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'Tht• Ctlrr'Cnl -~~Ut' i~ l)n,l• (Jt tout t~4.UI'S or th4" ~JamJ:tl of Hydr(l!n~~~·:~l 
ri".>n'c:i1 .. 1lu.:. Pl'••p:.n·d by 1~W Ct.•t!lr~·l ftll'l~c;~~ling lust;.~\.lli·. 11:•• flr.o::t 
thn•o.• is,..:ue~ d~·.llt \\·ith ~Jil• fort'l'"' :tNtu\~ of HH" Plt•m(•nt~ n! Utf> ;\-~tt~·t· l"t'~lm•.• 

t)f ri\·l"r'!'l. 1t~ IJ4" l sh{~rt- l".:UU::l' ro rt~C:~~!1nt: of W:llt)!"' Ui,.rh;\r~··~ ,111ll 
sta~t~~ ; ~~~!I•' 2 -- lC'1n~·J·:u-:~r h.•r •:•c:i. sttnl: <•f lowl;):ld· r n : r r~ nnlnff: Is~-.:·· 3 
- f,_, r·,•l•atotlllf:! uf n~:lt)ff ~r t'r~o~~nt.;, in ri\·••rs. 

Th1s i·saur dt"~J:os 'lloi::h tht" forrc:l.Shng n( j ( {" pht•nomt:n:t nn rn·t!f~ otnd 
t'tor~fW r~at~n-Oit'S. ln indh•1d u :•l p r o blems l01kt;"S .u·,. e unsidr-rttd !ngt' ~hcr­

"'l.' )th -...·:ktf'r- r r!->,•rvoirs. 
Likt." tlh~ p r(."\'lOUS o nr.s. 1ht~ lfi .:l pr:u:tical handboo"' rur l('ti:.Jl'"("l'"S :li\C 

St~Hh'•lt.i ~tudying- h:-•dfolos:k<~l fort-:-c~ostlrlg and mny bt• \Jii;••d to S•)ht' oHwr 
hydn,loa;:lc .\l p r ob\('ms. 

In ~C'\~ordan~r. .. nth th(' m~in put po:;c of !his bt)ok. ~h'-·nr~t~c;;l problem_, 
::tri~ C'(\O.sid," r t"d l'wt·c ontv to the- r x tcnt lo ""'hicn tMs ·~ n('CC:3S"\P" f{'lr ~he 
Unth'r:it~n•hn~ :lnd tn.:lSt~TII~R r,{ ilS COrltrnt. -

Both mr:hods o( fon·c;tstlng :.nd C":llcuJ:lt.i.on. which e ;'H\ br direc:!l)' u f;c-tl 
\t'h Cn ru·e p:u·lnR: (nn~ca:sts :lr c.- .( i\' t."n in lh(" book. T ht" ...... "'~'$ fnr *o\()rk ln,( UIJl 
r\•btio:~!"h !p!\ by t he m t•t hods dc sc t jbi.·d .:tre indie :\!t·d . Sptocial 3C!tortt1on 111 
paid to nwthod~t v.·h ich h a \'t"' b t•cn lcst.:d :l:td us~d 1r. pt·:t~'\lt'~ . Th('" -'\C'Ctar..-.ey 
of \hC' :h" nlC'Ihods 501tis:fiC'!t t h~ rt!'qui r-t-rn~nts or the lns!:-UC't tur.~ of ! he 
Fort"C=ISUng ~t"'r .. ·lcC' ($L'C'1i<>n :l, P a rt[. ~!JIG:!). An :u"COunt or ~omt" nt'*w 
~uggrstum~ :md improvrm\·n~1i which .;,rost• during •h,.. \\nt'k un th£> ~1a:lll.:..l 

art' ;.l ~o 1;~\lt-n, 
1'h<" e-alculilhcn. ~nd rort"c.:lsting m<:':hods !Jescri'bl"d 1n tht" bock :1re 

tllustr31~d b.)' nurnc-z-\c:::l.l e-x:\mp1C3 ::tnd graphi. Jlowlt"\"f!r. in tht" (:.:t~t· or th'l!' 
S1mp1c M m~thod!'J, whos~ u.5c 19 dl*~r. nurr.cric::ll c-alculahon t"X:implc.•s ;lrro 
llt't ~lV('O .. 

·n~~ \•4trivu;c; {O~C'asUni: m..,•Cha'c1~ hot,.,. OOl b("cn lrt".t~"!"d 4'>\·.r-nly; furof"'­
C<)S.t\nf: a.:•• llhf'Jivmc~n~ :n nlOU I1t:J:In rn·Cr:i haS :\Ol bo•(" ~\ t/,i 1t\•OJ~St""'f1. 

'Tll(" sr1~·nct" or hydrol~~lc:al f~lr,·C'a~ttng~ (w\th 'P":"'.:I.'\,; ~.~r rrh!.r•·:t~:t· t•l 
i~~· pht•n,m1t.'tl:l.l h; :-'ti ll II) lh{' m.,kJUJt". TtH't('fO.r"t', 1'\"t•rv nl'w n·~~llt m th1.!1i 
fi<•lt.lnbt~ lnt•d J.(Wr publication o( the ~lanu~l Is lik~ly to tmpt"fl\'f' tht• 
fuJ"l'Cil!l.t:nf: nwtht'>ds. 

r'p:,r-t £rom h~,,1ks H~tt•U it\ ~hC' lhbln.;o~>;rilphy, tlw ;nUh~·r~ U5:f:'d t~w \.":t:-t 

expi"ri'"nc •· u ! LlH." hy(JrC'I:u,::lst!' W(.)rkin,c:: o1t tlv: ~[ytJl·nau't~l)rvk·J:tl.'.,l F'1r•·· 
c~r>ti11-: ~·t·,•i c:r- of lht> t!SSil. 

Tin b: ~l.l OUi) t h.;.s b t•C!I u·n ttc.· n by 11"11• fo l!owir.r: S(",(":"".\t :!t~ · l. \'. Rti.:...sho~· ... 
S. ~. D:tl.'\to...-, X . r-. '1iuogr.ldt.~~·."\ . !\. !\l. Gm:z.b li:r-,::. \'. \ ', E-'IOlrt'\'tc h • .;u~d 
1.. C. Shut;.·:t.k ll•.'.:d,1i, ln jOi llt c:oop,•r,t1lon ._.Lth B. l ', J.\(•t' ... \' Odo.•" · \' , Y.1. 
Amint" .. · :t. G . ..-\. :\11drtaOO\":l, \ " .. \1, H~on;u.ri n:s, F.\". l)f·mt•nt't' \"ol, ~- U. 
E(J·cn;n\',l, L. \'. K~~7.tl::u:ko\'n, l .. l), l'o!~·l.ha('\'d.. 1-\, ,"'i., f'<"•iy;•ko'l.·n. 'f . P. 
Ch~k1rda. G \", Chi~tya1<.4wa o'ltH.l tlllH"-r~. 

St"lt'l\ttfi.c- t•t.htiiH! h;1~ lH·~·n CMTit-cl ~ut hy L. r.. :=:hcll~·:~,~~~\· ~k:l, 
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,\. C"D;I;DITIO:<S YOII Tilt: rn:COI:>:X!:<G OF ICI': 
fCIIO!,\ ·no:< 

hlff•;f'~ntJ··nl ly nf " 'h Cth(•r . ..;ud.l.C':! o r • rtchol' ict• pn!'!.'Oiil~ 0 :1. tlw l'i\"•· r· 
~tn·tdt urulcr r()ri~id\•r••tl••a. ic:·<~ (o rmation h~!i(i n!IO. 11n !hf' r Jv t•r ~ur'r=-c••. 

As •~ Su~~·An, ict• f•,,·m~ un ·,o,.'3h.•r surr.:-,c•.· .,,.,,{.'!l ~hr• .-:~:J·f;t<:i' to,.'lnp·~r.ltUP' 
t·o~.::u:ht.•~ ~h._. h'lUIJ'.' t:."O.hU"'~ of W;tlL""r cJ:·y~t:•Uizal!mt »:IHl'h ( tu • l'.i\•.o._•r:.; and fn•~h. 
-... ·.::t.h·r ~H,dit~ !-i ).oiii pr;u~hc•dly (l' C, 

11 i~ :tl~o kr\0 ·4·n lh:.t at lhe rnon~t•nt or i("l' f•'n•n1;etiun on th\~ :o:ur·C:1"C"•'; tt••· 
tt~Uitl• .. l':ihlr'f..• bt•lnv• fh•• \\'~,t~ t· ~'>'1.1r!.--c-.~ 1~ po~i 1i\'••- 11 \'3rit•,., with r h ·t..•rtc anQ 
·,\·at.·r hnr.Ht·l-' J:OI' Ol\1..' anti th.:o !'llarr.t.· ri\"•'f 5:1J•c:tc.~h. ~.,r Hl ttlt.• !>l;'n1•~ n•~.ti()n of 

a ..,.:,r.-r· bod y, it ...-a rit ·~ !'O.lt~thti." ftnm .Y•·o~or :o ·"'•-·:u·. 
\\'h~t1 .u•t• th.o:• ("t~mli tion!' -...·hu·h .:~,nt~.,tl tht: ttHupt.•c·:\1\ITI.' In 1hf' w:rtt.•r httEly 

~•t lh~~ monwnt ·.r~u:n ice form~ vn its ,!i:Ut·fn-c;t·" 

·nu~ :lolt~\\'•::or ~o thi:; 'IU'-':Otlon e a r\ lK" nb1~irw•t by t.•xa:uimn~t fhr lw ;tt 
b;1!:..:1-c:r• O( tht." '.\'OHt.~r ~urf11c~ . 

Let tht• '''-)t:~t.oct of t tw h('.a: M-illl:tnc•• :" llu~ ..._. •• ucr ~urf<H''' be in· the fn1•m 

{1.1) 

<:":.l ... t·,• A i~ t ht· h••:Ll Oo·,,• bl'twt-'<"n Jh\.' itt~lt•r ln~dy :lml th._· ~A';th•ra:dr lnt••rf<'C:f'~ 
· . ..-llt•n tht" ¥o';lh't' cooL..;; ,,ff i t l !li tht• ht:':t t !1!1!11: frt•~11 th•• .,....;,h." I"' hu~h· tn tfTt=" v.-~1f.'Y• 
·~; ,. llltt';1'folt:t•: 8 is du· lh•:tt n-..~ l,;.at 1h~ -...·.att"1' :-;urf.tf'1.~l r•·)(~ll_tina: frnm 
:r·adhml h'-•.o.t ••Xch:u'l~t- (RJ. , .,-.'tpot'aliVtt, P r C'OUtJ,,.u:.:.ttu.'lt (L£). ami ht•M 
,·x~·hanl,!•.' will~.· lht~ tur {P). :t~ wt•U ;w fr'\"~~m th,;• ~JWl'Uh· lt .. ·at i110t.1W n ,­
(~l:tflc:..\•,'-· (pt'1' :.mi' surf;lct,• art<! unit lime) ("Utlflt'C:U-'d ·.~o· i ~oh tht• occun·t~ne(• of 
pr•'•"JPII~&t ftm o n tJu..- l"wt•r !'!Urf~c·~ (m) 

(2 I ) 

Tllf· lh.'.tt fl t,w {::; .ISJ'(tllll<'d lo b«• f'O~• th'c:' if du"rl:'lt'd co th•· r.ch•r sud~ .... ~f" 
OLnl.l n\!..:,:LUn~ if dlr(•Ctrti to thL· ~~lt•, 

'll1-c lw.•c no'K bt.•tw,•C!'J'I tlw •·~1c-r ll('dy an'i aho• w:~.t-t.•r-a1r t.Ull_•r(,l..:j• m;•y h•• 
rq1n•:-o.c•nt~tt ''" 

A"'" z(t- t _,l, (l.ll 

·,..,·h••,..• a ls th,• rh, .. fhc-h·nt Clr h~.'31 tr.,no:iC~.·,· h··~:n th•• ·.t·.,a.·r· l>n<h· t(• th·· 
w.all"l'~Otll' inh•rf.lt't' or tlu.· .n·-.··r:-:,•1tt•· ~otlwr 4'nrcfs tlw oC'"•'1fici.f•u: uf h~·~~! 
CX('han~~·), & 1.:00: fh1.-• 0:1\'••rotL!I'f! ~:llf•r t •·•n ;to·t'••hJr•"' c.-,.···r Uu• r r-n"-!' ~··c•ttc•rt '•r 
dt'f.'Uh. "·• is lfh' tf!Jl~lh~roHurt"' n{ 1l1l• '-'~\h•r !'-\H'(a~t· 



h1 1lus cu:;c lhl' lu!.;l\-hal<lnc,. L"llUahon (I .I) will a~sumc the form 

(4.1) 

'l·lw h•n•5wralun• r;raclhmt :1nc.i lhl• \'<.ihll' tt .. 1 1n ~\ lhin ~urfO&Ct: l:tp.·•· ,.a ry 
.... ,.:. B ~h•t·: ''(\\l~(it~tl t~.J) r~m•••n~ corn•ct. Wlnm tht.• .r~:ur(a(:e tt..~mpc!or-aturt• 
O~i lh'•.•p~ 10 frr·e·7.m.: pnin~. :l rurlhf•r incrPa~t· ht IJ c:.innot be cc..mp~n.S .. ICd 
(nc hy ;,a d'l"'(""fr;&;S~ in 0 .. , :u.d b~· otn incrrasc- in the ten1peraturr: s:r;._dieot. 
lil tim; c ;lst.' ICl' r1)rmitUOn he~(nt~ Ott tho• surf<u::c, 

·n~u~. ict.• !(u•nu; n.- the s u d••<'c oC a r"ivt!r or""' wutr.r body ~nen th~ 
!l'urfac:t• t"tnpt•r:•tllra c.!rop~ tt> rn•c:r.inR point. 0111d lh<' he-at· r~lcase a.t lhe 
'A'.th:r surface ~xc:C"~cls the: ~al inflo w rrom tht.• wa\ c r nto 6 9 . 

T:,iung: e ... - n ••t th\" bt>lthtnl11~ (If icL~ rf'IJ'I11i'tUOt1 and c..l["notin( the \ 1Rlues of 
a, ()allt.J 8 for this nl\"lnlt:llt by a,., & .. and 8,.. r'\'I':P''-cth·dy, w~ ohl-3 i:'\ with 
t'(l\l ;a."l.JOO ,4.1} \lu: follo .ttitljt C:UntJihon for \h~ b('J,:hi.Oin( ot i C:t"" CnrmatiOn: 

•a•.<-B,.. (~.l) 

or 
• .,. _.h.__ 

A"liill ... 
(G.H 

[ru.'qnaiHy {G , l) sht~"-·s th.:a.t ~.e•' lortnatinn on •:::a.t~r ~\llrf.-c~ be"cotn~tF 
po:o::~ihk -A:~v·n th·~ w:.t~;"r ten1per01tur~ &\·~r~t;''d N·~..•r t>ross S<'cUon or ~pth 

Is lo·~··r than. or ~ql&:OIID -~. ' .. 
ll. HliiEC,\STI~C Of'" ICE PIIENO~li:NA USJ:<;G 
·.~1-::\ TilER FOt!ECJ\STS 

For ... ~;.!its of •he app("ar:lllc(f nf no~Un« icr "-' ith a torl"Jo'Ou·otng p~riod of 
f'i"''-'~-~ra..t c.Jay.s are b.~~~rJ em the U!IIC ot· th~ .a\r h.!lriprr.lhlr<' forcc :•s\. Jn this 
cas~. th(> for~w:u·nin,:: pt:"rh~ of th(" .tppt!:ara.nc'-" of ic •~ r~prc.·~.;onls tlu.• 
nmnbt.•r of d.ay~ for ·which it ts pos:c;:ible w obt3ln <t •·••Hai.Jle !on•(!a~t of th~ 
:. i r t,..:npt~r<&lur,.., Ate i1\ flho•·n ht pr.-c:ticc, l)IC fort•wa-roi nq: p~riod is" to 
S. d:•yl'l on che ;t\.·crag~ , 

1"hc: pn•dichC'n or iCt:' ~ppc~ran~·~ usina the 3 ir tt"MJ)t!ra.lUrl!' !orc•c:ilat ca.n 
h~· pt-t·par(ld: (3) by catcul ::ation. and (b) by f!'mptrfcal (physical :1nd 
.:Hatbi 'I.Lc;d l t·f"laliO-o~hips. 

,~·c,r- rh·e t• str~tcht"tt ror wh1 c h du~n~ arc no long•tt•tm data of obscn·a· 
tinns on iC4.' pli~nornf'tU en1p;ric;..l rdatlonship.s cou1not be obtained. nu! 
prt.~thc.lion nf lh<" timor.• o f ic•• app~ar~ncr. oo rlv~rs a ft<"r th~.c:onstnn:tion 

t>( dnM!; ~n.J t•tl':ttit"\11 of .. tot.li:f.l n!Se rvoirs un.der (!OndiliOn!ll ar 
h~c~· .. •lr:r ~nd runcrr con\ to\. us inc rc-lation~h.ipa whlc.h w~r~ est.lbtiAMd for 
a ~i\'f"n rivt•.r .stretch (rom nb~trn·ations on tki» atre teh ln y('arl prece-t.Un.: 
khC'" nmoU control. is impQtll-i~lP. f'or euch rivrr ttre tchrs rorecaats can 
bt• pr•!·P.ilrcd onl)· by c .:.\cu1;,tion. 

J. Cit lt:ntalion or the app~!aranc:e- or noatjnl lee on t[vera 

.. a:hcre 

... (•+ •• , (!-~-.. ,, 
+ ••+ !•+ i)l'l 

[..t • {• + lh<O] I 
a-== (• +A) kf • 

l~.ll 



)ns~f'arl of llh'tt\'-aht,. {:1,1) u i!-\ lhf'n pnliltilhlc 1Q us~ 

& --+·~•+•d'+(•+tlf -o. . ll, 
_ ,e ••+C•+*ll•t (l-e )<--.;-· (10.1) 

<.\·tu·~·~· ~ i~ llu.!. nw;m illr h 0fllpP.raturc du1•tnJ{ tht" [H.·riod uf t.~alcu}~Hun 
, , .• ~ t<-'~:·1~) dc~r1n~ Uw p~·riml of c::.lcu l.;~tion (!it'\.'t·r;d days h~fort• tlw · 
:.-r..~~':'.:~.~~~~r l('e rc-:r·l~<~tttm) · 1h-~: ,,,,.,.h!r tc~n1flct·:nurt~ in a ,:trn.=toll ur nwc.Jlium-
.. · . lt' ~Ol~!lt:ldcra_bJy lOWl'l- thom th~ lcmpt.•raiUI"C Of the llrldt·r~ r·Outtd 
~-~h:~-- In Uus (",l,;.t"', ,.;utc~ th~ shiU'l' of llw hcaf inrto"' fz-nm tht.• \frtdt>-l'(t :fmra1 
"'·'t•' lit lh•• ht~:tt h;el~n<::l' o ( tht.' t"in~r ;,. rt•l;~tivdy ~nl.t'll tfuri

11
a the · 1 

UIUIPr. t!"~!''$ldl••·:l1 j()fl, il i s po~~ ihlc tO Utfr lhC (oliO~Ao'inJ:, ~impll' p ert()( 
r.,l('ui:.lwr~ f,u·mul:.ts: r-

la) '.\'hen Lht' o.Jr :tt!mp~rat..d·e Is o:a1t("til~~d ot•cr inc..lh•iduat tim. hn• ··1· 
\l!'lu;dly O\'L~~· 24 hrnw~. \ 1.! n a""· 

&a~-···+ i; (e,(,.-<•-•,.,_ .,-r·-1+·,,..,))+ 
·~· +(f+ ·~· 11)(1-~--)<:-!;. 

"- .... ·-~; 

0Ul 

pel'~~~~ .... ~·h('n 1h<" nir ~~mpf'r·:Hurt·· i~ .i\'t.'J'i~il{l"d .(J\'~1' llw whoh• c::tlculation 

&,~-'"'+(i +f + ·:.· q)(•-.. -• .. ) ..;:- ~- (12.1) 

