fJ.•·ntwJ \h:l! t t• • !:tl. 
thra·~~1~ eo~lwr 1»·•·:nd5 , a t,_n d•1nrt~ t h • · .,..ht:• ; "" l'l':••ht~"··~t'•• j"h'l"l('ld 

f. lfml U:·· ·.·~•lu~·~ r•f H • '•b ':.Hill II rrcun tCI' l'l~t!'lh'~ t!'~···r. hy "::!1·• J.·· ~!t 
..._, .. ,.,,,,,, h r .Hk'h t }f PG:".i~ t•n fl••· T•tn~ l'tl\'1' 1" h-PI)l H, ,. "d;:•.c:·· ••f ;·~·.· ~~·• ... h••"•' 
•·• H•• t f, •lll nf T(tiH :d: hl,tnnt: !J \ '1·,\t'c;: 1, th•" ntt•:.n \•.du·· o( tb" "'"'!!n 1• ~1 : m 
of t/j'o_ 'A'-H1 fnt..;'l!l to tw I ! C"rn d• ~r(···S;· 0 " 

1'1• ... :1~• .tn f'."l·• nf th•• l>CY.~c_~· J'l ,'>f' ~tl til•· l•ml-;k: •:~\~UI~ l-Oll• r!ul"'lfll: ,, 

fl 1 '1'1 1 •1j Cl•n111 \IW b•·~ltUttns.:; ~of ,4 1'1!1·• of ••PPt"o•"\:rna,4•1y ]f~t·:n p•·t"" d.t·. :(~ rh•· 

lh·~lldi11U~ l)( ol !-ih·~t·p stag~· ···~:;·· du.· t(l I I" " ••• :anHI'HI (i-~) . ...... ~~-. ! •• ;, •. It 

_,. .,. ,1 rh."·o~t 1•·n,..h(" t>f Uw r.ot;• nf f.,...,_, .. n( l~ot.oHoj t lt• ·n:tH~ h•·(ooto• !·rr·."l,.,\0,, i 
\Y•· •·..,p~ ... ~~ Cfv• r•"';~ll'"""•••i, l)l·t~···,:rt -:h·· .;mvl''' ' .•f t«'~"'*i ,_,.at t~;"H:~ , , •• _. 

·~lilt •! a·f,, ·- .,f lh1• -S;!'tO\'t'••<.··· (fW\'1" ;,pp1C1>X~t~ •. Jtr .\' ~,~ ~·•· t· ... uo ht'l~t·•-•1 U;(' 

t "'l'r• ~jl'f'"tfl:'lf: .i1HH~ Of )tfhltU' t' lfl1"'" •U)-IftH:·I._1l1 lilt" ft iiiP' 'l'•H\11'"'1: ,.; •t~ ·~··· 
!n• t•·"'t•• .. ;_; ,-.d ... ~.llpm-. rro:n>Ok {~01) .lnd 1(:\rulnwa (~f, . ), ~ l t t: •• to·d ):t th·· 
!jfJI)• I' r'l•t1"1 t 1{ th1 has1r1, rlunn~.t HH· P l 'rtl.ld frn:n th•' b•·r.uu:n;~~ of m··.tu•&.:l 
·.nn ~ ~ tr"' tJI • ·J.int• 

"i11tl.ol, ',loO'-' h,'f\•t• l+1 fllHI t)l'' T.,\,IIJ!Itl~lllt) 

( "''"'' ,._ ..... ~ ... , c .... t .. ~tnt" tiM1 Ul•' t.l- pl·lt!"~ !JO'"t 4of ,\H, ~- f·· r I·'~~~ lJ• ... ,. · ·~ 
·•• ;·•'I''U c.; '•'ll). o;\til bt· t.oktn.,:; .. :,.n.t··•• turwh••n "lln~ tn.,k•·~ u oos:o;.•h1•• 
;,, .... o,o,·• • ,,, •. ,.tn-'t ~-1 \'U1 h \· th•• l•·:l~t .. ::.~tu~u·..:·s mo·H1<11t. . 

~~ .~ l H"Lo:: l101t;1 !nr ..a ,.:.,l,l~•!•• clo-tt'f'n;: t~ •• ,,r•:o ~,f til" ''''1'~-l.!nd• :H.- • • r ~h•• 
;.tll0 o .1<'

1 '.,1!11a .,::; r1f :11!' f,H'tflt' 111 IIU th•• (<H'10".:' •J••tt J~l1\1tllr1lf 11, ;A,~ · .I~O >; lt!tlt ' tl 

I"'Hl"'l·tlll [II ~tot!>.: '-'·•~•· , thl" fltHtl n·~~Jit of tilt' t:.'oi)CuJ.ati Orl of 6.fim duo·s tu1t 

d• J'• ~t•! •u• t!tt' lllltn•'I'H .,l \'Hltl'' t.1k••1) fr,,· II 

J\rt,,l_:.ro;;J ~ nf Uw f!I"·•Ph~ !or 4Jf,, .~nd ~h•·1r' \'o.iTio:t.h)o•..: :-1~.~-~ !<; ~h.it l.."' •nhn,: 
'·1'1"'''• M"l <1"\ldt\l fJ~~~~ · flO.:.•• 1'1 !h•• '1 .. .1:1· 1" !'o" t:t~P, lf I~ ll•'(lflS ~IO'(tll"-' lho• !l'l' 