1-'nr· J"i\'~~n• wilh a \'ery lo".l.' \·l'locity th" \'.:t.iu!'s of ·a nn! l:,,.c,· cpn1 p."ln~d 
,,:ilh tho.se ot .to. Jn such cou.dition$ ~h· ttiffen:nct" bt-twe.-•u •! • amJ unity 

~~~.~:,;-;.~.:~~~·;~(,: ln Uris C~9t:" rhe fultnwinll{ rot'muJ.::.:; enn be U!ill"d inSIL•;ld 

ft•) •xlu~n lttt\ ·•lr l.c.•mp•!r.ttun• L~ '''-'••r••tl('~i On'r indi\'idu.:tl tim•· inh.·•·,·al~. 

&0e-•.,.+ :± (t, (.,-c•-•1., _ t- <• -• + ''.,)) + 
l=J 

+ "~• (1-e·•.,J.;:;- ~;, (ll.l) 

cr•a::s ::,; 

~bj u:h~·n th~ ••fr h:m,wt•:..tun~ is ''\"Cr'~fC.'t.l O\'t:r tht.' -.·Jrnllt! C:l.l.l 1• · 
p••.t'IOd. C\1 Oi!Uon 

••• -... +(•+ ·~· ){1-t""")c;- ~= . 04.1) 

H. i~ tli.J.\'itms th:H the br·~1'hn1t1~ o r Lee fnnn:...Uur1 tlll J'l\'t•r~ t:~:t!l Ell' 
1(::-•Jcu';'t••d !H•II' (l:t_l) if b :f) (.'f,I!Hiitiull~ :..rr~ f ;1! f ili•·d: ~·•IIIII' flrr.l.' •:• ·11J .. ' ity I~ 
110t too Lf'H'-' •~ n~l (hJ tht• '"'·•H•r L•~fnlwJ :1tur•~ is no1 ha~t1 •turll,ll:! ftl•· •:a~c.:uJ;dp•n 
P•~.-iod c~•mpar,..c.J ·.v-jth IIH~ t,•rnp•·t'~•h~rc.~ o! th•.• Ul~ti,•J'!-:I"ii\Hh! •J::•1•,•1·. ltl nni··:r 
u ... m-.· (14.1l, a third r.•mditlon nh•.'i t b·· ruHiJio--d k!- il m11~t h•~ w-!i~ihl•· L J 

..... I.'J'<tJ.:I! lh•• Olir 11'tiiJ>f'r;JtUr•.• L)\' t't' llH• C<.,(tu~~lil'~:l p••dlhl 'J,' Slhl)Ut );,:-(~•.' 

·•·rr·urs_ h•.'tut~ in~ r .. ch~c("d. ·nil' fu1fitrn;i: t1t nf dw l;1st cuutJIU'm : ... a~s•.1 
n~C~S:<o:o:u·y (•,t• th1.• U~t." u(· rut·m•JI;,~ (1 f)J} knd (12. fl. 

Ctu.•cir. c~alc!Jlatic.m~ ~hl'•~\."d lhht th•! :u:cu-f"aC\' <11 ,.,.,)c..,,ali••·•..- ·''h•·r• Uitllti' 
~IU). (II. I} :u1d (13.1l i:-. olniu:~t th'! s~mt•. h1 9o'" .. ~ nr lht.'c••:o•·1>11ll.' ca lnllall"tn 
~~n'Oi' tlOt'K UHt •:xc•:~·d ~ l d;t\' iHUI iu sx.r:. nf ttH.' c~·~··:-; U\·~ •'T'"'IH" d~· .. ·~ fliJI 

·l,')I(J('I'd ~ ~ 4l,t,\'~ Till· :I('C,U2'~C.)' •• r c;·h~ul~lli~m l.,y u-u-. 0':!.1 ~ aud (14.!~ 1 .... 

~·bn :llmoH1 th<" S:tnv·. u~. \ht• mlh~[" } r;llltl, lhf· ~•<:CU:r"'.tCY (J[ cak,~!:~nnns hy 
tl~llll; lh~~ l;tUt•J' i!lt'qu:~li1±,•s i~ nHich lc•·J.'f'r tho•n that tJbl::'diH~d 'A"ith· t!H~ fir·~t 
thl't..•c cspr.:.-~Hhms (lh(• JLn)\)~hiltt~·. 1!111\ th~· t~:-a·~·~·:;: \\'ill t11H L'~Ct'o..'d t t <•nd 
.± 2 rby;;. i s ~2 and~~"='- l'f..'"SP'--~C'tit·l.• 1y). Uf..1'.1.''!\.'~'r, Lhi:-; ••cL"tlr:u:~· il-' ~uffit•it:nf 
to us,-. '"'' c-;•ic:u!;ttlon in ~!uJrt· r-..nt(• forcc;,~tiut,! of te e ;.ppc:. r.ult:"l', 

E111kHi"n!'> (lll.l), (t:ttj and U4.U. i 11 ,..•hich th•: -•i t· t•·mi"'r:;nu··· i .... 
~w .. ·r~• ..: .. ·c.t n\·~r Ute -.. hu!t- ('aicul6tionn p-..·rio•l. rn.:•1-- I!'•~··· ri:-:~· 1' 1 CfJfli'i'id,•rabl•· 
er'l'or:; ~~lwn lh~· ~• if' t•~mp._.r~atu r\·~ ..at dh~ bt•£i nnin:&! =~•1•f f.'nd (J( the• cakul••t1on 
pt•rtucl •:onsi<h..•r;.abl~· difft:•r. p:tt·ltcul;u·ly u:ilh po!'iltl\'~' -t ~ r lt<rnp•~r~tur•~ iU 
th .. · h~...·~itm'n~ ur tht- p~·riotJ, 

TliUi'i, i lt ;& rn•·an flo·.c.• •:•!locit)' :.u tlh' hydronwtrie j!lt~la;: ,:;itt..' hi~:twr th.,n 
0,3 fl~/~(·C c:~lcul;~tiUn5 m<.ky bt~ Ci:tn•lt·d O'U liSil!~ {14.1) if iH:c:orJi!H~ tf'l tll1' 

'A"•··~~lht·r fnt·4•t:a~a. thct"•.:> wiU b ,; nt• t:Unslrh.·r·;,h~·~ di!ft.'r'••r1c •·" b,~t -~~o·•_·,•n Lh'• Ult' 
H.•mp!~r;HUF't•~ .at lin~ h·:~~~:Hl.i.ll~ rt!\d t•tH! (If :..ht- w~ri·ud nr e:o\c-\ll~.t,<ln Ht Is 
iulpot·t;l!\1 lh:u l}h• ~•ir h•,·np .... l':ttur•.' is nm p•)sili \·•• ~.t rh·: l~•·t:ul!,itl~ of"lh .. • 
f'•.!Ti.(ld), If, (lrl lh(l Otht.·t" h~nd, :h1.• "A.'~iHht•t• fVl't."C'a Sl !n!"•·:tt·r~ :a Cllll!i:d4·!";'-hh· 

c..li!£'-·r(':~ .. • b...'\W~C'tl •h(' a i r t..:mp•····;..tt.Jn:.o.:. ;~t th~ h,•[!umin~ anrt vnd l(•f lh~:· 
cah:ul:l tiOil P•.'rh' ll {po-LrliClJ!ad~· it a FX":OOi~ln.• temp-o.•.J'.IUir~· \S pn"1:hCl•~fl riH' 

UH~ h··gim'lln.&:; C.lf zi··~ P""r:odl, it i.:; 1'(.'C.Om~:u:ntlcd 111 l:~,· o'(l'S"H<lfl (, 3.1). 
,\s wa~ ta .. htat ... d ~hi)\"\', f\)J' a·l\'li.'l",; w~th a \'("f'Y lth.\' fl.,,,. ,.•!'l••d~~· it :~ 

:uJ\'i$abh~ to tl~'-~ (ll.n or· (12.1). i. ~~.~ .• wi~h(lut 3ay a\'t,•r·ajlinat C.H' '·'-·ith 
;i\'•.1'.1J:ill.t: n{ UH~ ;d!' h.'mpf.'r:ltUrf~ tl\'(' r til~~ COJkui:LtiO:I pr~r,'HHl, l~•kul..: intu 
a..:..:o•nn it!\ \'.,ri~1Uon dul'iru! tlu.~ c akul.:ttic•n p·~riud, 

W!wn lh\' .\lt' h~mp~.•r--L:un.' ,.~,,,\'t,• lh•• rh··.••· i~ n·!;t.U\'l.'l~· h:l!h c..lnrin.IZ i1 

('\lflSitf~r·.'lbh: p :u·r Clf the r.~tc:ul.:\UCHJ J.H'z·ivd (••=--'•·•ll.'' ~~~ Lu•cr:uminr:.~. fc\••mut~ .. 
(8.fl o t· (I 0.1) ma,· !JI~ u~t:d, ~uch c;~:-"l·s. ;•t·•: most hkt.•l'' :\h•"ll t he c:th;ul :•t~n~ 
p t!J· ind Is lon( (o1~ ~t !a1-.: . .- n\·'-"r - noon• 1it.;tn 5 tn li. • l.,y~). 

Jn ~ :•l~ul;,th,tns fur ::oraall riv•· r~ ..... "'. m:ty u...;l~ tlw t'&mp!·- z· (•' r'lrtu l;• {l-t 1} 
Th .. • d :t lo' !u z· '41UL"h tlu• !tn .. t C' h•:(•kw~ l'! tht• pru ll .. h lllly c.1r ic•• ~)t'f'\U'l''L' IH'" 

is zn;td\.• ill! ~IW.:4l'n ~o ot$ w ndniUH7.-i! tlh~ ;n~v.mm ol ~uc:.:.:,·tc~h·•• ca·t(.•ul;.~tlu:1."'~ 

m~Hk• un11~ .:\ ('P~iti\'(' ,·,•::.t:!t ~~ obt.~lflo.•d, If' th·~ fi r~t t: •• lcuL,:ir•n :-th(~'"" ~ lh•" 

pr.ni.Jo.•lnlity of {u ."~ t~:'' (IC'Ctwro..•r c:~· "'' th•· d,.,;-:.·u d•lt··. Ht .. ;~,·q!•:~hiH1~· (or th•• 
b(~l!ill•Jim: ~,t lC\• fnnna~i,,.n ~~~ tla• pt•t•('•.·thn.L:, \J,,~- ~~Ult;h) tw t"lt'(•l-;r·d. ;,!u1 ~·~ 
on unhl a n••..:;t11\'i.' ('•·:oull 1:-o oh:.&i:1•''-* (:~..:.~ r~·rm:nl •'•n 1:\l;t.•:.:>r i b~· ;, 

I f. in~:•••uS f'l( .:;.kcJ!dt\H~ lh•• t~m·· f'l( :appt•o.rout~'•' cof ll••.ltP\C tr~· ~~ il. t:i\·f'n 
plio!CC', • ·t•hon-4•l() d•'lt.~rn111;t.• Hw J)l:tc.·,• \l1 ll~ "'I*P'':II'·•n t:•' ith\" rt:tt· ~ n ( 1irs1 
Jt~t~ (Cll'tU.:'l:iun, 'A"•' u:i•.·. nl~tt•,.,l di 0 :!.1'. th•• fnl:o•· ... uu~ • '<:tl't·l'l~l ''f1 

- .!!..·-- r _.!.. _!!..±.~1.! 
I ':'3 ~ (4+ ~>l lltotf In •.. " .t tl ::'.t.l) 

t :11.. ··-i--f-~!.! 



'! 

.• l• •• ;..· · ·:1 ~~ .. :,'•'·-· •.:-._·.· 

and i"oto•:od of 11•.11 

..... -~--- ... f 
'·----~~~ . . . ,._,._ •;• (lh.ll 

~n lh-.•s•· f~rmuhts, I. is tl~ thst~OC4!' ln.," I he Jn..iti:-.1 ~:ross aec:ti~ i('f lhe 
u:..--fr,..• rJv.,.rr to the- c:ros.o fll~hon whc rto i ct- form;,aUon brcin• D iR ttlw:­
~,·<.•rac:(• flow vctoc:hy •J~ru: riv"•r atr~lch lt. "the- r•~•t of the ~tations 3n.! 

a~ bc'rur&. Cm.tculathm ut carri..-d out by ~tvcc~saivc- •pp.:O~irn•Uon. 

' 2. IJ\·.tt•rtnirtoUiOI'I or th~ p;\r;&m•~l~rs nt">eC"5'l".31')' to c;.ll:ulateo 
tlh' h~-:1 nni ng oC i c .. forma.tioll 

~) A \' ~ r a I'" de PC h . C• r1otrr.a~lc dat• IC!r rivt.·ra with ct.rp1h da&a 
•uff.Jcirnt for d~termlnina t~e avcra1e dfopth oo th.e •tr..:tc-h · ar• not at--~ye 
., . .aL,abl... In addation, the de!'tcrmlnation or the :.vera.a~ d;pth of a rtvf"r 
s1retch hundredl of kiJomc:'t"r• •Oftl' ustnr e:ano1r01pbie data. where data. 

• tArw ....._..,. "~ ..... crf •-.c•IIIII'M"'-. b11 ,.,.,41 • ~ n( ••-J.t 

.: ... =_. 

or .J••plh mea,;dr••nn•nt5 arr r('prcst:<Jil••d ir) th•~ Co rn\ o f iFOL!,\hM, iee n\~t 
la!.IOriou". 

n'"' avt"'r.li~f! d.:pth of a rh·,·r t.Jor"inc .a J[i\•t•n c<th:u~;)tinu ;,,. ,.i4~ "' (durlne: 
Uu- time of flow Yc- · rrom. tt1"· inh i;al.{infiowt to the c •lculitti<>n ~'"atn~: ~itr) 
c;.n br dt-tt-rfninf!'d rro·m Uw toUowinR formula' wiU,Out utt1na data or dt.•pth 
mPila\lnmcnts on thC ~~reteh: 

(16.1} 

. .... twrf' 0" is 1hr mc.an ...,·;..tr.r disc~ta_rce on thc.•urr-tch cbrinl!,· 'ht· r.:alcula1inn 
pcri011, 1 i~ tl."" ... ~teor· surf.:.et- ;.rt!a Oft th~ ~~;rnotch '"lm lhf' inittatl to th~: 
c a1cu1or.lion l.aau• !'it~!' {includlr.~t ~h~ •~:r oft"-' rn•,-,. arn.:-'}. 

Titt" , -..lue of O can he c:ktt!l"rnin~ :.s dltt arithm•·t1c nh,·~n nf lhto wht~r 
tlisch:tr~t~· Q, durin.: th~ lir"t .day~:il:ft'!'r lhe !0-tar t (\r now '"'m tla·· inili:al 
J2:3~h~l site ori th<' fir!llt ~:w~;:nu~1it .<tnd'of the ·.-Mer di ~ch:tr(!t' 0. .:u·rinll: tht• 
laM d:lVl'i Or no ... 11"'0 the s-:.:m~rlt nt.'ar~~t lO th4" calcu,;tthtn .::.l!tn~: ,.; it~. 

U 0:, th~ river stren.:h llctW\.'~t lttt" tnHial .:.nd ltn.• catc.:ulatioo cr"ffs,.; 
JH'c:lton then~ arc liirJ:'~·tributarlL'!'O. t:&k•·n i~to 3~C'ouut i!' thtt df'\t.• ruun:.twn 
of e. ()'I;~C ·(a)). ttl1.•n thC .tti !?och~r~~{_' Q, ,~Jt;lould a\F~ lnclu~t· th•! disdMrlt'tc of 
tributari~s.at a. di."-lancc from th~ calc~.ahuion crO.tll" lh'r..t if\n corrc!tJJ:nru!ing 
10 .... tim~ ol t1nw t'C'. a~d thC' \'aluc or F !Sh(,.U!d •lAo Inclu~h.• ttw area of tht' 
···at..~r ~..,rraee ot thl"' -tiitKnari<-.s On;. ~trctch corrt"11p<»H.Ihu~: co th1.· 1imt." ol 
£\o·.w up to th.c ca.lculaHon Cl'O~!i ~cctt(ln, 

For rl\'.t-rs ··~s._. •J.·at'"•r &tirfact~ a,rtt:t ,·ar~"'! c:on~ldcr"abl~· <Jurint;t t~l! 
p~rh>d und~r" t:Cll\5ldl·r~uion. du~ to \'OJ.ri.a.tions 1n th~ W+'ll..'r ·t~.•\•cl. the v~\uo.• 
or F •h<xl!d bo: dct~rmht<·~ rrom '"~ gnph F•IIHI. Tl)l• ~roph c•o h,· 
ob(afn~~.·d· by drt•rm1nir..: tht.• v.Alu~s o( T for !iW\*t.· r~l lwiahtl H of t ht< .,..~lcr 
~t~J:t-, 

tJJ Th~ ;air ·tt'mp.rratu r.~ durLnR <-ach dur is t3"~" fn,,m (Jb,.:•·r~~~ .. 
Hons :at the met~ .. oTnifl~icat ~ta.liC"'n nc:.r~'~l tO th\• .:h·•:n ri\''~ ,. stretch 
.J~.~:dnc th'"" t:·i~cn ,t.1y: ~f n••ct"~s<~ry. il ito drlcrm\n .. •• hy int•.'~'l .. lh.~n 
bt~t ... •ottn th.: t~mpcr:itur•!s <at nci,:!hbOrin.: :ro;.ta!inn<e. 

ll mav .h<'p~n \h;,'t tl•~· 1Ur~tchcs of ua~~.· \~r~:,t.·~t \rlLutStt'JI.,. Uak•'ft antn 
ilc:c:ount in th~· c:alcu,lahon {f':te ·(a.) 3nrf (c)) nn• JoeaH .. d ~o f.1r rrom tht· 
corr.:spDnding &tr~tcht!S of th~ ·m.;air\ d\'c-r. in tt: rnht: o f tl•C time o f n.-,,., .. th;tl 
th" air trmpt•r~~uure in th'!' ngion or thtt tribut:J.ry daft~rs cun&ld\.'"I?IJiy {roll1 
:he :air t"·mp"r~tu~ in th•• rC'~ion o! th~ m.lin ri\~cr. tn tht ~ c~flc ttu: .Ju· 
lt•mr<-r.:.ture d'urine the corrC",;:po:ldinc dl4y~t is ' "'k••n a~ thf' v.•••hthh·tJ m..-~n 
(·A·i th rCSJlt'Ct to the !iurfacc ;.r~:..q :or m''''-'orolo,lc:.~l rt:l13 ·~o·hich ch3r:ac.tn·i:•~ 
tl~t: ~tr..-tt'ht"S wutrr comHttcratiOn or lhr. mai:-t ri\·•·a· .and of lhc tr•l" •t .. d•~". 

C'l Sp""<:if i C' hc 01 t «>x.chana~. ~. ;tt :1n ai r t~mpf"t:nur•' 
t'll11•l to the t~mpttr~ture of th• t.·:a••r ~urfac ,•. ;1nd 1h•• 
coe(fictcont, t. of he:.t cllc!.h~l'\f::~. Thl• ,.,.,tu~& of~ and t *Tl' 
R:h·t'n by 

(1<,1) 

(1~.1! 

wllcrc- Q is .. :.,• nu:<~~: of,::nl;tr I'OLdiant lwi.U ~h~orh•''' h.' · t\'1" .... "•"r. LE ,~ thr 
~v3p~ratiw h''-'t curr.,•nt lr~~rn dh' Y.'3h' r s ud.aL'•'. L£~ l~ ttw .... ,n~···.,.t lm 

:li r tcmpcr;a,tlJr(' ~,.·q\1.:~1 to fhl"' .Ao':ttf'!l"' tturf.t<''l' ~··m~wr.-tu•••", If IF t h.- d•tf··r••rw-~ 

:~· 
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::1 •!· :••t n .I:Hil<.! u~·· h•·.e::nuu la ~.( u:,· fon:J...Ihfl!l. -n,._- p<Jicl as th:.t.t tl .. ~ abt""·•· 
'•' :'I• ~ "'f Q~ Wh:r•h olft' JH'•Iho•lJ!o• u:;do•r lht'!it • ('OUdittOno<. Ol:rt:• !-:ll:tli C"O:J'l~r··~ 
:,.H1 ail•· ,.du··~ 1•1 th•• lh',tl 1t".UISI•· •· :hr •'ll&:h •ht• O('l'll (!n•ll!} surf:u:(', ·.~,;hu:·h 
;•~ · ··l •io•'t\·•·J Uu-rt.' an Uw J..wri.,.J ~hrr .. c;Jy J•n•c,•dinl{ U\{• lx-ginmn~ o ( l~t' 
f' • r ~u.o\ :•orr 

• o! •: • • •or I • 1',• (,,,.,, : o•l••1 ''11 ~~·l~ll•t•O: f,., llof' I .. . • \'•·1.-.. o~:·ol l·•~n P ' >', \"Aluo' l t' l.•.,- 1,• 1';' .;•,., , 

lo' •'. p, •t,, 1 ~f·'l J,.,,~t 11111 lo•t lh\ o•~.- •l • o" I "I lll<'lt'I-•.J \ d o.ln r" rt:llnW.; I t: I" -.J t •. o·t . ,! ~,;: .wJ "'t \ ' 
0• • '•" !~ ,.,,,,.~,, 1 •' Poolo'f 'lol' 1".14 I •IH:I, J1 • lo'•~' 11.1• ~ h J : • •~ ·::, o'/t t <6'io!'>, onJo·-~IJf~l'l.~\:oo "l•~. 

''"·' ·t ,•1! • .. 1 • r· .~ !•~ 1•om1.11~ r-1 t ,.., , w.~ . 11 lolitt ll. 1-'i.t' ,u•'il w·..,t...-• ;;nftH"•IHL t.l·~~'r'l n. 1 ,; ... 
i • ,.· ·• • ',. •tfo:.,t, 1 '• •• ~I l'lt•1, 

1'fu~ v.tlu~ of q~ c:;sn b~ ca1cu~~t~~d from 

, ... 
q, ~ -~- · 

c,_(•P<• Vc::. -.:•! •Ctotto~ 

·1100 

~-:~~~4·;,:-::~;~::~: ~~:'..~~;;:~ · ... ~~~ :·;:: .:~ ' ~·.;: ::..::.::: .. ~~·~"'~ ~ ~--



i "- ·•f'IP··· 11 j t·.,,,.lli~otJnu of q, :-:~,~~;K•S•' V=lh!lc::1Js1 ·~· !, .... 
"':,\lllc·m :wli r'=n.oon0-1 lr;,\'•-' b•'t'll d•·t.-.-nurwd, Substihttw.q: th•·~.-· ~-aim·~ m 
t:.!~~ l) ~w· ••htam 

I ·I"'· '6-Cj)O. mo .n.O(\"rn 
UIOJ 

tq ThP ~·P~'f'1{i~t lir~tl lJ'Oin~•t~·r n~~. <•f lltt~ --~·oHt'' t" ~~lC'Llt"t• 
~~. (f.-!··ntlt!u'tl .ts th~· :.utn tlf thC' IH·al !l!Jx•·-.; ~·p:-;;,Jlt:••~ fl't'n• ''""I''Jt';1 t~1 ·~l L£ 
~lH ~.:J!••nl l.'~'·h<H~t:'' p O.llltJ t·f(u·'!i\'•·' l".HJI<Fllj•l\ /

1 
' ' 

't'!;·· · .•• · .•••• .._ ~-·f I.E. P, f. l",HJ !J,• <!•.'h·rmJ~J··ti fn);-n FlC,::tlrt~:-:; 4 ,\n~i S, 01· 

... c·•;!.ikd !•:• !nJm~J!oJ:::: t:?n J1. t:!:.! I and t?·Ll\ 

F \ ·• ~n P 1_ 1' I I _,.~ 11.,. ( ,,[(;!;L.t~· th1• (J.J.~•· nf f1.r·.st 1<'1' ·li•p··~·z·,li1Cl' (flo.~Un11 
;r:~ .. :-'·· ·~~~.:~~~·-~ }::;::~~~~- '~::·~;::. ·•tt,~::.'~::p•~-i lt) 1 ~··Iii I hd111·~· tht• c. r<·.-, ~~011 nr ~t~Jr;·~~· • 

•_•.',· \,dF'IJi.\l<' W·>1:11~ ft H'~Utll<l (I 1 l l 

:>,e-""'+ 2: r~.(c_ ,,_,, .. _ c-•·-• .,, .. ll + 
ld 

+ ( ~- + i~.~)!•- .-... )<- 4."-· 

-----------------------, 

,\, til•· ltllTlal ~~-~~!it~S~ "tl•• 'J.'•: 1:ok1• th• • P~'rm' !'lla~J~lrJ !'-llt~:~l_!:_d ·12n ;..n·· 
llp,o;tr-•:un !ron! S,,,-;lpul [l':I!llt·t• h) 'l"bo· rn•·41n \t71!t· ~~r ::,,-~.-'f._ fn·:n l>••rn·,• 

tq :-:;,n·~qml IS d•.•u•nnuu.•tl frum lht• rf-"SJWI.;tl,·<.• ".~~t'Oltt..! r' !H:q.!~'!':; 1t ~~ •-··~u:tl ~•l 

-=1. 5 do\tys (!':'-''' ~ 2bl 

:: · , -~~ • •.· -0;" d Ff~t· t:Jt~lk.< .;a·t: fl.>i': f •In' ! ... ' ·~ •,.;•:,: I , .., 0 · 

, n,· \' .· ~ .:.-. to,;. -:. • -A.'· ·-: t.- '" ', ~} 

F1·o~o1 Uh' ~r,)ph~ t.' = /(11) ·., .•• d··~··r:~lln·· :!•t· :r.•·,\~l H··~· •.-•. ~ .. c::..••.: Q ,!! :~ ,. 

hyrlr .. •:1~t·u·~~· ..-;1 :,•...;: l·!· l't• rr:~'. Lo .. lo••r hu1· y~•. f ,.,._ •• ~~HI :-;;u·.:lpt~l. ~ 

~~::· ~::~,:l:~1r~:!~ _a~~~:~·~·-~·:~!~,~:·: • ~;:·vi •"f\~ ~~1:1:t~;::: ~~'-t: .. : ~~~-.. ~~·l·:,!·.~n,:;:~.: ~ ~~ni~ n t ~ ~ .:; ; ~~~. 
Ttw L: •• tc:h:tol:nt <•r•··~ l·\;,: •. ·~·,.,•\niiiH1.'n· .• ~, .... l-, .. ~1~ 1•.~1 (l!lrt·l(:n.' .ilt 1',...rn1' '" 

l~~~.nun;..:n~ ;l! ~ ••• -•• p-.:1, l ,. , l'.v t~ ~ --:. r.,,. ,;n· ..:··""~ ~ nh~:t,lr~: t'l' :h.· '~·''·n 
:s t l't'lo.'ll n! ~h·~ ~·• tl::l Hn·l·t• Is :In' . ...:ll .1 HJ \ .,.,. '•\ l ~!t ;t c .1: - !•:no·n~ ,, 1'1",, ~ ·f 
4~ii~tl ;.m· l"l~u; IS ~~:,;y 2 1;:-,, fll th•• ,: .• ~ o..·tun~"~~ .1 :-, <.i .;t ~;~(';1p~1! :n1d :!3 ", ,,f H·•• 

For fht• o..,,;;_•ul..tto':l -.~··· ~: -"t' !h,· ... ·tll.ii ·!;.t:• ~·~~ tho• ,11r :•·n~J!''r-ilup• T!w 

''~·· u{ ttu.• flo)r·,•c,· ;\~~ ;HJ' l.-::;p•· :·;i1.to r'•• d•t··~ n·--~ ln~r"''••J:~~· · ··~t.;··~~!!id ,• !1-•t•;.:-•'" 1"'1 
'ttH' .:-~~LU!-•tot'!l ~··l· hnl•~u·· 

:< 



'Ow oHr tc.·m~CrlWJf"l' dr·opp~~d ro n~>~ativ•· ~o·ah.:u~s 1n the Sc:>C"nnd ~~·n·d~y 
(l{"no~ at (~-:tobl:r to 19~6 At th~: OWli!Orolntic:EI r;ta.tJocu• S.ltu.-.t~·lol ~hmJC thf' 
nvt_•r from Pt•rm' to So.~rapul the tr'IC:J.n .. d1urn~1 <~ir t~mptot"t~turc had the 
(ollOI'I'Ul~ v~h.u:s {Tablt! 8). 

r,,~· 

vlo.~JTak • • • 
<'<• 
~·~·~1 -... 

We• b<'Ran v.ith tht> Co.Llcul;H.ion of ~!lc prob.:tb1lit~· oC iC(• "-ppc;)r;.nct• ;tt 

~;trapul nn. 19 Odotwr- ThC' nw.<&r'l flo-. \"r""~OC:Ity iul for th••· 300-'t"t'·l•ldlCo:tUd 

J::;.~utt: ~llf'!-!ii m tht•l1enod of 1!11t..i u'4.der crmsidcr.J.UOn 1& 0,491't1/s~e. ny 
{1 5.1) "'-"C rind for t!l~ tlmL" of Cl~w Tc 

:;:. ~ 0.53 
't~ -=z--;;- == 4.-SD:"ii"- 4.8 d;.sySi. 

l>t:nn;: the tunc or tlov.·, th<- d':>c:har~e tncrt·.:L~C'd frnm 990ml;l~t.·C" on 
14 Octotwr at Pc.-m• 10 l20t1 ro·~f~.:c- on 19 Cctobe rat Sar.:tpui. 111~ t:\C:"l'•l~t" 
~" 'hl' di~..::hlJ'f;C :,moun ted t\J 21':'"-.. Uowcvt>r, :..~ ("i\11 tx- JUd~•·d f:"iml the 
n;,tUt"C" of the J:r"Oiolo"th o( thf> l!'"tcltmcnt ;:&J'COJ.0 thl! irH:rcaS~ in thl• d:~ct: ... r-sw J$ 

not un,(on, ln this c:.~e. ·~t"l' c~ku1at'-' !o·r lh<" inUial -.·~•1.-r te tnp..•r.l.tur't', 
·~·at~r dist>h~r.l:e;.:. and mor""pt!cmu•tr.u: d:..la tmly for I he Kama lhn•r 

~inc-(' thtt wah•r ternp(•r:.Lur~~.• i!'C m~;isurcd nnly :It 9 4i.nd 20 hoUJ'Io, t:~ llw· 
c;,!C":u1a~!on by thC' u su;t l nwan-~1urnal ;ur te-;-:)p~ratur.:•s G~ can b\! ~r~ict•n 
c>Jtf:t.•r !:-om ~he- L'\'l'r.InC ''bsc n:;.tUons on lhc day b-.·fore- t.hc f1tst day:i oi the 
c:t!culatlo~ or fl"Om the mcorninl! Ob:it."J'\'3tions on the (in~:t t!a.vs o! ~~w 
c.llcu1ation. Fur ru ght''f' ::tc-cul"a.cy, th.;.o me~n Oho tcmpcratur~s. ca1culd.tt'tJ 
Cor 24-llnur inh·rvalfi !rom ttt~ hma· of Uli< w:.ter-te:npera.turf' m.ca~~:un-.rn('at 
tr..<.ty b1~ cdlculatt:d Bu t tn c;.lculatmg a for-cc.l.st .<tuch an a.cct~r.:tcy ts not 
:""~l.·Cl·:tR ary. 

We h~~gtn the e~lcul:..tu:m by c~cck.int the pt'ob:~bUity (If noa.;.lng Jf;e­

~ppe:lS"l~'R" ;,.t 5arapul on tht• 1!\-'cmnt::: c£ 19 Oc::obcr"". 
In accClrd~mct..• .... ith !hC' rime ot !!ow. 'W.'<' Uke ~. fro,-n th" mca.s:Jrcf:\~!'1: 

;u "20 hounl on 14 Octo~Cl" at Perm' ~q\i:!l \o 2.""! 
lly OG II 

WC' d••tt•rm lnc !!tt' :l\"t'rtl&;L' d<'e.!:.b A on l~'w rh'rr slrttdo unc!.t·r r'.l.n!>,dt·t'atton 
".'/(• Und 1hl" 'll:.;tt,•ra dlt~Cha:-J:<" Q in 1his C:J.IH~ o.n ,.hl.' IJ.\"t·ri~c..· bc.'iY.'t't"ll tht.• 
dJ~C"h~r·~,. Jlt fi~r:ilt~lll ("J'arornu.!ika~ On thr• :J.S~UTn.('Ll do~y nf !!o.a.tlh_.:·iC~ 
olpprar;t!"'.("l' .a ~~\f"i)P".Jl IIUU'i n( lht• fhJJc-h•r~(" ;Lt P~rrn• fl.o~o·(,·T 1\ur·y~). tait•·n 
In <Jt"r<H'd~•HC'i' ~o~o·Hh th1• lim• · o! nt'!w lor 5 fl.1yR l'a rlh~t 

()-~- 1095 m1/o~c 

nw Jt·~·~ F 
w.:;Oo.lo7 l'l m· 

F~·on'l Uti rr 

f',•t 

L4S m 

. . ,. . ..... ·~ . ~ ··~·: . 



·.·· I" I' ... . , ·.·· ··· ··. · · ··· ·-~-,....-----· .... _: '· .' 

,, .. ~ "atue: u r 8 ._ i" d··h·rmlfk•t.l hy lakin,::: the sum of 1ft•· h~at t r ;t.lt .. 'lft•l" fmm 
• ·v;lf~''f":•lian. LE. •vrlrtllf'111 •u·~\ .. t'XC'1t:ln~e> P .loJ dfecth•~o.• ~tttoatiott It ush'C 
lh•• '""'niO.(r.».ph~ •>f Fi~urt•~ 4 ou1tf ~- F<w lhl'"\?l~··~ t·- 2.R'. • -- Sm/1-ror 
:l•u.IN0-.a •lbs•:n,·d M &9 hunnc nn. 19 Octohet .-.t ~r.&pul ... , . C'lht:.i "' LE + P-
:a -II:! ,-,. 1/r.m~. d;ty, /C' • ·9!h : ;, l / t m 1· ct.-.y and -a.•-2:05.c;tt{cm1• tlay, 

Thus, "A.'C! nht;.tint•d llu: Collo•·in.: vatu~ for It~ d clt!l'n'lln;..t idn n f th(' 
ru·nh.thiHl)' nf fln;t t i n~ let. appt:;,rin~ :...t .S:Jr~tpul at 1~ hour.~ on t~ Octnhcr: 
fto-:!.·r·; h• t .... Hm; 1•• - :!. rr ; 8:• -1.fi~; .8J•o.?c~ 1.--... 3·•: It• -4. 1•; 
Cl."' ~~50~~lJcm~· dOl,\' · dt!'Zt'tn.': ... -\Ac:,~,t/c~Z. tby · Ch~Q"r('~~ .f•-40 ca\ /cm2· 
d·l)', qn 70 t";tl/cm:.: .. (lay; IJ,.• - 2tf.Sc~&1 /-l: m~. tJ.;.ay; a .. • J::!G3 cat/cn\z. day. 
d••J.:t'o't!, 

11-5 (l•c,..uuktl oCC number or clays of flo·o~~.-). 
Ftu•tJ.,•r \1.'\! d•:u.:Tmin-: lh4.• \'llue of 41t 

e~.- c.:i',L, - ,zzJ:.-~: :. ~ 1 ~o.Ht. 
1-"rNl\ 1bt• lOtblt' .,, f' ... (t\,.·n•h• 1 J ... t!' f.iod th.! '\--:tl.,o;tt nr ........ r*-. 

t'-....._ .. ··~· ,r~ .... ndc:..tlC\Il;Uc thrtr diff~n-nc:es. "'h 'ich af)pe'•r in formula 
(II .11- The calcu :;~tiun f•·~ull_. an.• r,ivr-rt in Table 9. 

1 ,\!IJ!J' , 

I 15 X O.J46 0,~ 
2 ' 16 lt 0. 4.\0 &:~ l 17 lt 0.517 

• 'It ll O.IM 0 , .117 
~ lt ll 1.000 0.1e6 

01112 
OciOt 
0.131 
0 .179 
o.a. 

II (;-!• - Ito,­., ~._,,.._, .. , .. , 
-2.C -0, 1110 
- L6 -0. 1«1 

0,7 0 .0111 
~.l -O.no ...... -O,IIU 

~--uu 
' 

St;!tS1llulinl:' ~1-~t:- mtml"'r1C!\l \'3.IU•"'~ If) Cortrml.a (t l.1), we Oht:t ln : 
tm lh(~ ll'ft ... h.wd tt[dl•, ttw' wate r templ• r;ttUf't• ilver:tJe"'d ov_.r Lhf' <: ross 

H ·0.26c- I:!JG3+(-;. + 172·jAj ~.:,- ")1• - 0.2641-
-0.634- 1.963 +2.212=0,U~O.I", 

f'lll lh•• r' I:I'U-h:and ,.hk•, Ul<' WiJU•r temperature~ :1'\•••ta J:('c.J 0 \'t'r the C"t'tlHII 
"'' 'dit~t•. ou ~hich •c~· lcu•m<lC,mt nn the so. rfacc i• pr'Qb;ablf" 

- ~-O.th=OZ'. 
' llw 1t•(t.J~nd Hlt.lt.• Of (\1 ,1) til l.ar.:~t' th:tn the rit:ht~tl;:md lllid t, 

Cutt,.•·•I•H·nl ly. ic:.(' fnrnut\i•'•) c;,.nnot lt~!~i" :.t 19 hour• nn U •Octnbt•r . 

lAY!~ l~ 

I 16 l 
1 IIX 
3 II X 
4 19 X 
~ :lOX 

,.- f•-IJ-. 

B, 418 
0,~:0 
O,fo47 
0.~ 
J,('()O \ ti \ t~ \¥til §i: 

• 
~= "-l.IO$ ·-· 

\\'•• t\'ll•'.H th1.• ("a1cu1:lti0n Cli-~ h,n• ) ~1 hm~t·:-:; n( :!11 Clcrph•'l'. l'l\1' 

.1 .- t•'U"JWt•aturt .. . ·u:~ordmi:, tl' th(• ~t:,,~~ ,~r th•· ~.u··· l'~tl m,·h·~>·, . .,: .. (· ~.,t ,t;th\iWI 
·.~.,"" _ ;\.:\";,at l!t 1·<~,1"!' of 20 {'1f;"l,,b\· s· durin~ , .. ,~.m '"' ;,;!-,.,·:- -•ntl ,,,,~. : t•l••!Hl.u•· ... •~ 
('#Jrrt•,.IKtndt:t~ 10 i"'C'i m -' 'u\ ~·· .._-tou~hli•flfi ,..C.t!,. - ,._r+P- -·)~ .. t! /r:u: •I··~ . 

l'(u- th•·s•· 4J,1t~ ~~.,. n!.!.'lin fru:n t';(UJ.'t' .. 4 ~•!tel :- """ 
1 ... ,a:!~--'\lrm: tLoy, lf.- -~_.1 <"·'llf'm: tll•Y f•:s· r-A -\~ml•-* •:.:·~~; ... 
.;,. n ~ rtti ~· .. - (tlnt'tttf: r •• tn~ .a.·o·.-Hwr :t1 t ht• n v·:• ... '!'"•" ••o:!J• .. t '!.;r: r-, ·- '\,,!•t•' 
h •e· th•• ..-1ntt \·,•lt"tCHY tl1.'•·•· th,• w.•h·r ,.,. rl,,~··. ~:-. t~J.ol:,· .... ••-•1 ''h"h'. 

11 ( tl. !.m/.ot•·,·' '4' '-' ~<ht;un h•n•;.,:\:'1 f.!~. l\ 

4 ~J (Ii45~ + 106r)rp 

·. 



~~:tL~:HUhriJ.; th::· rl;!nl~'J'H~itl \';:tlUt.'S •a form~JL.t. (11.1), '""'f' ob!;:,~n: 
rm uu~ lt.·ft -t:;,nd :-otth_• 

1.9-0.336- 3.105+( ~ + (~~~~:U1," 70){1-0.336)= 

=0.639- 3.105+ 2.440=- 0.05•, 

'Int ... if'(t~h;)t",d !'ill~ of !ht' 1n~q1•:llLt;t js so,aller tha:~ tht• n,gh1~ botnd S;ld+>, 

1 f' , th!' ·.I,":01f'l' tt•:np•~J·attJn· ()n 2'() Ocwbt·~ L.:. !tl'.\''l.'r th;.~, th01l :-n -.dnd1. ~Jrh1•·t· 
lhj: ::1",'1'~1 CO'Jdi1!0n:;; , dw hl'~inlllfll-: Ot tl~•· ron~IOttiC•rl t)lt tilt:" .:1\u·f;tet' i.'> j.ll'l.lh;,~d.-• 

Co:~S·'rtlll'lltly. rtO~iti:\.c; ~t;~· sho~tc ~q .. ·p~·~u· nn ~h(• 1-:atJI;'i. n~\'t'f' ~·t s.-.~-~li'~lt 
O:l :2'l C.J,:totwt~ (!l"w <ipp!·;~r·;mcr- of flo<itir~~ iC'~ a1 ~.J.r.:q~u) lrt l!LS~; Ao';ts 

V;"\'Oi",1bh,• conditions f•Jr !h~ bi'~itlrll:l1Z ()f k,... iorn1ation .a!s•-. •.':O.Ol.'·>1~>d 011 
tft•.· mnt·nm~ t~f :?0 Oc-.H)b•.~r. wtwn th•.• dt r h·mp•.!J"~IHin~ drnpp••tf CO!".t:.id·•l"..t.hiy 

~-tJ '' ••t 7 ilLIJf~:. lJIC' lm;~! r~!.ot~dh·•..:;:---. r!•'C" J'j'~l:-;r'~! ~t) pol~H 1 :1~H' caim 
·.o,.·r•;Jl!ll'f' ·.o..:lS nbs\.·r-.-•'d (";~lc;ul;t~iO:l 'r;y"ln•·l!;;,1:>~,Y fll [;, 1:'-i\rl-'! tin· m"7':ln ;]!r' 
h·:~iP'-'r·attt!·,.~ •iuna£;: 24~lwqr· ln~~-·t·~·;:,!.:;. b•·t:;!·,~Htl;; i1·o:m 7 lLL~'Jn> ·~=-~ 
j 5 0("tnb~·r. ::=bow!'i :ha~ ;1 b('L:111:1u1~ n( lC'•' l(rt·~n•~llon .:Jt j h.-,~ll',-:, n! ~0 <kloiwr 
·.~·;1s pnJI'):Jh!(· 

F .\';1 1:~ p 1 ,. :? 1.··· \.1,!'; c.;lcui;L~,. l!ll" [11:').1." of uw u~.·,~iJ)IHf'tl.!' n-f LC.:• t~..)rm:tt~(I!J 
ort tt·w 1-~;;m:t Ul\'1.'1' <H ~;trup:•~ 111 19·1 ~~ tJy O:! . l} 

a~-· .. · (e+~+~q){i-,-•-.J..;;-..&. 
r T • ~ ~· , .. 

a,=~-

t· s·· 1~ r:t.•d·· I!l H~IS..£;•1c:ul;,tioto 110t nt tlw t!.i1.1ly ••tt' tt•mjh.'r•~tttl"t•--.;, h1:t ol 
:h•· 11o··•·~~ h'tlliJo•"t':ttltn· 0 •.hlnnti tiJJ• '\. .. ;,lctt):,t;t.,rJ p~-·ri.od . 

s.;ppn~p th.:.tl !OJ' tb ... t;t\'('tl c;dculalJOfl P"-'z'U.•d ""'(' k~m·.~· <.'ai:·· th~~ d1Urna!
4 

!Jlj'•or~ .:or· t('mpt.'l'·•tUI'i•.s 

rn •J.:tt'l'ltl~ r·w (~~~·· ''<J!i:''S Of d. J.r. a, 0,. ·,\"l' t,'lkt· th~• :nt•.m WH~d -.·,•J,·•C"~~\' 
{(~I" tho· "!!"o'•.'tl rt•.t:L•.rn il\ fi",•:• rwrJOd iJI'•~\·~~din~ lilt~ Ln'l;lf\rl.l !~l! ta( W•' f(•J"tnattt.l~l. 
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tl~~~~-~-~. r~~.- . ttiC !'i;-~·n,~er_~<luulmn -'il,d winter·~prinl5)t!0~i0dli' from d~t.a ~ 
· tt~t; __ j) ... (·~·~llin~:.tvp·~!t···Or ~tn:"1M·L~n _in··.~ath ~-Ondi.'1 •• -~·_s · trie P~':·.~il~r\i t)lp~-· ~r 
Ctrcut_:,tlon';hl ic:i\·•:iu.~muh' h ,fi=·ag,!(.<"d.tO ·consid ... ·l-~\holt':t)'P~i':_WhOie:~ ·_ · ·· 
r.· ... tii.~~-nc-y iO ~~ ~h·t•u nlOnth ("•c~tJ~ 1he rn~~an to_nc·;~•cnn ~~~ft'ICY tor~ 
iht';(mOnth {th~· rat .. orS .valuL .. ). ~~ tw_o .. lyp~~e;_·:ha~~ . .t puS~~_rve d(:\'~tion frorn .the , 
t.:~t:~<_J -(~<'4\ucn~)' _\'au~~:.-. 'thCr(..: ~_,_H ·b:~ · il. ' cO~b.ihcd. (~i)'~-~),:t.vpe··o_f_-.. ~~'!':~5p':'t~ric · 
ci~CUit-tio,;_ (fcu· ,~x:,.mph• \V .... 'C ), ~ : 

'i"h=~-,~ppt:~~rotnc~ of 1(-~-on th-e.- ri\·~r• of ttK- F;TS.dl't)cnd." onJh• "'l"'tion 
bt•t-4-~~n tht! ·L~i~Ft~iti 0~ hc~t ir~·nster I rom t~t.· wt>llt·Jr~.cions ·O(~tu:· Sort_~:~ 
,\t~;·_tl_liC_{a'nd ·~·e ·inr\i~~·or: t'Cild. ;i~r·._rr~m· ~tn-= n.or1h ~ttd no.rth~a~~~_(•t~e .. ~~t~c 
l.otlc).· Th'J·=pi~\·alr.~~~t~·of•n~ <•(t.~C!Ie Proct~S,;~·i· ~~pen~f ~it ~he_ ~ype·:~_( . 
:~tm(~ph··ric ·c-irc~l•tiUn <.'1\·~r U1~. £ .*tS. Th~~ At.:.t~ o~. thr- undertyinJ •ur(!t:c e 
of 1he r·~a:::if)n·in' "hich tt.e . .ottr Jri;:a9!1ieR tol'ftll:an<l. mo'-·~-- ''· irtlhil' con~CtiOG. 
u'Tlp-Orta~t. · . _· · ·_ . · · · 
· ··n~·~_illrhwnct~ of t)u.··ttll!'•·rnnl 'f:itatt .. Or' th.;·.Noith ,\.tlontic o ·r ·Ofth<" ·Arc'tlc 
7J:.mc on the Joa.~obh·qu{;'nt ·charactt"r·Or lr-r'-":intt {or' iCt·~ bp.·;•k _up) ot ri~c r.t_.. 
wh.~,= .... ,..t~St•~I"Jl -tr3nspcirt 'Prc-\".)iJs 'ii di.Uc-i-~nt tlt.an when' thc mf'iidiona~- oi­
c~;ii•.•r~n .. ci rcu.la_li?n P r.i..·:~·an~. · .. -

1~i-~: · i-n6~~- i_i1_t~n'8_i\·~- h(li\(- tran:"fi:·r ,from·1_h_c· ,\~la_nti_¢ · 9'=~ .... ~---~c.u·~s Jo i~~~-­
fvn-tll~..~rR'part· of 1..h~ Gulf Stf-l•anl. rHch Wat'."r lt.·~t.•r.uUr .. ~ in ~~e norUu~rri 
part ''"!r ·tt··~ <•tsif ~tr ... ·imi.&!l thf" ~u~~t.·~·rluttj'mn monti~~ ·r~,·or" .;p~~r&ris-.r" 
,l( ~~ --~~at~h: p1t~~tlv~. ~~r .. t~:inpct·a'tup.• ,..,-er t_he.~c r,~:~;io_n-~ ·:tr\d oi:~~g:.Ui-~ 
tt~mpr..~ratllr,··~,--~r tlu~ ETS. LOlA· w~tc I" t•~Jllp_~..•rnhut~ in.tht.• 'n~t't~~rn P.~rt 
.. r: ut·~· Gi•lf ~tc;j_•.-.m ' ~i \·c·~ rhl•.·. to :a t'l!\'f.! n~r sliu;kil ot}. 'n th.~ Aurrirr\~'r:. 
autUtO!' ;n: r iu:ri ~it: m :aS 51."-:cl; p:&11Sifl( 0\'c-r ·the !':urth Ait:antic•;.rr· -.·armcor or 
<::<::!~l~r· th:.n .. the: un4t~;.lying .&~rfa.cc:. 

Wh~1i hfr~c::Js:HnR i<:e .:ipp'cefr•·~~Ct• on rh·~r~ or t~e. ETS, bc!iich~• ~h(" 
a,ttriO!tPl~r·r-ic · cirCia.~atiO·n~- th~ ft(.·at cKct•:Jn~v inet~l~ ·~orth All:Lntic~ t:-cp.-e~$l·d 
tJ\- 1h~ rlilf•.•t·t.~Ct: bo:twcf?n th·• ui r··anll '4'.lt(:f tl'mper~ttu'rts tiuriJ\1: SL"ptt.•mhct, 
~~ .::.rso ·1:.tkt·n iiltt.~ :-.-ccou,flt: I JJ .S.·p11!m~r-~ m onsoon fif."'!d which. is 
cha·r:-u:kri"i.ti~- ot 'lhti c0ld·dme-o( thP. yf";~~r ~"-'18 ln arid th4': lnnu('nC:E' o C thP 
i\tl.;:tniic: on ih~~ w•:~tt·li·~ r-~f th~ ·-f:TS .. irnvri."iifh~:'i. 

"' Or.t~r iO dt:~r~r;tch.~r-l-7..~~ th•J tti(.rmn1 MiHt• of 1hr. Arctac Zon~ rrom whert­
.3ir m.,!ts c s !HU'(4.. into - ttl~ f:TS :dOn.( norm.:t! and uhr;~p()}.-r. 3'lCt.:!'i, d~10. o n 
th~ i;.to.lt~: ()f ice C!t)\·er of .. th•• . A~ ren18 ~t!a •• :rP.- Ufil~~- Th<" th.~ rn1~ L ~t~\e o( 
I hi~· s •.. a i's ~·~t-y· ty'pic:<al, t'O ·\'ie·4~ · of. it11 ~~~og~aptiic:al- pct5tti0n,. 0~ t_h0 :'1h~rrf!~J · 
F-·tat,~ o-f ~11 thC S4!;tl of th~ "'·e5t~r'n. S~('tnr' .Of thi! A.n:~'ic Zont!: ·and 
<:Qn!'tirlt! ro.biy a_lit.o.c:IH (alcl:1( wiih (tt~ inllu~~-ot theAtlomUc) th~ 
mac_r«H~YWlptic:al pro~clifi.t" l!l O\'c~r .~Urnpl• ;and the: a i_i':· ti-rnpt.•r-•ifi:Jr~ c:w~r" ~h~ 
J~·rs_ -IJi-l'A'':\"~!1', ·th•\ iriflul'!nd .. of.th~ tlu:rr~~l-.:Stat~ _oi 'tt)C··Q::iTCn_~s- ,S~.a 
tJ~:p..-!!lrJ~ on th~ intenAlty of ·air- m<iss tMir,t~po:-1~ lr·om tht- Arciic:· Z"onr. to' thr 
f.'T5; L t' •• on·tht: typ~ of ~trnoSP!)trie tircul~Uon. 

Jt'J'.'i a f:tc1 th~t lh•~ ilir t~mpt.·r-~tur;~ o\-cr th~ t:TS"iR lht:" prt."~(ntt>r p.Priod 
ht·tnhm•ncNI by thr.' fH:;J.l:~c:cu'mul.:i'''ci. d~r:in~ . Y'tC 5'~mm~r. iri · lh~~ ~:l'lu,r~a.c:t". 
·o~.·:•t~'r l:~y<·•· Of ttu~ fbr~nt!'t !=;~""· -,\~ i.nd1l'ect ~h:..r3ct.:riM~lC:~or- thi A hl'4itt. 
itt..:c:umu):.tir"JnJs tht· ,•ari<i!;<n1 ;n "tt'lc l"')it~nt of ttW lee. co"·~r cWt.~r' tht- •ea 
t~:.u·1:l~ I!H" ,\pri!-~·-·pt•.-mtx-r Jl;{"l"'j(,d, ·n-.r. ic:C·co\·cr·Qf che a.Y:·cnt!l Se3 i~ 
c:,tr-;u'tau:d rrOm:d-4Ull .m1.thr. pofmiC'I·n oltk~ ic:.c edae in th'-• midd~e or Api-11 
llnti s~~·p,\~nlher. 

fJr:tails or\.· th,• rt'·terminatinn or th~ ch.al'a.eleri•tico of the atmotaphl'rk 
d~:c.":UI<~tion. as •coli ••s on the stOttc of UK• ~Urfat.~ of.-the"·Bar~·Ata ~ .. -And of 
ttl<! -~:orth Atht.nuc. :uc not a:th·l•n Ji-orc-. 

. J:7xp~·;r_,~IJC~~ in,.t~~?.: us~ .?f -~-~-~s~~. ~~~-r;-?"'"1in.•C~~?·~'od~ -~_Y!_z;. ;m:a~~-.i~'~t~ 
_:dJQwe~ _t_t_~~·~-- a~tkout.tt~ ror.-.:ca~ts._ ~r'-'J~~r~~ b~· 1h~~<':o- !lle.tht~d~~-~:•!r:~~- _,_n_·~~n'7r"'1 

-=~~~~~:~(~~~:r~~~Jl~~.~~~n~~;~;:~~·~i!h::~~~~~~~~·:~-:~~~~~~-:~r;:t:·,;l(' 
·q,_ioali&.tii~~ -Corm of_~t· ~vaa.aafintt of~.;- atmosPht.·ric:: 'cin:~'ibti•m. :"i;u~h "'n 
~~~~~h·:.~_~6~· La·· con~:to_rtit?~1',_and __ h~t:_lPiut __ i_rl\, __ nU~nr-'iT~~· c::t ~.~-·~}4.);. th~ .. ~~l:,l~·~i!': 
·~r_ titf~ 'pt"~c~s&~ti~.:.ttow·+;o\·er .. :.-i'~8 ·, u·se· in ·fci~ttn~. ~A· arK. nH(_·~ ~.ius~_fi -~-~_r:L(;1;,.i 
diCfiCutti~·S ;~ ln .. ;.•Jttii ion. \h~.•.;;bn,-c .Cha.r~tct~ristic!C: .~·r thf.. iatO\n~h~•rl~ 
Cit·cut:i11nn· dn. ·oot:•l,..·ay,: r~ft+.!Ct ~be -_tiU~ d•·\·CkiPih•;nt or.'t;-w acmt!ii~"·rir 
P~cf:~!S-~~~ . _n!.f:tu~)t~~r,ec~:r.ii{.;s ·~ r~-- ~' c~e:~-~--~·!.~~.·.r~Cu:tJ .. f;~ic ~_.lto~f.of o\l:~·r 
ritctt_Jo~~-; ~! -~·iHull l ~~~;,~u.:el~_o_R pf ~tmo:Sp_hefi~:·.P.i-.oc~~t~u.•~, i_r1d_udi nac ~h.,. rt••W 
~taudo. rd· ecch,:mt?S: d ti\·,•\Qpt:.I.J. by \'~n~··ni!:·~·i.m ·· ( 1'::1&2). 

'Th\!' .Drui'cr-va.tl~~· ~.._f:, to·r·_~(;· Atl.nt~c 2naJ tii~~_-Adr-.•nJs ~~·u .u·-.• ~J~n nut 
always_ S:ll!~i~lc;r• .. ·-~-~---_~t ... ·r·rn~_~e- r~Ha.hly 1hio <"h~r-~·-c•~rbt.tic,c;: '~.1 ,h;~ 11i"rm;•l 
St:"t<' ·:Or: 1~e ~und~i·ly~·n'f· N.ulf_~.c~~ 

f'or 1h.-~~ .. for-CC:astfn'e:~ t:Jf . i'c,~· pht"noffii~n·a- ,ott th:~ t:"i)~l·rs 'Of. th·~ ~~tuc· 1' ,., . ._, lltH1 
Dy~toNs-i;i.a, m(!tb~:o- ~~t>r~-p~po~.:d:·u~ai,c\t."~ no.:M .-.cht.·nw ol· thr­
atmf'lp~~t.-~·~~ , p1"'qc·~~-~(o; . .: \J~~~-e~~~:d bj'\i~&nccn(t, i.-m . 

1'h~s. tic_h~m; •. '•~-~·tJ"·mainl .. ·:f?T' V.·--:_:ttl_;er .Cn,r...·C_i. ·~~iltft 1n __ th~.' t\ r:c~ .. i:r:.-. . difh· r~ 
fi-Om' tlil• .to it~~r. 'b.rt.~fh;' f;;b;r=act'rii_zc-d··a· ... .,,.~,~-- nlai.~l~'l iit_ t)li~ '·rniLo"A~in~. Til,. 
.s.an1t.~ ··,hri••~ ci.r cu1.ol1iot1 t.._·p\.-s ·~a·t'· 'c0i\.Hi.d("rcd' ro r .thf" ~;.holt:- Sor·ttl\'r'n . 
l_~cmispla.:-_r.: ''Y mi·~_iH• oi ttl('' .fl:;lll\_..OI .. PF- Tht~- ~n,;:~ll anipl~ttuk ;uuf:r;•ltitf 
J:isplilc~nti:-nt or hiR~.-.:.tt r'tud_ .. ~ ··_ric:f~,~;;. a:·~.ltl . thlu~:hs i)i co~.-~,,~,·r~·et ti~ :ttt(~ lJ.:o•il\" 
~dNriOri oft~,,,. :\~; fn" nrin.,b••r n't'r.~,i-; .. _0:-t thi~ ry_,;ik~·s · it ~mpt~k8ihk-C•' 
r..:· l~·\t~ ~onw· r''Ot;••r;:.~\·~. whir.i'' a•;•rlu!i -...::······ r·~J······t·•l to · t~,+• w ··,:-'PI' Hur 
~•ampf.!. th'.! t\:JI".l ~t·a and S9u1h ~ca~Cljn~~o\'ian sitrt:~'!"l. tu typ•: w .. 'J_ht~l:'· 
ti. r(!o \"_'0 \·t~-r~lon~· ~-f' i\·p~~ E --~ i rCu IMior;; ·n.t;-n r~t' i:"tc-!lu1~·S . p , ... ~,~!'>itt•"" ir1 
,A:hleh· u~e.r~· ;tr •. ul_,~;pol:.A·r _.P·~-rl~t rilltiorl_~ o·r .an~·i..:~·clott-.•s·_'t.r, .tht~· l·:· ·r:::: ·nr ~~ ... 
br~ut('tl _:(trait)·('lf tht" S-ib~rJar~.·anticyd~·:orw •ppE-~J~.ch•·S. TlH~ -,..~·cni-Hi \·t·rS'i nn ~s 
lh'-' lhti~ttenct.• of oi' 'hi.:zh-.:althui!c.· ·•rcul.,otLO\'t.•r tl~· r;-.tl'~ :\ll-kntk·arht ;.du,;:h-
1tltitud'~ ·ri.c:iJ;'~ ov-:-r·'.ih'c -~TS.- i11 thi·!'i tas~ ltt':.-1: ··•~ iJf"t>UJ::~~~- i n 10 HI-(" .t:T!"' 
rrom Hlt•Sou•.hw~S.t; ~-h•·r'-·;·~ cQld 1;-ur(e,. 4\rt.· - d~_ ... -'4.":h'4t tn .\\"<':o:-t $il·l~;r·~a . ·ria'"''·' 
t· ... ·o opposi1li f!~ess~l!l>' for·{h<' f:~ oitn.• C:f.tn:c;irh·rcrt ••.:c ··i•o.:·ri:t~,lli . of -•h~·- ,at;'rr."' 
c.trrUI;.iit~n ~~,...-:---,.;in,cf• ttu:~ h.,.\'t" ~nnR" r.onUn!tn'f~.:atur••!li . ... ·h•"n cor1~1th.·r-ine: 
tht• ="ortht•rn tll•mlfl(i.h·~•·,~ as a whole •. :.ml h1 bo_th C~t.:f·~ ~~~~~:··· u ;J: ~ta~hlt• 
h\.~at tran~·r,~r to' ·ttf~· · --'·cst~rn ~d:tor o!.'ni•~ ,\foeti:. Z<"nu;·_ tOd;h•rst~'illV .. Utt~ 
f•,r'nH~ r ·('i;t.~trili.c;j~iOt. - ~nf 'th~. ~o'f-tit·!;~ - ref I! r1•o:1.i· iiHI~t' nr ' t-tu• · !';t~~~,.mJ ,~:~~ 1·"s,i uu 
of th•~ typ~ f: 'o th~ 'typ" \" ; 

In onf~·-f?( dw foi··~•u~tln( mt~th('ld~ V,f•'pc~'·d ·Uc·r n \·•• rs .-,1 lhe Ua lt i~ :. r···~•·} 
lh1; datl~ 0£ ic.~t• ap"p..·~t'.B\Cl.' i._S d\~.~t"rr:Mi_~•·tfk~ ·a· fm•C"h<•U f~f·.tl'l'\lf'rt:·l~~t! ui EPI•: 
drC.i1l:Hi.on i~~c irl.S(•Ph·~i·,..;.._.r~ a~ -...;eH-:.as."f iht~ ~l a:n nf th~"' ~-,,r -:t•mpt'r~l' an.: 
in St•ptt•-rnht.•r an thi~ nnr-th~~;:u;t Atlanuc -~nd in thl~' -'.t't' fOit!t'!'l -fi.l~c-•·-r of (h(• 

'' t·C:-tic lOn•~~ . 
lt1 anoit~(·~· '"''lhol! ttl••· d;..t•·!'i; " ' ict.• ~lppt·:t. r.•n\::~· " r~· d ( ~~·J·n~U\t·,J ,,,__a 

furlC:hOn·_Of-- th·•~ s:um · ~( tht~ ·~ir" ,,~·n·1pt•rtHUr'\'ll i.n .St•pli,'IHh''l: for. lhr··.:·~ -1'~'Cifln~.:­

th'-~ ~.~i.·t.~rn .c..-cto r Of the_ ,\_rc.zit Zouot• (th·· st;.c iuHs i1f' l4.-u·.·nl:;t,un: .. 1lf• ' 
:\lt-ch·•:thii a."lc, Tikhit~· .. B~y. c·.ajw- .7.Ju-~.uiiy;t). t h e· •·aSt•·rrf :\tl~1tl 1~· 
w&ti1 •th•: _ .IJ.I"i~i."h .. lsl•;s ·~ttiP ~•·•\~<,tu; \\'~·nrs~:J:\, '-"'~~· llt'lr,.tio,\·n 
('fo'rsh~\~,i),·_.lhl.'· ... to·\\:n ·Ill U~."r~~;•~rt. th•• ' IOW'H (~f: \'a ~ •• ~,r,l;q, .. n(·t· th•~ 
Eur(l·p:?ol.!l -C."n't j:&,..rlt- (Ott• ~>t.~horis: Ldi~·n.;ra·a. Kh :v, .w~rs;..·,... ~·u~_c!dmlm). 
In c:..sc.•l' oi J~rt:c sumlM of <f'u..~ ~ir toJOiP:!-•r:tiUn.'·iu ~~:~t(.Jtll'.M:t', r.h.6rl\ 
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· ·r'·~·· ·.~· ·'··"'·'::{c .·ii;'f:. ,,r;: · '"':/;c;Y:'!·O:i\ :2':~~§)~;8::;):':'}:t~:g;;i{~'ts:c:c;,.~~;).\:zP~~i~''N :<}xf• .;,;::;·.;:~:;:?•; 
~. -;: 

:::::;~~:~;::~~:;~:·~',\'·E~r;~~~~::\~!::~llti"t1::~:1~j.:~~~~?t$i~r~:i;;~.:·~,.· 
~ht.~ ... t),.ft'i ..:.1•·u' .··u~·t•!. t'!l~_,;.) ,~t!·t'l .by _ty_i_~~~ art,~ t: ~~ nr (_r·<~m. tt"n c•.e~.P.H, -~'-~~~·-~t.h':lC1 
,.>il !.h~ l.t·•·•\llt..'tit.:y of t.Vth.' ~. C!rcu.1~~'01~- h~ ~:ptc.•t~L"!t• Tlu.• LA.~':':' ,,.r, .. c~~SC' 
.-~~LJc•·., 11~~ ,...::•li:.bili"_ty 'nf' tht• .fort!'Cl~tlnJ! n1rthuii: 

~. ~. F'<:li'•~C.:a~tlni,:._- on·. ~h~· hUI'Il~ "of:thc- un.~_Co'l'rriity. of 1hc 
pn~\'.it~lir\~ ~tl~tUspllt-ri·tJ f'JI"t)Cf~~!'"cS·Of thf! 

~ynoplie s••.;~Sun 

rh•• UPC" tt( Q.\hHitit;J.th•,\ • .. bj\."ctliJe ~h.ar:u::h"n!{tic,. of ;atnHI:;pltf"r!c _ 

iH-...~cb·;z.f'.~ 1h;1t cotu~•.: .tiio:· :lf~r .. •nro•n~~.- :(lf·•6: '01' J'i\·~rs i~ •~ :~~.tr('nh~J~ ~·mple 
ff:n• _l't)ll~·~·:,~\1.1•-· f,.l·n~.c~t-tn~ ~nr rh•!:r5 -.oJhich f~·<t•i'"l.l!·: a: ~h<' end of tht• synnp\lc 
~i:~t~f'm (.:.utlJ:lm ~·····pr~~l',n~rr r•~"~t:lod). ' - - . '. 

;"~s ;·s ~t\0'-\'ll. 1.111i'f6rn1 tti.nl(:l~p!.-l'l'ic p_rnc~·!'t4_~~~ · prt•\:;•il . t!lroulolh~~l ~~."­
:•:OT10 flt1,· ~·;·;•:tOri·. This m~~h:-.thm cvr.lu:itlnst. toi-: ~,C:mtl~~-~ . lh~.-.-~_i~.:.~,ct~on 
,·!f :ho! i_;·;utint! <.~urr•m\ tn ti-t\.• tfftpnsplu.'r~ from "'!i~S·Of th•~ l~.I:S!Jmrl« of,tht" 
~):~"tflti..: .-.!.(:;H;uti..: .,..,~ m;,y ,.sscuiJi~· tl:t:tt thi.s din•~11ipu nf '.u.a·rt~n_t WjH· .1:J,:.o 

rif····\· .. -:~il duriUI.l -tht~ ',\hok ~·:••l'iVfl, 'Ou! dur:\ti~rr of ~ht.•- ,.:--uuptlt.' ~'(•;.ltoOn 
~·.:it j-.~s l'""u:,t1!y (n,~m r.m\!' ,tall;! h:tl£ t_O l'A'O :n'unrh5 arirl. tht.•t(•[Orf+, h! 
f.·~ f•i1aa1{n~ thi~ '"t•.:ndl.'t1r.y 11(.th~~ R~·_a;;~n'' -'rOm 'tht? p~l,Ct'SS\.!11 ,a, \c .. ~:-a o~ ~h!f' 
h 1-;-,\. (~~.'(), ~t;1 t1~ r·.ll s~·nc.~~1h<:: pt:'rit~d!' ·Q { th~·· !'fl'.asvn, J t i~ . ~liJpi Jiblf..• ttl oht.•m an 

·a,l>:~.a of Hw r)n-:~·{lilit~g ;u·uc·;~st.•,. · f!Jr. om· U11d ouf: aud ~' ·half u\t):.lthA ah~-·~~d 
'nH: ~.;yn•Jptii· ~wn·filHl nf. ;;u11Jmri !)(•~;\••' ~"~n lhf• :a,•(>•·•,s~~ on 20 1\U~UFit _ 

:mU 1-n~J> ·~n 1 ~' OctnhM·, ·-d ••:•l it :~ t"''fllUC('tl•hy du.'! .Jh·•••v,nh.T I'Ct~aFilll_ '-'-'l~tch 
'!;t~l.~ u~ tlt•• a,:~ ri;ti!o:.• untit 1 !i ["~~t'iul~l-. In tndsytdual yc·:u·,-;r: th~~ tw,tutnH•g 
~inti •.:n'J (l( ~he sf·o~>;OilK cl-l!\'i:•rl_! cou_:.:;jd._;roahly (toni. the mt•an d••1t:"S, 

Ft>J' ',\ hir.h rivl'.: t-s i~ 't tlh·il ~lO!:lSi hJ .... t.u prL•ft:t ,~,~- f J'Ct!Zi rt!t fur-ttc••~t~ b!l ~cd 
t:lit thl~ un~f4r~·nlly of tlw r,r.·)G•:S~t.~s- .'tf · l·~'ch -o( lhl'\'-01':! s·C~t~nl!l? 

Fi.no£Hv. fl!)r th<'S.._. ~·h.·~o•l"s •xhi•rc ·~•u·ly appt•ardt1~~ of-11!1:' ot:~u:"~ alr{~atly 
\ n lh•· ~i.:st h;.H of '().;~ot,.,.r, 1. !!',. ••t tl11" f•ml of th<:· a'ulua~n tt•:•'J:O~t~. ~"ho..~rt•, 
,-f lhl.! :.tnw!>Oph·~ric pru:••toflit'~ 6£-thl: :nnumn caPs~· inlr-nsa,·c couh~~· ac~ 
a;'w-·:ol":'t "'~ \!.lrli•.··r cl.,h~~; U thi.'SC IJ.I"OC"::o\se$ c::;.usc ttsc ittAt1•.1f•U1 ht·~l, !h'-"' 
h··~•t 1-._.)Z.t•h' •' n.f th·~· t·i\·•••·" j~ nnt -di"p(Nt'\.1; somt~lim~t-•$ 1ow.oards ·1h~ ~1ld of 
:luiUHHl j~ .•o;.·(•n iiat:J't.'OHI-:~. anti ir• 1h•: c::ts•• C'1f :.ny Cu1"th~o.·~ ak~~1t:h1(1'fli~~U Pf_ 

:.h•! pt:•lCo~R~··~ ic;:t• rn~•)' nppo•,,,. only l:th~1' ~t.:ao ~•-'- U~~~ nu!.m c.lah'~~ Tn -~h~·.:-w 
ni\·o: 1·~ b....-!on~ · tllos'• of .lhc~ 11nrtfn:r''l, an.cl: tlar"ticu1~dy. n~r:rh,~;.~rctc .. n. rt.•r,::aOUH· 
of th!! J--"TS .. us wdl .as nH'H~t 1}{ Ul(~ t'l'•,fn• C>f w .. ~st Slt)l.'l'm. 

S··.;u:\411v. Cot· ·d'-·er!O ,,r the sC)ntb of th(! t:Ts . .:h~~l''~ iCt.• mm:t.Uy ~I'IH·ar-• 
in ~h·: f~"'\:,;n4J half. of SO\'Cn1hf'"J' amlln ON::,·m~r. i. ~--. ••t thr L•ttd-~! \ho.• 
f-'I'••.A' llllt!r ~·.·:o.,.(~l. ln thiA r.:u;.<~.~ thl.! fi-•~.:-7.h1Jt for-c~•:'t.l..;. r:n..,)' ht.• h•_,,._~d t\f• tit•! 
t:h:~ 1-actf: rtstat;s ()( lh~ :•hno!iphe-·rrc 1'roc'll'l-,.,.,.. of tht'·fH·•.-~wuth.•r 10~;,~._,. l.t"l 

nS t~utaificlt~ ,. smn<.0 examplt!:l . . 
"} . ·ru (on~t;Ol~t. the· t'l" ... 4~7.l~q: o( ,-h,·i0rs t1f.' ~h~~ '\Ort_hci"'o ·."f\<J . f!-011"-iC_~l~r.ly 

rwr!h•·.,. !"te,·a·n t"c~inn~ or 1~'t! t;:TS, ·tht• 4H,r·~~t.ion of ~i.ir·-~~~a~a tran!lpurt ,,. , 
to'tk·~~1 ~!'( lhf.~ ,tt·Lndl,;al. ch:~t ;")Cteri~ti<: c')f t(•~ ;un~o.':>ph_l•pc r•rc~c:~·~~~~--. OUrU\1 
.tut•altm. mas$.;,.t!~ of ..:olti 4\l"<"lic -.i.r usually o.pproach thh r...-cum. 11tt" 
l!.O:\·dropw•·tLl Pft..-m•!t.r~tiun:-' ti-·?fn-tt•e ,_Or\h ;,ncf fii'Jrth·~;t..tU 1fl~~f~re l·~~d~ 
t•J !llt(.·Hsn·~.: c~o~ma: ttn•J ,_.ady fi'(.•!-:zh•~ ut rh·crto ... \Vt~en cyr<- C ca·c~.hthOn 

IJ':L'f['J-t. k .... aw- lilt 'lll(._*'"m"'""'­
c-1 r\loctilc,.\M."'*' ,D~£,.-~i: 

·l-Jh;~·.onto>t elM oK',jp.l't ton n• ~~•l"'ln-

g;~ffsl:jg:?i~5~}:~~~i0; 
to.·f.tT. tJ.II'.dm-~t.On ~ t!w-·lt':_;<!m; rutle~l '(" 

~ .. - tf"Ct.ll\~k lfn fNm ~M£•l•-.<u 

d\·•~r~. 
:Ttl ·t.•v:'\lo .. i~~ -th~•- d_i'f•••CJhin O( th,• ·p J't•·,•;_,1 ~ • 

i!•~ c:u•·t·~·m • . ,.;o-cr,_I>-·d inth·,. •·i 
m•!r!diM.alirv i~~isi'•"~'J. 'J.hi..: ,,. ft•~t··r:-:,1u•··r! 

(,:~,m -U)1~ ';ah~OlU\l~ }~OhOI riC' !'iO'Jrf:u·:':' O:ClUt~'tUf' 
n\;..itjt!' ; ·--r .• , ,. to:JJIWri~·~l r·t:·-.: t :uu~.t.:,., h;,\:·~flt.: 
a.·_(:.(,"nu~ul\ ,:tjd,. alm~~ -'!~t· m•\l•i•Ji~•n 
(l:-·i_l,!ui·~ 14-).-• .o.u···· hwrk~;d ''H\ ·~1,. t.h_.'' t11~Jl. 
·Th(• ~ld•r 'i11 .:oi1i.::•t•:o:.hf.') tht~ 1\'~",_.nJ"r ·th~ 
p~·r1l-C:tJt':.r rl\'f:'Z' .,_.,_~-~~;, tho.· .J.--o;hnd i.nchuh--K 
lhi$" 1~-:--;~h.. Fm·- ~·~~Clt t'•t-'~t :mcf.- n• e~t:•!~l ~;~~l· 
ri,(.• ;w~.:- n•t:": ahltt:•J~· tif II •·· ;.lltt :nh n{~ {il•~ 

~···ophi~~l\tilt l)• ~u1d .~ti~)¢tl·~·~t' 11\C' ,~-.;~:~;~.~-~~-~~~: l;l1;,~:;:~·'i,,:••_t,'l~:.-·;~;~ :~.;~~~~~:. ;,:~ 1
(:•• 

•'•~(:Wtu.:l~~· fr·~'11l..Jl.l•~ <h·_i,or;•¢.::• nlthndt•·:'! .. !'~'~ tl~•· ·.-:t,:t~~~·n t"•H·,~~l,r~.r-.: ~·· -. ·ntt.~ 

dUf~n~,..Ct.:o. I•H-......;...."ff .... i~ r .. k~i• oa~ th_t~ i:~th.:s ~~r m(~:·:•Jif1it~lit_:.· . h ,:-... ~ 1ji· 
Se"\"t1 from FiLr,.lt'"-' i 4 ·-cll;it tf the p.n.'\'iiitt!li! t.·t:rl·.:·al"-~~ cJj•··~i:I•.·•J fz-um .\"n•t ,1, 
~~.-,~·t. tht• ,·;thi'(!· of ·1 f~ c;l('l~t· 10 :r.t~rt.'l-: i'f it i~ •lin"(~t·:.oif fJ'nnt north fJr 
P-.ot•th•.t.·,~Jif, ''"-'inde-x :HSSUIIl>.'i= pC'.'Sfth:\:' \":thlf·S: ~=ld if fn)r.\ F•~tth ~,- r1,1:1: 
:-:;OllthA·C~t ll<.'~~n.j\·~ '\'~)LIO:!C. 

]n pttl'llc\1f.;,.r. f_OI~- :l- (or·t.•c;,;o:t··llf ic~~ ~lPI'\'otf',,I:1Ct~ ~~:\ :11· .. ~ Z'i\·• •n;. fl{ tho· 

nO•·tlu•al-Ot vf tho.~ l~TS - (I ·'t!'d;C'Ir:l, ~h:-t.(~n'. \';.-dl~.·~<hd· (1;:~~ bd··x 1~ c •• :~--~~1~~~·-· .. t 
h"\lfll ~-~~ctuti.;h·~· whu_::>t~ c~tr'tttwn. sidt.: ·pa~~·:~ ·al~.m"-; .;;~< j_:;~ {•m~ .. ·,n~,:tt'·n~ 
bOilHcl.OI t~· of lh,• '(i"r"$1 n~ci:_~IICh-~ .-:-lon~ 3(,"- \.\'. h\n_L!_. :lrl!.l l~.,~h'I~~J 'tHtil.lidOI-t:_:· of 

clu.·· t~CcomJ t't•ct:.,~r~ olonc IOi.•l:::-. lt.\:1~ Th·~ _,,})r·ih~ft< hl•n:ttl •• r·J; l•f hi-~lh 
J't"('l~t'f:l~",: p;.~;;<•:-f.-"fOf1~ 1:1• :"". ~;u ... tht.~ .~c<~utht•,.,, hotlf1•f • .t:·y =•i•mt: 3•1' :,i !-~t 
Oli Ut~ whoJ.~. both r\'<:!:utc;k ,;: ~Q'C.'C.J" tlH~ cuth· .. • l•'JTiCf•t'y ••I llw :o<t-t:a!i•:--• l 
muur.•l t:urc;p,.~ut· syno1Ui~al· il•gfoJt. ln ith." c.\tculatiln1 \''-' \::-·· ,!~lt;t f•;a•• fh·· 
'A·ho!t."· ~·~ ~·\ll,,~;ir.;'l ••(7f,~l"t'tli.;~; n~.•i.,...'Qt0k, .r•l.,1t11'd t1:1 m~·r~~ l'f 1h•· l ·kp~,r-~m~·t~~ •12 
Lon,: .. if;mt!.\~ \\'t•!ltht..'r Fo·n.·c:L~\~nlt. of-T~ It'. :. 

11~t~ illllt.'X :::-. C~~h!uta'tnt fat· ilw t~m~~ ltHo:r•,.,l lw~-:~·•.'\."1~ 1ht, !•1·~.-:tstlt~lt: n~ 
au_iumn ~ynop\ic:.l-- !Oi~ilt'u-n and l~ ~·."i)Oi."J!1h••r- 'hu• l;:,th·r ll.rh' I!'- c;lu;,.~('r' 
-.:•rbitr..a•·ilS ,.('1.;,~"1.0 cn:t-un .. 1hc n••r.(•s,.:-o~r-j.• f,,r ... •w;tt~1iu( p··d•"'J 1•f the foz·•"l:••~t 
in cast'.rt uf ,lrl ~~-.J'l~· tct• :lftlh'=••··•tlCI.' (ii i thf!' ~"·t:,!,HlittC ~~! t_)!:.:t·~!wl: ~: .1l\1S 
ror· .. •.,.art11UI: l':tnt.!t• Cli\".,~S"~ :a. pt·.-iod of 1 i<• i, d,J~~- (t·;~(' :-.;Hill'•'~ t;~ .. 7~f7~Jtk 
p4~l·iotl) 80 th,\lt ll !'Ufilc•h (''-'o.!fl ft·n· lh~ ·i~t•:tH J,·~S:il~11ill~ ~~f \~~·~ ~UII!tnin 
K·;./m~llti~:al .;'!;,~c~n·. (l !" St"5'~(~ n,h•.~f"~ .. 

Tln!· riaht• hf _ ~c~ a~·trw:l t·~uu:t• (m T_h•t.•r·:-: itt lutim;ltt•l...- •:tl:\u•·•:h'•i _.,._,lh -tJ1•· 
\'Oilue~ o{ 1h~ ifl,l,•x I t1':.thi,t.• 1':\ Vi~~:r·t• 1 S. t!.l''''"" 'tbt· (!1·~1ph ~,11\hl.:; 

t.1tc"h t'~I.J--toUhr....: lf)c' v•ls.~t" ••t R.., )1101 If~ .\1'-l! th ·~rrrU._ ''"' h<:.S~fr. \~!·JC"~ rft!• ...,..t>t•·to .. t , a, .., .. • 

.zfl:--r=>l'l{' r l(''I;WU' f"'f ... , .. ,-lloiH'fh1'"!'• ), >J~If('f U,t .:'~~· ;::l''t:O( l~q(' Q!lt,~l ~t('.,-o rl...- 1\Ci, f4i1. 11 

(i,._,._.~~) ,.Jo' 11.,._., .. ,,:'1?- "-llh a ri-"'Ltr-.-tc f'J ~- .~ :.·•'1 ,~.:·.: t,_,. ~-~~J nt• ;)_ .,•;•.: •" 1 u1.·· •- ~- J.;~~· :t-. ,,,...._. r- •.·" 
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c:•'\' ''inJ,:n ... ,,, r,f th•• pr•l<'('f>s•·~ ·~t,·uh rrm.,,•l•·r .• hi •· ·•n·-lu ... ,,.:;: t •l ~•·•· .u r· 
\r •. u a..'\pnrt dt t-~·t•tJt,:l h •• Qf tl•t• l flclr•x / 1 thut l'•·!:ltl!oa~thtp bo·tw•·•·n ttu~ 
tn•Ju.·•·~ O.•r,,n,, .. s rnust t:npl"•t·t;uu 

I'~ ".<.'n'..-1·'',.,. f: 

, .... I ··· I , ... I 
l~J.'\ 

I 
_, 8 l!lUt g I ~ llj,t~$ 

I 
• I 3 

1~1~ 1 ~J 9 l~H7 • 3 1~:1~, 6 3 
·~·o ....... I 1"9-tl( s -·· 1,~ I' I G H•H 

·~· ~ I !I<~ ll 

l 
6 '~'~7 ··I I -4 

HM~ I fi 19~.<.1 

~ ·-~ '~·!A I . I 9 
"'ll 7 i 19.\1 4 \'J~~ 10 ' Jg.u I s -· l9.'r! 9 I w..o 3 • 19-t~ I 8 ~ J!l{.:} ~ 

I '\ ·•r:f-·1 t. -: ....... !~1 -· ...... ~-·· ;•· ·t··· : .,. .. , ••"''''·IL!' •• · • :• -: .. 
, .. \ ....... .-~, • .. 1. 't:·· · ..... :~··· -~r I .\. ...... :,. ~··: t ·J •• , ... , .• ,.. r ,, .• •• 
IIJ •1,, •' 1•; 1' ,0 ° - ••PP"olt'.\! •'•• 1:.1'1" If ll\ ·~ !oO 1fo•\• · ~ ~'"';,•,o tf 0 ' 

ro ,lfo•c\ 1• n 1o· o!;l!.•;o 'H • /-/, J ,('~>''' : ~lh 
!t,,. ["t'o I - ~ , ... :·•'•'1~•11'• ~! ~·; : ; ,t• t.•:' ',\ ," I~ '•• I •'"\• '• 

! =· ·:::: ••··· ••.• ~ •••• : ·l=• u._.. ::: .... ,,/ !J •• ,_-.:-, . ·1 ·•·· .. f'j., 1 . .. . . • •.•. : 11 
tt, , _,;~·· •. r 1 :-· , :u: ., , '\ •• ~.s •• , tk::: :h· : .. , : .• t . • ·"') T , ••. t.r:.. r 
·•i'•" ·• " ·•'·•"• " • : :•. f • r ..:; fr "~h lh•• r .!1• ,1 · ....... ., •I• to r ~· .. ' 1'" 2 1: :t. I , .. .. • • ' .• 
::II···. ,·., .. r I .... • .• , •r.: ~·· · .. ,, .,t•u·- '!:• , ,, u · •' 1 .. ,... , ., ,,,, ~, •· 
fl .'..' ... ''· ·••'' t' ! ., - · .:~:(' t • •a·o• J -/..,. .- · :o : o • !\ ~t·•·J I 1 •:• . I .;:: '' • 1 '•' ~"' •. 
\..a-ttnf T ·~ •·-0•·-' .. !,.J::' ~:-;··~··••· · ·~ / .:oof~"'.o · •!. ,o,.f lt·n~ l .:.•. l '·h 
tf 1 c· •! 1 •'· l , oo:o _,T :" o-r .. -.:• '0'11~1~ • • :';• ·!ot!• t • '\0 • 1- J , ... ·~· '• • :: ,• • ·L 
•:• . .. . I,.'~ ... .. ~~= ••.• :,, I •: :-·.: 1·· . , .• \ .t It' T .. • .... ·;· ~--·· ·· ., t· " " •. 
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•'-- ol !! ~''" toi):o· •'' I,. • •• .. ,~. f' tt,c· p:o ;•;t:-oll:~"'l i'J h•r••• ol""'"'" :--t ,, •• 
·•~i,._ .• r-... ~•- • ,., :·. ·..;. 4t-.. s·; _~ .. ... -!·: 1 ,,_,, ,,_. ·•t•· •·.·h -... !:t~· . · ,, ... , I 
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• · ·1..-.n; .\.• ·~\·· r'•f•· :·•• ., .••. :, , t1. .. fttt·· ··.J.·:! •.•. \ ••• t:' ·•r'" •:! ~ -r·· 1 ·' 
(· , ·,~: :• ;~oo Cth'..o.L'. f•·1' ,_,-;' ·='-~!:1 •• \4:>:• ••! t..- •, oj.u ... '• •t '!'I•' o!• "\.\,Ill •n ·! 
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ht ~.I s tn·~··~lll :Ito"' h~utc. r•t • ~ ~n .. • •t~·n' !1 -. .. c.. \t1• :-'• •••r'· '"'' c ... a.:y 
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1
\ :wl:_.a\l\';• \'•th.Jt.' ~"'I lit•• .;:ontr..li:U K ~hO'.N!-0 tho.: pn~!i1'1:C' .... nf <.Ill Hltn1Si€i.:d 

~l.l!ilt u-~r:.spil r: ln~!!\ t1w sou:h"'-·~·~t to th•· north·.1.'t·.Sh·rn J'1't\u:!S n! th~ 1-:TS 
H\ tht• t"~~~~· l.)f f..l~·lay,:d ft)~·matum ot Uw ~i~·:·1~1n ~mticycann·· w}H•n·u~ a 
f!OSitl\.'t.' c<mta· ... st uulit:<.\ll'S a t•t•rtnm dirrct~ntta\lty uf ·tht.• .a~ I' t.'\lrrt•nt frt1m 
~ht· oor:J·p~·-·st "nd 01 r·; tpad lc~nnation of·' ccht n•ntct• tn S:HJ'-·ria. H shnuld 
~W n(l~•-·d th.l.t 7}(': Cl!11)' tht.• <::~,ndltions \l£ th .. ~ J'tr,pw o( ·-~· •• rm 01' CUfd +Hr t.hrt•ctJy 
H• U\\' JMsin,... uru.J,_·r- ('On::'ld,.r:a.tiOt\ c!ur·1n..: \ht· autuntn ~yn._'lJhC' .Sl·.:\~l'lJI ;ll''' 

CQ:I:tt•cwd wilh cht• ''.Jtltt' a( :h,• t:f•:ltra~t. A •wJ::.tll\'\' '\.*;L,U•' l~ c••mw¢t+-d 
al~o '-"-'1\h tl11.' pn•vah•n<:1" 11' th'-" ,\ll;;mtlt of V..'Hlds contdbi.I11H~ to \!w •kivin;:t 
of ":A-.,rm -.A.·atr-r- 1:1to thl· ~on~:'-'f.t\~\n ;.•nd Uan•nt~ ~t.'i.~.~t. winCh incrt·a~t·~ tln• 
s-1~\bihtv (•r lht· ht•o.t 1 ranspnrt to thc.• n•'('th·o~.•,•:~t•-~rn rt--ch.u~s of llu· 1~1"S r1nt 
~·ml~· uu"rinl_! tlw 11~1tUln:\ syrtopti-c Sl!.•a.son, but ;;also lntC'r. ThH'i (011. ;{lr" 

Ut,·rt-fnro· roailltaiH!t :.ts t!\nut.•ncr em tht: icc.• app,•at'OH\l!:t', •Jco:;plh' On"l' f:tl~l 
li:~H- '-".'t'll the UOt"llF'' dOl~,-~ of tho:; ph..:nor.wftOtl, fo•· t•x.tmpll•, ,~,, th·· \'cl lkht•t· 
n~-.·,•I' ~Hd Ott th.;.• l'i~t·r:": nf the l .. tk.~· l1'm~·n' b:t~ill fa\1 1ll ~ma•n1\:n-r 0.'-UI,..I ill 

!;11.•• t,··•~t.>S- \U Dt.·c••mb~t' 

T 
tD o 

IQ 

•tC 

·1D 

·Jo 

. .. .. 