~or·• t k 1.1p 'H) lhl· ·r,,:ll Jh\·•"!' Ill 1fw l't·~:utrlo ••! dlt"' Ul~!U f .. ••Uh'!' Df t r•• FJUUl"hU~ 
ojiO \.•j•olt•• tff'll frf')f!O Ill•" (U~t) for hfh\!'>k • .,,Jid :4Ut I · ,U'III"I" u • . ~ll {O~h" dot\' .... {UJ'o· 

u • t~• ' ·'"''fl ~t th•• hi'A'Jl hf 'f"••rr.f"k. an.i ar th,.. .u.- .-an •l1HJI n:~lour !_:1np•·r.:\tua·<" 
", ..:. l·•.v•· t 1~1-•n ~I 5 ' ~ud1 <''l1Uh1t.nct~ <HHI, :tc:rc•rdwLtl:r· ... ln .. "tddttwcloll 

~f.ti.i•· n:.:•• 1~\ tlH !•••nnr1 frfJ:r. 1~J2.-t to l!!S.P. wt.•t'~.· ttlJ.~•·r:t•d Ul G Y•··•:·~ (l') l !'>, 

l~·n, I'.Ha. 1!)50. 1 'i!,•i. :•nil l ~J~(n 
'l'll•·n,. fr·om '•bs(TVOIU•~U il.•t•t (o:,r ltw p••rU\d h•"rn 1 ''~1: tr• 1 'lS;I f:!' 'J typtc•n1 

•o•·,1 r~~~ f•l(t · JudJn~ +l;tt il f(Jf' tho• ;~hOVI' 1; yc-:1n!o Wilh h•IHJII'I':thlrf• •jnop_.:, W~' 

!,nd ~~~·· Hlllllf'I'H'; .. I t•xpl··•f>Sion for d1U.:J1:(•1l H' V'Jit h:J li~4· m~'th,,.i f Jf 1• oil I 

1>.11~= 12.(f.J v~·- + s.."' + 2.7Gh.- 71.4 -it -7, 

'o\·;1o•c •. 1\H. t~ ~h•· :r,_.:xtn: •m -aah•r-s::::as::'· n"'• tlo1t•tUt I' • -tnl~·:n;: "\'''" t!JIJ' 
l"'••).JOii'JliH,~ ct:•c.· · llf'l r :n\ ;,r·t•a•r•hn~! ~o th•' t.!·•C. ! Oit ~lt•• rv• .. r T•·~llS~~ i Il-l 

lh•· lll ••>u' r;do· n{ "';•~" n it~" •• 1 th•· [("'·~~ nf Tun~~~ (ro;'l~ liw !wg1~uun(! •>t OJ 

~- ~ ~··· ,lpiH'PXiOO,•tt 1:> ~1.\' ~f\n11 p•·!' fi,,\, ·~:1:11•11 1 ' h < i!J'Il'l, n i,! H f ~~ l'ih,\rp r, :-"1' 1n 
th" IHi"\~·· dil'' t(l 1.:·• F•n~mutll, tn ·~nl/J .• y. !8_ ' ·"' Ht• • ...,,.:n of Uw nH·.rt~· 
'liiii'PU~l tlf't::,tt1\.'•' ·•II' tt>mp•·r;uun·~ from lf:·· tu' f::lliUil:~ oi Ho•' Mahh' H'~'>ll''rwrS 

.,..., 
I ....-:' 

"" ·+-i? ~ ? 
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I I -t-lf I c r-
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. . o_ 

t•• ;t~ ,t lUI If,_..._ )I ·" •t~·· Htf•,,h f f "1 ~ ... ~ oo'lr.l!U•: 'I\ "'I<• II' ·• ·•~ · 1· .~. ;.,:~" • " ~· • 
o~.f:PI'• .t 1 ···• ·•f ~h· i -•;n o U1\ • t l~o~ ...: , ~; · ·n ~~ •· ... ~t't •,, h t '·•',·n~• ... }. ·!• • • l •·n~ k 
}Jo (I ~r1, ~, ... b•"t!llf' ll ri•! L'' t'i'' 'tfli! •tf'C •I ·JH·~ hi ~· • A •• '' ,,._, •!.ol • ', 1'1 I !U • 

Ifl'· , ... th·· ~u:n ,,f th•· ULl':ttt· riHu·n:d f '' "•1 1 ;.\ • '"'' 1 •• n p· : .~t·. · •,:.. -•• • n•,Ju; •! 111 

th+ IP:H o,; i< .'1t•·t.~c'rn.v1~n'•ll !lt.H;··~J tJ.tr.c1(! n •. p• t't• •I fL ·::1 ·~~o· I•· f' •.•:JI•[! ••r 
oo~·l11nf.! u11ld t it•· h •. t, :·• ·.Lh.:p "" 1!•· J .. ~~~ !tJ\·•·1 .d., .. •· · l ,, ·•r : ~t.··io( 
fo.~ot,ln~~:,t lh•• ,,n· l•':l~VI S'.L[nrt• 1!\ 1ho· hr• .1l...qp ,! (\' ol'l ·! .,• d •:·~ l.,•f"1 ' 

~;::·~:·~~~·;:::t• :~~~t~~~~~:P:I~:· ~::: ::f~.-.... :~::;:~7.::~·;:~ ~:~ '~ ·:· ~1;• ~·, .~: :~ ·:::. ::, F ~·.~ .. ~~.:~:: 
\\'•• ~~~·· 1~ \"1(11•• t •n'l~ .. ~· ·11-· \.a 'IJ• ... £•1 ,\JJ f••J• •'•• .th• "'. .. . ,,~h ... ttt •f 