·JO ·ll •] 

fl(ll'~.[ ioi, (lc-vi~1t\.'f'l T .,1 U:tc IHtiC ••I tn l~,W~t:lflt"C vn 

~.\t fl-..t:::lt .:.1 I~<' *Jnl\~''"' illlft!t ,,.tC.'H~>fM b..1\UI h'-IH' IIO't 

rM,:"! "-'h:ot 4,.;, f\JA<.t~Qttl'lc-htt< C olf lA~ J.-tu.:~O:In•t 

Jr.tl1oJ::~l~'Jdtll1.1 ~~•l"l'~hc:U4-10::I<"rti1Ut ~~ ~,IC'I'I:I~I, 

·n1c 1:lrt\J(.;nc:~.- (,lf the int ... nsity of tlh" wc..•!-i-h'nl tr;wsport is t:lk ... ·n ttlto 
.lt.'(OIJt\t hy sm..:hn'l: out 01. 11amtwr or C<.aSt.'S wh••n, fo r nl•g.nh·e v.Llu••ii of K. 
t. ~~ •• C•Ji a ~tron~ tl~·\·'-"tnpm"•n1 (>/ lht• lc-t•l3Uthao prt•ssu r t· minimum. tht• 
JHt'S!\ar•.• ;n tht• n·~lt'):1 o( Uv~ ,\z.ort•a, H'i ;.tsn tJ••tow Uu· r::Jtc:•d v.1\ut' (Ot' in 
t.."l~ c:tr!-i-f' of,..·(,'~"! \l)w pn:s~un: m tht' ~~rlh J\tla ntic 4p<-6 mb. tn ~h~· 
rq~ion of ttw A::-.or••.'i H was c:tns~ 10 u,._. T<i.h.•li ...-ahs'-'). In s uch a si.lu:Jtton 

tf1~· . ..,.,~$t...-nL \t .... nsport is '•·t•akt•tu:d, a f<.tct which brings allou\ ~I ready in 
Octob~r" fl d•·en·~-"t'-' in tht: m•,::a h\'(' contrast Mnd, con:>l"qut!ntly, <Ll"o ;).1\ 

-~.a.r-hi.'C' ~cc I.Jppcarancc.· thitn in 1ht' C3ft~ or thl! s-an~c val~c of K Olnd .. 
dt!~(·lop!·iJ '-IIL•StL··r-n tro\nSpnl'' 

.-\::;: 0\'l •·:"'.<fHIJ~•·, .\-[' J.:•~··· frl' i-'a...::·•:"·· 1'•4 '!.ln• dr•p-•ttV"-·~t-• ... ~ l:w •J .. t•..;: C"•i 1('•• 

·•IJp••at·•••H=··· ,.,nth·· \'~·li-'.i1<v,• H~\·••1· .• n ~ t.•:1 n ... n,·.·t'l!l ~,r th•• t ..• l'.· t'':n•·n' b.,s&l'1 
":~ 1h1· ("'-(t:,-;.a·.•s.t Q( u,,. lth.'!U\ [lr'•'f;~~Lr•· •!~··t,,_~ :::;• ·p~··nt~)··t· o~o1th ;.:~u-x;u:~··· !or 
;~~~- \11;--;.\rllmt;(m n:· ttw pn.•;!:i,:;:Ul't' :.~mmltl~· H1 :lw .\~: •• nf:c, l·l~U:"'' l~b 1;1\"t·~ 

•• ;.tl;l"Hl.:tr• d··tt••nth•ac•• fn~· lh'• m··•~:~ yr••<o;:;.::t'•' l'(,~ar.,:-.t lfl ()c-:rJtwr 11 c._·,"\n ~w 
'l:;,t•d t•.\ ''t.lr•·h·t fon·r>&.:;t:i .lt tlu.· b<"g•:•nua~ ut ;o.;o-.·..-·mbt:-~· 

•·Jf., •• ,.r,·.· · .~ .. - -'::l·_,.,· K~x ·'Htl:':t'<"- • • . ~·~ ·• ··-~·.j:.~!'o~·- ,_,....!,., ,1 ~:---.: 

,~,-,,~u- ,-, r~,, ···:, ':'1 ·• ~tt,- .~:-'~ .. 11; t· ,.\u: .:o-- ~1\ ~, j"(t•• ~' !, • -~~-- ':!'!~:~:;:- .1•••1. "h--.; ,1 +-.;~· t;.'l'l ,. 

''*- ·-~· ... t .~r1 ..... _:··~.c.- • .;-~••·J ·<• ... ~'-1· ~.-: 

,fr \~ ~!5 -~;h"·A·:t t~ pl'.•t':h·•· ••• ttl! .as !(')!l(nl' fn'~n' th·· ':-!'•'nl'l' of tlw 
1··~·r:•~i•lll•' . ..:-•·n~H'··r-•• bt•· •:t•:-,.,r~ :'!.n••· 1~1 ;,._·~···•PP'';,r,,.-;;-.. f•Jr••c;,..,rs b:t~•.,_f "On 
~l1- ·~~-· .,f !h•· ·Jnd<•''~t1l\Y ~~r th•· ;um;,l)l'i'twric pr-oc• ~~··~ pt· •. • .. ·.:ul!n~ ti-:.lt:n.-;- tn~· 

·l~.Ul:1\'Ml ~,·,~·,,h ... ·.--! ~·--•-s .. t,, Tin~ h:tp;·h.~:lo:;. 1!1 ra~··s ot:h•'l'l t!•e P·l't.-.--...~rw·r 
S,\U<liHI~·.,; ~···'·"'('~' r••ll~·.\~:H~ tht· ot\1[>1!f,l1 lwj!ut_.; •'i l:"(\' :un1 dw ("h:u·:.c1q' of 
U~>· l1f'-(''''',:;-i, ~' .::b.•rfll:• ~J~U··r fa·qm !h••:-4~· ·•: th·· .nn~;:~l'1. 

·n,, \:n~((lrnHf:'-' t'li rh•· .ttrrtn~p!;··r'IC" p:·nt• .. ,: ..... .:.:r; ;u .-'-·;-.H~r;(; l~ t!:r pn~­
'-'-lllll"'l' f;,\'!l()p!1l':d :'l,!',t~n•t ('it:) btl 1\,..;t·d tn {Pf\'('.•=--~ l''t• .tfJI,Io•,o ~-~lfU'I t~'~ th•• 
~~·:t~h··t~J f'l'-• ' 1':00 ••{ th·· FT:O: (lJl ~lh·_.;,. :-1\-•"l"'!t a·• ·:.;l!,ilh ~h'i!:llli!: tr- h•l""n! 
lll lll•' :l•'('I 1~Vl h.1:f tlf \'tl\• 't1ht~ f' ,IUti t 1B!\-' Ill ~··H'•" • ,,t"h' t ••~•~:-· t .... thfl' ht i:T t•·•~, 
•J,t~; p•·r•nd nr \'~·Y•':llho•r Th•~ pr'•' -',\11\t• )" ;'1;\")•·r··~· •• t ..... !..tn~t •. , ... ·.:.tL) ····l!~''"' 
'~' •ht.- ""'""'' •• r • .__ .. ,.,~wr ("1 .. 1:0:• ·i:;.-,n;.,-.•.• , ... -.J .,,, • •1d •·t' u, ., b• : · 11 ,~ 

•tit't',t~l)' P'-':''Sih~~· ~0 ;nn\~ ;HI 1d•·• of 1h•• p:·• ,.,,!:u,~ P''"'''"'"'' ~ ,-.( t!l+' s•·O\~t'rl 
a!nt, ;l<,-t"nt-•hl~~!_v~ lti Cnr•·l':-1!'-t th•• !!'1' •• :•1'1:.! ,·,f tJu• t'l\l•t·~ ~·,th a ,>l·,1 f1:•'~•·n! 

((.1n'"''''''rT:n~ J\•·rtNI 
Cnn~~d··rJhtl• t•'lnfl•'t'>'l1:1rl' dt•crp~ • .\'lU'"•~('- rf"{'li\l''1H':"-' "a'J ~nl•'fl~lt'­

df'ote-rn1UV' fh, .. t;nu• 11.\f 1f..' .... rpp•-.4r.i.n•··- n!t lh•• r~'''"!•"-• .:tl''' r•PH~····~· ;I :1~ ,,._, . 

•·' 
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,,.1,!1r· 111 I'" I!~•·:~ ~ ~·~Jt, t)w o;ui"J!f':" uf .o.rtuu•yr~lum·s fr•uo 1lw 1\t'H'th. ln•r1h"'"IC'"'' 
''I l\Or'h• ; 1 ~t J\hv d\·•l'iH'tr•ru.ttt•"'' o[ tht• dP\'\."l•,pn~•:t•\ oC l.ho;.•~t· J'l'(.•t;••ssr·~ 
"'~•·•to:d t.1 ~,, nHt1 :,~·t.:mlnt "''t.t1 0!'\l\' lht" dtn•c.:ttfin (l! th~· ~U1'J.!•'s, but alst') dtl'll' 

a: m:. 1\·.; ~':t:h"' .::h..t-ro-c:;,~(Tz..,i,l.m ("~1.!- br olw:uu··d 1f lh~ IJoeys em •.d dch tht." 
,o1r :• 111j1,.1•;\ll~n· d:-opp•.'l! ami Ut•• p1·r·:-;~u1·,• I·u,at· ar·•· (Ollrld, o:J.nd tht• \'lhll'~ o! 

"I' 't•·H~p· r-.,tur·•• rh·•LIIS dtJrlflH th••S•' d~ttl·~ :.r·1· KUUUU•'tl. "11tC c:a\t.'u~at irm 
,,;vJ ~h,.. n ::ot· ni ttu~ chu r~c'l:•~nst1c: 'JI."i ll U.• tlhJSI ,·;~tNl \h llo·~ i"Xamplc of lh~ 
:.~t·lh'•d pt for···<'·•l"tu\~ H''" ;lprU'a,·.mc<' uu Uw· t.nw('l' \'CIIt!a.o. 

1-.,1 ftu :n.lll' m••wornl(,l,pca1 st~1t10n of !'••r:•lnv dOJ)'S ;trc• ~hos••1t ·,.,·lu,'l~ th\• 
~;:•· .• •t-rlu•r.a.•l t• n)pr•l··•l~\rt• """'~ lo«•·r .nuJ Uu• ~tic· t'~-l't• ,.:;o:.uro• h t f.t)ll•a· 111;;an ttw 

1t,•.: t .. •IPI"''· l·ttt• r'.h:h ltl flw d:,~·~ cl:u;o:;o•o tht.• l•:tnJJ~·r.tHU't' tll"llp lJJ:hlw .. 15• 

1.., d• l•·r~,1ta•·''· i. , ... JOn 15" -0. ·~o·b~r\· ~(} •:.c th,-~ tcmp••t·amr'" dt·t•P an<l 0 
:~ dl•· J;,, . ..,1 .• l,urtt:tl<~•r tf'mpt.'l''•n:r,• T~•lS t·•·•Hh•t'!i ;• ll•lhlUt' •·har;l>Ct'"ri::>tif: 
u! 6•· :n.t!!mh:tl" ()f tdl 1hf• r~nhJ1t! J.l•~noodS, 001h lht,s,• which h-d 10 \he dtop 
••I !n·· r.•m;J··~·••tl•r•' b••ltl.\ n•. i\1\d thus,• ·.t·h,~n \l l'•"llM11WU Jl()~i1:ivt..· 
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~io"";.i. "' , ~. 0-!T,.khC"!.l 1 ;,~ l~..r Umt' ,,, t~o:- .2;o91."UoWK'l: ro:l b: i (l"'fl \'.,~~.1 

~r·•·r t:h~ uh·LS ql:,,~ .u _. 1~.,, t"'" ..-:1 :~1.- 1v11• XA8 c•l thr Hmjk·U1UH! 4U"l>;t' 

.!omr•.; 1) b~d. 1.,:..1n,: 1011·1 o\L'U;oolr.e !Itt' rnv .. r1l<•n •til hE 1lf;O n111~t prtuurr 
4;: •1: .. !~ on ~-~f,.,IJW; .1:1J -'11.;, .. :~<:1\N ft¥111 ~~~frtlbt'l lo) ._}tlolibf'l, 

• ...,. ,.·~· •>I :r:ol\'lt•en ~~.r.~ _. nct:JI:\o~ fl)" Cl'"lll.,_lt i"ttt~J-rc o~on"1,d)' .d bo'fh 
~ ·tn:•. 111-r.u.; ;:olll.l~~~~··n h¢r:• 'P·l'olr•~c 111.1 ne-s~;"·c ;-rtN:.uc ~nt11n1ly 
.~o:' t~• :""llftlt ~r .. Ill} \11 .Ar'l!'l•n~_,.l't\c; Jt.~cm••1'tl.,(tl:.~o1d. 

':"xl !h·• ~mn I~O of th<" 1ndiviL!u;al temJ)('t:\tttn: llropl!' durinc t.'Jctobc-r 
,~ ['.t!r\;~~.t"'t!. Thi:'i •tu:~rnity~ c.:t.ll••d lh(.• 5Utn t.~oC the h•mp£"r:tturo: dtops. is 
rh,- rh.11·;H:h·rt~tic' of th~ d~~i:fC.''~ of Y~·,··~lo-pmc•nl o! tl'\~ p-rocmtsc-S Ul\od,_~,. 

the rr .... !'t.<C: ..... ,;.,..,! ,~, br ~ ~.,.nt;~II&~IO (("rfU••u.trl eh.~ou<ltUU\< 1.1l l<e •1'....-~'~llet en 1he Y~l_ga 
«'oG-""1< ,~ IM<:I l"~)'lft.::" lle'-e 1h~ ne41u:n ~ !hr- V.uJ§:A 11,\ltopn.rrt f'l~l4tl •m. ~'1\1~ Jn..i lfll, )'XU 
C••"!i'lt~1 'II r!'l( l, w.r:n.m•u r4n,-o~! IM ,,...,ct t:ru""'. '' er.-f~ vtrd h t IC:Cl'~ )'~"""'• for ""''"flel uptnr.l/n 

Jrt<J. o:•.••f,1f;"J~I' ·'' I!'C •;,~::t"ilfJ4ll01.1ofiC' IUC'H'd\1, 

con~hlel·;•t!tJn. To tno.~k1: ~~~ .... l!<dcui:J.tion rno1'f• ohj•·c:tivt·, tl••· !o'tHn •·f lh•• 
tc·u~ll"'roolUI''' •Jr·up" I!{ calc.:ulat•·cl fur tlo<.• whr~l'· :Cl'•nth 1of tktroltt·r·, ~If•\.'.' U1•' 
ft.th• (•I tlt•• lwgutntn~ or Uu- ~l·:.:;on, i1.5 'Ah:-; oolrt:•;Jdy mt._"tltLQn•.•ff, 1;. lh•lt:rnur:,·ti 

[rom \'b5l1al obS~l"\''~tions:. 
In OctOht'r, ~don~ wit~1 UC\\' pr'-'CL"SSt:S r.h~•r.:tcl•:('lStiC' (•f l!u• Pft'·'h'llll''r 

IWrHHI, thn)'l.t..' of th•• ••tKitfL~ attturnn S(w;tSOtl ttl:;n ho1v•· .. r.•'t'1+itt; tul~t~·-fl•"•• 

In fOI'I.'C''"'iu~ ~t uc u,,_.l·•·fvr•• n~·t:t·fi~•·~·y \!) \,ok•• 1nl•• ••t.:C..OiJil~ lh\' h nl1•·n~y .~mJ. 

o~Jin.•ction Ctt th'"' ctinuiuc tr;~nsitton frQm th1.• ~1Jt1Jm~ to Uh: pn.··w•mt.·~· 
.~·•·u."t.., Stnc..- fo1· t1w app-•ar;,nC'•' vf i<:<· .m lh•.' ~lllt:l.wrn rh·t.·l-s ''~·· 
:.lt·~·~1<lp:'ll•·tu nf suq~t'S or tHHtcyclt:,:u·$ 1n tl~.- nortlwr·n t<·;.!IOPS u( 1fu· l·~·rs t~ 
.-,{ ch·r.isiv•• fmpnr't:ltwt•, 11 I!" pt~~~ll1t •· tr, fnru~ .m a!r•,, nf Lh•• (IJ'III • ""' !oi fl·t~m 

tho· \'•••·i.tht.oJ 1f1 ttw pr•·,..~UI'I' .an<uuo.ly U'l th•·;o;t.· l'''t:~n:t~. ll an '··p~•·l~~Jwr, 
Lh1.• main m nu1h o( :mtumn, ttw pr··::;sun· ;,nom~!~· 111 :\lu r~1ans'k :uHI 
1\r•kh:ul~d'~k Hi n•!lj~lll'\"~·. iH'Id ltl (}(':t()\,)(."!' It IS pt~J'Citl.,.l', lh" tl( ·Jo ."il',,.t'l•t~ l:'(. 

rhar.,.cu•rl~~(·d hy =•n Ult•·n~thc;.uu•• nf •h" t)r>:·tho•rn !-!.I~''!•'S C•,n ... •'•l~~··u\1)'', 
~IB O\Cc•·h·a·:.1,•d fn••·?::nlJ: 'lC ~~~(.' r h ·•·rs c.:~•n tw ~·:-:''' o:h.·Y. 1\n un;o l't'o'' "Td•·•· 1n 
tlw chaiH~'t.• or th•~ 1H'(•SS\H'C' ttnOm~ly ,,t 't)C'llh poiiHj;l, (~r \'\' c.':-1 'm!y 1n 
~\rlt.hanacl'~k with :h.:- si~::n or ti1l' !mom~t1)· maillt:l~:H't! ln ;\i.urm•n1~K. rom.ts 
to an au,~n\J;• ttor' or tlw 1\0I' tht'.rrt sun;es. ·"·hidl 1,-~,<.!s eo dt•l ... ~···d 1C'"" 
f(1rm.1t1L"'n nn th•• l'l\•ror!-. 

FJg~:l't' 20 ~1lO'NS Iht' dc.•\·l~tlon of th~· tUnt• or ic,· ,,N-"·';Lrit:IC'' foj\ ~~~·:· ·~~--\'t•r 
\'ot"=~l !rom ,,w r:t1nJ ... :thw:o:: as .it; ru~\'C:tion (.)( t.h·· ~u:.n .!:~0 o( ttu· to'1!1J'l l".t'lut·r 
dJ'OJ)~ thU'1flj; {.kLOLo.•r, t~k1UJ: }H1() 4H:cOottH 111'" it\Vt't"~lO~l yf :ta.· ~J~Il l')r Uw 

pr··~~u r-:• OtJ)QUlOlty HI ttw urtnh or th~· ET.'4 
'fhc• tot~~\ dt.''Clll'i.oC,Y o( ror~r.ashn'! wi1h \.l't~S llt' J,u·ar1•·!1C•• i~ C!l.~t·~tc.~t••nJ••d 

by \lst." r.atto f ::.a 0,45. t: 1'1h()t1M tl~~ :10t<•d ~hat forL•l'i\SlntJ::: 1S ~.·;t<1 a~ ... ·~:r;ut• 

i:1. C:OI$f·~ or a!)~t!l\C'' oi .a Clt•:u•t_\,•-prOI\l)I,Jn('~·d tr:nrJt•nt:;" of chod~i~l'R 10 tilt' 

synoptit.~~.t ~r·..tson.s tJ!•·n~ ... ,·~•lat'd U\ F1(".lr4· :?0 l.y tht• !in•• tn 
To lnc-r~·as.•• th•• (O:"'l'W<.,rnin~ p•~1·iod of Lht· fot'(•(;,st, u 1~ po~~,ithlt.> ltl 

otn:-.!t ;1. ~lrlhl~ir dt'IJl'Ud·~c1cc· \"'h'-'n c; .. ~cul:JtbJ: !.18 for tfp· fir~t :!n d·\~·~ ~)! 

Ot~,vt.~·z· U:-o ~i:CCllf"aCY i~. hflU"('"\'''r, ln-,,·,•r r..;. .n_fl5t 

Tho.> mo,o;.~ nnputt~at rr,,·~·C';'Isl:nc <!l·r·ot~ in ~tn"' f';J~(' ·• n~~· u:ht'!\, ,1!t"r ,t 
:10t'Ul.~l•'r w;u'ttl pt"C"-wl:Ucr· pCt'!C"d, a w:tnn "A"IJHot·f· lwcln~ at ··:t,·l_y ~o.tt•s 
(n $tJc:h t.':.l$1.':4 ~ht.· ·'fJpt.•ar.tltce of tc~· m.ty h o.• lf(•!ay • .-d (nr :t lun,: Jh~nntl 

l') :\I!•11\0ds. H\ wluch thl· nH.'..tf\ :nr t•.·n~~h.'r;lt\l1'l' •lunnJ:: :h• · ,\tthttn~l·•t 
~~n"i>UCill :::~•t!'lon U1\ U.1.~:-; -.... he:-. c \•tH•'t'S of at\UC)o'ctono.• . .; ,-..n>~ n-\·•·r Hw 
t.•rr<~tor)· t•f \IlL' f:l\'•·n ha~;l\ i ~ us•·ci ;~s lite.• ch.••··"~CV" J"I:itfr of thr· ;tl:ftu:-,~h··~·u.• 
proc.·$>~l·~ . .:~r-,~ :-;a:utl3r t<.' tht.• :nt•thoc.ls tk~ct·tbt·d u1 th1~ SN'11lm. "ilt•· 

t"t'••:aon f(W u~ln~ thh: dlt11'0:If.'h"!·J.:.tu· ~~ th~1t lhi"!=t• t.:,~i<;;~'("lonr'..:: nr··· r,.,·mnl 
in .h1• ~Ottl\t' rt'J:t011~ of dw "''t•~tt•rr. gccthr of lh•' t\r~h<' Mnl ~uJ·rh :\t\,mh~~ 
rrorn .,.,·ht•:rt' ~uhs••qu~·nLI:o 01.b:;o tll•' <•u• :-lht~~P~ C'otu,.;i!"'r, tho· rr···~·7.anr, (•f 
1'1\'•·r~ Ott't'l\"\' TJtf• :ut• 1•-·u~pPI';';Ut'1' thJI'lfll! ;...ultUtmat .!4Hrr:··~ uf ~~·ltt,·y<.'l(•!l''o; 
1S Ht"t' rt.•!or•· an: Hl•h.·l' of lht• CO!"KhH(t-!\S ~·t r~·rm;HJ11!1 o f !o\Ut'~l .<.;un:::··--. ~nd 
p:tt"lii't1y :d:(u C'l'f tht• Ct)n<iltior.~ l'Jf -:h··~r tram;fvnu.1~1~7\ on rh•• •'·•th to It,,. 

This dm•·•~<;lt'l'l!~:tH.· as ri•'tC"rmll)•·d .l~ fn~h.,.,.~. F••r :l P.l'\"l·ll lrl\·•·t·l fut .. ln 
i! l't: j:!tOn for c.lkul.qinn 1::1 ~w~;l «·tf u:n 'A.!-'HC"h 1s S"t!'llt·-.o.·h;at t:-.rr:• r th<tll 1h•· 

ar~·~s of tl'w b:lsi:n H~~·'if. Few ('X~Unpk, h•r :·~~'f"l'): t\f lh•• <-··ntr;d f-:T~ th~· 
ca.tcul~ltiOr'l J'•'J:!itUR ancluck'l th~ \"o1~<• ant}l! ral b:\~:!t.o.: F'r·om t•nmpn..:~tf". 
kinl•mnfic n•ap~ for tJu~ :a~:l\tmr::tt !li-~":ll.>par stst ~ntt da~·s. "'h('~ ••4•n1•·! ~ ••r 

,. 



.:tl'\ttrydon··~ and prt•sji;urt" r"Lt.IJ:4"5 .,.a•n.• ~Jtu.a.cc:-d ov ... ·r the O!:h't•n r<"gi<m. ar<' 
roural. ·nn~n. lhc m~.tn-dlurcl~lt n1r t<"mp..-ra,urr !or t~ach o( thr~t.' d:H~~ '~ 
rf"rf\nlt•,l h·om ti;)tn o! t11e muw rn••h'4.li"Olm;ical station. F•)r 1'11.'~r!'";; o f thf! 
C\"11\1.'1'. tht.> ~;•zart' ~t~ltion is tak••n ,,i.; a m•tin (ref~t·<."m:<.:') ~t•\liun, Fut•thcr. 

tlw out· 1~mp'.'l':ttul"t~ iS ''\'(•rau~:tf 0 \'f'r nll lh(' CbOSPU d"j'S or Jl:I.SH;:Ja,:r• or 
unutydo~nrs (G~ Tin· nu••ul h.'IHP<'•·oHurP d~•ri•1~ th•· day~ of r-.ass+.•~, .. or 
OHltlC\'dOTI•'.'i (.'fln bf- do•I('"Ylllill('d ror liW who)f" ;.1\H\IrHtlal Syl\()ptiC<~l Rl'USOn, OJ' 

~·lEi.:• lht• p('l'tod of co;lculation cun lJc Hn1H~d to th.:.· ~lay of lssuC' or ~he 
f"n•t;a~t (ror cxan~ph\ I or lf'l OC'tObt.•r). 

Ffo,.,t""f .1 ll...t,r. D .1t "~ -•ri'~.U.-f~C"t ,.,, 1!..- Yo'S,l' ~ tbr "Ytll:~~.:- nf l':.u""lo 
(bJJ.l) ~ ,) luno'tUHOo -ol lllf CJ1r..t1'1 Jll umpruh11C" P,. dut:n;: d.J.)t , I{ r~Uif,C l'.( 

Jortlll.'y~h~u. foe \"Uit'llt •·lll.lct cll~r ~cl'lh'"'"n' .t ll'f 1~e ti'Oit"t n"''Jt:~ 
(<h~f~)rF!...-l'tl :0(f"'ll!l'ttbu :1.nd 1:11 1:1c " ' .th'f !~n.pc-r,tto,nt!: 6 .n I (\ctl•b<!r, 

t-t<l'.~. 0<4': ll-I<".JII .• ,. ••• o:-r .-; o.rl-. (1<4'; m-•:..o.s. t>-4' 

11w d"w•ruJt.·n~l· of th•• datr" of ico !tppt~<l r;rllC'~ on lhP. \'0\hl.IL' l1f 01 ~-~ 
UI'1Ua~~'t' S.\lrfiCtf'mly :l("CUratt• (t)j• lip• rn·c-rs of lhl' nm·thcnl half 0£ UH' f:T~, 
hut ~~~~i Cut• C>th•·•· n•~imH:. [n t~ws•• r:alru1ahons oth!>t" o,.·;u·aabl• ~ ~n·•· ahm 
t~ti•,"tl mto :lC('flunt For •·x.:.mplC", tr.l [L\l"N'a~t ic(" :~.pp£"aranC't:' oa• llw Volca 
•tu·.a·Hi;;.t("l·tfffi rronl IJW h"\'t\ or (it>a>'kO, tlW i'lntU\Int ()( W3lPr ~t•)rt1~1' Pl Ita· 

rh···r ar11J thf' ~<tlt.•r t(•mJH" raHH'•' :\rt• _.180 tak,•H into ;tccount. 1-'igurt• 2t 
!'h•J"A',.. thr dc""lWnd<·nct• (If tht• d~tc.·" h( act• appt.•;tr;lJ'l('(" <m tht.• V()iga ;lt '""' 
\'I H.:t~(· ~}f PrUSt""k (l~;ub~ on 1ht: UWOHl .-lr tcmp ... ·:ratun: durin(~( ... ~ daylf or 
~~~sOt(<' ~f anhcyrlnnC'R (0,1. t\ll ~tu: COif:c·~ of ic:•· ~pp.:;.•ro.ance 0\Z"C dil&l'iifi~d 
1ntu thr~_. ~t·oups acconJin~ to t111• w,,tt~r ,;toraJjtt~ of th~ rh·er and thr, w:tlt'l' 
t•·mp~·r;:ltut··~ Tlt{· fir!lt .:•·uup 1nct"'k~ yt•ars whtn tho: coCCfic.h~nt • of ~he 
H'tC•.;,n dt5•~h:-tr~l' of ~~·plt.'Olh~!J' w:i:t kss lhan o.n and the wat(!'l" l~!mp~r:uur£1 
lhwo1rd L 0;\0b('r w;.tM below·\'". Jn ~host• ('a.~cs tee .;app."'Ol''~ r('l:~t\v~\y cady, 
·n,(> 1hH1l qrn,lp tnc!Udl•f4 t':S:'i•'ft M ~ l.•rgo or ml•dinn\ walcl' slor;)jltt' (.t ~ o.n; 

•• 

and !ah• (o.fh·r l Oc'oht•r) &r.ut~JhHn o! th~ wat••r '''mp•·roihtn• ch rnul!h 4•. 
UncJ•·r thl'Sf~ cnndtlfclU."1: tc.~t• .:~;ppt".I~'"''K:-• •=" d..-la}'•'"d. 111•· tt~·t·nnd ,c:rou~ 
includ .. s ••11 oth'.''' t::~os,.~. 

T1w \ISl' Q( such E.I•'JWr1d\'t1<:"('5 m r <1ulinr• pr:u:\ 1("1• t:a•:i' pos.,tl v•• l't ':tf!Jhti. 
11 sh mld IH'" 1wtt·d that 1 si.,Jrlcnnlln~ ._,, thi~ nv•thud C'lf L":llcul"hu~ lht• 

n\~'0111 U·m.pc·r;.tUtt'o...• cJ'Uring <IJj'~ O( J>.IS!itl~t• or anlicyc\orWS ,11 tnt• 'tU1Uir.l1o.l l 
!'lyuoplir:al S-(•;Json is Lhat Hw dd•·rrnl rMttun nr Uw d;.,t•·s oC Uu· hi •5fmmua and 
t•rHf o( tilt• S(•O&son nnd ,_~f lh{' )JIJSHion8 of Cl'nt~;-z·s of •~nHcydmlf'S ~nd t•ldJ:WS 
w;~Joi not su!ridt•ntly accur:,tc. 

~ :i. l:or••c;t~lln~ Jet.• :tppc.•;lro~nt.•t• wtth .~llr"·"'·otnt.·•· for 11 ••. 
t'(lnditlom;; of Uw fttrmilll1on. of •het Sllwnan antiC"~·t·J"~~·· 

'rJu.• ~·~1 flllllli:t anrl di"\'l'h•plllo'U\ or OUJ(U:JI~l;:l} O.lnH.J~p}u•n(' fll'l~,.,_,,.. ,,l-4 tr• 
SH)\Tld and in tiw Far Easl :Uld, "'l.ll\~~'llu••ll\ly, dl~~ th•• n~~.·~H\:tln~ u r tc ,• 
f••rm.-1ion on th(" t"l\"t·r~ f"Jf Uris t••rnto,~v Hr'' uwwh· C'•UI~··c-:.•d '411h tlh · 
funf1;1ttrm of t fw ~th••nan arttic::·d r•oe :. ~;d ,ts princip••l rtdg•'!;:, 'Pw t.·~·nl••r· 
t•l Uw S1hj'r" tUrl otll.ttC')'dCIIW ~~ Ut<.ll<lUy :t:ltlmt.•d 111 llw r(.·~ion of 1.11k(• U:11k.-t. 
1IA IH"llll.'lp.al ridt!j'!l; ar•• dirt·cw~l· on1· h) lhf> lnwc·r •·· ·;.u·IH-~ ••f ltw t.~·na .• nd 
K~•lym~t t•i\•t•rs. Uw ~· ·co11d 1n Hw b=~~1r1 ~~f thf> r\111Ur B•·••·r. th•· ll1trd In th·· 
1t'Ho,·~·t· rt'>ld"u'S of Ut•• (lh' aHd \t•'UIHt'l ri\·"t"S 'rlw S:t)' t*tan MUiC'VI'1011•• 

U~lf:Jlly SU1r1S (0 (OJ'Ol lll t\\JI;Ufi\, '~ l.;.i.tt• {"">}$nO lr1 So•p1c-tr:l;•"f" • 

r 
IS 

L-J.--+.~~~~~~-+~~ 
• • P ~ m p u • »~ 

v11 1 r"' 1 " I 
*tL•t":iZ( ~-:. i"'"Vfo'lll•'41 r .~ th~· lU'~'~ .-4 trc• _.f' i"'"•" •mn ''" l!w E"rl"'~ 
htu !l•t.·l'~ It oN Jlu l.cif'.J Ul\lt.' u ~ J~-,. t .. •h ••• t!~l' ~.:ott D. ~ ~C!' 

...,"'1'5'Jf~'Jo~ .... 11~••• "*'")""~' t.u:- .u~ouo ,c ~r ·~· ... •'' ~ ..... '\: 
·~to~l 

t,Jualn;tll\"t' t"Ya.uo~hon t~( lht.• fQr;n.otlvn or l!. ~~.· Stbt l"t••n.u;ht:y,· :con~·l·"~. f .. r-
5~\'l"r~l yc.o.~.n~. :;\lc:~c·:;slul~y bn·n ~o~sc·(.( '" {llfl''-"-"l ~,._... ~l)P'-"-JI'oJ~~<'•' vrtl'w 
rivl·r.s oC th-.! e\n1ur bo~san. ~tttC:t• ttw t.J,,h'5 of iCt' "PJh· .. r·~nc:t• (l,, lhj•,h• 
r'l\•cra \;';jfy wWun f101ri'OW hnHU (20 lO 25 \J.t,y~l. 1\ IS <Ju!ht' ll'tlt ro1• U.o~• 

rorccasting 'lO t'\'alu •• tt.• lht• a:tr"C'!"~ll ch:.. r••rl'-" t• of thl· (l··• rly ll 1· I·• h•l 
dL~vt.•lopnH'nl o! tla• ~lb1•nan :u\t~cy~·1onl' an,t 1t~ :t13JoH'•·n1 b.trt c 1-iY"'''UI~ 



k·· :drm.-•lwu ~ .-.: ,.,,t·ty •.,·ht•n 1h1.." Siht·nOan ;u,ticy-c!nn.c bc,::ins w f'lnn 01.~ e.._rJy 
.• :, .h!iv~ thto l.'"'d•nur .•cLn·iw O\'•~r ~ihL'r"lil y.'('3ken~ in th-.! sumlncr .. autumn 
mtmt~'~· ~),\rta~u!:.1·ly D\'er tt·\,~ north!.•t'tl n~~ion.!; a:1d ovt•r no:·LheiUill"rn 
C!li:1a; th4~ ~•ctlvlty or tht.! 1rnp1ca1 m3:dmums . ..,.(~~~kt.!ns aml at\,~ surge..- or . 
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H1: l 'l!:l' ";:1, ..,_flr,·uh•lrl T 111 dk !till< ,•1••~ Jf'l"'<"..)t.lllr.- on 111,· o"otiiCI,t\ 

,..,. '~''"' th~· ut~,J: \ ' JhK- .Jf, funn"'" .-f lht- <f.~oiiJih,~ A, 111 1h" •~·:AI 
p::<'•·\1/t' .. ll,·::rJIJ on l~c .,..\:,t•.~llot:fi.JflnoJ-C" •» '~ Stku.\:J .-.!lo()..-kCW 

t1••n•• .~.:l·~..a t ·• ll.~jJI("n.d,~r: b-n"'f'h1h~ AT 1.) 1~ lt:\U>UM •!I 1t:c: t1nH 

••I '' ~ J~ .... '.lllo11'l'o.!. fl.:UJI t.'H' 1o1:~r! TJIUC, okc.-lnltl'lt'd fr"ttc ~!to: trl.t1ttl>I\1~Hp 
~;o,, .. ,.,.:'ill,o· , . .,:~" m o .llnl Ilk· ..:c..-u1~t·n l/1 d 1t~~ Ff:rn.,l~ruh\f 

tfl-!t•• h·,n••'·~ :.11eJ YJI:It 1n4l.':dcl .. 1\c n: ,.1 1 .. nd ~. b.ru·opf'O'l•trtljl.ftl. 

an\tC'o'l:.flJ\••:i rl'•)Hl ttr(• nOl"th ;~rc intt:nslfil·d. An ltlCrf".J.S'-=d ail' prL·SJh\J'i..• ~md 
a n·dur:••t.J :1i1· t•~mpcJ·atq.J"c O\•cr th•l north of Siberia at·..-. \Jsu::.ny conni..•etcd 
·.4:itll tit•'·"'' pr<.~c·-~~·H'.S. h:t.• phf~noml'11il U•·.:ln latt! if in July, ,\u~!\;t and the 
fir.,.r h ;JU nf So•pt•·O\her llw t,7.or-.~~ atW l ' :.tc-Uic: 0C"I!:t.n mal(imusns 4J't' 
:>tln.lt,.tJ m.~in:y ,. t a hir:h ~1\ilud-.•, and im••nsi(ic:ui()n o f tht• ;~.nUcyc:lonic 
:u;til'ily t;r\'t' r lftt• OkhO(:;it,. J~pitnr.~,. "nd \'ellow St.';IS is observe d, fn thtS 
("a:,:.• a lc•oJ..·-pn·!'O:o:Ut't" rc~:ion is siluatc1J 0'\.'t"t' Sfb<."riil, ).-lt•di h:rranc:.an 
(·ychm·~~ P:l\l't'lt\' 1>1\ the north o( WL!S:I S\bc-t·i.l v:hHc cyclonr.s pt..sa through 

Crnt!"al ,\si:t (0 tll<· l,t·u;. lti\'1'1", If in tlu: ~U:llO"l'l.'l' .. aulumn mfmth!t thr• 
ft·i~tur(',l\ n( Onf• or lho;~·· l~,"pt.!~ or J'r'(ICr'SSl'S an~ nul d•'OJrJy prnno~mc;:t'•t!, iCl' 

usu:t.Uy :JI)p••:•r'~ :-.t dah•h ctr')~h' t~l lhl• nnrm11t \·;dur•:-::. Jn r<•HLint: pr••<"liCl' 

(1'1' lh•.' pn~p:lt·atiOn l)f ~- {O(!Z'~~<;SI, <lftt•r 1idl' rmit,iJ1jl liH"' w:m·r<tl rh·•·r 
fn·c:1.ln~; chtlrOJ.ch:ri~->lu:. y c-:u·$ :\n.• r:!)O~~·n whL'n rh(• rJe\·~·lopm,:nt nf 
atmn:;ptwric m~tt.·t·OpJ·-nc''~!'l t.·!' and H::•! !cJcatiCH\ lJ( 01" mot in co:-~\t4·t·s nf th~" nu· 
pt·r•!-OS \Il'l.' .and tcmJ)--'I"lHIJrt: <an~.,m=•lil;~ in ,h1ty, ~\uttu:H :-.nd S•:•ptf·mh~·•· ~r-· 
clo~,·~t to lho:-w nhst•rn•cl \ll tht· <;\.01":1"1~1\l yf•!ir. Tt•·· ~·xju'Ct••d Ua1•· ... (,r tC•' 
"PP'-'"r:~•lct.· nn tho:' rh·-.~ rs. l)f th~o• ,,mur b;1stn Jr1 rh -.· ct.Jrr'"t.•tu _..-~·i.i r ~•r•· 
~..h:lerJnint•4J in accord;•nc: c wtth hO'K ic~ ~•"PPI.·;.~r~.•d ron th••:it.> rn.·•·rs tn 
rt~fl•r<.' l~c•· {('"On1pari:;.r•n1 )''.•;,r.s . 

Thi~ for•:c::tslin~ mHh\.td i!-0 £>! t::our:.:•• h•tpf:rf··ct, ~th<::t• it i~ h·•=--•·tl 
c:nJilpl•~l~·ly on :t qu:•lHati~··.· ~ml th•~n .. •fo.1·~ oft~·n subJ•'c:tlv.-· , .. ,_.,,luatinn ~·f Ill•• 
d·~v··lopmi-'llt nf atmospll··•·ic 1>roc:•·s~(:s. 

t\tiUih•~r mNho•I, clm:P: I"' to llw tjiHmth:J·ti\•r• rm·tllf)dS, i:-o \l~, .. d to f<.ti'•'C'H:C!. 

fC~! ;1ppl·~•ri\t1C£> on thl' L•:nn Hi\'~'t'. 
tf ,.._.~ tak£' lh'-" appP:ar;~n<.: (,• o( ~lt.th!e .a!l.tic;:ycionic !<Jr'!nntion,.: in th··· p·~iou 

of t.:.k·· tl<•i'kotl as,, firl-lttr,di<."a tinn nr thf• bf•,::inrtit1~ or tho • fnnna1.itm ')( 1h{' 
Sih••ri.ut ;~rltic~·clQ:u-, il i~ f'I0 !-1'!-'iht•· 10 tr~H~·· ·• d••hn•t•· ~~~·p,·n·h·,-u:•· CJr th•· 
daH':4 ~t{ k.•· :~pp1!';\r••uc-t.• flO 1tw L1·aa lh\"l"'r •lH U••' d.•l··..;; 1A.-Ih'Jl sarh h.ari~ 
fnrmaliCin:i ;,lpp•:o;u·~·d. :\n (!XOIO\plo· of sl:d~ ;-, IJ,•p·~aHI•·nct..• i,..: ~h·,·a If\ Fh."~lt''·' 
:!2. Th-.· usl.• o( thi:-> ll•thni•J•W m pt·~t·tice ~~ 1hrfi••ult rl•l•' to lh•• iiH1tl!wl• ' tU 

OICCtll'~CV in tilt• d(•h•t·min:l llOtl Of thf" tl<:tH' nf 1h~· h·•(:)lmi~lg o( Hw f"l"t'l;t ti lllt 

f •t •h·~ !=iih~·J'i:H1 ~tnticydo!h'. ll ~~ parltcutariy ''i ific1:h :n th·v.·r·:n•tt'" t 1dM 
.laH• \:" v.-1,:·::; wh,-•n lHatt\' ~·ll··rn:l\ in:l~ ()f C\'<~! t•tlt'.~ ;,a•! •lt~tk·:'·rlotw!"j. t•Cf..'llr' Ita 
lhl' A:\jk.!l l'•.·~lcm. · ~ 

A 1110!'\0 ')hlf'{~ti\'L' and diSCri mln.:.•ti \"t• 1.'\";\]U.Itinn t)r lht~ r1,~'111:11trJ!lllf 1111• 

!"ih•'1' i.1n ;un1~ychmr ;1.nd n~ rt~!w·s c:.n lw l"ll•1:1in·:d h:· u~~n~ d.~,a o•1 lh·· 
\";:tri .,tio n •lf :h•• Pl'4'!"'SUI't' ~Uk•:U.:.III• S (,J'•.";ia~\1011"" fr·~':Jl th•· !\4,T'Jh2 ~fl•l 'Hl dw 
pr•"\".aiUnt! d in•ction ol lht~ 0\lf' ... mo•~-"' it·i.in:-.pc..t l'1. lt~ nt·d~·r tn l'\:.;,Jt,;, , ,. 1lw 
fnl'tll:tllf'n o.'f ll"H! l'itJ~•'S or \Ju• S\l.~•rian 0:11\~icyt:]fHll', ~···(•"1'4':\("t' Jl1lito1~ '.\·~···•• 
cho~•·H in thl' d1r~·cliun nf •·0\c h ,.,f 11H·m~ w tht· W•· rot t 0'!1lwri:~:l t'idL!•-' •· 
Ir~11'~k. \' !•nl:St·i~k ~•nd ~Uf"l.tlll. :lt1ht• l.••tt:-l·f-.":f•!_:~o•;n~\ d•f~•:•- rrA:u: ... t.:. t-:lr••m.:.~ 
~~~~J \"t·~·khOY<laSk, in •h~· 'f":tr·t~o.t,.l lo•rn •·id.f.!l' ·· tr·~lll tok. «.,'l,it.l ;1nrl •·:h;IIHII"•>n•~ 
Th<-' ~um !~\p n( tht: prt•s~m·t~ ano:-nali~·~ f.-)t' t•ach Cl'l''lf.' Pf pninH ~'-'r.·(l~ :t~ 
th•• rhO\r<l«:"t•·n~tk for th•• d~·\"l'lOjlm•·•H of U:o- r•:·~pi.'Ct\l.'~"' rid~•' 1\ l<tn.~·· 
pn:·=!:h·•· (l'l'l'!"::OUI'\! o.mo:n.aly in :\ug1~ . .:;t i:Hii('atl· . ..; .4:\ •' ,, I'!~· b•·cirmi:~~ ~~c :h•• 
f<ll'li1 :tt~un c1f ,hC' Olnti c ,·c..-11"11\<', ;, con~id•~ro•bk t· xc •·~:o: ,,( Hto· :-:;. _·pt··mt~· t' t l\"f•t' 

lh·· ;\,rr,a-:..t ).> r,·s:;.un· .;rJ·P;ual~· clttar·.,t·lt.·r~7."~ ;-. IUlt• fr,r:u;Ui~>:t ,,f 1h · · :.n iL• 

ta 't'\('trH", Tlwn~f<tt,:. lh" \·.a r ta tiou A =:!:;\P\'eu-~.lPI't Hf :h.· ~a:n nt 1h·· 
(l'n·~~Ur"t' :liU!nli.llh·~ (n'Ul ,\llt.!lll".t tC"t _:-:;l"pt•·:1llwr {hr tht.· :lhu\"(' ~ indicnH·tj 
station~ ~.·n···s: a~ 1h•' dl'\··-·l•••uul·n: L'h:-tt·~,{~t··nstn~ or l';u·h ri•.~t!t' Tb· 
d.~pt·t\l!t"U(" t·~ llf tlw d.:u.·~ elf ICI~ app.•arotnc~· ir~ 1h· · ('•·tHr·a l t•nnnw pf lht• Clh' 
Hh•Pr' ltncl in ~tw uppe:r f:l"'l~lr'!·H: uf th;,• l.··::a Hi,_.,.,. na H••· r•~ ~p•·di'\.·•· 

c-~tai'<H!1••ri·~ti r:-s fnr HH' W~·r.~t :~tb••ri:~n A 1 :tn•t l_.f'/l li•h:•~l:'·ma /1! l'l(t~··s. ;Lr,· 
~i\'t:n m F'l~'Ul"'~~ 2:~;1 ~Inti 24, Thl•!-to' d••p•.•ad··no.:•·,:: ;str• <·k~or'l~· dd~n··d. hul 
i n :t ll\lcniJ•~ 1' (I( coil~•· ,.: d:•·r·· i'~ ~~~ ct>rl;;; hl··rab>· d···.'J.tth~:~~ uf lt•r• tlo~h- ~. 
Ohl;l lfll'lf (J'OJH ft\1' rl·,·n•~nalo•H('o"~, f:•t•:n llv• ;u·1~10\! of-1 1•' 'llw<:.•· do'\ ;;•:1""10~ 

;1pil•·:• t< tuost ~h.-~rply for tlw l,.lb' lh~t·r Tht~ r••.a..;t•~l~ f•lf' nus t.".J.TI Jw 

clari ftt·1.1 h,· C"OU.Sith-1'1111: 1h4' t..hro·ct:()tl o f lh·• aH'• :n;oo..l~ u·ati:OI~""rt. 

Tlw fo•·~taHnn o( th·· ~th•~r"t:-n :wt:c-yd,nr• •~nd 11~ ri,!,:::··~ i~ ('Of1!1'''''''d 
\\'llh th" ;lri\'"l"ticm "f c•lld n.ir, C'C'I:lcWc(~··i LAtLh m•.·ritlt<,n;r1 "'-:1rr.:•·~. frr•tn lhr• 



n(•rtl1 L11 li.~· 1 •·.-.p•·•· fl'•"'' ,., J.rP~ll"i-, Th·· pn·,·;~; l1n~ dln·c·lt~'IL v f lti , .• lll••:i~ 

, t<lll."'P"I"t, 1 xpr···;-;~~·•J hy \h•• tH•·J'Hit~1n;lhl.'-' 1Ud•·x, is tiH•rt·f~~n· .:ln ~rnp(••"t<Jnt 

f-~··~(it', wh1.th ,o;.h(>~J.!d lw t:\k•·a nun -t:O:l~ld•:r'<lll•m wh·••• l'!-illln:.tinl! th•~ 
d•·\'t'.lOJH!h"lll o( llw f·::...~t-;o..IIWI"Iall tJJaSiUIIIIU. 
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1!•-l 'q ;_ l ' t·n .• tl>•li r ·•1 t!:,·l~ll'•· ,,~ 1r ·· •'r('l-.. r.-~;r, ,,,,~,.- L'r.rc-t 
(nu r>)•,-r tt•' llr lltt' C):td \.lito-· Jt-' ttmntnu ' 'I 1:1t· ~.\11,111-'11 AJ ll 

t~lr I· "~ ..II ;"li"~'UI<' ~n'"~•-ti)" oll~hl' t•-P.I-f\,J;w·•·,, · I<J.:s•·! lho:- ~lh"fl.l!l 

~'~H'")"• lo· nor frt•r:• .~n~IJ'I1•> S~·r:t:ltl•o:-1, 

1- ,\/,;.'). A.;-:- 11, ~~,1\f,o,;•llo.llfh.A~;.',); "l•ll•~· H,l;lll ••l .).f1 AnJ. --~.lit' 

t'o~ \;•Ill<" 

Th•· ta•·n~ho~t:llity 111d··~ /~ fn1• l!l(• n•g1•m nf til·· \\'t"·."it-'ih~·rian t'ldt!•' 1s 

Ci•kH!<t l• d :,s Ill•• dilf•'l"l't!<.'•' h•·l~\·••••n Ill~· ~•'L'•'t'Oil!•' W't)po·, h-nU:tlH of Lht.' 500 rHh 
:-;.•.lr'i •H''' {ll~,ou) ny••r ~pltt·l·il':tl rt·c1,'1-1l~h-.;; •.o.·ith:n llw fol ht·.~·1n&: hPHIHfal'll'~· 

{• , lO!\ ;1r1d l.ifl"" 1:_ lnt~E~., nn ·•taf -:o· "'\.l;1l,. (11) tO.; :.,)d uur .1·:. lon~-: . , un '"'d 
4!1" \: . ~ .. l 

Fnr tlw ~-··~ion of tlw ),!"")~t-Kn!ytno• •·ide~·· •h•: uHh'"' 1: n·pt'l':Sl"lll.'i lin" 
dJtf•·1···rw,· !Jr>t~n·•·!' lh•• ;,~·,• r;lt!•' ~··npot••nri:l~s n .... ·.•t· sp}ll'l"l'-";ll. ~-t•(;tanJ:!~· r-; 

.d1bl ' l IIH• (n!.lt1\\'ilh2 bi,Ur\cl;jl'it·~· (i) !.rJ ;,1111 12q· t-: , l(ul~ . • AO ami 40" ~ .. !<lt., 
(l i ) 120 •~nd i!"tfl ' !·:. l!ltU! 1 RO :Hitl -10' N. l;LI. Cc)nsitl•.'l'••blP p~1S\Hvt• ,-ahw:; 
o i llw!-1:•' nvh,-,.:-; •~\ C.:t·pt•·mh;or r•·p•·~·~Pat lh•.• th•'-'"~npn~··nt of tnL•f\clu:ma' 
:-;u r~··:-o f:·lml th·· nnnh L~• tl1f.• 1·•·(n01)~ of Uu• t'('~ru-r.lL\'(' rid~.-~s ; ncgati."'~ 

\";1 1!1-·;-o; of llll'~f· lncJir:;:~·~ shn•.\", ntt lfu> l.'OU(t·,lry, tlh~ <lJlfH'at'iiUCC of (".OadihOU:ol 

fr, ,· d1•· tnln:<-:po•-t of ~\·:-sr-m air m.~s~··s frmn th•! :r-;mllh"Nt.·st, C:lu~in~ 01 d~l:ty 

ia !tw icwmc~Unn o f Hw!olil' rid~•·s (:•ml, c.-·u•st.'flll•'nlly. also n c..lelay in th1...' 
rl"''o'7. 1Tll.! ()( fht• t"i1"•·r~1. 

lrl l\ nti!J~h,· r· fl( ('U~··s Htt••·r• t.•x i~l~ 11 d••riml•• n•httions:hip IIC'h>•·<..·n U1•• 
·;altP·~ ,f Uw In" r•idio•l•dih· in:f••"( I <ln<l Hw dttn·;tch•t·i:aic~ .-1 of tht'~ <\it' 

ptv~~~Uf"!' \";••·i~•tiun (Tahlc•~"lfl). W1l11 lll iS iti\-"l' dt.·-.·iahc,ns Af nlllu~ '-'atu~ of 

I fr•ml th,• <1\"f•t'Oll!•' (• 2. 3 dkm f·•r tht: w.·~t ... ,Sib(•ri:ll\ rld[!"t~ .1.nrl -I,Odkrn 
f••l" tJw l.•'tP~KoJytnOL 1'iditt1 } "A"~· lhiVt' pO.iiUV•~ \"~lUCS Of .-1. and for n(•~3tiVI.' 

r!J·~·;;dlo~n,..; l)f Ill•• L!Jd··~ J (I'Ufll t!J•• l';olt•d ~-;.!ill'S 1h•· \;Lll' ·; 11( •1 o:!• ,,j~. ,.l 
n•·i.!~ili\· J..·. Tlus p.;:,unci.O.:iHft !->tlfJo',\"S !h.o1: Ill• f.,nr-. •• 11<"•1) nl P11 nd~·· .. { 'tw 
::;l!••·l"ii•ll an~kyt·h~•w •·•k··:-; pl.u-r· d<ll'lll~ !tw :~i\'• t; .t\!lll:lon "'' ,t'"''t • 1;;1•t• 1 :;1•••·• 

..,. l•·..;s ~~-rH(ornl 'l'Otlllilill'l". If. fol" '"'··•lllf);,., •In~ pre•·· ·.)"> b• ·s.:.•:l • •• ~- 1 '" 
"ll•U!'- pi•lntin~ lo ~. j)O:"iltl\'t' \':ona:t••n A pf !h·· pt···~;.:;'.ll'• · :•·Ht!t;.o:\', ~~~· :1 ·•':-:•• 

lll ~··pt~•a:h•'f' f.•".-ht':,biP l.'utuiHtOJ~:..: .tn• ;•t.tll\t;.iul··•t lo,- 1t:-~ fu•·111:· ~· <I•'\• ,1•p~?.•nl. 
••:l,,._·h i!'- I!HIL('i~l···d by a po~it:\'l' tlt•\'iotl¥nu ••! tJw Jl\Pndl•lllnllf~· ,,,.,, .... I fl'••m 
\l:< r;u-·•1 vod•v·. 
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lht\o",o·r. !'>tWh~'uni r••1'11'1',\ 1~ tH ·: • ·~·· :-:-: : n .• L~o·.~ ~ ~·d It:,, ~n•~n~~· t·•· r 
·'''•lt'h:•l11flt"t, l;l ~H. ··· :l :1• ,,11: _,,,·,..:· ~~·~ 111 \''\ . ; . ,J• "--.I•f At .:·d ·1: 
t'Pn'1'..;;pnHdl'll! IO .HI' oldy h o" t.:;: l'ta, ' H.: ~1! Iii• J,o o· ••;_,•, ' lt ,,f b, •\l ndt.: 

~~ .~'1,~:~~~:~:·~·:, 1t11:·;~ 1~-~;!,::l '.!1:~~:~:. ~f ;,'. ·.,l.:~ 1, li:~ ·,; ~::~:•: :~:~::~ ,: .: /'',I ·~ ; • · ·' ,. i :· . . ~-~~ · :~~: ·~1·:~:: ~ :· · 
~l··~.,tl\··· ThL~ •'<•10:->···d .i ;l Lll1•'tTt:ptt • lti l'~ :!.··· fn~ :n.;t ;.•••: r-t t1..- .._llo•• t '• ttl 

,,llttc:.t·h~t~•· o~tul ~ o't! I•' ,, d-•i,ty t:l lh• .tp p• ,, 1 ,~,, · . ••f ,,., <·'1 :lo• t 1\• r·.o. Jl•, 
~·n:l\" ''l' :o> t' ,,.,, ... ,t' :-i•\ tl"to .1. !lor· cn,..l.tl". ' , : n • ,, ..... ·· , ,f d ,,., '~ I ~~··r:t ;.d 

h•·j:!t•lll11lC. ··f tlw (•~1'!1). il"ll , ,f l h • ndt.!• .;;,; j o\.••l.t h '• • • •• ,.l, 1 :···~ ·· f~ · · ttr 

II• \ •· ~·•p:H• nt P ( lhl:'i PI'". •. ,; , . ..._l.._t> tl 111 ..:, p ·· ·~ ·~•• r-. ahjo 1, · , d :-· .•:1 • -•r ' " r 

J.\.'~ <;pp,·;ll".11lL'•· (!~l.t !l, l !•i5 on tho • n\"•l':o- · •f ·\.-...: S d•· tl-1 .•n•ll'Liol. 1!1~~1. 

t!1-:i-:.! 1'!l th1 (,<' t iOL ltl\ ,.,., 
'fh,·l'•'r,, ,., .. 1n y.·.n·~ ·.\iu tl lh•T•' .n·~· lh'n~n~~r!>t:u f""ndt'J· • .... f•'l' •' • 

IJ<'~II111L I!~ .111d fl•·,·,·i~~pnl~ nt 11( 1h• · I" til~ ••f 11~· '"'1! •· ll.•'t . • ~.·:! -. .. ••·•·. l '. , 

th~· .·n~!n <.; ,,f A •• :td l•f :!Jf ith·· •t• ·. ut: ··1 ·· J !h· 1'~·!· '- I , , ...• ,. .,,. r .r. •I \ .11 .: • 

., 



,,, .•• dtUi·rt•l\1'~. ,, \s 1\f"<:t·sso•t·y to t<~.kt.• into accounl, aiOill;! with Lhc v:\t'taLion 

,,f th•• pn•s.o:;urr, ttw m(•r\ch<maUly mdt•x /. This t~ •lon•: by Uiff<>rL"nt 
nv•thod~. d~•p('llfilnJ..; 011 1hf.' mflt)"TlCt' or till' ITII'I"idion~ht)* MI. the forrnntiOn 
of th~"· ~11\ticyclon(.' ~nd tlw &.~pp•·;u·;tne~·· of ic,.•. ;\s w;•s nu·numwU :\bOVi', t~'~s 
1rlfh~t·nc•• ls mo~t ompc••"\OLt'l for· Uw rh·•·r:; n! W\•St S1h•.•l'in. Ttl•·•·~(ort:-, w(' 

us•• .Hl .aux1h:•2·y l'("\<.tf10n~hip h(•l\'-'t'l'n Uw dP\'i<:•t~ons, nh~··n·•·d in Hw~(· 
~·,•.,r~. of lh~.· rJtlti'S 0£ i<..'(' ;ipp•~:u·;.ulCf.' £rom tiH.• r'XPI'(;tNlrliitf"S OiCCI)1"dir1~ lO 
Fll,!l<f't' 2:l:l :tnd lh+~ \'i\hll .. or l'l/1 -J.·hich r••pn:~·~amt:-;; ttw d~\·latirm::; of lhr ltHlCx ,, 
(rru)l 1h<:' 1·al••d vt,hw {Fn.''l.lrt." 2:liJ~. B,Y nh~aws or thls ~r·ttph \"'t' t.h!h:rmin'-" 
l)lt' ("~Pri'I'C1\0f\~ IO lh(• d;tH•H uf l<:t' apJW<.Ir;lllt':~ l'~j.)I•Ctt"d :JCCUI"dini,! \1) th{" 

fli''•Ph Q .J.nd ob:a.in th•.' I.'XIH'Ctt.'U d~•t•.'S of i('~ appt•,aranct~ with <lHU"'-'ancl" ror 
lm!h c-h;tr<tC'1t''ftSti('~ r.•r th1• dt•\'(.'}OpnV•Ill or lht• atr'IV'~piH!l"'i~~ ptOCI"S~I'S, 
l1nfr'll'tun.;ttdy, AUCh cm·f•'<:Lions (,'.all h•" 'i.nh•mhl<.'t'd in C)H•ck ror('l;'<:tSI:5 only 
fl't'lfll tJ.H:t fill' lh(' 1.-.Sl :!1 yt'af!; ror· Whir.h th<.·~·t• iH•" OU!rnlo~}r;:~l ttl<tpS. ll 
.o.:)n,J!~ld, llnw•·v•!l', O•· •.·mph;t:;tt.t•d U1;.1t lh~· mo!1t i:lltJ•)r1nnl dt.."Viatic.ms [rom 
l.ht• tkpt•ndt•tlt.'•'S T -/{A J ocC\ll"l't'd in r·cc•~rtt yc<trs. 

Tilt' t•'u·miuC"Iifm ni thL' t.'OI'r't•ctiflllS t'(•nsldt•rah\y lncn·a~f's lht" ••ccur-:•CY 

of th•• r'(>l:.ttintHhipS !ot· Hw lafit 22 yt.•<sr!-" (7 for the Ct."tHr:t\ Oh' Hiv~r 
am•nml~ tQ o.~:tL To ((lr{•t'<Jsl ~~e ~lppc•;,:·anc•: on*':.h(' L•·t~a Hn•cr It is uot 
n•·c•·~s.tr·y to df·ri\'l' ;nt~tlt••~"Y r•·lationc;~llP!', ·~inc•· ttl•.• amplilud~· of llw 
fk\"i:Hions nt Uw ;lcmo•l d<tll':-:' rt·OLn l)tClSt.' tktPrm\rtC'U rrom Fq,!llri> 24 i:-; 
t"·l~dt\"'"1.)' ~n,..H. }n ttus c:,.:.•· His pn!';~ih!(' lo tw con!in••d 11, tlw st•l•~c-tion 
ol'lfl {!•·n••:r";~l~?.Oit\<11\ ()f lnd10JitJH;I) \111l'~ ("(Uin,_•t:tit'J.! ~rnupS or JJll111t.~ ~·luc;h 
''clr-t'('!ilJ!.lfld lo yf·ars wlu•n, fnr ;1 nf~~atlv~· vatu~ (l( A;. the il•do..•:o: 1-: h.tti 
t)f.> • .;th\'t' d(•\·i.::Jllntl:- rrHtn til~~ r;t~t"·d v;1\u~.o:; (l9o\0, 19·11. HH~t. 1!H5, 19-tG, 
Jl}·Ul, 11151, H~:'l2t .md l.n :-~·,.rs '''ht•n, for a JHISiti\"l' ,•;dUl~ o( A::-, Uw wddt 
/2 ,,,.d n•'!.:••ti''' vaht••s (1~l4•l, 1~)56, 1!}5H, id'59, \~Hil}. 1''w hrst f:t"lHip o! 
p•~.111!.;: tkVIO\t~·S fi"Onl tlH' Ci•lltt'al litl•· l,CW;.trt.l t.'<lrly iC:t.' <i~~V-~O.~t·am~t.". th•~ 
~w(.·nrld ~rn\lp to·.,;:lnl talt~ l~t· .Lprwar<ll~c;:•. Tlu,. cotn•$pond~ to Hw :lbm·P­
t'onsl•kl'l'd phy..;kc~ll m··~nin~ Hr tlw r•t·b'HtOtl lWI\\'{'\'Il ll1t' (tttanLilif'~ A :U\d I. 

:-\lh.,wln~ fnt-ltoth Lh''·"''' ~iwr;~c-tt~r\st\rs of the atm·o~pht~rlc C'l!"<"lll:~tif'l.n the 
ac,•ur-~H.')' (•f (h•· r•·l:•U<~u-dnp tn<'l.y br· lncn·~st•(L 1•' tlh' o~..•x;llnplc c:{v...-u hlr' 

tlw Cpp(•t· Lt•na Hiv~·r f am~\ltll:" to 0,66 for::&. r. n~. s, error S h:ss lhm'l 

thi'PI0 da\'S, 
:\ppli;·ahOn of ll\1" d•'£>ctHwd tt•C"hntqu(• ~i\·es ~ati~factory n>s.ult-s fl')f' 

r-h'•·r~ of th(' f)h' bastn, ror dw C('nlr~al ~ud, p;trtially, rol" th-: lo"'L'r courst• 
()f th•· Y•·m~:wi Hivcr, nntl fu•· dw d,·~r-s ...,( the Lt.'T'~• basin 11pstr'L'<1m Crttm 
'{;\k\H~k: ~nrw·what l···ss .!-'ati:=;faclory r~·~uhs otl"l';' ubwlnt~d from tht.• t\mur 
~uHl 1 rty:-th riv,~t· l)a~inF;. ln tlw t\mur lJ:tsltl it iS nl~f:l'S.:idr')" 10 t;-~.kc into 
;Jc:cm.wt tlw C"lrcuhlinn <~ontJithms not on1y in th(' .-.ont.• of the Slbl"r-iiln ~:nlti­
cydOiw, tml also in :.i.dpc!~l\l rc~;\OHS (If thl' l'i.ici.fic Ocr";JJ\. 111<: rrl?cz.ing 
of rlvt·r~ oC Ow [ttysh ba.sitl is strcmnlY ~uccu·d by the atmosplwl"ic 
ptnc•·s~•'S dr•\•<'lopin~ ovt~r the T::"J'-':1 ~Hd o•,..l?r C{'nlrnl 4\~ia, 

·nli.!' t••chu~t\UL' ls not pQrkcl, f'v~·n f(ll" such 1'1~~luns \\'hL"T'f' J!CIOd T"CE>llhs 

<lrt• nbl<lliH·d, hl partiC'lJl'-lr, it tlo,_~~ IU~t 1a~t.· tn-W ;lCI.!OUI\\ Lh~ lnrtuenct!' of the 

1nH•m.;lty uf th'! ...-r·sH•fll ~~ir·Zl"li\KS tr~~rlflport which, ln il\dividu~l cas~~. 
co:kul'i•~s ~r. llppt~cioblc dd;;~.y in the- b~glnrung of ice formation (for t-xamplt', 

tn l~5J on thl.! L~·n;\ Riven. 

Clmplcr II 
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Uw ~c·· .. l.-u n ·j' .. ~~~·· tjiH• t~~ ~l' t' bJr1L'kS \">.lRIHH! ('I' lh\ · :;~,•t: tu.Hl rk•sn: lt(b<, 1t1 

ruhl~tl"lt In UH· ••• ., .. ,., .. ;tls n ton tlw kn~lh 4), lh•• U'':•• •lti(t s-.·c••<•t'l. attlw litnt• 
or th(• r·u·:n.ltJftll ,,, lht• tr.-_, .. ,. ,, .•. be·•·'~··-

Ftlt'lh· ,. JH•~p.t1~ •• r.,,,, nf Lh•· 1•'''-1' ''\'•'r' •'•lJt•· s::; rh11· lo l('t' r(ot'lll<tllfln nn tlw 
~-·,·r !••rt l )r· f .\t'I'IJ rht' If'•' bn•lt.;•'S, Tt .. • l'olll ' i1f ,,,.,., .... L:: .. CUJIJ d • .. I)\'IU.IS .,, lh~ 

rllf.t .. \g•·•· fr·o:11 1h•· ''PIH'r' hndg•·. tho· l"•d•• uf h•· ... t u·;ln~Ct·l' ;,nd U•l' ChnJ 
\\'thC'Jt\' 

"fh•; f/f):-011 •·t•fl) p•·,~J.I.-.~ ... II•IH •rt •h· t4't'•t w.-•·•···tl4•' n•·•Y ••xh·n•l CJ\'t'r b1·~· 
:u•••a:-o 1n lh~" 'lf'l,''l' :-.. tr•..tl'll•'~ (of t''\'t't'S rl\t'll.'inr,. fi'•1U'. \ak\.'.'i, lll r•\ yt•t• 

=t1t' .. Sdt••s O.C'"-Ht"ln•.tJtl h·4"1n, ln-dJ·u.,.·L•r·lr'h' ~t:1Unn~ ;,lad In c•o•t·~ of com:;~d'••• .. 
,,f,H· ;,,~h- 1' tt·n~p··r~lt1f'f~ J~T·Hh;·,U$-4: hlnn~ tho• rln•r, dt!t' tu .;lhu.atic-.1 
t't•r:dtl:(tl).:O: lffW r•xi<7Hjlh•, liW :\mu• I.Jat·y:t ltt\"r"J"., lll lht• <i.h.'H'tlC._~ or .1"~11 upp• · 

httdJ!-
In •h··!"•' r.t!to•,; t tw ntlo• nf np:•Ht• .un lfi"UfM~ottt~,n d~·rwr1d.-i ··~n th•'" fqll._• ~utc· 

;11 tho (lr:>oHIII"l''' (1'1111- rh~- ltl;:o~· or· ~lol'it~~- J'P1'i1'~'\'0~t· ~'I' frunl ~onh.' c:un~l;lll\ 
r , ... ,..,,..:; l>l• -c li,~~ on ill" ••h·•· •· 

' •' Hr• .,.~,•· r- t••rnp••r,l fUt"•• an llu• 1<d·w ·~f ,~;lot'OtJ.:•' f'(.i~t'J"\-oi r or in ::;um._.. 
t•rtn~t:tnl \lp~11't',•nl r rn;,.>~ .:;.•·~·\1-lltl; 

rl iat~· r ·.JoJt• •)f Jt ... tt lt'.:J:JJoi!(·t·. 

·it 1f .. fk>. .\' ·. ··!·" ,,, • 
.\ ••t ··• .wtl't't:--llf' fr•.ittrr•• l"'r tn ,.,,,.,.,. f•t~r·rna\WII on ~\H.' I• .:o; ll't'lCh(·l't. •'"' 

, ... : .• ,~ n11 ;:;.tr•·tt'l~··s '.\'lth h~~h f!.,'A' \'(.'lll<:jtks, ;\rlf" ic•"' ~hlfl!" f•~t'lU'I'it-~ 
•tunn(! flw (tlf'U1,~ U'lm uf th•• IC"(• ('"\'•'r" WlU'n rhC"" ~j,· h•nlfH'f"~1t~r·· t)~· tl••· rio~· 
v• ;tor•j1\' r·r~•·. 