(',t..ll;••"l 'A l-:4· ... -- t'l•uh•~t: .\ .11>.' 1' o ,1110::• "! ol~ -I•!J ~,t+•~ 1L f 4'•f ,·t tt • .l.o•l• C ... ·.(:' 

,,,,~ h!u.o• t\o·d ~lhl•·.t•l . Ui.,: HI• ...... ·t · :t.~·,.t \ tl·1• " c:·• n~ til• ••l•·• I l"•'' ~ 



!t•(' !111 ' '1.'• nh1:•~H •h·· \'~'t;l··~ or \h ... ,j.,[ihli··;n;d 11·;,,•.-c·-J->t•:•l!•" I'(Sf' rhlr.• ICt 

,-,~r•l1111: ... \(.\1/., l . For o•,,dl r,f U1•'.'-'1· o';a.'>•'~ W•' fu1~i Jrout tt.~· (;},s•orv;tli'•IL d-lttl 
H;~· l,~-...· ·"""1 n( 1!1,. 011':\1\•rhu~·n:d :tlr' t•.'lnp•·r.tUU'•.~s 0. d1H'lf\r! II,, .. hmr• h·tltn 

1lw tu-,:r •!·t)' l to ·f•~r·•· tC"r· hr·,•,,kup •m th•· Tom Jh,·•·:- ;~t Wt\: to"""'\ o( T()msk 
ur.~,: H;•· lu 1•ak11p f>rl tlw Tnn1 H.l\"•'1"' 1n lh•· ro·t~ltm ot th•• \'tl!,,f.:'' <•C 
f\.o :o~1hrt)1ltH'U {Jn ~tl'" itP' oA flf tht• zn;t ln ('r'f~t~•t' r,f 1~1· j!'lrnSI. 

1: t't'Jm Uw •:at~~,.!'( (t)uud u.·•· 01J!,u ~~ ttw ~rO\phnf U1e rt.•latiun!'ttip CJ·':t~nrC" 1 0-$~· 

\..'i}n•n Pl't·p:•rln~ ·' ior··c··~t nr tho• m:tXItllllf'O U:'t"'"-.):Un "'-•·h·r !'ii06J!'' 11 .. :. th·· 
''"f r•·•·H•IH ft)r 11w <:"nohur: tluranr. thP hl"'·<•:tutt p••nod ~(,lJ/ . .,.t u; th•· 
nt.ooa~nm tC•'•J-•m ;o.·;,tt•r-st4(•' n:s'"'. ,.\11~-. caic.ulawt.t hy t'llUO.l:ion t~ \'Ut 
·~ tkt~·:·mw··tl ft·o:n t~w ~~'"!lh m i-\J!ur,~ 104 

· n •• • (l•r·"A';tfll111~ p•·neu! rur Uw Tnm Ui\'t .. ,- -tt thor> IO'A'Pl of Tnmsl;; it(llHl"'c,.. 
(\It CJw •1"'''1';11:\ ' \C) 1 cl.1y~, dt'r"r'("o\Sjn~ Ill ;I r;:n'rlho:"r o( c· •• ~~·~; tl) t d;t.y ;tnd 
;•u r•·· l'\1111! t·J Il-l~ da)'S. 

I'u•• ffoi'• "A••f't)l~~r. i•••J'I'~•I ''•411 11<' lt\C'r'r'.~S··d h•.· ;>rn!H· tu1~ t!H' t"J •• IIy . ..,.,,,,,r 
'h~rt'.;lr~•·,; or· hy lr'llr'(HhH"III~ Jnl(o the• Caicui,•tlO;l 11~!-l:tt•o•<l ~'f (h•· r;dt• (.If -...".IU•J' 

"'l·•a:•· r'l !-1•1, lt!i rj(•t('COfnuHflP,: f:lct0r~. 

s\ p o 11 o ... • L), ,\ .- G tt K o:.. l \ h 1 n •·r~rl \' I\ So: -to~:. •• J' u" C ;••ITt•l'•r.•• h• · .. 11: ~· 
~ln"J~nozy 'Uytlr'')tO(lC Furc•c••~:Jn~ ; - l.•·u:uttr·••l, t;.•h••m• l•·")•:t•i""' 
t~JGO 

L) •• t:,~h,\.'.- ... 1 \' r·<"hl'f l!~uh.ny •···k, pr1 k:· •• tk••C.:f•"hn••tn n:f•s~•,•TT" 

\'i·•.'~~H·n• pr).y<t\'lt•m:.-.:. l'tl;f (Ailo.o.:.r,c~c· f••r Uw ffl~···r r1••J•~t, H• ~hnr•· 
H.HH!~· , .. Ot'f•(':-sn•··~ <'l! U :&h•s nf lr:t• /~pp· oll' 1';C. ~ . J'r· •dy '1-.lf'. 
~t.:J, 4A (';~) I 1St; 

IJ;tl ~l!'ihO\"i•, l \' KraU~o.~rc·d~li.Y(' rr~.'i!''''Z~\0 ;' ~tm••t'7'.11U:-"·• 7tiC'I'~':'JhJ'II\oll1-
n:y kh J'•·k ISboc·-:~l~~tnf!i~ Ftlr',•c;,~un~ (,r lh•• frr•••itrl~ ,~r lt•·ii:;I:Lit"d 