,1. ,::{.,111.-• J('•• pPri.rue on.-. l'tn."t' l'!••••t.•h lu•J!lUK .il-' 1h u hna ·"'tal,h- tt.'•' 

ht'lf)~•' !oi f n nn h.rlltWitlJ::' 1h1• l i m•• o f ftH'nMhUI\ t Jf tJw r1r SI ~f:1h!•· U.'>~ 

~H·rd~-·!\ 1~ of l)fil\'1U",11 111\ltVI'Iilll('~ · , Stttr.•• !r·om tins tinw •m '' ~h.•rp 
•·h;utl!'' tn th•· ~~\'JJ!.tlion t·o nditl••:ts: t;•k··ll 1•l;1ro•·. "th .... ((o("htn•l'''' 1.1f 
('~-'k!Jl:•ltll(! :.trll~ for··~·:.stitlJ;: !h'· ll"·~inntu~ of ~t.rlJ!f"' i•:•• fl''l"t•uf f'tl ~~ gh···•' 
I"IV•'I' )i!t•l'tr.ll 1S ll111t~h f1H)t'£" COml')lo•tt.•ly W(ir'kt•il 1."1tll oJt pt't•i'Ct'JH rlli-~1 ltl•• 

t •Thlllft\40 OJ fiH'I't'U~ liU~ ihl" fnrll\~totil)ft Of tht• IC(' CO\"t'l' 0'\ 4l ~,W4.!ific 
Point on tht• l"l\•c..•t• 

IJ !CI' ·CO\' Ell FOHI:C,\ S'I'I'>G 1'~!:\G Alii Tt·:~li'I'H'\TUIIi': 

•··( )JlE( • As:rs 

~ 1 B··l:lnnu.lol!hq~-. h 't' llw r~:ll('ul:t~ll'H ~·r the b(!t:tltr\ltln o f tlw 

~1;tbh'· ,,.,. pc·r-•-r)I"J m1 .t J!i\"''H d'l.·••r Joots·clch 

,, ... rwl i ~-.·••tt•d lH tlw Pl'.t.•\' ill\1!7 "'-'l,' ILOn, rol' tiJ· l.r~irmtnl~ or il s1:Jh!•-- kt• 
l)••rc•n-t ., .... 1"1,.,.,. -slr-•·h·h I''"'" llw ln~J.~a<•tum o• tlw ri a·~' ll'f'" bl'hlgt':.O) l,\'U 
~·-t•nrll~t•tlt~ l1a vr· I•J Itt· fulh~lNl. i;,,.,.,t. ·11.' 1"' .->lh)\l!d bt· son~,· h••a1 tr•an-"rf"t' 

c-.u·ro ..;pfmdill~ t11 th•• ~h·•·n condit · n~~~. St·cond. wh4•r~ llu• {H'A1 t:4l1Hlihun. at~ 

,,,tfiJJ•.,I. Ut•· ••It" u·mJt4"ralu•·.-. :;hl.lutd lw not hh!hrr Uwn t)uo crHic:a1 
h :np•·t••:ohll'f• 0,.,_ 

T, ... ~\m' ur llw U1''iUl-dhu-n:d lh'~3li\'1° ~d ,. hHHp,···~turn; frnrn thr day nf 
:h .. ~Pit•·.tr:uV'•' of rJn.lting i(.·,-· • .IO_, hi \1/'0UOJUy lo1kf''1 .lA ;\ rt•)ollh:c 
~·h;•,·~tr,•·n ~. tlt' uf th•• h t•.:tl tran~r··r 

,;~.; ~\- '111'"tt11-•l p•·•·\'i•tusty, lht• fli'CL':-i~ili'.Y l~t·aL ll'illli-ifr,r, Of' lh•• quant11y 

!:n_, <•Htl ltv· vo•lu•· o .... tkp•·nd no Hu" :nunlol~nmt•tl'ic characu~ristic~ of the 

.,, 

nl••.•r (J••d .oulf f~rt lhr• l•y~rt;lt'~t.:l~•~l CPII(J: [Ilo:)~ 0•1 lito· lttllt• 111 II••• .l~l\'t•U 
1"1\'t"l' ~· ~···h·h 

'I lto' 111UJ'ph••tll•"tt'lC' und hydfl).t•l:',< .t T ~'rtllllt1J'I1ll"! .J r •• ''•il t•;,• · lt• r·; r t•tf hlo' 1h o· 

·.A.".t!•: l' :-ot :q~·· II ut (ltl•' llf u~r 1/oll.!;;rl~ ~~~·-~ IU t! ••• L!J'.'· ·~~ "'!rdr·h. . 
n, •• thn•· 1 •• u..,· f .. •a!Jttmn;: ,,r -f>L•blo· k•· pt•,:;hfi ,,.., ;, 1"1\.-:- !<-~r··•;""!1 t~ 

d··t•·l':r.u1•·d h·hrll :r)n~·ttm•• r~ho.;~·r\'l.IIJoa d,;.1,. fnr 111~~ ~tr·•·fr·h I.\• th•· 1A"1' 
r·t·l.tllnn""lttps flllli:lll£! ~r·•PIJ~J 

" Jh 

•.• -1111,...), 
-~h·'l'•· If: lS tlt t· ·,\,lh'l' .,~;q,~··pr·o·(·••lna! It• ~l.th'., ,,.,, ll• r·t•d (!0_) .. 1r l~ 

1t · .;uu~ ••{ th•• Jlt•"•ltl th n·n:•! tl••t:.;Hil••· <~~ir' h·l:~fl": .th.;.r·· ... 1" \ ''l""••'' ' ~. ,, 
f.t ' l:•~r otf~IH'to~"'ftlllJ.: tfl• ~\'(: '1.'/lS,t t'.'" ·, ,,)l!f·~J f•,:'lt •· t·•·\-··(' rur;-'l~otf·•~tt l~o•o• 
~.th~··c-~lt•n ~~! 

U· ("0'• ·•d··~····•vt!Vntt <::: c;n····~ •1f .. , .. ~·lvn•lH" fv1 ~•·HL'lL!•'.!1''''" "-"l~''li.! 
t:f••Ph:-: -utd f••l" 4',~;.C:t .• t t n,J: 1tw lJf"t:;l:lrun~ ol Hw ::-t.,h·~ :c.•• p··1•·•tl 

.11 1Jt•1•·t'll111ldl!(l~1 11{ lit•· ll\"•'f'•~ti""Tf•h "")~'t) tldo~I'P · ~. /\ 

•·:l.•·r· .. CI'(•lt·h r~oht.uld lu• :uu:•,. Hf' h.·.;,~ \itlllur:'l·,, '1'l 1;~ n,,.,lu!-',. h,. .. ,~~. th.H lt•l 

·~·•~ot•' tt'd')'~:;•n".;, d~u·h muaht c:nns ldr·r-lt!11~· ~flf' t'"t ,f l("o· ",. ,.~1· ,, ,Jr..,,-·h.tr&r· 
rJ-.ln:>tr•·,,;:• 11''~~~. 11n·~•· tllfit11o. ~ilf"JUhl, :xJ.:;, ( ron rtw ~tfl· l i·h '--• ·••«,.lrl • •. ,,:" na' 

:!:;u~~-t<;··;,•,._•l1~11:~~~·,:~:::·t·phn,n,a::a·~d -<•;".li hy t!l d U
1
1t' dMI'•h"l•·rJJ;I, ,_•<; .r,f t•.•· ~ -I\ 4• 1• 

n:o· !t·nt.:;h nr lh•• l'h'••l' :o;:tro ·l('h SJ\•"'IUl•f h1• .-•.Jd1 ! hilt l:.k !r·•·t .. •·l'";n~~~~ ,,J 
t•r•n•hfl•1111'o •·.ut b~ ••PJirt\1.:~~~-tt• ly l'hOit'.JCl"l't,•• t.J 1,._, 11• ~J·''"' ,.4 ., .. Ut(!,• 
ttl• 1•'ftttoh lj:!!f:;)l r;1;•t~<~r}, 

\:n :,·~ot~ lh,m l•\"(1 _c:;IQlJH! Sltr1:; l:~lfH'1' il!"•' ~h''-\ll"Hhll·\ ~11t ·Ul~1 tJI' ••\,~}l~thil' 
''11 e!,t• .a:u-,-u~h l!t .:-;••rn·· c-.... .;n·• ... ...tw11 H l \1\ l.o_~ou:n1 fh"t tl.o• t:r~: ,, •. ru·utc•·s 

r ,,.n, ' •.•Pr~· ~- •••• ,. 41irt•t.•tf_,.,.d~•.\ns:tr-•'·'rt' " ' ,, 4t'"'' 'l >4.1t• ~·.tr •• , tt~ 1~ :···•1 1Htr~. 
11111\· '"1• •ofl.,;••n•.J•ll"'l!l p•-,1:11 I~ t:>$ff1• tt1H t'l'l t•,, ."-• I, ,.,,,,j "'1t·o•:o b 

hi 1·~• 111~11: :h• Cl' .;.. ii'h (~0-) . 1: Qf/(1/">!-.) i-r •· ..,t, ... o:lo't ,. u! .. a.a•~l·· 
H'•' c·•·' ,., .. ~h·· il.lh•:-: •J( n=s; ht·t;uuun~ •l n f h t' ,.tr•~i. ' r .. :-- .· til l••r'U'.tt~· ,t '''' 
11,; ~ tl.ll•· lho· •·,"aJ'ho·:-;;1 or ,dl th•• d.t!t']'( ~1( b•' Uitl'l\lht ~r .l ~H~h~t· 1,'1' p•-I'I•Hi_ ,1;-1. 

r•o•('••l :!••d tl!'l I!~·· Sll''"h'h. r_.:. 1-•~•·n. 

!"or ~·.wl1 •··• ~t·. ,,.,. cfT•t·--r·:lolno• , ;,,. ,,, :uo· ...,( !G_ (;•t·:~ 'I••· C.,, ,,t •h• 

••f•p•·,ot'.•Ut'•• t•t (h•.,hno: ~··•· tn 1lrt· ~!.J\' ,,j th• ~~~ ~l~•~'tll ·• .. l ftn •.',,bit· 1,-,. t•· t"·~d 
fllll.'lurbnc: tilt" l•'1Hf'WI'.;.tue . ..: nn IIH ~·!."·s nl11,,. !-..·n•)~artl! , 1 u 0J •·rtd t•! th~..: ' ' 

P"I.IC!tl (.\1 th· -ll,t:IH' :U•'II +>t'1• ' 1'1J~I .. ·.d :!O (,,t ;··•t r··u· .d t tho {~,, .. , . .:·, 
l·ot· :I••· •\.o1 1'!' -;.\a)!'' lf, .. !o• ~· ,. lll irurnu tr\ ~l.t:.;•· l)ro -,···d!IH.: "'-t•lblo ,. ,. p•·rrn,l 

t>: C,tk.•·•t. U .1 ..;l.t(!t• r:.:o• 1--fceft !h•· 1u C'~~H'I:! t ~~~\h!· '" o• I"- 1·.··~:..;· •! It\' tho· 

11',•\ r· I ;•( ,, i ~ ~~, •1l ,Jl, 'tlt.: !Ito• n \ ''1', lht· ,, .d• I' ... r .1;:• nn :'·• ""' -r~·, ,.,.,f; tlf:" ''1 r• 

h• U,i:uarH: ••f .:.:t:tl•\• ll't·, Ol' 1•:~ \n• d,,~- pt·· ~ ••h~la: lh• I"WI'"•' "'' tr\ H•• ,.,,,,. ••I 
"'•·•(• n.:o•· du•· tu 1c1· (nr"~n •• u •• , ... J~ U-4•·•1 h ·J' tl•• ....... ,.,1Lat~•,n 

1'lw \'•ll111 nf II,, .. \:-1 r!• ll't'tl'hPI• ·~ l fr• .. trr "'''' 11f fht l:'·•t! P1 f:" ~\I• q ·•f 'h•• ~-tt.• t 

Sl~···h h 

Th··, ,,l•a··:-o o( ro_, Jlll"l"t·.t~l·:.c llfl111 :' ... ····rt!Jf\.'t'!. ( ~~,. '"I'Wh•Ut "' u-• 
ht(1('~.;, .It'• u:,knt o·,-,, f1·~-.IH <•~•:-r.•·•·, _,q ,u-,.,. _ \\'•t .• f , , r·•· 1-..~•·•,,u.tr• ... , v- "••• ·.~!·I•,. 

(If !0_ .u•t•tJ!lml.liP~I L•' o,., :·d lltf• Un ;•• •,\·~t.-•, tit :-;t.t~~~. ·•·•• P• ri~>•l ,, ,:o.: 
t"••t.'ttrtf.t·tl oil ..1 r'•'.'Ul.iii~W•U n~-.!'t !"C'tlU:t ,,.~h .. f't) lh· f._•:-1Jt .,•__.f ->!r·••fr h 
llo· ... ·••,•,•r·, tiH·~,.. v.•ln• .c, •n .t~hhttn~l !•t rJ,,•.;o· •t• ("• ~.t.u;.· f.,-, •• r. ,, 7 ,n~·-.utJ! 1, o . 
hl~'<'k~ J•lth'1lll:l, i•l..:.-~ C"l~'''·•ltl ,4 r~umh•·r ~ •f .ulo!:~J••'h'' • ..• ' 11 , ..., . t :n_ r,1, !;0_ 

I 



thll'llli! tlw tlnH' f!'')ltl tiw hq:~tm1111l! of~ .. ~,, JUIWtlOJI IO IJ;~! nuHnt•nol wbi"'l) 0-.:r 
w.~~ ,., .• tdwtl .u~d Hw flrsl !>lotl}l•• tc•· bndl:•·;> fnnu• oJ; (hl :::o_ rhu·u,l: llw 

HW(.' fnm1 th~> ft)rm.~uou of tlu! !ir·st ~to•bt•· tt!!• lu'Hlt~··~ lo thl' IJL'"~IIUHt)~: uf a 

!;l,,lJl'' tC•.~ J"PJ'Wd ;U lt•af.l a.t O~W ttf th•• OlJSP.r\'~ltliHl pOIIltS~ (c) tilt' C.'II:C•':i!i 

t\(·~attv(· at r tl·mrnt•atut·l· on the- dj,y of th~ bt•(!Hmtng of thl• sh•bh· ict• p•.·nmJ. 

. . . .v 
·v 

·50 1---t:?. 
y 

·E.O 
100 

ft{;.l);or ;:!!), ~~II\"'! tCI11.['nl~~I<S (l:8.}mit1 rk'.::l:I!,H)' f-.~ l~lt' 

~~~: :~ ·=~~,~~ ~~:: ~·.~~.~~;..~ :~ 1: ~ : .•• ~ ~.r.'~ ::~ ;··: h~· ~: ~::~: .~ d1•1 ~ ~·! ::r t' 
{:""• tt~c· p~11111i hr:~o·<:("n b<•~tnnln~ ~·f ~!fl'~ol>f. Jlilf ' ' rl'd to{ 

ll.t!":k to;:~. 

·nt..:• ~~·••ph \n Flt:!ttr't• 25 .show$, ~n :...c.;or•lo.•n~:<.' 'A' tttl Lhl' \-alu•.·:-; (\f Hp:o: ( i)ll 

th" :•!Js;ci=":;;,), th•~ v;•ll.ll~$ of I"O- (t·om tht' d;L)' of let• :tppl*OII':trH'•- ~o tilt' <iay 
o( \h•' ht~q:wmtlg: Qf ;,.~ stalll1~ ico..• p••nod, ~in<"l' lht·s.•• \·~dut~.:-; o! l:O_ C'lnH~dn 
,, nurn!w1• of lht· :tb"\'(·-indac<,H•d ~•dtH1it.1Jl:\l p.;lr~•m•·h'l"~. th~ !-Wi:H.'-1 (l:8-, 
lf~r\·} <•n' s,·,~att••n"d nvo·r a ',\'id•• fit•ld. 

In •n·ckr• IO nbt;un fniiJ1 lht•H.t~ d .... ~-~ thot• :"1111"'1.~ or rw~ativ..:· {1.'1HPI'I'"~11Uf'\'S 
·•rpr·nat-hil\~ 1!lm:;o·· i•CtHal1y tH'l't'ssar.:; for i<.~t:>-l:Jl .. ,c-k JUIH.:li(m, IIH.'t'C)rrclati•m 

lm•• 1~ d!'dWH ;.dong ltJt.' lowP1' t'c.JG>.:: of llw (j~_>lti or pointS, I, t:',, ~il(lll!t dtC 
wuum•1m vah.~<•s <)f 1:0_, ac:(~umulau·tl ~wtil Ua.., b<'s;inning o( the stable l.ct~ 

(l: &_),,,. = f (If, ... ). 
c·) PlottinC: th•· ~raph O..:r"'"'/(11~1t.). l·"or·l'adt c-asC" of ~lablt~ it•(' 

fonnar,osl '-'-''' d•'!o.'l'min~ rro:n 1h(· g•·••ph 't:r0-)111111 =/(Hpf') Tlw qu:1ntity 
(!0-),,,,1'1 FJ'I)tt'l tJ1~ tahlP <,fthcmf•nt1-diur1Kl.l ~tit' H:ntpt•ra1HI'f'S th•• .. t.at!' ')f 
~tc:clnHIIl:tU('Jn of {!:0-lr:lill is (Otltld, Tlu"'n. on .a ~nlph (Fi~\Jrc 21.)\ wi1h tlw 
,~,·;..n,•r ~<l·•w: on lin: "b:ocissn ami tllr- mt'<ln-diurn.i\l ;..ir t-..~rnpo:.•r;uotn• 0 ... on 
th•· on.lini\1(.•, p~>in\$ corr·~::;ponditl~ to tlw u:ah•r st"'J;' .. and to tt1 .. \·~ahtc-s of 
0 .... "( , ... ~h day h""~;:tnmn~ from that at \\·hid1 (l:O_)mHI w~·~ n'.J.Citcd at•c­
pl<>11f'd. FlJ'St Wf" ~lot n:-ltllf• ~r-nph p·tJints for c:a.s~·s wlwn (~0-)utLn is t'('ach.._,.d em 
rh•.• !.f;,.,.. o( tl;t• h•'l!\lltllnl! r)f tlw .st:thh• ict:.o pe~·tod. Sin.c~ tht? Sl~bh• let:< p~~rio~ 
~>('£:111; tn 1~14'!"" ,-,l~t~s on tlw Uo1y (ED-ln,~11 i5 n·otchcd, it is ct<"3r ll1it-t Uw 
ai r 1Nt1pl•t";:Ltun• uf ~hi.s Uay is t'qu~l to or lower than the critical value:" ror 
tlw [!IW'n comh1i\U}~ ffo1· thl' t!i\'l'n w:-tter leve-l). 

!· rorn th•·:'l' p~"•IIH" ·) •• • . I'• qi•~"l 'l an ;tppru.'it~·l:olo· 1d+ .~ 1· f fl.· J•"~tttnr~ nf 
tlu t..'UI'I'< [;duort iuo• n~~.. =/(Jf,,..) .... nr •• ttl ·~· I••J:c,1 .... { •• t' f • ... ; ...... ! , .. ·•U 
t l'tUp(.'(';th.ll'('~ o'lllJ,d !(, 01· 1("!01-I"J' l.ll;l'l tl~•.' rntt(':ii \ ·,,:u• ;;o: .. ,t J~ I i• • ot t h .o1 t 1oo 

\itw of Oc:r t;;mrhJl ,~.t!';,_. ;-1bO·.•: tit~· ·•~~· ••r •'dL:•' o( th•· fil·:d tJf the..,,. P••lnts · liw 
ah:.:ntute '\'<~lu•·s n! tlw n•·t!<lhl.'·•· t•·tnw·r·<.~~•l l".-•s 011 lh1• t•ro.! Jn:,!•• tut"l'••;,._t . 
up· ... ·~n!~ £nHn Ill•.• nl·il!rn '~f th(' J.:oor~linaat·~) 

(1_. " . ... 
o-1 

·-l 

·JS 

•14~ 

·I 

., 

D -zac 

.!.!. • 

fl' I;:~ ':,· !t~l •1\>flo:' tor..••,. to'~'':<' o" ~ .. ~ ; .0;' h'" ~. 1,1' o'\ {', J 

".J.t'l"' ;f .I 1•.: If <'"'T t!•• ~.t'.t "':: ;•:; ~··•• h''' i'<' • .o.'··' ' ~~, t<-o , 

flio' 11..1~•· f'•'O:<"..l;.1~ t ;:, •'J l"-ll" ;(I' ;"' . ,.._.,;i. 

1-~~·:!';"':"'~' H<' ",:. . ~;t ~ , ! i "'l" 1:" ·.1, •. '•, \••t•; ·•o · ~ .• o"l. 
t• ,.,(~•t· • o;'o' 1o!: t~;l' h< ~~~~~ ~ - ,: •'( .• ,...,!. ( o-, " .t :1 . · 1 t• 

ll\lo;:ll'1~:l'1-1 11(" ~· 1o1;:, j~fih' d,'IWI~),[I,I;\• - 1' I' ·~·j,aJ I~I•"'"'' ·• r · o ,; 1,, 

tu·,:mtHr:~ ft~•Jol rh.~ .J~~- d " l ' •·" . :~~ •. · ;o ,. ..· r:tt-1 , .. 

"-:o•:.-;1, f•)t'" OHH•r (·,,~~· . .;; 1.~! St,dJ:~· ,,.,. :"oi'!~:~, ~J.•"t l • ' p . •·: \1'1 ~·· . • t.!l -•1' · •1\ • 

1•'tl:jlt'J'i.l~ ~ln':O: o f ···:H'h d,\\' :n t!1•· !~··n~od bo · ! \I'• n 11 • ' " ·':1!1 "';·1:! •·\ .t>o".::t 

llllll tl( (l:0-)1~ . <1'1 ;ltHl \Jio' d.,•: ·ti:l1"1' ~' ;~'p•· t.l~ ,. r·• •" • i ·' ,' ~·• 1'1 · , • • t · '· .1 ' t 11• 

CI'Ltll·,d \'.:d•t•' wittlnut p.; . ..::o:u~l! . 1,<>,\"< ·\·,·r. :w\ • .. ~d 1: · · ·~~4.(, 1 ·~f ..:r:rb!, h' 
p~· r·,~..-.:1 . Th••r·o• :trt• nt,- ! ,!lt (' t·.-. .\ !>·n n :t· <.! .. \ ,•( :h·· t .. :!· n·~ n!.~ ··: ·r•l .q.th! . :··· 

p••t"l•"~d th(• t r·ntp•·c·,, ~~~ rt' J(l, '-"' :1• ·~ 1.1: ~ h• : ~ ·· \ ,. 111 ,. ~1' • · • . •\ '· .• 0, it~· ,. P1, :-; 

lmiH•a(f'.'i. l b.t~ ~b~ · hr:-=:' ;ql~H'O\tl:;.•l1 • ·n 1lll·· 111 11•1"" n (';··Pl iS · •\ 1 f"I.Lit tl .unt 
tb..1t 1hl' 1•'·:t1p•·~·,t~l11'••" tltl'llt:,£;h ·~ h~ i ii 1l l >,1:0 I l l'< 'I dt'».l!l ,\I "J'f ' ~l' .\f I' ,:•.-<• fl 11,1• 

~o.'J'Illr..d v a i\lt':'. !11 :0:\1t'h (",l:-<• ·~ 1lo1' (: z·..:t ·•PPJ"•'\~ .. ··•t:"'l ~~·t·· L" L• ·\o'r• o! .so 
th~t1 1h~· l){"llllll'l)t·l'''~ll":ldtn;! h• Ht" d.~\" • I ! ~ 1· ~" c.r:l~.··.::; ,.f I ll• .... ,,~,;. 11··· 

p•• n od ~~ JO.Ltlhllo' d (•ll Hh· l;lh ' 01· .th·.•~•· 1t l'n•tt:' t·l~:h! t~ c ~''·' , . , ... ~11" 1 ' 

plnltin~ llU tho• (!J'.tph tlt' l lh• !h'tst:~ " .• , , t'o ..:l·•·•l• b•H! ~·· ~~ . · .l.oJ<\' ol'\ • -.. oJ•lll 

t<'tHpt•l',l tllt'r' "' thu·:n:.! .1ll :h·· Itt'"!' O\ "!~ ~~ t·• l •'Oi; ·u~ ~ · · '- ~ .t!l~ ' · : · • · ·~f .11! th• · ( ·•.:: ·· 'l 
analy·M•d, '''<' t'n J'1't'l't tlu• ;m~1tio~1 ~r thr• <·c•t·t·• l.•:t~•u :t tt•' 1u -.;:\wh 
.a\\.,~· th.t1 1t p;osst 'S tn s:<'UPt".tl a t ~lu· ~ •• nH · d .; .. ~ .\'1("'' :n'n · q,,. t"; . ' •! ~l·•. Hr~: 

-., 



t - ... -·=· 
j-.r l• ·n•p•·•··dll1'1'S th.•t d1<! tim ~-(·ol~h ~ht• ~ rflit::Jl \"<Llu-o·s (bt•lth· th•: Hca·} Lll" thai 
•'.lfCl'10d 4 •d !Ia• r."l'il:\'oll \1~1hH·.~ (:obOVI'' lh•~ l11Wl, 

-:i .! ( ·.l,\'t1~ •• ~1 ,,, ••f U1•· tw~tlltlU)~ uf ('0\"'JttBttt,uS 1c1.• t:O\·t•r 

f ~···n~ ''" 1 ••L•Il"nslul~:( f••r .,, ~11.·~·•1 n\*t't' strd{'l! 

\ ..Lh••rt~J'.II1::!• ftll't'<' .. ~l .rlf llw h·· ttirtr,lf'IJ! '•f contwuO~l"' ic'' cm•c•r· [S L3bh.~ 
,1-'1' lll'l"l•UJ> "~1 ,1 f'l\'1'1* 'itn·tclt fJ'{)IH E'o•litlHin~ll:pS ffJl' ~Itt~ ~~~·ctC:h 1.-. 

? •·qMr•·t1<•=" tr·~i·-.~"'-
1 l'h·· • •;-.••t·t· d '"' "tr-r oo;.t;.~·- fot• du• ct.~l("", fc.lr :.\'h i<'h 1h•· ptUh<tbJiit~· u( h.•t• 

h 1 .-.. ,~•!.! .... ~-:~:,-.Jl.,t•"'(t, ~~ Lkh •t'll\HH' '' Ttus -...·.J.t-.'1' st•~a!'' i:-i 1Ukt··:--. ~·~ lf. .. =~-
J• .... uh l'= oJ.l+l•· IT• h··~lll lilt' l'ilk~ll:,unt\ ror· .. d.•y ~\·h~·n ,,.~ : t('t''-':lri1Ut"711.' lS 
:o,ll; rtH>t't•!•.•hk 

1'1" t .. , .• • .•• r·n;n:; I'' l'lr,cf ,·,f th·· ,.,,lf'!JJ;IUtm, (kp~·~uhn~ """'~ 1lu• fnn•w;u·tun~ 
J••·t'l'••l ••( ch•· .~~•-h·t:JI'h·I:Jtu•· .. fon·~·-·~•t cl~··d. \!>; .. :1:-; d f'tt1\' , 110 !~·n~··t· lh·•n 
~) 1ft ,, .~.,~.. \ t . U;ulll" r .. t rnr··t· .t~tUlJ.: \\'diP)" dls&.· h.n·~t··s t•rlli lt•v.· b .ar·· 
d.l·-1.~ •·t•u·•t m "J:n\..t)\'l)f'""'\'()' {ll;Jnu:.t), ~n. t. A rDrll;(' .. :f;t ,,r th.t> ~·;,h•r ~t:t(!t'S 
t·., ·t· I oL1l""tl:un ..... , ur tit•' '''-'I::UU\1~1C nf ~\flhh· l~t .. wi~" h'H"l'l.\itrninc; rwrioll 
n.t ,,ltr\·~r ~~ j1,,, <:: ~ ·.ut tJ."II·•Ily tno nl.+tillll•: •l h)' thP .'\impl~.·~l 1n•·1lu).(ts. 

..1. f"l•·· •tuJ:rtiiL~- (tB-)1r1111 lS dr .. wrultn'-'"d ft·om th•! r··l~til•nKhlll p:0_)1111n-
" /(11, .. ,.) 

:t l'lw ,.,,It;,• ,,( !0-. dt•l' numf•d ••l Hw didl• fot· vrolut'h Hw pt·~-'>!hllilv 
"i ••'• h:m: "l'l~ I!'; t'.idt·ul;-..1nl. L!-1 tklt!J'IllltWd f1'•m1 llw cl,1t;t t~f tho· nir • 

' ' "H·I'' r.,~ur• . tl•ntu~ tl~< · il•·rw•l h('IW("t•U t1u.· :•prt•·;u·a•tct~ •)( H•'<ohn~ ''''!.', .tud 
•• Lt •!_.y t~i PP p.a:-.\Ut•n nf tin· fnr•·('oa~'. o( 1h<· bt·eimuriJ! ,,, sta t:lf• It'•-. .ami f•·•tln 
'!.w ,t;J' h·mpf'l';et•Jp rn:'•' (',,..;t fot· tlw lh.'"!\1 Jlay.;;;:, • 111L' :"'UUHll.ilttnrl 1~ {'"~L1'ra·tJ 
•.111 {l't•!ll t1:r' rl.ty of \b•• otpphlr<;tt\CI• o( flo;.ttiiH~ H.'t•, 11\C!tllltn.ct this: dot:O', 
"IIU't I hi=-' •: •• :, u,.;tlln tl I~ tn<Hh• !ot· ,-u~ t•,u·ly tf;ttt.', llH' \',t\\H' u{ !0_ u; 
..,t~~ .. r•:. ,. H,,p, (1:0_);..

11
,. 

• ;, 1' .. :nr1i.,,. (',Jli"il!;dL• ·~l ~~ m;uJ,· (IH' th•• nc·.•<t G.n· . -•a•l St• Or\ u jJ 111 lh•• 
••••)' t•11' -~·h~t h tl.•· , ·,t!tt• ~·f IO_ ts !11u nd Iii !II' h1r;J,,·r t!l.ut lnt· t•qu;:,\ IH) \h•· 
, .. ,~m ••f (I.(L} ..... 11 d·•:l"t'tnuh.'d frmH th•· ,\.'.lh'l" .sta't~ · o f tlu~ d i t)'. 'llsis 1!' thf.• 
•l .. r\ hw \ .. o.n•· til ~0 .. ·•• c·••..., ...;,at)' lf'"or n•o• h!hC~ktll~ IS ro.,.h.•h• •tl. 

'•. It· L!~<HH:u.~ ft·'·:'H tJ. .. d.1y (!(L), .. 1.n 1;-; rr·.~dc··t.l. Utt• lt•n:lpL'f~ilnl't' ,)( .~IH"h 
l1\' t" • · •n.p-•r•··l .\·•th lh•· \. •• !u.· llr 0, . ''••:·•·~·~p~)l\dt n~ tt1 H\•' i t'\T! tt( \hi• q:i\t·n 
d .•.•.•• l "''''!ltll! ttl !h•· hlnt"ttrm ·O,.t"'"-f(Hr1, .), Tl.f' fit·st d.•'}' whast• u .. ·mpet·.~lun· 
.- • '!•.,d !u {If i•H1 t• n,_~ll tloo· l""o·,:.;p•·l.'lh.•i• 0~~ j~ t~jl\1'11 ~)II lh'l.• ~J,)y O( 0t1SCt nr 
thr• -·Jfl,,,; ·Ill' t P UI(I•'I"olt\ln· . 

h ·n~· •L.ll• of 11"" ') llf'.o-·1 o f,. n1.J&'Ol1 •u r 1-c-tnpt:r~tw l c i~ t.;.tken as ttu"' til. h.• 
. ,( th• t,. ~:ttrnnl! uf tU-•hl• 1rr• Um·mo~tH'HI u f !.i rs1 ~tall1•: h:~ ht•td~1'1-i). 

Jt .:.lo~·IJ!t.l i ... !,trt'l~· u' tni:ttl tl,;,l, 111 ~· ccc..•ntoltlt!(! w~th tla- pnx.·t.·.s~ nf dw 
l • •'•I'll\'• I frol'fn••llftll, tlH" h t':H St;~hh• lC'•' l!ti<.J~\'S ror•:n l~olr)Jt..'r t hi!.ll llll 

! j • £:1 rmuu! ••I" :f,:· ~ '''"~' 1c.•e JHTHHJ, (.h'l••rm inl..'d fr-om ob~t-1'\• .. tlon.s at ~;\~lng 
·, j,., 1:--• t \;,1 Cl1t.rl ,•\ 1 

7 tf. w :u-~,.·,.t·•tum:\' J.tth th•· .t~,.;uuwd <~out"."" o( ~11f1 -'Iii" h'llJP('r'-o~~Lur" .. •, 
''•' , tt~u··,, t L•-:npt ,,,lhf"•• Oct 0(.'Cnrs l'W 111111:h !~l"t(•t• lh:.n lh•• .::tc-cunlut .. tiC'"u Q! 
(~L).,,,r •h-t1 If:,- (5,,.,"' .,,tan-: of lh·r· h(•t:nmin~ tlf ::tahh• JC'-'• d•h.: lo 1h~ 
~t-U:'• ·If.,-. ,_,,rnrnt.t Jl• tros.t ui llh· t••nlpt•r•.tt•tr'· fnn•,·;&~ t U~·~d. ~:an ht• 
pt•1H1· .... ,,::--- ,,p,-) th• .u•t· •Jnllt:;oliun HI (l:O-),u

111
• th, .. 1t:11•• (!0-)1,1:to n·.1Ch•·tl 

J-.. I• • ;... tl h ·•:H ;,,. ,ll,ll tl.t!.t na th•· ·,,;.,tt'l' 101ii~l· :tnr.l :d t' h•n'j)l.'t';~tun• . 

Chf.•c..:k c:..iklllaUOn.'i- {fo r•·co• ost:-.;1 tl l l f f•r fl·r,rn tht• o..~t"')\'~' ·lk . ..;('nh• •f ut•·~l~··d 
on1y by lb• (~u.:t llh 11. ;i ll Hh·· ,-• .l·J''li t•! 1h~> ·.\· ;~t .. ,· ."fOJJl~· •wd <11r ~"n~r··r-.l•lr•· 
Drt• to.k,•n from .H.' tiJ.nl cb.l~. 

$~XaJllpl•· uC <•:-dct~'••1inl, t•f ~h · ht·~' " '""~ P[ !-I .... _,J.• '"'-.. 
c(·~·ntutuous ict• ('(1\'C•(i. L•·t liS .-;,h•ul;:~t· · .-... r ol o.;h·•··~. r •• ··~·· !'!'l .. ~ c-... =--1 tho' 
d :nr of the h('~imHIH! n! ~l.Olhh· 1C' ~' H•l oJ n·.·· r S1 n ·h' l • t •j'f .a.tar:-'1 ' 'l• ,.~ , "' ~''t! 
n.rl~tit)n~lllps '' r(• ~~v~n in Fi~ur~"S ~~ ou vt :!. i; 

1\!iSUZll"' tb•tt fJhottin~ u:•.· •• pp~ ·•• f•·IJ 111 t!.1.-. •• .,..,. ~ t ~ ~ ~ J ' t ,,. ,\·· ~Uh• I " 'J'IJt 
'/1'01''-'1' star:~· r.m th~A rJ.t ! (" .... ·;.r.~ I nnc:Jr :lhf••,"f" llw ;: r rr~ 11.1li,!TH 1 ;~~·· .r1 : 1 I' t: .u:;l,.&:: 
sit ~· us4•d f•'r p !ouinc til" ~\;i~··~ l:l Fu;;~,r· · ~ '!~ an~l ~r, 

,\ s ,.umt.• lh;lt ~·:t :~· r··o;!a~:•· i l!ld ·•U'•h'JUlh~t'.th:r• t ; '!W• ,.,.~;w;: ft-r ~ c!-t~'\0.. 

ft'Om. :!0 to 24 ' •\n::-nlw r, a. r-~ ··•h1-U•\•·d ll" .. l•> :.!11 

r .-\ lil.f :.:1. \'J( ,.,..r II, I ~rd !~- t.•r":·· t~h · J ... , .... ·f·h ~. ·.~.·~;: .• ~.~ ...... .. . .. ~. 
tdllt•':l~bttr ~~ ill Jr•<J < .{ll 

.\ U T-l'ltlfel.ltUh ·, •··~ '"''· 11 100. ~76 ;o (,1 t;o f'-1 w 12 ti_9 
I -12 ·-11 -6 - 9 -6 - S -J - 5 -3 -! 

!'I_ - 12 -~3 ~:.'9 ~ ---4·1 -4!.1 --s:l - S7 

1-' l"t' tn Ft~·tu··· :.!~ \\t' !111d :h.cl r~l- 1 ""' "-"·• t:• 1•! J 41fl:· ;t~ 'l'f ··t' '-• :u 1}• !' • .t \ .~~·~· 

(I:0-),,:1:: =-'iir 1~ Hn'•·l>S.,\I.Y fn;- :lv .... ~•am:;;! •'J ~: .. Ji• •rt·, ;,~! .• :·r ,,~ 4.fl 

l ~ ~;;~~~·.:~:~;~ :~~~~~\~\~t:;~;·~ G~~~~~:l:!:~~ •• tt:~}~ ~~~ ~: !~···1£~:: ~' ~111 :Jo -.O ,tl!<' •1 ~ , t ~ IW 

(:.:0-) 1::101 -...{j 5p i ~ nl!t:"t•;; F ,l :·y fc• r t~lt' :Jt•a,;: ~1'1; 1l~ · ·~ .,, ,d l ~ t ••: • , .o. b ! •··•l'i ~ •'1 :'(j 

:\n\·~·rnlwt• t!Ji_' ::~.:ILilll t, !:;j"l!• ·:·a ~·.lt'l' ~o. •I "I' ~"' ··" - '!1 . 

'l~yt~. ~ :~~~~.~.~~=h::~· :t)~.:.. :~~~;~~:·, , (~~0!~)':' ::~·~: :~·::·,.~:fr~y!•: ... ~ ·l 11~.' •lt:. ::~,L~:·~:.',;.£ J•rt,l ~~·::.~;: . 
h' •~ fur th\ · ~~·1\•·t· ~h•,!~·.t ,,f :b.- t'~ d·k.,'ll',• rJ.,..;. .. 

,.H 20 s-,~·tnl~t·s· ~tat.• t•h l.;un Col•'"·•·"~"" l•( th• \d!•· t · ... •~c:• .t~o! • .., r 
:l··~l);_l•'r.;.t:nr•':-0 f• )r !:t•' f11'f' ll•d '.\nU~ 2~ ~P\.''"nl~,..- r t~l\' 0

1 .. t \ '• I f.,~•1• :!1• ll •J 

(!H.., ,. , ,ltl•pl, · ·,\ _., ,, ... .-.ua u• 1~•-1t ~ lh· .,.. ,,t t'Z' · :>'••J.:• .. ! •,.t ~•I ~ · t • :t~p· t'.t ~ ' ' • J•• r • ' ,, 
Pl'l'JI•I I'~'lll.••l lh•• JU'•'\: t l~\~ ~to,\:-, ,, t"l l' t•n:; t·:z~, d !•\ :1,, loq•t ,, .., : .. t f r l· , 

/,llh• ,, l :1!! ,!,~~·~ ,1\llJ lh.tt 11:• f v n ~-,~. .•IL..., pf :~u ' ,, ~ • , ... I , , Q• ,, rtd " . ~ ~ ' :l.: t •• •· .1 111 1 • 

iii I'•'" ( ' l l tllpkh· iy ~o. ot•t ·•·c t ~ 

( 'c'l' th\' 1J~· ~I:\cHII£! H/ •' :.l,t l,k h .'• ~~· •\'• t • • ' :l :.'~t "\t ·~ • l'r\h • t ·•IlL , , .l ol t • I' 

ttl:•.c.t.• t \f t;O.·m • .a , ••• it: ,· 1!:8-J,.:,._ • - ~l,.~ t.;; ~· 1;·.1r•1f " " " · '"' r .... , •1,\ ... " " " 
-.J;th • - !t~' \"\'t"f' t t"\'O' · IT'~.,I oJ . 

·1-'n)m ,n.~ !or· ·.,· .•. .:t (, r -:::-z- "2"r; '\'n \ '• ·n~ .. , . • ~ : .• ,. • •·"~! 1 ·~ • Ld• 1 ... 'l;' · •1 

1f} X o•, • ·n!h('l' to ·l0t'H1 1 . ..:. • · \.jl•"t'f•·d, •· 1'•':~· ~II.:'··~· J:'1 .~• ~ ! :·•t ~!,,,. :••1" •1 ;,~l 

~t.t~t · {!:()_,l·:::1 """ .. ;i3 _. 1fl t''"'l\ti:·o·,3 ,, .. f•·! j .. \ ., ~:- · · ~·. "f",,l •1• ~~~ ~! : •• ~-~ 1 ~1 • I" 

r• ·4~'h•·d 111~ .:.'G "\cw.•sn h··r· 
l.f.'~ \i :-. d~.•~t I'IHHl~ th~o,• tf<.t tl' n ~ 11\t" • •11"-• ! C·~ ! I·,, I 1 , 1 "t ,,1 •• t £ "to · ;:1,,.._ J u t l lt'•• . 

l ··n·nl 1·\~UI'-1' 2 '.io ··••• fu\t! l~w: Ct"t r •• ~-.,,. t•f ~Ul.t .. ot "- •"t•• ••• ~-.~ ... 
:'-'('l'iot~dl'-'• b\:1 01' :'io ~•1\'•··;nbo I' frA\r~·· ::!\'a'··:~;, 1 ,•1 r• ·! - S- 1-c 

•'Xjl•·~·t•·r1, .. l , t', , hit;h· ·ritli"l~l t;,,. 1.'~ll,.., ,tl \ •4' 11• l • t : -: ~ ... '.. •tn ! •· •·,, · · ·"\ • 1 
~f rj•p t r• 12 "'·m .~ t \lh ,. , . d. !\!r .... ~. lt'h 0. <=;-.. n .. 1 .• , :' 7 ........ . ! : '" I" . . ,.~ 



-:v h ' ' "JI'''·t···l Cl:, la Xto\·•·mtJ• r ... lu:.~o··t·sut! ••f th,- ...-.. t,..r st.'f!•: to -!J '-="' 1~ 
••Jip•·ch.·cl. l-'•w Uas lt·\ ·••1 Oc!=-C"'. On 2R S(J\'••m\,,.,. -6'". t. _.a. a 
h ·rH)tt· r.o•\n •· ........ ,. U•·•r: U••· ..-r·•ttc-•1. 1._ o•:.>.,_,.c:t~·d. 

'11JU.11, ..,. •. hthl n,.,. tho.• lWJ!IIlftU\t! to{ •• ~l3bh.• JCI~ ('cl\'f'f' t.\.rl lh-..~ Str••t('h (tlo\· 

l nrtn-'1\on v! rlt<.' £.r:-tt s,;,b;~~,• l('"~ b,·id!~:t.•s.• ~t'IOuld b•• •:x:p,•cu.-..t OJ\ 28 :-;o,·c m iJ( r 

~ :• St•::w ·:.q 'lOtnr" ,,r th~ r t>ld tt orlshtfHi for Uu.• 
r •• :c:u!4 HO:l ,,f U''' he t:tinm:-u: o f ~ta b!-.· icc· CU\·•·r L''' 
,, ~w··n d\.' «' t' J.tn~\l.'h 

,, , J'•\1' t' i\·,•r,c ~·1U1 ~ma:l \ O•ri<a a o n tn lh•• •,rat('r ~t.~~·· ilnd, 3CC'Ord tn(\y, 
:.l :1•''(iH;t JJtf' \"otrl•llll'ln HI tJw mo·OUI f,uot" \' t'}O.at)' dUJ')JI( th•• (flt't':a.',)J'flitl~ 
1WI"'tn t1 nf ~h·· ft,rt'(',l tot (l( tlw bP~im•ir~'-:. \,r .o:ttab1co IC't' .;ow• r it &!" pn~$\l,h• Ul 
uj•' ,n~t .. ~hJ c"C Hh: ch:~!':;d('tu.:,·~ _,t (D-);r.,. otn•i Ou 01~ I I;•• ,h,. r<1.A.dnmtlupl4 

(;se_),.., =/(Hu) 

a,, =J(H11 ), 

Alwn· lfu 1:-l ,},.. ·"•H•·,- ~1.•1!·· 11~1 thf'l d •• y uf th\• OIJlJI• " '•·:ulCt" o f fln,ttlll~ ic~·~. 
\VIP·rt JU'•'P·"~I'II15: ;, (t~n'1'.lSt nf tlw ht..·,:mnl.n(," of st:.bl~ u.:'-' lJy nwan:o:: or 

th• ,. .. rl•lH"Il'J,•nc·t·.11-, U~··•·.- 1:-; n'• H•'i.•d lo nht;,.un ;w fon·r..l!li l of tb ~· w~~tt~1· !' fat,!••. 

l'l"' l•·r.h:'llll~l• ' n( plr1lt\ng ~lw L!l'a!)!l of tll" thopt•tulo•nct• l:LIIt Ill IHI w:ay 
lhif•'l',tC rz-,)11\ till' .. hon·~d··..:tntwtl t••.:tlnh~ll l' nr plt'l[flnl! 1.11~· J.:l"ol!}h tl( th,• 
d··po.'mlt•nc •.· (I.Jl). ·rh·· dttkl'l'<lCt' "o:1srsts nnly In th:lt If\ U1\' «'ll.r:~ · 
"••f\:Ull•'•r••d h'l"f\' \\I' t.Jk\.• .... ~ tht• .i.q:<Hll.,~nt tlh' '.t' olfl.•r !ott:li-!(' (H'\ th\.' d~IY Of dw 
olf'tJ"'•Ir.tn~•· o)C f!f'M IIBg lr:•.', '.\·hO•('(•.as •,o,lu.•n plc')ttill~ lh•~ ~r<tfoh nf tlW 
dt'fl''tHh'llCt' It II) tln.• •A:.,kr st;,~.~,, pn•cedw~ "tli~lf" IC't' ltl t.1k•·n ;\.~ 111"' 

0\I'J::J:n••:lt. 
Tis,• l r·rhtntl~~·· o£ p!uttw-: t}W s,::-;tplt of ~h.::· clo•po'IU'-.•nt•t" (-l.flt J i ff .. ~,-,.: r,.,,UI 

:h ·· •• tw·~·(~.tJ··.Ic' rttl~tl !or C!.tiJ on!~· lJ:'' u~.- (.-,·t lh .. t tilt' t••JH~,,.,...,.tun· u( , ..... c-1" 

rby~ t,. J:Utr.an¢ l n'llh lh•• day .. "'t 'Jo"harh (~0-),."" ~~ r,•:, C'h••tl. t!\ no t c.:-rr,~l3h!d 
!t•·r·· A't:h Hh• o\ ,, t••r Sit~ I{•' nf 1h.t-~ ri..t~· hul "A"11h 'h•• F tJo-:•• f •Pl \h•• J..y f\( tht• 
••rp·• • .,-.;a tll'•· .-,f f"u:,t;nu '""-

h ) !-"or sn1o•!l rivt·J'~ tt tS exp,•:Jio:·nt tu totk1• ffl'' chf" ~rhif'.tl ao:n;>o.•ra lut••• 
n ttl tl~ nt•';.of\ d !U1'1\al \'Ottut.·!'O. but !~a" diun\n\ mtnllll~nl:-t. ~..:h 0'1 l',.lllt."·t1 

toon: p~' J',Hil l"l~ u: UA".'d, (Qr I'Xdmp\t•, tO for<'C'••S t lh~ bc~:tuH'\101: Of Stabl•• h:·.,• OH 

ttv· 5· ·~:n;t an•l O~~:$'.,•ID r·h·~·rs . 
{"J For tUI' "ll n\·~ ·-s \\"ith a :-olo~ll.' flO\\" ,-,..t~u~·. lhi! \"aluc: nr !0_ 

n•·c.:t·~~ •· r:o {•, r thP 1-,.·~innin~ or srot{)it~ IC", r.onal<.h- rt•d fl'om elw ;,p,,, . .,. ,-.lnc,· 
ot fJt"""tlfl( 1Ct' , 1~ ~m~U. Tla·rdm-... •• H thto fHtl'eA!U uf th-." b•·cwmug u f 
s tahl" 1('•.· is ,,r, .. p~~c1 ahr•r th,.. apprara~~-=•· ,,r 11n., 1fnrt lC'". 1t.S f<tr•• •::.nunct 
P"tio iJ may turn nut to tya too smoa ll. In ~rd,• r tf' lnc:r·t·:&~·· tiH• ft'lr<.•,•:~nun~ 

(Y•r.vd lnr :h .. lnrC'"tOI~I o f tht." l•~gitulut~ f.( :!;t;,tblt- it;,•, u p 111" hnut 
{l"f :\H ...... lhl" fl,'l tht .. lor<-"A'-lrnUII; pc:riud O( ;\ td(:Jb\t: a\1' t•·n,p, •f'":&1Ul't• 

fttt o•o;:tJll , I t LoJ. f'OfC.S.hl .. tO USP d(tt prlt'diCt••d datC' n( ict• a~~t.."3r~:\CC (SC~' 

f'.' h-•P••· r h . 
Jl, lit ;,dtJtti'"' t•• liw...,•· f·O~lditrO!'IS, lht· }1•1\J:• U'>I'UI \' ,t(la(lf•n:6 \ nth .... 'a".lh." J" 

... ~:u:•· ,f~U'lll"' lh•· h'•• fnnna1Hlll P"l'ltJCl·•r,· :$ma11 o~o•ld d i•' '\' ;u·l.ati(1UI'i in 1,ll' 
d•' pths :.mt ~nr•:au flo·.\· , .l·lodtjo:•s arc n••~:li~1blt•, h ts pnttslb)•~ not to 

tntroduc:c Uu: '4'.:.tl1'r 5\.tt;t' in the- c.a.IC~Il::atio., ;,nd H'J d~h.•tmh~· ~t'" ''ii.IU't" nf 
(IQ..}"'•~"• n•:Ct•tt!ll;.r"Y fu r lhr h•·~:tomn( ~f !1-l•bl•• h.~,., ~, ;1 funclion oJ dtl" 
initi<£1 wa ler tt•ntp(.•r:.tu,..e ~ 

($ Ill 

byp as!'>inl( ttw Co4h...-u,1 .. tlnn uf •ln.· tJ~1•! of IC" ;, p:)••:..r-:..ru:t·. lr• thts ,.;,s .... .. ~ 11"1 
1.h•.• c .a \ctlltttiOU O( IC'l' .ippt•;,.r"o.li)C~, dn.• Wo kr t•·mp•'l'\ltl,~re• 00 ttW P \ "1' l';lf a 
(by ":"Jt•forf' lh~ U\r U"lllPt."l':lturc tak('S o n ct~(<Ht\'~ \'ulu•·$ ts 1.1kc•n a~ ~h•· 
initial 'A",,t~r ltmpt."l'~turt:, 

·n )(! c r 1tic:.1 U~rn,~·ra.tur~"~ Bcr is a!li.sunwd Hl ~uch c.: .. .s••s to h •· c on.-•t.mt 
Th~· high~"'~t ou r t.•mp~:t·OLtur-.:, ~t which thC> b«:lilJI'UU~I or ~tablt.• ic-c ·J.·o.s 
ObSl•rn:•d On tht: fit\Vi'n r h·l" r Sl r dch, iS t:akcn .;\14 8r;:t . 

S ·L c~ lculo.ti"n f)f du· bt•ctnnm~ Clf s table ic·· ,_.C','\'l"t ou ~ 
ri\·~r litn·tch lrnm ,;en.:-rod rtl;r.fi.Onship.S 

In th,• ab~<'~~~ .. n! sp ..... cl.,l a·rJ:,Iton:c:hips. obt.um·d fnr 01 Rl\"'''1 n ... ·,..J" 
~t..-ntch iron• !onl( .. hm,• o~,·n·ations on lhf:'i: '!ll';.:,~·h tuuiC"r- r.OrKhhon~ nr t'h~ 
rivf•r I'i'~in~l' I.!XI•Ung ,'\1 thto rt·c~ •·tH lim<"", the- b~QJnnlnJ,:: n( st ... bi(• h;P on a. 
.st n•h:h ,,( .l 1()wl,:tn!J l'ivr·r· \lhl.." !nrm::ltion of th•· fit!lfl $t;abh.• ice- t)rid~f·s j c;an 
bi:' ('Jo!eut.,· ~·d by n\C>!lllS of fhC r~lhr.\."lnq: rormu1nfl• 

~~--- IO.lv1..n 6°·u. (r, U) 

6" ~- 0.65vb .. , (7.1!1 

whL•f•' .IO .. ts th~ ~um "' tht• m<'l\n ~ dlurn.•llh'!:·••h·r.• wir '' mp.t•t•.:tt'l..tn•s 
(h<"gmrU"ljl h-tlm lln• d~'Y C'l! the .:.ppl!;a:·ol.nC:.c C)r Ou.,~lnq: u;-t>J ·,dHt.~h lS l'lt"l~•:ss;,ry 
i~•· :he- bt:~intn!\f: of st:tb i•• le-e tCar tt:(' J~Jnt::uon uf t ':'t.' block:~:). lfc.. 1~ th.•• 
crit ic.al (nu•a.n·dlu:-nal).\i r ll'mpc"rau.:rv m·c-r..r;s.,ry (o1• •t:·· bt•(h1r1h~~ of suhl•· 
il:e ilftC'r" lh\' .tt'("U:'nU);\liHI\ o f .!0_ dt:h-rmin~d b\" (G,IU; C1 t ilt li>!• me;,,~ n.-.rAI 

\'('h:u:t:!-• a.t lh·• rh•\• r t'r'Olill ~f'.:tion ?o·Uh t!h~ io•.a-:st CI04' '-'t.•ic)("i;y, in mlsrc-, 
b l.<t tin. .. rh·~·r Wldt~ 3t th•s C!'OS~ ,._._..Chc.>:1, :rl ~~ 

H !h"v cr.,l :::.)!in~: ~i u.-s "~l:at M th~' s tr\'tt..•h, 1h• .. \"l.lh l•· oC v (as "*-'+'"U ;;.:i .-,r 
b ) ,~an be d\.' h'rmuh.•d al lh~ J;AJ:'" •.dtH th~ lo·.t.'"!'t \' OII\1" 11: or c. Tho;! 
d Nt..•r.n ln.lUOn Is rt1:Ld.:o h 't,m gr3phs oi Ua /{1/) "ad b•f(H) (Cir t!t,. a····irt•t• 
period, 

h \ th~ .tb~c·nfo!'' o C tht• nee(l'ss.,~· ,;::•~i:"; da~.'l, ttnd ;thm '" c ;:,:-:(-s ·.d:.·n_ 
f r·om ;wail.tlltt.' hlpO(I"ap!uc, m.orp~lllrr. , ... u ·u.: or othror d;tt;~, H i.e; oh·.-~t.."':S th..ll 
tn otlwr crc' S.!I' IC'C"taorut t•n the :tU'•.':C' h 1111' fJ~"- , .,,!nri1lt-S r:m l"H• r.nn,:;:ult·ro,~h­

lo-~·••r Ch . .m 0H I hi' J:•\~111( 1>it~.tt, th\" '":\}~.o,•:; or D m~UI t h•• d•·H•z·mm•·d ft"'m . 
th~~.. ... 'A;lh.'r t!h~:~.:ho.~r.:\~ Q :md dll' Cnlf'S ·~··c- t lon d n,•,\ F ur th~ :-in · r <tt th ... -
ptact- of IO'I.I"•"$t flo >A "·c!or lty 

t• Ill 

Tht• fimc.o or C.ht: h•·C::i:lnlU'! Of 3d:ihk ICt• •'0 :J t'l\'t"r r .tli'IJI .. h•d .!OI"('"O.:!t 1ay 
nWt.lnc;. n[ (ll It) ~lf'tll {:JI) IJI .:~·tter ... U'\' t~n· J'IO.Hlll"' *'"' llw c•:t~r~l-•hnn h-.:-tll 

r+"l,ttiuu:-;l,Hh'· lu1· tn•hn~l~l~ll 1'1\'' I" t. l.f'f •!dh•..;, (~ :!l 
To dt•t··rmtn~o· U1•1 \':tlut·~ or !0_ .'11d 0,.1 lhl• nl')mo.::r.lph!4 {Fi,:n•···s "!7 OluoJ 

2U), b.1s<•ri Cln (6.fl1 ;tfHi ti.lJ ), C.ottl hC' U:l t' ll. 

,, 
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m r.\t:ua•,•m t!fH d,, t;, (ur· l!w tr•Nrl of Chl.t.topul' !Frt:ur·•• :!'1}. 

Dl 
v 

/ 
/ 

v 
[/ • 

·I(· ?II ,JC(I f<t ,,., 

rh:~;~l :-•. ,.~ .. :~ .·1 1) .. 1(,) •:'I! •-tfl'' ~'"'"J.'u ~~ 
~~~1'.1\UI<'rtl>'lll ..l.1~.J f~tll Pfto' 1.)11•1•';"•'1' I ' .Itt•' I ,•R ' ' t f ~ ,) 1' 1 I 