Hl\'("I'R) • Tt'\id)' TslP. -...:o. :H U>l ' \ frt.,.~ 

U,. 7. u .£:: I o \' . ~\ . ;, . t ,~"~t!y~_r.ny.-. .! ,dnry n,, r•• k~> ~"tlt•U\<1.., ~~~·· · .1 .~ 11~:-> "'~ tlo•• 

;\.-:-nun>.~:; Htt; ... 'T~ . - Trudy \'ll'~l,\'st~~k••l!•~ c:in.c~ud.rf"~~\·••n.nr'l!f• 
L'm\·f·r"<;;itf-t;•, \'ul. :\, \':\'r;.~t"'. Hl!):", 

(l,·,'l :-; l.:1 \' ~ k ~ 1• r'\ )-' o•ll•! .l. . o\. \' I k tlll na, "'I' rill)' P"il:'lt• '~l IOi• !-< 

po\·t•.rJ.~two.st~ \'Od,IJ.ihr·amlll-'h\.t, fH,,lN,I :':'I·••IJ.r11 r'r ~.o..ipnt.Jl4'1U fp•m 
~h,.. S•1rfat·•·· (lf \':l\l._.r n .. s~rvl•,t·~•.- L":hn~::r.,d, (;td1''•tr.•·t•·t•l;:<l.!\ 
! ~5..; 

He··· I! mot n, G. U. () ;~~·1(td1k•· fpr·,.•\);.;! pt••l!~lt 1 }r·~ , .• ~.~~-~ •• f'o•',;: {I'··· i.'.ITlU' 
pf u~u:-kE::P)U!\(i Ft'tp'{'i:ib>h~l~ r)f ,, ... l'lrj•,tJ.:U11 (~~' H,\'f r~l • l'l'ttrJy 

\'II' Gl'G:\1~. ~,·n~·;., 4, :\''· 3 11•·'l 
Hd l ~ \t•\·. S ~- It vp~·t;~ p<Jstrn• 11.y; • .1·1'-l"'lm~·...-t• ~ tL\-• tu•·.;~·H•;-:1 

puy.l'\'ktu.}'•• l'd~ r.-a n-k.~io;h ~'i>~n (,\~t ,\t\•':1cpt .11 !"i••lt,nl.!; t'Jl l·•·r't·· 
c-o1.St::)r. U··~ol!iQ.ti,...!t1pc; { • ..,r 1r•• .\pito·.u·;c:\\'• u :t ~tb•':"Mh n;,,·,·rS: 

"-l"'h'''l·o!~~'Y'" 1 G.Ldrolaf!~.J••. '·•. :~ l r.~1. 

Bui.J!o,..·. 5 X V'.•:-·.:i:u""· :-uz.\::•·• ~-vf~.,·~·. ''"' ;• ..S.•\)-'1 t•·:!.nt 1 • ·kr\11 .. r•·k 
thtf:u··:J ... ,. cf tJ•·~ \•;uu .. r \\·.;,~··r .r\!U'•ttn! ~·u th•· t···· ;c. ;:o:~t· .,nd 1.-•. 
nn·.tkU)l olU ltt-.···r~a fnt·.JY -r:-.11"'. ~ .. {:.:!' Pt!,'!' 

Ou~al•\.'·· ~ ~-: n~r-~··•y·· f.ol..tt••·y. ~pn·1J.-l;o.~, ... 1w1 ... •,.,,~ .•• ~ • to·.-.• ·t~~mr.h 

podo,.· . .!.b·k 1'd.• t};;l n•fr;.;t.\.h •\.~ .... 1r1 t ,u·h·t•,.; IJ• h rnht .u.~ ~t,. fl. I!Ht~l.~IJ! 
uf ~;')(l:l,;! h ... t• r\J:-;ht•~ (H} th\''r>e• - • .. ~. l••••rt''' ~ .• ~.t 1 lj,~l~r' .. \· ••!I~'A, 

Xn. 2 . 1~!'j:! 

Bul~•to\· . .S_ 'I: S.f.J.:f·;f•-.l'H('l :~ i:-1 'Jl''WI' ·~· \~lo,.•~''·''' Y• -~~ \ t •• •:.~~-' 
!'llt"•,ll••l'sn·.~ .. :u~tl\'~·~· ,l-l.,,.,,1 \'"ll!'·l~···••:•\••1 ~;J..; •'~~,H·J",q•~·., 
F•}r(•c>~~hnf:: f•{ 1h.'· lt· llr• .~,..~~~ Pfl11w \',.·;:.• HI c~~~~str,whr , ,, ,,,, 
or th·· Kutho,.·:o>lH•\' ami \'nlr.,·a~ t·.lrj Hydr·,..·,.$"tl'll' ~l.•l1lH'\!'i, •• f2,~,jo. 

rslP, ~o 3.:. r'!it 1. 1~-.5.; 