II, '"" 

\\'a• , ... , •• hlir>h tl\,li null:iu r. t..:•· ·'['~·· ,Jf• 'llt•ll l !•t• :o--l l '• ' h ' h C"t1 :~ 1 llt·•··h•'r' 

I n 1111,:: t'\<lrnjtio·, c.·~tll!"'id•· n~tllto'J"•' ltt nttl•' t' t•• ,•:.,, f(:o• thl' t•,t k ulot11'''' 

h~·hn .. t fH•'. "'' lH.•k~· n:-•· , •• •••'C•~~•I d •• ~~· ••~\ t.J: . t..u·· •· "'••t •''- ;-.:-.t .u: '"'n"'" •··•· 
llll'o• ;'\ 1h•• '- 'hL-'IOp .. l' S1 -1-Cito~1 fL~blo • Z:!•. 1rt lt..- I",,.,, t. h•·ltll:otr' i-.. :tt;-llf• 

l AIIt./ .'.' '' •l ·oo~<'f1to • -"• 1 •'h' •' ··I , .... ' . ... , """' t t fl.! .. <'.1 ur '• • •;-•' , ., , .,. •t ol~·,. 

col 1!H- C!l: 4 ·:---1' •a•HII'I f,.,-,~< (';•l''.J ~~! .. o:::l ,('.(' tr;' t' +f'o , . •II! •!.t; '" '!1\01 "" ·'! ~•.a k ' 

... ., •• ~~h.~ .,, r• -~ ~' r. ~ f:, ·• -: -~.!>oli i:.J ,,,. .. -.:I t :.o J 11 • 

1\1.+-1: a <S - G 1 -·.'10.~ !9 lf-6 -J.O - 9 'n -·~ -.;.1 .. 
Jl) I~ - s• - 10 -~ - 1.1 _.,_6 
31 H 6 -6' - · 6 1 II _::,, 

--· 0 
-:.16 

"-"-<•t.:vr I~ 
_,..) 

-4 .~ -!.A.O 
1 1:14 - -1 'l --ll 9 IJ - I"" -1 9 -
2 112 -J.8 -li .7 II -12.\ -ZJ -
l 97 - ·Cl. l -1i ~ I~ -•n -1 ~ -
' " ·-3.7 ~~1 . 1 16 --1~ -· I -
5 ~~ -~.7 -:OS. 11 -9~ - 9 1 -6 7~ --"-~ -:6,2 II - !-4 -12.~ -
1 67 -.3 6 -:-J. F. 19 -(n -11.6 -

· -·~---· - ·-
,, 



('H"t•dict~d wr.h•r f>l;;:tgC"~ ~md .:.ir tt"m~K"rottur~n. the cu.Jcul.:.tian ll'"chrriqu<' 
t£'fll<\hut tlw S;t~m~~. 

ThQ wah•r $t:•~c nn 31 October, ~n lht- ~ay of thr ;tppc~tancc or noatinr 
h:t..•. ·.r.·:\s J.a6cm (Tahlf~ 22). From Figure 29 w•~ oht;lh, tJ=O.iG 'm/sE-c, 
b=-!i.GSm. Fronl (G,Jf' or t.-om th•• ncnno~:roaph iu Jo-i~:ur·r 27 "'c ttn" U1~1 !r>r 
th•*SI,' \• ;•h.~t•s (1r 0 anti b "'valu•: Ie.--fUP i!'l o•·r.t•Rioi:u·y r,,r lhr t.··~innlu,~ 
of stabh~ u:c:. Uut or' 31 October, as Collowcd rrom lh•~ data nr ·r:.'b)(' 22, 
'Iff': h~wo only -0.1•. 

Sine..:- tnttl l 3 NoYcnlb(!:r Uocre is no consh.le-r~btc lowe:rjng of lht' water 
.siUJ:f:'. omd on 3 ~~~~.,b~r only - t.a.s• w«ff rf!cortlcd, \h~ next calculat.i.~n 
is mucic ft.lr"' Novt•rnher. 

On~ N'cv<•mhcr H -97crn, o-0.70m/st"c, b-5GOm. For thr: bcglnntn~r 
nl st.:.hlc- fc~;, v~luc: or EL--19• is nccesat~ry accO:rdin' to (GJI) or to 
F'icurc 27. But on 4 Xo"o·cmbcr (T.:Jbl!..! 22) only - 22•-was rt!;t;chcd. 

Th•: nt.•xt cale:ulntlon is made for 9 No,·cmbcr. H- 2:!em. U• Cl.Gl m/s •·c. 
6-550tn, t\ ,.~,lu(• of !8 ... •-GS• is n<>ccssary, On 9 N'o\•l•mber·. as foaow" 
rrom Table 22, only -.a5• is re01ch.:d. 

On 1() ~0\·Cmbcr ~ furth<'r drop or the '-(ate r srago occurn~d. (.et us 
repeat the cttlc.ul<lliOI'J. for \his day. On tn November H--5 em, •-0.58 rn/ 
/sec. b-ssom. TIH: tH:ct:s~3ry t.~atuc- of tL ts ~2!. whcrl'~S thr achJa' 
one is only -so•. . 

_on t l Novcmbl•r H•-S-'cm. o-0.50m/scc. t~s•on,, -n .. ~ ncct.•as:.ry 
\"~aluc- i s :DL•-52•. ~\fli roUo'4'S from Tab!~ 22. on this day E8-•-S-'•. 

Tllu~. the \'tl}u(• of EL n~cl'gsqty for the beginnln~ of a stnbio ice periot.l 
is r(!ilthel.l on I~ ~ovcmb~r, 

L.:.·t us d('tr.rnlinc tht" critic;a;l a ir tcm.pc:!:ralurc nccc."isary for UU! bc~lnrHnR' 
qf;.. :\tabh: ice cover \\ccordinc tC"' (; .. u) or to Fig-..trc 2~. 

Wl' b•.•gln the dctll"rmln..,tion from 11 No\•crwbcr- Uw day .at which th<' 
m:c{'~.sar}' \'alu~ 1:9- is r c;u:h<'d for the bCgiuning of st:abl~ i·cl:'. 

On 11 November, 0•0.5;0m/scc. b-540m. We rind 1:1 •-7".6•, HlU on 
I J No,·etnt)l'r Lhc..~ ~ir h.•mpf!ratu r e IH equ al to -4~ .. CcrtSC'quently. stabh.• 
Lcf: cannot b(Og'ln em t 1 ~OYCITI:ber. 

Oa 12 ~o ... ·c-mbt·r H~-R2ctn, v•0.46mfsee, &-:;30m. 
t\(~C:ordlng to (i.U) or· l~"igurt' 21f, 8e, •-G.R•. Th(:' air tt.·mpt.'ratur(' on 

12 Nn,·cml~r b e'1vaJ to -4•, rc~ U1ockint;t could no t occur. 
Similar calculations arrmil."deforl3 and 1"' Nov-t"mbcr. Tht" calcul~!tiOni'J 

sho\•; th:t.t th.:- ai.r t('rnper;~~turcs on thP.S[' day~J arc hi~h<.' r tha-n th_, values ot 
8.::, nc:>c vss.:u·y (1)1* lh(' bc,q,nning or !Uabl~· ice, and th.:!rdoff' 8 stable ICE" 
cov•·r t:nu1d not sta,-t on lh<'S<' days. 

F'rom 15- ~ov..-mbC!t" the wa\er st:a~ee begins to r'if::~. From oh!h.•n·afions 
tlt upslrl·um 1{01.gi.ng stt~s we find that the rliH· {·~not a r ('.sult of:.. fJond. We 
Ul<.-rdt•rc makt' 1ht" calculill ticn £or lh\! minimum watC'r sna,;c of -12Scrn 
ohS•! r\'1-d Or\ 14 Novr.:mb('r. For thf~ stotgl• U•0 .. 40m/•~. b•MOm. \V(' 

fin•l 8.:, .. -5.9"', nut Ofl i5:'\:ov~mb~·r.9-- t•. Con&t-ql.lf:l\tly. ther e ehou!d 
fl(.ll hl' $ tabl!J icf!'. 

On )G ~o\'oernb,~r· th~ \I.'<Hnr .Ato.gt: conUnu~d 10 ris~. Cons<."qucntly. the 
no;oe~,oosot.r·y '·alut l)f ~~t remains e<J\.Ial to -5'.9'. Rut the air lt'"nlpcraturt! on 
II; ~~0\"1"fl'lt"w-r is t·~)ual to on t_y -4•. L (',. there should not b(' :s:to.btc ic~. 

~1 17 ;';o\.'l·mbf:or. the .r•• r of '~~Water stage continued, 1lu~ nc:ecas::r.ry \".l~Uc 
O( 8~, a·em:iolnt!d Cqual to -$.9•. The .air leTnpt!raturc C'U\ thiS diiy Wl18 ~C,\Iill 
to -9', i. 1' •• lower than thl' crtUcA1. We obtain the bt·ll{;nnin,g ot s table lee-, 
i. ~ .. tht.' form31iOn of lht.· fi rst stolblc ice brlc.lgl's, on t 7 NOY{"mber, 

§ S. l;oOI't.'C:"*IIhng the- bc:JtinniRQ" or.;. stablr icu cov•:r at a 
liVt!"n poin\ 4fnrl the NftuJtirt:g I" iS•: Of lhc -..at:er lil011f:4• 

Slablc lc:~ a.l •my f::l\'c~n ~af.!itll:!' site l>~gLrHi owin!l to Lh~· UP!l1l'l'a m o'ld\•;mcf' 

of lh4!' ic,.hcov•: r· cd~·~. 1\t som•: ptJints: a contin•WH!ilo icl' c:o\•f•r b4.'~il\~ as a 
rC"Snlt of lltl! pmctim1 of icf..' hrid,;:•·J;.. 

lt i~ pt.-rf,•c;lly tJtJ\•imu4 that .... ·-·t·n th•: riJ':.Ot M:•f•t•· tc:•• ••ri•l&.:•· ,"'yst•·m:•h•~:~Uy 
tonns •t a Jl'vl:n pCtinl, c1r lHr~o·cUy b1.•1o·N tl. til~· h•·~inllit•!; •.~r !'H:•hl4' k l• ~·' 
il ~;h·•·n •'oint cnn bl' c::•lculatl'tJ by tht• :lbO\'t." d .. .o;c·•·HwU ltWtlmds ... .r 
Cdl cul;:t tltln •nd forcr.~stin;r Q( ttJ(~ be~h!niu~ of ~t.ahiC ic+':' Cfwc r on a rt\·•·1' 
.stretch. 

1\fh.:1• lhL• (ol'm.-..titm or u J;taUl<• ict~ l•r·hiJ:f.· (t:C . tH·ction ,\~, u~•.' 11:l• 

ad\•3.nccs upRtl'eoun m;•1nly in thl' f<,•·rn C>f ICL' hlock~ •.~xi~lUIJC by th•• timL' !,( 

f"J'nk•lion ot \.he t)rid.cc on tl,(' ~•rl'tc:h h~\0\"t•cn rhi re tu-id,t• ~nd lh ... ~ m·.~t ur•~·r 
n11o~.•. 

Furth~ I" tld\.-~1!\Cl' of thf.' lcc .. 1.:'Cl\'4."r •~cl~~~ is d•J(' to i.-:~ fonl~~lti!Jn <m tlw 

!Hr<'tch t-wtw'-'('J\ 1hr~ IJrh.l~~o·s. .,,c t'<•h:· l'lr ad\·:,m:~· L.; d··tr•rmirwd by lh~.o• 
•Us tanec h'Om thl' UJ,pcr bd<lgL', the intPilSi(,Y uf h'-·•~• lt"ansfn· ~:ul Hw st•···am 
flow ,•eloc:1ty. On the.• UJlp~r rt'~CheS of r h ·c J·s i s 5umi;! fn.t-:n l:.kf·s~ nn 
rh·cr- ~tt·~tchc.-s UowmHr('"an, rrorn hydr(u: h.~crr·ic ptJnts, ~''d 'olidth crml'iiflf•t'i.ihlt• 
•·:uct'·1-£'n'.lpt.~J·atur{' J(J"adir!t\l~ .,long th .. • rin·r, tlut• f () dim~•tlt: ~ou~l:Hf.lrl~ 

(roa· cxo•mph.~. or11hP. t\mu·U~',.Y" lU\•(•r·~. ~hl..~ a·atf· nf ~Hh·:uu .. ·~· n( ch•· ll··· nh:w 
t.J,•pl'Od.$ on: (z.) chc- d f !liloUIC ii.' ft'Um du.~ l .. lcto nr· saor:.g c ("f..'.-tt•t'".'oir Qr fl•om 
l10tr\t~ consUull cr·us~ A-..•c:tion on \h1~ rh•rr: (b' tht: ·.~:th·r F•mp...- •·;ttuJ·•· In th•..'" 
lake or ~tC)I'~g.: 1'~~~<'1'\·0if', C)~· ~n tht' fndi c .:a1.rd uppiT r.unshuu c,•r·.-•!i!'i ~l'"t.'Livn; 
(C) the lntt·u~ily of )l('a t ti'OJ.u.d•:r~ hJ~ thL• stn"'".:4:n Ill•·"'· '-'••Wchy. 

In conn<"ction .,.·ith ht,·f"!sth:ot~!ous of u:~·jam ph•·nom··:n• r,·, ,m u.u;. nl 
Obs•~r\·J1ion~ Ot\ som4:~ ri\·ers {~t'\';1, 11mu · O:ar.Y~•. and OUl'.· r ,;\ j •·~chni•lut.· 
rur c;..lcul.·uing nnd for~ea~tint.t tht" :m>,·•·:ncnt or u • .-. ic1· .. covl't' ·~d.:f: 111~,.; tw•·~~ 
work,•cl oul. sine.:! llH·~~ procl.'sh•.s. ;i rc c l(lsdy iut1:rr·d;ut·1l, 

(n ~Oml' f tl\'t'"StiJ::~It(OnS 1(J(' rah: o f ad\·:u"ti,.*C urI h i..' it.•(• .. t:0\"1'1" ••d.t.:f~ tm ;, 

g t...-c•n r·h·cr '!'Slr~lr:-h wa s r r.:);.tc tl to rh(> ;, ir ' '"nlfJlH":.I1un.'. Soch i nvf·:->lh;:.rh..•~,.s 
Wt.•ri~ c;;,:-f·i.~·cl out. in f.l•"•ticular. fur• thl~ J'mu .. Di.\l':'·;, Rl\·•~t·. 

Jn oth,!r C.:&!H":i, itl partlculaf', forth~> ~l· .. -:, H:,·~· r, nh:-:.•:n·••ti•JU d~1·• 
-·1.•n.• USl"'t..IIO hw<•s:ti&atc thf' \oflucnc,._,- o f •• l:.&rJ!e I\UI11b1·r nC ,.,,d:~lJln~· 01ir 
lt•mpcrnlu""r'-' and hs r!uclmUiOnA, flo w n·!ocUi. irlHo·..-.· o( j C'• ' rn.ttll !h~· !akt•. 

llo·.ve,•cr. a;ornpirk•l ilt\"t:~Ug;uion:; hOJ.n· no1 r·t•olc;ht•tJ dw st:• ~:•· ._.t •·hich 
h (::; possibl..~ to l"l'COtnrnt'nd ddini\L' n1cthot!s n( th'ltintt·UIJ l".i•l;o1iunshiflt' 
fcJr rorrc.t&t1n~ the acl\·;nlC~ Of lh .... lcc-envt-t· (:tiJ:f'" Olllti tlw ftHU\••1if)n nr ( IU 

ice co,· ... r at a ,.:h·4!f\ poi nt, 
Fnr c;•lcu lation!l ,,r Ut.:o up~1n•am ;)d\'MIC't' o! ttu .. • h.!C'·Cc'l\'c:r ,·d~·· 1!1•• 

f(1Uo....-ing formula has b""en proposed 

1~.111 

whrrc lr:d Jy , th~ clistanct• of ~ht.• lc·~·C.'O\",': r •·d~~ from ttw ftltU.\1 l"h"(.' f" t•n,,_s 
&.:!c:tion (from a d•~rn. an upp,~r ic .. • ~r·ut.::•· f"lr• f1·c•nl s.rmw cnlhH:4n\ c·r·rJK:-:: 
Bt.·cfiOn on Ch\""' .l"in•r), :\t thr .(1\"t.' !l !Un i ru:nt ; 1,." •~ tht.• dh:t.-ul~··· ,.,, ll·•· ir~· 
cO'""! r L·.d~~ fn1m th•• 1t~i1i<.ll Cl"l •l(S S!•l: ti( •ll ;lt 501111' CJ1<'m• ·••1 t;llu·n :tJii tt.•• 
initi-ill tnom.~m; 14 i~ lhL• cl~st.:tnC C' h·oa1 Ch£"" initial ~·1·u~$ :>t:t:Uun 1(1 tht~ ••••m::s 
s••ctioll al "'-"hieh lc1..• form~tiOI1 1J,~.::ins; l l,; the hO!Kt' of thP n,ltur;.l 



~·•C•IJ'Itliru, lJ,\, ~~ 111~· !·•·s~Jit~••l>l n1 tht• ht.•at tut·n·nts rnl rln· r·t\·~·•· ~·••·r••t"l' 
~~h·•n IL llo Jl•H'h••ll.)' IIH.'•·t'P(I hy n•a•: q 1s 1lw fl})f'Crhc rhomrl•~l h••ut wlln·.• 
~St·•' J':111 H, Ctl.llll•'t'(, ~ '!.t. l1s liH.' Urht tlmt•, 11 IS lht' 11\UniJi'r h{ lhHo• 

unrts:, L,r ~~ lfl1• H'~"•lfH'fl10tlton hl"~t. p,l- Jt; the IC:f• dt•ns;•'Y: ~~~r: 1~ lht· 

~hwkn•·f;~ of th•• l (: t• I~O\~a•r· (lnr;:•·Ull'r' •.o.·1th ~lu~h \n•). ,·..-·duci•d In ;1 rh.'JtSII}' nf 
fl H:?. ,o,hwh IS II'·Ct·K~iH'Y f,lr' tilt' ups.tn•.-.m adr~JII;;;C' or thof> f•dj!~ 

fl .:::hn\tJtf ·~· hHrrw U1 lnlttt.l •h;lt th<~.• 'l."'lJ~,, ittt-... :IFV;t.'fli: wh~n tbl" ~tttll fl,r:+q 
I}; ····,a::.,......... In dllS (·~IS\.' lht• f':'\I'Oih."fll Ill r.-.rrnul.:. w IU IS llt"g':lli\"t'. 