B~~ j ~- '(~\'. s_ ;-; :'oi··~ndl;..:~ r;o~;c;b··t:. f.! •• t ftdnshdH'alyoJ nto l"da pr(llochnyldl 
\.'t,dt!l-:]u•;mdl!'lwh 1 Pf'O~tllil.: t:•cht:)llt..:r,~.:niy;. •)H"l J~d~' r~am!-;'l(i)~rJ 
-.<Jdn).;h.-;,n1l!sht·h.1 (~l•·UH'I!s for C~•i('u:~,tinl.! l)a~~·s 11! let• CI••.Jrln~ of 
H:J:l·Of. Br\'f'l' ~ttlr-'•1;.(' H··~:"rnJirs ,IHtl Fnt'"(.'flSl~nl:! kr>- Clt·;rriur. ul 
ttw f\<tnM ::;tnr;·~·· H•·s•'l'\"nin. ~ Tr·wJy ·rsfP. ~u . 11·1. l!l(J] 

l~ydlll, f-' I. l..1mrH1 n·r.l11tn ro·k 1 tll•·tt,tly ''r:o l:.~uch.-1)1)''-' ('.'ILtJt••r H!'J.!lm•· 
uf HI\'•·~·~ ;p1rl ~l··thods nf lts !'tu•ly}.- f:-.;~111••!t,\·amyi\ Uo·l( ~SSH, ~o. rr. 
I ~):1 ~ 

('hi thO\', 0 T' Opyr t'a7.r:d•otk~ pn•l:ll'.l 7. 0'' tn-ruuktt UI'U\'Zwi ,\mu~l);lr'i 
tD••v••!(IPPII~ :, T••("hi\Hlti·' nf For·,·e;J:;tln~ Ul" \'V1ntr1' St<Jg•.·~ n( lh~· 
.\m,,·lh•·y;l rll\'••r).- Trudy 'rs.IP. ~u . ·H! !7!l~. 1:.1~•&. 

L r r .• In ) \. •• X.ll. /.:1\'I;'Ullu.'it• ... ~c:·u ... l\'fl('o,<;;H 0-"{'IUI•'I'(H ((•(hlkhod.t ll:l 

r'• k.tk~J n: l;n.Jr(Jillf't•·nr·,,lo,~u:lu·:-;;li;lidl u;;;lc'H'il {l)~·p~.:nd,:ncl' ()f tht• 
Jnt··u~ny J;l[ til~· Aut:amn k-e- Dnft on flydnlm~~1.•orolo~i(!ai Conchh,'lnS). 
· Trudy T!';IP. :o-:o. 65 1!151\. 

f r (' ,. tn O',· ... '· D :.i••t(ld lfolf~~~~rc~c-lu,c)t:n pro,~n,\Z;l ~l;lChal~l h>c.JO:ila\·;t tJ:< 
';ovos~hl r ... kr•m \'n'k'khrani1JSill:lw ~:\lf'thrJ!! of LOHJ.!· n~·=l~r 1-'or-•'C';l!-:ltlnr, 
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!· •·•···c; .. :--llng of h·•· Ur•·.ok•JP nn Hn•t>r,o;; of tiH• C~·ntral Crwrno:tr..'m 
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\l•·t· a~·o.n~.py.o ~ GL~Jrc);1lf!1.)-":,, ~·o. t•. 1 ~51, 

r~ 1 n t "•t z· r:. H \I . • 1~1'J B. 1'. 1-: '' n n v OtJ tJ \ K n)f'tt'tdikt• pt·o~•W~il 
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f· ·¥- (\l··th•·do; fnr 1.4"Ulg·r·:IIU:•" F<•r•'C',ofillrl~ nf lee IJ~·t~aktlp on 
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\'r•l. ], I"::~!J 

(j '!•/. tJU !'J~ r( ~.1 . K :lH'll•thY.,. l!tJIF~· · .. rndmnuo pr·'·f~l'l•l?.OI ·.-sk:·y,iya l"t'k 
~~'"II r.il'ny~h t'~<lnrVt'l' 1-"\·t·np••:sl-<nt l(•J•dtvni $S~Jl (L\1•·thod~ fnr 
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"-:Cl, I Ofl. 1 ~If~ f), 

f: 1 o 1.httrl.!. H. \t . Kr:II~UIU!•.~••r m··l·•!l• •\ •t· !,·. ~·· .· ····. 
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~:.l .... f' h ,. ••k ri'.'OI. r·;. I tTt·,~·hiW7jl1~ rn•·t<11tll--;l tlclil!~J.'ii"'OChi(O~O P!'HL:Ilr.tz;, 

~•t•ukcl\' pny;•\"l•·ruy;• I'•J;• n~~ twkotru·yMh r••k;~kh ~lhiri i IJ;,]'tw,~o 
\'uqok:• Ump•·f•V•'tiWfH td lht• i\l••th1)d •'Jf l.or•t!· n•nl!'' :~-·,~rt'C~• . .,tu·ll; nf 
lh·· ll;•t··~~ of lc•· /,pJl•'~raltC•.• rm Sotnl' Hivf'"rS of ~ib(•I'i•• ;md ttw F.ar 
t: .. str.- Trud.v T•;IP, ·..:rs. P;.;, l!lf,!J 

-~" v ,. i. • 11 '-: o v ;, , l~ . J. '\l•·t~~·h~;• (l••l1:•t<.: r·nchnor.•• pruJ:nnzl• Sl"(J~n~· I•·•I•)S(.;}\';t 
u;. r4•kl.' I ··n•• (\}···~hod/i for I.Otcj~- 1'0:1Hf.:•' Fnr··t~;"ll'lli:I,J.~ or lit~· !J;lh~~ of 
~1:1!>~·· IcE• rm thl' J .• ••u;~ Hn:••rL ··- Tnu.l}' T~ll\ :"\IJ, 11-i. lrlG\. 

Sa•rc. h!.·nko·.-~. J..:.t h>p,Jl'zov;ulk illd1•k!-:H ~·tmosf•·nWJ 1!-iil'kl .. dy:H~H 
rll y~• r;c ~~ l",liiCitlo; I dfll~::"nsroc:hrrykh p•·n1~110~'l\" \'Sk 1')'11 y;t r'•.•k (r\ PFll• {',11 i Ott 
nf r~1• t\ tm,,sp~H" t'iL' ("c rr•u 1 :~liwl J ndi ·x PI l.f!ll£!~ ram~'·' FOl'!'t",l ~ t,.; ~,r 
k_ .. g,.,.,,~mp on HI\'' r.•q. -· :\ktf·on>lrl.J.~•Y~• 1 Gidrnk~l-!\)'01, :o;o, !'1. 1~)57, 

S fill! :• .·1 k,t,\· '; k 1 t, L G. l·'••ya-.•lf•nl•' l't\.1 t na .. ·IL.:th.' l(·r!o~t;oy;r n;.1 n•k;Lr:h, 
~'/.1 l ·,d;h L \"(lfJ!l~;flt';l:li!J~:III'h,lh:ll Ji;,:-;(•]u'1\· clly;) 1!-:l'}l'l Fl%'"j_,:'lLiTf.•>\" 

Fnn·f'1r •. lll'J! ••f k•• j\pp.-..11·:tiH'l' :1nol 1~. J:'lr\ti;ll~ h! St~lhit• 1l'j' l•n 
H•~ • n•. l .• tkl ~ -•tnl Slor;·~·· 1(••$•'1'"\'CJir~J.- J."-'fHHI;!t·atl. Gllfrr.~ 
ml•t•'4:li't.d~Jt l!JGO. 

S IJ a • v ;, k ,, \' ~ k 1 ~, l .. l";. K 1Ti•'t1h.h:..•· ~r.,tk,•sf*(•C"IJnykh progt~o;~•'\' 
1'-l~t • r·;~d:-..y:.a : n>kr'j"h)'" r··~ P,h~hnds fnr· ~ho,·t-r:ln~~· Fn:'•'''..):-<IW,i! nf 
fb\-.. I' l··p·•·zm~ :1~1d k:t• Bn•:•k\IP em Hl\'+·,·.sj,- TnJdy 1':-:oiP, '-'-r1 . 5. 
1!14"';' 

~ ~~ 11: \a 1-<. • •.· ,, t: 1. I c;. Oh. mJ•Lr1<'h·· :o;t.:Jkh ;.o •• \.1."-!!no~tynkf· pr·tm+'l:yo .. ·mykil 

tL\· , kJ".i!ir,fJ:->t•)l'lmC'>i!P pr'l"lfPH•7.:' proy;\vi··~~~Y·' l"c:!.~ 11:1 rd..:.lk!, 
r J·.rllj~l ,.1(.';.1 l lt• · l;~ 11()~\SIE I p~; "'' <.ihut't. r·;tcrj.:.•· F n 1"-t'f,; il!'> t:tLJ.! of h-(' ,\ pp···~ , .• 
=~·w• or1 lliV<..'t'Rl - Tru(ly TsiP, Xo. 1 J 4. I !J["j 1, . 

~ h · 1 ! >" ;1 k '• .._. "> ~- 1 1 , J G 0 ru,..;~ !1• ·t·• r~;u-h.t ior lo•do~ !~.~o\·a "'' l"i ·:.::1~h rHy;• 

:~··1· ·a ~J ,ttJ.:.rr..,.I'OC'il!lrlj~n pr• •r,-:so~;. IShnrl• r·;u\J:• Fol't>('•l~ti<H! l•1 tf,(• 

B· · ·~~r.nanc •d ~IHbtf' k•: <m Hn·•·r~.l. Tr11~ly Tsll', :-\n . .;n ({;7}, HI 55 

''· •liy-...k<1'<"-'~~~ 1, I. ri. l'~;kr,v~~~· 1 rl('~oJ:'i.hctwr"lt•• ntlt l',l:• :···rlrr.yJ..:Ilt••:ll 
J:<t•l\"0\' Vfld•~i;.h,·,,nJh~;h~·h \' ;~.1\'!:-'ilf:li'):'.U nt f:'l~jn·•u •• ·r·· .. t•r.].t,!ll'!lt·.<,~,l::h 
t1·;l•·\·ct J n•zh1!11.1 r·~l'-plu-.tOitSil Ut t• Bn·;.,kup ~LJat k\• ('j,·;.nn~ nr~ Ill<' 
1{\\'1'(' ,\ n•;• .outl B;ays 1! lh:n~o!rlh\•(•J· Stc:w •• go· H•·~'Wn·o~rs .n: .t 

hor.l"~ttHI n( tlr•• llycfrna~f'h•oJ·uln:;::c.ol ('u:Hhtlr_.r'J~ an.t.l lh•· 0p.•"'r.~liO:l 
Cf•Hd.~h)ll:o). . Tn1dy Tsil ', '\"c>, :t-1 (i,J). tft~·1. 

S~ Hl)· ·•k•o\'Skt!, i .. G. ("J:!.iltnr;ol•h i'tb I Z~lt<n·n:·"'hlll'tH'tty,t~h \'Vd,y tJrt 

... , b )til J"••;. He •• JOJm,UII~i-:" and il'•'-J.itn '.V:~tt·r· ~t••).!·nt ~•: thr> llnh' ,-,f 
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~!. cr ly.1 ~f • \'S% 11, I. G. ;ind 0, f. E J'l m l na, K mt·tcHhi<t• prn~w·~~·\ 
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t'! • t ~: t• ·•. Z J Opyl J',J;o:rahr.ltkl nll'lwJom rfoln·tl!--t·och•mr.r) pro~;cw;:.1 
/.o:tl ... /"Zollll_j';l n·k )l·~~'>I'IUok \.'t•t'klull'l \'rn~:l (D•""'\'r'1llt)U1t: ;\ To•t•ltrHqLI>"' 
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\'.;,.,r;d, r<t'H•, l.r\., \'.i.l., Gn~~ih. f'.E. 'l,~llllHn. i\'.1. Smt•lln, 
·•lld t\ 1\, KlLm1•nkn. 1x.udwm•• 1.;)1.h\lrl'"l\' l I"HStlwl rnai(!;ur;;\ l 'fl)'kh 
.!~l1"/i(Jt'fl)''kh UrM."Il•'l pd prtwktlt'rtV.Ulil GES ($tu.dy or h:r~ Jilrllf; nnd 
t:odt'~ll:...tiou _,r ~·~DCtnHLm It··· J;\th I~H·(•l' St:'J;"I.'."f in tlw u.~:;:i,~n o{ 
lty•J:" Jlc • ....,.,,r" Pl;ssH:-\}.- Gi tJrnt,.·klma:h4"!"s~O('o Stroitt:l".fih:n. ~<•. ~- 1!f~G 

\' ""~,. ,,<I nv;o. 1-:. F. ~lo-tnoJo~:o d<>IJ:""'·nchnor:o 1•~ognnz:o sonk<l\' n:.clo:ol" 
l•.·lf•J.; \:•\":• na Tsunly:m::;;kt.~m \-'otJnlhrandi . ..,hcht• ' Volg• •·t>·lll\~kom 
~tUJHSthc,,J ,.,.nn f.:nna.h· h n. \',f. 1.4·f1in."\ (I.IJI\J.!-r"nt:•• t>on~ca:.;t:ug :Ju: 
t>,•t•·s n( Ul\.' IJ<·~H111UIJt" o f StaiJt-.· Ic~ tm 1.1tc Tsim ty .. nskh Stm·••s•: 
lh·~~T'.:t"r :uuf nn lh•• \'oJr:~-llon NaviJ!:t.tion Canal un. \.'.I. t .. cn.u1o~.­
·r,·•J<ly ·rl'lott''. ;-..:o. 11 "· I !'IIi t. 
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CJt t rn Hl ~h (' ,:.s ... (11 an acc.;.•fcr·.atLQn <JI .,::r:lvs.~y of 900 t.:m/~cc2. Ten geo­
pr:.h•nt: :-.1 n •rtt.•rs ilp~ l'<:p1<~1 H'l c~rlc d('C,JmctL"I' (dKm). 

U I•J~~ t.·. E:<ll•ns1nn o( ~' hit:h·pr•cssur·{' .nnhcyclonc) region. 
~:•tu r ••t synOp1tc p f•rJncl. 'fh<"tim~· hllt•r\•alduringwhrch~ut:h 

:-. lhr.•t'm(lh.,l'lr' rh•l•ll~ m;unt:tllh,•~l in the l!'ntlO~plwrc, whk h •fctl•rmincos 01 
d··ftmh• ~ht·•·•·lwn ol' fhs,~l:i("t•ntt·nt o f lmrir form:~ttcul~ .-.1 Uw t':tr~h's surf.ilct:' 
:mri l},., ru'r•s,•r\'t\turn rrf thl!' {!•'t)}!t;lphirill pOStUOn o f 1hrir C'Cnlcrs, 

i\':IIIJI':.tl ,..)"UOj)!ic" r<'L:IOil, 1\ Cf•Sl~itle t•:•hh• p:trl or th<" hc!nli• 
srh•·•·•· fur '-' htrh ll ts nssumrta th~ t a (rno:-op-lwrac p t'O(IJ'Ii!\ts above it ~SC'S~ 
U'ti$10t' l:•ut lQC':ll r•·,r.ularaUt·!". T lw norUwrn .hL•tni:iph<"r<.• is divided in10 
lhn·t· nowu·.11 11\}'U.;tptic rl'l!'ion!': Ol !rom GrN•nl:tnd 10 T:til'kl}'r. (2) rrom 
T:nmyt• ,,, ttlc• U1•rinr. 5lr:-.tt .,nd (3) (r•um llll' ill'rlnt; Str"<"Ut to Gr('"l"nl'.nnd. 

Isoh~tt'J(' r.urf~ct~. /t. surf~1:C of<>qu:l.) tlrt'!'lS\trc ; ~n irn01ginary 
sur·f.wt• In Lhl:" atmosphf'n• :u "Til ell the atrno:<Ophcdc pl'to:!surc is the same 
:.l orlt Plllllt~. 

J::: n h y p st.'~. l .utc•s of t'Qll:"!l :'l:Jtitud~. In rnt:t,:rw()!o~.Y the tsohypso~,•,;. 
l't'f•"l' Hlll,_t rl't'f~Uf .. UI}v to th~· ll'lluhtu•ic !"Ur(;•C'CS on r~hUud~: t<hlltts i n whieh 
U11' odttiHtll' d~·.s not ·d(•m•lt• rhc ht••r:t.t but the gcopou~nttt'l!, e-xpressed in 
~·""~•h·nlJal mt•r .. •"$. 

f"t •·t'ul :.t1on rnctor~. ~tmu:· rnu"':l'iC:::::Il 'lu.an11ty ch;,r:iclcri?.inJ:' (h(' 
mtr•rt.-~tty "" othPr ft•,·nu rcR ll{ duJ ~r.n<.'r:-.1 ~h·cul:ttton ~(Ute r~Unosphttr'c cwrr 
t!w whol<· h,.•ru l.sph•·,.•~ n r :t tlt.•flnuc r·cJ:inn nj lt. 

H:t r·lt' tnr·o~r:~phy m:'l~lS fisob:.ric-·sur!ac1 cl)ntour map ... ~)~ 
Synopt1r 11 l, Ol(';'tn (JI' t:"ltm~tfllO~ICIJ1 m:!ps, in which thr. nltitudcs (or E·:1tht-1'. 
Lht· l,!<'rrpr•l• •rttt:ll.s In ~(·orwknlinl mo~.·t~!r:;) of :<oml" if<ohnric surfnce m.•("r fW.:\ 

1~·\'t·l (<~h:•:t,hHt• 1::.;nolmric- :surf;<~l'c- c ontour m:.p) or O\'c."r th.;, lf':'\'e1 of~ lawer­
lylu~ ,~.,h~r-1,. S;Uf'(;"!cf." ( rl"l:Hh·t: isoh:uic surrucc contour m:~p) :.rc plot1~'1. 
SStlh."Jr-t r·t.tu· f:•c:a• c·ontour tn.-.ps ch,,r·;,c-tf.'rlze the t-..·o·thmen.sion .. J p ressure 
:Wntf h.•mfwr.,(lu•t• dtsll·tlJU!ion tn the tn!rms1Jherc. nJc Oot:\tfr.q hi~ i{s43-
lhf' o1bsuhllt• .5UU mh 1Sohnrtc• :-our(~C'(" r.nnlour IUAJl: If{':.:!~ - tht" r l'lattv.ot• 
l'O!Ht.tttl" m:lp nf tJu~ 5no rnb t s r)h:'lrll' sud~<' I:' :•bovc lh~ l 000 mb sud;u::e. 

!\r i 111 h:. r t mb). A unu tJ( :ttrno::;,lhcrt-c pf"l"!;su r e f:(l\lni to IOOOdy-nes 
p<•r I l.:ftl). l mh '= 0.001 tmr Which l"' t'()f"l'St'Ol.~ n prCSSIJ r"C' of J milHnn 
dyrH•:-f/<·m :'. To rnr~\'(>rt :'1 pr~~~Urt• ~1\'('n. m mm ilg to mUUh3rs it i.s 
11('l'l'"i~IIJ"Y tn rnnltq>iy th.: t!.urnhrr· o f nullimctcrs by ~/3. 

H •·1 !I t I\~ ... g ('(I r 0 t c: tl t i.n 1 . 1'1w ~eopotcntl·:tl or tl:n isob3ric ::;urfac:co 
~'t a .l~llo'f•n tmint~ nnl hlt•.;\$llrt·, P f rom s ea lev<'l bul :1 I)QVC o:t 1owc'• .. Iylng 
as<·•lo:n·lr sur• fa.;..-. Tht mas;:mtutlc- vr lht!' rt'lJ'Itivc ceopottntial at., &tv~o point 
f,Jr t.Jdm&t•• l.i<Jb:tru:- sur·fnet•:\ tl~,•prn<Js (to ,;, Cir!'t np~rodma1icm) only em 
th(' nl\'t\fl fl.· tUt'•'J';l ( U t't• of lhe ,Jtt' column b~lW<"Ctl them. 

Su ,. r a t • <' • h 'J u n rt :'1 r y rn ,, fl. .,, synoptic m;sp bas~d on obscrva.Uon 
d:H:r fr,.~om ,, 11t'l\•:rn'"k o! r,J·nund•hnscd. metco~ologh:al ~t.'111ons. 

c-um J.• '' :-4 1 1 (' • k i n c:- ,., f1 t 1 t m ~ p • 1\ map nn whlch the centers of 
c:-·rliJ:'It"~ :uul fln,n·ydonl~~ ,,s we-U :1~ their trajc:-c1ori"R riurtnc Bomt.• time 
mlt•n·:.t {fnr r~x.~ruph~. dudng;, n:uurnl syuophc pt'riorl, "rc plotted. 

Sth••J'I:"Jn OlnLir:ycltJnc-. Thc-hih(•rnal A!iii:~nanticyt'lonc. 
S y no l' t t r ron r1 it ion~. Tlm:o~e synopt ir. procL•ssr,s which dete-rmine 

srm•• · :-.arw•sr•h•·nc or ;n n•:nc,·;•l t:eo,:;r.1phic.'li phe n o mt•n:. (ror ('~.:tmph~. 
I<"C frt.•t•tru~ or l(:'t.· ht"N'IkUf' on t"l\'t"rsJ. 

Syn,, '~• •,. ~,.;'Is on . A tlnH· intrrv:1l during which ;\lm(1~lJht>ric 
prt.~t'f•,.,;s••f• • .!i-rnul:w h~ ,t:r-o,;tr:lphiC'J"tl ffu ;lr•buHnn to the rn~in baric syst("m!l: 

...... ', 