Th•' \'Oihll' cal f. ('~~n h,. c;tkulal\.•d ( r Q01 {12a.() or (l ... a . lf. 

Th•• \~lhW ol ll!c• :at 'A.'hich llw t•dt:t' .;uh.••u~es. lll••pt·mt)l n th•" h'1~th taf 
t1h· IC'•• .. tor·m;,Ut-.11: $ft'\'l('h, ltw rJp·.~ \L'h11Cny un this ~lrt·tl'h _.1'14..1 .;t. Uu.• \"tlj:l4' 

:t:1tl ''" thr tw.n.r t·uusC•·r IJ\h •n:;::Jt)· ~~ <" •• on m~h·orologic-<lJ c-n-rH:JiliOn!<-l, 
rh•·'\o· \'otf'l,t~•h•,.; ilha,~: ;af(••rl Ch· .unc~ml <"r 1c•· f•wnnn~. th'• ~l.&h· of Uw h••• 
fnrm,,fiC1a~ (fr\1l.l1 i~,.. lf't• hln~o.·~:-o;, th~·Jr• dtm•·n~tUH'-'l tilt• :"ti'('I\Rih t)f lho· IC't• 

hlf't.'k~ .t~tcl tho· fi(H'tll)fl ••f sn• drthm.:t h-('Hf'iHh Ill•• (•d~t'. 
Thu~. rn Ctnl·· r ,,. ,·alt n~ .• !·· tht· .td,:arwt nf t~ll' ~··l~t· hy m••:m."- 11i r!•.11l. \t 

'"" !ltl'I'I'Miii'Y til ktlCII\ th1• •f•'I'''IHI••f\fT olf h 1(' tH\ I!w ;:d'K1\"4"'•UlthraJr•d ra('flll':-1 

lh1...; d•·r~•·r1iJ••rwt·, un(~'JI"1•.m;l1 ~·:~·. tM:-o nu\ yr·t ht'('l~ tm·~·::.llr,:at.:·d. t'ou ... t•qc;4•UIIy, 

Ill ''''.41~1, J1l'ilC'~H·~· U l.'t u.o;l·d tn li"ft'I'I1Hil(' lh1• \'OdU\' or hr.:: ~~ rl••pt•f1t1~·nl f111 

lh~" rio•,&! \'t•),wUy fm 1111' Hh~''Ul'f" flf ieo•) hy 

IIO,IJ\ 

·..t.h••t'l' h,t 1:-;. t:l\•o•U 1~1 tn, o"lt1d l' lU m/.;l'<'. Ou tho• ~trl'tl~lh nr <lh~t•n;;.~llctll 
d.11a fn1• ~11111'' ri\'t•t':O: 1ho• C'C"wfl,t·l•·nt a i;<; to1k"t'U ln tllis ('OlS~· •·qual to 0.3 ... 
0.5 

H'•J.·o ,.,., •• thn tfd•• r'tll1Cl<tho~t nf h,17 as dqH"mh .. •nt '~nly '-Ill tlu• flow \'l'lor.uy. 

,., p.,t'lh'uh~l II;,' (I u.ru. tlru•N unl prnvjd,• it c:alclllHhllfl nf th·· 1\:t.'-nlf:::~" 
ad·.··•ltl;" will! lh•· ,H'('IIt'i.r~:V th~('(• . ..:.o;ary {rw tht• prt•p:••·~ltlon ~-,r a forN·;1~t. 

Tit I t·~~~~ M 11h• .,_,•o:rtC'"r ~ta~·· urw~l ttu• fH•g:innint.:: nf ;1 s10lhlf' u-t• p•~·t•:· ,,s i'\ 

rt•,.::llt o' '"' :~th•:aHl't' (')f ttl•' ln·~t'IH'I'r' t•dgt• It:: lll:liHly dNt•rmuH•tJ hy flti• 

'"•Ill,'' (.IC'tttl·..: ;I'~ tl1~· t'Hlt· ,·,j U~l\\',ll"li <itl\',111('1' of lht• i~cl-:•• (n~:U oHI I('(' h:·t~i~·· 
n, •. ll..~••·t· ...,t,t~" J j ~ . · ~ hlf:th~·•·. Hw l~ll'l!'-r· th··· :uywt1r1t n{ il't" rl1'1hmg lwh•w 
tJu t tl;:•· ~hn~ If :uh·.tm·o·~ ~ d\·fmttP distotn>..'<> ~old t1w h'•1!'rt• it pll••s u;-. 
t~" 1u'A' 1!11· u · •· 4.'0o'•· r. Til• pari o( atw L'"(' g••tn!! onth'·t· tit(• ··•ll:!t" '~ \an:•·•·. 
Ul" ~u .. tl!•· r lhc• ri!IU , 'Il$tllt1lS nf ;h~~ subnwrt.:•·d ft~,;HmJ: ICt' bh,,·k~, tht.• l.~t'f.:t'l' 
lh·· Pf'H' 'I"Il 11£ h·.•ll l ltT .•nd tlw hi~h· ·r· tlh.• flow \'i~locil,\', Th~ u:atbn.• or d!l' 
u··· (," '"·'''1'1\S .uul H11· ,Jltn•'nsions or ttl" it"(~ bJcock~ dt•pcml c)n th,• h('Oct 
u···l't!->l•·r m••·u .. •ty,. un :ht• h·n.~:th tl( fh('" u•·• .. fnml.llinn slrrtc-h :trul <"Jt thi" 
(~h.\:" \.o':O('"JI)• 

Th•; .. , tht• h•·1~hr of lhr ·.~o.·.uc.• J'·:Hor1!4~ ns••. wilh ~h"" onf>el <'f st;..bl,. tl"4' u~ 
·• J:.''"' '' f'l·•"'·· ~:•·u·•t•;,tJy U·-~,.·ud;o;: nn lh~"' ulh•nsUy ol h....-o.~t h·~n~l•·r·. th...- llr•.v 
\'••l••( a:y ~u1d 11u l•·ur:::•h nt Uu- h···-rurrnalinn stl"'"\.•lch. 

·n, •. l:··•~!•t ••f fh•· ·~·~•h·r·-o;.t.t-1!.<" •·t:~:w l..~;rg<"ty dt'(H.·II.d!\ Of'l 1l11· romlnn.~h(\n 
nf lit•· tM• t IL;IJ'oll' h • no.:Ht''-l tlw rflH'lU;tt"lllf\ ht fiH• no•,•• \'(•\fll"lt\' ~Inti in lht~ 
h .• d • ll"•tU . .;; f, I' lfll••ll ..... lly lhlllt ,lh•Hi! lho• r-i\•(•r Olflit WHh tim••, [~I ~Hldtticlll t~l 
th•· (,,,., llt.i.t 1h·· <~tnoautt ~~riC~'', firartint::: umh·r IIH• •·dg•·, ;1ud u:;. .structu•··· 
1 .. ~ r~· 1

::· •l•·p• ml1111 lho• l'ntnlmMhnn of tht'~l' char;•cl·c•ri!>!Hcs, ct•rtH11\ 
('hr~liJ;t,,,,I,UI"i n( l)u.•st• rhar>~<:l••rtstic!; rn;•y C! l'~;ih' cundniom;. rc,r tht• ••c.l\'rUlC'I' 

,\~•·l t•o•fl't ;p t')( llu.• lCI'•CU\'f·r t•rj'1'' I.):Jrjng -iltk•mci•S lh(l .:ununnt 0( tr.e In 
Tho• r'I\'•'P' l'•'rl Cttllfl>uh~r;tbly irtt':"r{'~ISrs il!u..l ~lt'Cordin~ly lh1.• wah.•r Fitllf.:f.' 

ilthlliJniMH)' rht~"!il-, In Ill•• •·lilwo.!••J• uf .i\ hy'II'O!"It•ctr-tc pl1;l.nt lhc am()unt 

v{ l(.'f.' c:•tTif.·d Ullth'r UH.' t·rl!..:'' ru.ty b•· tnfh.lt'llt'•·cl ~J~J 'h•• ~·.tno.lllf•!ll'~ II·•· 
watt•r disch;~q~r.·t> lnt:•)mlti~ !rom th•• •U'OJd.l',tttrr 1111o•c·tH'IIl. 

Tlu.• (at•· ur ad\'iSncot.• of ttl(' u:•··COV\1 1- ··U_~;c· .mel th•· Ill ir:ht tff tlh· Aotll f' 

5 t,.~t.· t'i.S•' HH ri\·~rs is5utn{! f1·om l.,kt·s ,-,.;ay bf• ntrtu•·m· ··~ h~: th1• wf!q.,· nf 

l<'~ ft·om ttll' I.1~W, ~f no.;..tinJ! ti:C' tm ~~~i" J~Y.t• -'H lh'? J'h' • r a.ftS11t" tHHJl .. ~,:· •r~· 
(QI'IW'Itfc,m or~ th"' riV"f'"f' i:f.r't'• IJh....,t'l"\."f·J tfl (1-l"l"l(~rJ.;: ('llf'(t·liftt~al'bn;( h.t ! I• ·lfU.,. 

of f'l"\'t~r ll<ll.\' rntnl thi• Ltkl". tn tlus ~ ... s··. th•• .... ,.. c,f tllf' li.Jnnaii•Ut fJ( tlw 
l("t." <"O\...:Ot' ln r.h,~ lak'" rc·,gaun .:.dJacc•ctl to lhl' t'H'•·r o"'tnu.~· 1.-t U'nfHU"to.at 

aJ•m .. 

''" 
·; 

./ 
v .. . . 

. ·v· 

. I . 
I 

. . . 
v· . . 

llD 

I .. 

i . 
v 

G , JID •.. 
t-(t;l-"'11£ "lll. V.an.al .. "ft .411r!~~'' ,~ .. •Jollln ~ 4>'t'l •:,-.f~' ~- ·~ !'o'"&·tollfi\U 

u :~ ~b !l.f.21>."1doi'.:-fl:C ..:!.111;.,'11, Hh . ,.. ....... , • ., th• I'll{ -II\''"'' ·of i.U, 

1.....!.',;_..1 ........... lo!!lt:llo.) .k:.l fnt.,t t:.to ~.a~··tu· ·~·.: ... r~~·:lt> "'"'.:_ .. lit[ 
"•~tcbc'r. Hxr 

l.,'l'f,t' H."P ~\g~l\"llh' r.oHi1.1l~. r~~rml'll! •h<r'B'.I;( th•• •lCJ\ 1'1l'l' 1 1( t•t• tc 1' •'P\' f" 

3nd ...... uo;ftlg: ~h.arp n:-:··~ Ill Uw ,,,,h•r ~t.IC•·. ••t't• l'•l:!··•ltr• J·U-:'I!o: .. ••.orp 
Ullt::h) ns~·fl- lf'I'·JLill :"jo:;f".,., •~•1•ltl.•· rt\!- 1'•·'-ll~f'tlll;:lf:! 1.~11 J ~~~·fl!•...: lo""•J•:II 

~t••r.··~-
·1·111' f')r;i~,•nf! nlt'thl•d!O- ,~r l•~t·t·L'·•f-l1nL: tho 1\.~h'l'~ .. t,•i!• Tl'~•' (i'fl"\•·,! Tl•j 

f\'(·c.•~in.r. tlf r~~·~·~·~ ~H'1'·J;,,,, t'l~.-s or ir-~··,,_.'11' oil,tt:••<;l .1n ~~~~-~,..£ '''l · .. n·,·~~ 



l 

t il) r~•t,•tiOitl~¢htp~ b\i t'.'-'t.'~l\ lht: .. •ater•Ht:t.:_C' w-i :;e Ot the ht'IJ::hl O( th\:' ic•··~IO\ 
~tfi J:•: .w•t HOnh• u£ lh•! ln<Hc;oo. h•d (;u:tors (rCIIJl rbtOt o( lonl!•lirno• ohs•• rvatlrms 
1111 Ull' ~IVl'll n\'l't' wtn.•lc:ll . In thas caM.r., ;~ll' h.•znp•~rutur"• 1s ustutUy 
lnlrmJucL·cl In Ut~ r rloniunshlp insl!l'ad of the hcJt 1nwsfr.r 1n trn..~it)'. Mul the 
no·•· ' ''·lUCll}' ts Ukhrrctl!f CIH&ractcrit.:cd b,y U~ watrr Sl3r;e tu• d\~Chiir:;r, 

For t t vl·r .'S (nr their uppt-r s l rcttht!s) who!i" r unoff i.S n·~:ul:tted t.y lili'R<' 
la k«·:t I l IH po~s t bh• W Obi:Jfn S<ltiS f~c:tor-y J"t•JaliOI11"hipR be l '4'CCO lhC m\IXIII\\IIT\ 
ICl'•J:illl u-at~1· tUD~t· Hilt J'trl ;a11d th~ mc·~n w:ttcr st.:tgC! iA che I.:akt" (or In llw 
nn•r :•t tiS ooti low front ttn: t:ak(") 10 one or ttn~ prt"C':~dtnc mora!tu;: (<>ctut~.tr, 

llx. ,\;CIVI'n\b<-r, Hal ). Such rl')3honslu p!CO en!i\ur~ a lon,g ror('wOlrnlnJ: pe riod 
rur lont;:-r:lngi" hytlrologic:a) for~:custs and :~c;cur~cy requl retJ fnr lon~- r~IIU~~' 
(,,,.,."•:uu s . 'ln<" po~ts ltJi lity of obta i run~ s uch rchtlioasllipt4 is lxt.!•H•tl on th•· 
,.mall , ... ... ur ~·adaliun i n th•· lcve.l o f barge :akt•a in lh C' giv~n pc.-rlod. Such 
,,.,,H,on:;hLp~ )).,\''' I)C'Ptl ob1o~inC'd (Qr IlK' N~\'ii (fiJ:ure JQ}. a;; .:.''!l\ "' fo r 
u ••. ·\n~::-~r:\ n\'•!rs lor tlu! p<"rlod prcct.•ding the eoustructlon u1' P 1e 
hydn11·h•l't de ltl.a:WJ Qn it. 

l·u•· .llth.Ot·l ... J': r rl~C' forcc::us1~ which. m ~ccorci:.I.J'K't' wiCh Chl" sh~'rH·r fort~~ 
w:.rnm~ $H"r\od, :chou1d ln • moa·e ~'CCUr..tte thl! th.~pcnd.!nec of th~ mo~xfmnm 

ic:c- J<\m ftt:ot..a;c on the w~Hr.1· st~~~ or 
:It~~ l"'''' dischar~c ~lOn4.' d(>•~.s nm give th1! 

/JD .J na!C('ss.try ~c,~uracy. ltt•rc, In a ddition 
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tO'h~ w.:.\~r Sl:t,g(> oOr 4.Hsc:h:u·~:e. the ai,. 
ltmpt.•raturc is ~n1TOducPll into lh t' 
r clatirmshlf>. Vi~rc 31 ~ive.OJ \lh" 
•lrpc•tdL'nr.:a.' <lt 1t'tc:- watct·· ~t<IJ('\! l'itW duru1g 
the frL''C7.,0l: ur lh~ 4'\ rrna·Uaryu Jlt\.'e"r 3t 

tha.· Chatl<L ,::;•gto~ ~ill", if4c JAm• nn tltt.• 
m \.'OU\ iliJ' tcmp~ratur.: Ill tit~ (r~a.•zln_a 
pcrfotJ 6t1 , nnd Ot\ tht'" walt!r d iiSC'h3r"IJO Q. 

SimH<~.r d.:pc nc.h.•ncrs with tha.• ~anw 
or other charactf.!ristic.~t ol th •• :tt r 
tcmpcralun· or tin- rr·c.:zmg perll'kJ h:wc 
ttiSo bct"'O obt:tull'd lor o tht•t· r h•t•t'"· 

From oi):"Oef'\•41tlOl1 d."Ha· fot· tltc 

r\u~:..ra Hiver undt1 r tt.Jtural condiUons 
{bd nrt.! tht> construclion of the l1ydro · 

-;o 8tr ch·~tnc p losnr) we a lso const ruct 
rrlauooshlps lwtwe-cn the w;.atet··st~ge 
r lsc do r-ing fJ"eezlnt; antl thf' .1o1r 
t~m~era~u.ff ;,mpliLuc.l.: t.lurtna l h <' p(" riod 
or ( r.:tzi l • fCC l"nOVt•mt"n\. r t'laliC'H,Ships 

(lt'Vtl.£ II, (et'•j~W.rt4'1•t(,a~Jhlff•I~C 

, .., ~4'"!"t'Y. t4 "- AntrO"fJ. ll..,.,, 
AJ<:, Ut:l· 't\, 1ttc Ill f~lliJl'fiiiiU' Oft fiN 

two• •ulu•t ,.., t~~ "V.II4'r -si'Ciwa~ Q .Sur~ 

the' r·~t'''llf rt•~-
or the W<tl<'r dischal"gC With cla !'SlfiCtl• 

Uno of all th•· case~ i r.tn thrt"t.• ,;roups 
accorcJing to tht• natut"e or tht" ;ur• 
U.'mp4:rRtUT\~ flUClUil!lOnS ifl tht J)t."tiOd 

fl' t h"" rnu:tl ~ ic<· mOv•:ml~nL and othcr5, 
lt ~~~n~lltf IK> .~..,h·tl tha t ~h" nH.·thod~ c.• 1dst inJ:: so rar do nat ah.·ays yh·ld 

r••Saucm.!lih~flP:: for sh'>rt- r:•n"c forC"r.O)!'Itin~ ot the." ""'Oltcr. s t.af:"' rlsc upon lhc 
0\dvt·nt r.t ~u.-hl,• I C' ' suffic: l••ntly :l~o:CL.Ir•Hl' to con1pty 1.\' ith the n•quil't'tru:n t s 
o r I ill' Ol!fclal illl'o'riiOns or lht• S~ 1'\'ICO nl l!yJrulO~i<:al F'orccastln~. 1'hls 
Is m nlnh· du•• h) th~· fact th.,1t tn the \'Xi1"tin~ h~cltniqo~ the alr t~n\PI.' ratUI"t1' 
•~ tak•·n .In!•, a(' t'O\Ult 1ml~· in .lft il\'Croq;t·d or J.!'!n\·r~li:tNJ (ul'nl, :l!ll1 the t\ow 
\ ' t•lO<'Hy on th•· 1C•· ronnation ~tn·tch only indlr..-ct ly anLI in ;wcr.:.~:c \•n lues . 

The wa)· lel unprov~ the tcchntquP. ol short · r c.n('• ft)rtoc:o..s ung of lt:'-'~J:•:n 
'"'l~ lur-st~~" r·iscs obvtnusly cons! SIS 1n t :1k11tJ,t Hilt) :.rr.ounL IU th~t.odl .:lll U1t• 

c\yru•mtc OAncJ h·rnpt•ratutt· concJttion~ "-!f••( tl nJt lee form.:. I ton :and the tct• .. c:ov•~r 
-'d.,Olnee bolh in time ;.N.I ov~r tht' C:ivt•n rt\'Cr flltn•lch. 

The soluliOfl of th~ pr<!blcm is. ho..-ever. very dillicult , 

(' ~'Olli:CASTI~ OF TP.E llf:CIK);I:<C Of' STAOI.~: 
ICE COI't:R TAKING !:>:TO ,\CCOU:>:T Til~: 
of;VELOP ~~~;)IT 0 1' A TMOSPII&RIC P!IOCESSJ;S 
(I.C>:'>G-111\NGt: l'ORI:CASTI:<C) 

111~ \im~: of lhf" Ur .tMllu; of t~'C app••ar:•riCf' <~n•S 1Ct:'•4'(1\'a•r fot·n~~u1o11 can 
b L' ~·.·h• rnlhll'd for ;1 lt>nt:- r :1n,::c ror('c as l a:-: rf••p•·m.hmt on Hw d::n·.:u:l•• t· ,·.r 
U1•: <ltmospho•ric p roc,•sses tQ whi ch th1" llh!'·non~t•r'tOH t S rdat•••l. 

II Uti.• tluration ur t Ct" drift f'r' iU vartotliOI't lrnu·. yt.·.• r lf• ~,·.:..r ...... ~ur. •• n. 
th•• t \ 11\o..' of st:~bh· ict· eO\·~r 1s d~tc·rmin('d hy t1h' ~~::.me· =t.1mol'phc:rtc 
pror.E.'~!'o\~~ ~~ HH' tim•.• or ic(.> appcar.mcP. u th(• dur:t~ion h! JCI' dnfl11'" !un~. 
otlwr .atmo~ph1•ric pnJc(•ss•:s (in pal"ucut:•r U1c prt.•\· .. uhn~ 11r<,c• ·.o;·,..,• s c,f 1ht• 
(uliU\I: inC S)'nflpticiil s~ason} b••gtn to arf,•t: l tl\t• &J:Ht'S Qf \11<'• b•·~umm~ uf 
:'t.;~bh· tct.• cot.·•~r. 

'rll~· dL11':ttl0:1 or it•'! drifl dcp<"nds Otl lhC ICC:· flo,ltl llj:t t:up:lC' IlY t'l( lhl• rl'-'t•r 
{Ill a ~H'f'n l'in•r stn•tch- en the amount o f w<HL'f' 111 th•• ~1\'t·n p.·r·H'nl 1n lh~' 

"'\' o'n .)'<"ad :tmJ tlf'l L!v• ~oulin,c:: 1' ;\l;:o in lfo" JWI'i.Od f)f ~~·· dn/1 
Jt l S, .hfor~fm·c~ f' :CJlL'dlt.'l\l ttl h<"gin t O ,,~;ork O'llt ~ ~I"Ch:\,tfl~'-' or hm.:• ['dD~I" 

foJ·erastinJ: of the bcg1nmn.c of s;luhll' 1rt covc·r b)' IUMiyzmJ:l rfur.111£Hl oC 
nnd \'<H·j~\Ucm Clr ic!! drift, t;se!u~ ln tlul conn\."ctwn 1s l C\ C'11US1cl•••·lln' 
I'L'~tllion:'lhip t)l'tW('f.'l\ tht- da-tt"!l Of lllf' lH"(tllniOI: rJf "'t.ttJl• U .'i' CU\'0 'r oHIIJ ~h~ 

LL'tf".ti o f h:•• app•.?al'iti.C<' 
Smc"'· unti l reC'f·nt Jy, thl' dah.•,; tm Ahlch h;nl~·•\tUTt '\~.ts "''·•Pil'•d ·'''"' 

dl"'h·rmin•·~s (nun the d:..tt" or ic ... a ppi.'OI.J',lna.····. and th•• n·•u"~h'•r (•f r·H··· r 
.'5.ln•tt'ill'~ wht' l"(" fOJ'("C'itSt~ of th O bL'!tfll:\lllt:: Of :O:t:'ih~t' iCt' ('(1\•o•r otrt• no•("••ss<:t l')' 

M1• p !"'-Omug w."'Or14.s 011 lhfl' iC'\!' C"\l\"t•r am.t on IC~" .. ,.,),.:.rmc 11" 1 f'!"'ll \.'' ~:"' f;m;,\J. 

lih~ mC'tht:l'd S. of long- range fort·t oU~ht\1! of lh() tWt!lhniiiS:: of 51-•hll' n · r h,,\' 1 ' not 
bcC"n dC"\'elopt.-d m uch Thu• i!ll po rtly du(' If) th•• f,,c-1 lh.tt whn\ w,·, rJu11( nut 
nw-thO\IS: <J( rort.'C'3Sting lht .. be~tnnt ll~ Of Jft:tlJ!t' I L'f' ('0\'t' r O:l rj\'•' r!'t y.J1)t "-' 
p rolonged au tumn tee drill. 'ld<httona! ,hlfJcuhwa~ an!"•' <u:TIJ1·•:-··~! A·Hh Ut,. 
[Or"i"r~S\JMJ! of ic.- Zp("'.;a.r.:a.nct', Th,. l'mpUtuc~ ' " th•· \':ar\ :'1\ltJO C'Of 1~1( d~\(':'1: 
or stai.Jk 1~P IS 01lw;~~yA; conssdfr,abl)' i~rs:,..,. lhou1 UMl of :lu- d.~t·:~ . ,r ' ("' ' 
app<".:a t anc to. :lnd el:tr~"'mt"l~· \'.;.arty d,nrfl !'( th•~.!U' phf"Ulltnf.:IIO\ .. ,... u~u.,JI~· 
(IO(IIif' te'\ <"'aCh Other. ,\ !'orrc:Uilt of thf' ht>(tnnuH: I"! ..;t:.hl•• ,,·t• ~!vmhl. 
\he:'t· forf'. t1a\·e on ,,, ... :&.\'"'Tol.Ct' :t \on.:\· r !flo r•· ... ·~arnlnt: fl••rtnti ta ~~·~h\10"\, 
\ht- )n(' t ('a!CC"' ill th!!' :nnph tudl" of Uw phC"IV):'Jh"nOU CIHllJl hC':&I•'"' tht• U-4•' uf !<OUCh 

].:1.1~5 as th_, unlfornHIY o( ~ht: oum~:;pht·rt~ prc'C~'ICIJ''"' prt ·\·:at1in~; d,n·w~ oJ 

S)"noptlc.:.l .f'o•a.!'on, sutCl"' thL• JlrObabtltt,Y uH·r•'HA•'~ (,l,. f' h.~tt~•· n( Ut•• 
tt••Ol!'\OJ\ durin g \ht"' pt.•nod (rmn thr ,,.~·Hn~ C\f HH" furt•r:t!lot .u\c.l lft1' C1c-c:ur~·qc_. 

ol th(! phcn()f11•!11.0tl, !n addlUcn, tluJ loc;n\ ! a•,'\tU•'' '" t•f t-.vh rh·c• r "'t tn•Uh 
iJitcc:t uw ume or th•" b••gtnni f'l,~ or ,:: rahh· I<'C" C'('l\·• · •· mud ·t rnnrt• that' \ht• 

time or jr:r.,o appNl.raHC"', 
Con..·H~qucnUy~ it is ~dvl!(:lblc toHndtM.tt o~ nd t'\'.Llua h" "'"I.•Wmslnp,: ''"'r the.· 

fOr.e"C.:J.1'1\111t Of \h~ bC,:t\nS'Ung Of i\ !i\ 'abh: tC t" CO\"r r On h\rJ:I• oHtd m~·dt\tl'lla"!Jt" 
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I 
I J'~\'•'r"' r.rtt· llwll' 11ldt•,•!duat ;q;tl't~tc:ws. 'f!) Ut•t.c-nnirw lltt• bQuncl<ll'h:-g nf tiH~ 

~ta···rd~~· !l; ·•nrl !tu- dolt('~ nf th<> h(•J,!'IIHiln~ of tH.1bl{.' il!i..' ~~~,. Part I!, ~ 1~ . 
F.,,. •·u·•·r~ \~'i th .1 !ilh•r t duratirm ~.,r ic<" d r i!l, u J.ot; ptt!~~ ihl~ to ohtaln 

ti•'I'•'J•d··n:·· ·.s uf th.o.• •f:U••s u( thr bl-·d nnua,:: o { ;:1~1hh.· iC" l' Cion Uw ~·•nu• 
d~-.,l':wt•· nstics c1t' th4"' 3trnu~phrt'ie p rorC'$i.!et.•,.- ,t:hit"h :1 n • ust·d w fnrrc:t~\ let• 
·•J,.I•·:u ·.UI•'•· ,\,._ ;,1n -.•x ;Hnp l t• Wl' t:in• 111<.• lllethncJ O( hll'f'CltStln.:: dH• h"d:t1Uil11: 
ljr ~H:I Itll• II'' I' Oil sm:tll I"H'( 'r5 nr til(' ! ,,fl.ha·nd l1"1!;ul:ll·it. .. ~ (,( Uw Hprwr' Vo lga. 
TJ.·· u •· t'•1\·••r (•r~ the . .:;•• •·in•rs fotms. on the tH'l'l'a,::~.·. i tl llu:- firsl half nl 
:\:ft\TU1twr ami EillUU"'linWS, l'~1rh('r lll til(' midf!l(l Of (l~~tuhe>r. 'J1Wrl•(Ot'i', 

th" f llll\' nf 1ho• h('~) nuiu~ of stabll• '~ ('. a s ~"t..>il ;:1s th~ u.rnc- or i<;l' app("i.lr:lr'IC<:, 
c·.m h•• •lt•1•·r·mh1•"il 111 \lu~ -r:-.:•~•~ as dt•pC"ntf,•IH on th{l d b•••(' Lion ()( lh c> ilir 
rurr•'•'' 1'1'•'\'.Li(in J.: rht;•int: lhP <HHUn1n .. ~"lu\on (St'<' c:haptt~•· 1. part C', i 2'ht 

•. ,...,. =••""'' h •T'.:•· ;,,,d Ju••thum·si·,.•· r·h·••rs u ...... d•·twmtl"'r~C"··h o r Ute ,f~h·~· n{ 

th· h··a:.r•:,r ng of "i lol bl•• lc~· em 1l••· r:h:, r a r: tt•risti<:;.; of tht• auno~plH•I'tC 
pri•l'•·~~··" '-'·hif-h tlr.-tt•rmm•• tho..· f!art•~ of IL-l• 3pp••aran~·· f."i41\ l>,.. •:sed ortly It) 
!o1·•·•··•-tt llw ··~odio'~1 dM.-. or UH• ht·~innwq uf !->l:thl~· iC'f' fonn~~linn 

1-'ot• "!:o.1mP r'l\'l't'!'i th•'r'•' t'>:lsl al$0 ~fH'C'i~l nwlhnd,-; for ttlt• lon~-r;~ngr• 
for·•·•'•l "'11tlf! rlf Uw h •·,Cirt:l\IH! or ~1.1hh• IC'•'. As .:tn t':t\:.'1n\S1l•• w~ pn•.•wnf ~h~~ 
h·~"!maq•t" n f (Or•~t:;l~huq tho• hl."f:'lnf1m,l! of ~Habit• ict- on th•· C.f'n•• Ulv•·r. 1\n 
•· .ad-.· b · ctHI'' lflJ! '~f ~ 1at.l•• ic<- ,·m thr l.l'tl ·' ll i \.'P r ts ot,tS•'t'V<"d !rt lJ1.1.' ~··nM1t' 
l1.1'f ••! r lt-wh"t', ;, loHr• bt"gumin~ in thr mutd!, .. o f ~on·n~lwr First th ~· 
!·~ \••r· ,., .u·lws awl tht· ;\l olrkfi\'O·Ku·,·sn~k'."itn.·h~h fr-<~t":r.CI, t!t~.-·n th"' slah,t• i t:t' 
r••\~···1' f:::radu.lll)· ('X1•;•ml~ o.,'''l' lhr ~\'holt• s•i\'{'t'. 

r''l lh·· f ··na HH· (· t• wrth ~~~ l•u·a:,. Cl<~w \'•'l-oc•ty, a ('fln H•Iunus ll"P •' fl\f"l' 

t.a~l f«WI•, o nly '-\'llh ;l l.u·o•· amount nr 1C•' 1Lralj:!(·~l ;and •• 1n·,o,• .11r wmp•• r-a1nr•· 
l11• 111·!1tl ,., ,,~~litiorl fnr Ch•• fr't'P:f.in$: u( lhr· l .•'11a t s lla••n·(oaa·.-. Ill" lw &:UtntlljZ 

•·i ..; • r(•~·~ !Ot:th lt• fn~-...'t !'l- T h·· J;,u-.••• l~ C<\UtH·rt.•·ll ln tlh•,.;•• rt'l!\L' I\5 ·Nath t t n• 
f,-. ,.n:1.~1 aoa L)f 1ht· l.t·n •• 4-:l)!."'·m~k n rlt::•' e1f lh'· Si br· •·i ;ul .tntlt'yt"lorw. I! h~1 ,.:: 
II•'• 11 ··~ ~.\b ! l!'h··d that jf' 1n So•pll ... l1lh.-r ;, hi t.:h--f)l'f-~:-o•rn• l'4'~1o.IU •-lrt'O\JI)' fnl'nt~ 
,., 11~· nn1·til··rn I'I'J:Jfln-1 f'! Ea:;t Sitwn;;:1 ~lr•d ltJ•,-,;;Lrd lhr- c.•utl t.1f Uw lll.nhth :u\ 

dP!U'•·•·t.~hlt· dn>Jl m Hll' alr 1t•mp••I';UtJI't' l c;; «:1b:!'•'l">•'rl 111 lh•· ~~· n·gh_,n."i, 1lu•n 
~Hl '•~1'1}1 i\Ph' •·l or l::l!•li(l• f!'()~(~ :IT\d c)f ,, ~l:,blf• ic~• eon•r JWir'rnd <.•an 1)1' 
'''<iifh•t•h ,, 

\JH.•tl! l biL..-.· ~y th •• "'" ' 't'lrlpnu•m: of th(·~·· pro,·-•sg.-.. ~ ts ''XPn'.~st"'':! hy h'-'0 
htdtr•·>i. 11t · h r toil t:O:: ,t<·t~·rml:n•·d frnm Uu- nv ·.m H!tl)e J F;nli:tt'll~ ~urfct.Cf'• 
l' nni "LH' ~'·•r~ f Q t' ~ . .. p h ·mh•·t•. 0:\ l h··~.,. tn:tp:4 lwo {!;;plu:rlcaH t·ccla ngoh·s 11rc 

pn1nHn•·rn, cd -~:luc-1• lip• fh·st lnortll••rn) 15 bouatkd by fir)• and !60 .. 1~. \onar .• 
uo,. .-:u1rl 1;o· X !ac, iq)d tlh" :'ll't·•)!ld f:ioulh•·r·nl- h,-..· 110" 1\ nd 1 ~o~ E. IOnJ:., 
nrr "'"I .pr "'\ . loLl In · ·~u·h of tlu• r••r.t.:o~ IIJ.:.lc:•.s thc.• ~;w;w vahw of th1• 
·~··•·P"'' 11t1.•: is cah:\ll.llo·() (itl lh t• JHll'lht•rn ffn. m lhl~ S O\Hh(•t'l\ If,), aml then 
/J. •II .,.~~lllr.-.<·l·•ll Cr·t~nl H" ·rhf:' Uiff,~r,•uc-" 1,; d1•s,~n:U\:d h.v th~ indPx /,. 
f,,i,_..,\., n··~.&t,, .•.• T hhk 2.1} Th•~ ,.-:um• of 1. i s SR•itil<'f'. tlu.~ ("i.trlh.·r nn cl 
:rw•t•' i tlt •·•s.; lvf• l.i' 11,.- .uttte,;."<· lmti l' rnnt1;1t 1nos in th(' fl'·• nttt' ~ ll rf.~\.;\n~;tL.', 

r .• ,_u:.tiH~ stahk r'OfiU ntf"l and r_•;trJy !lit"bl" iCt> on thl! l .. ''":'t Hi\'<"r. 
I'JI~•t1'• :•2 -;hen~- ,.; !lu• l'do1 flOrlSIIifl brtA'l' f•n thl~ d:th.'f> of th~· hf"~inning or ,!;'C::Jblc 
~· ,. '•II lh•· l.••n:l Gcl',I,'Jl.S ti'•'Hrn h·om l\lr~nsl-:11 Ll~' tt1 Titim .ant..! th~ intl<":c 1,. 
II!•' fl"jWmi•·~Kt' I~ (;t( rly .,,:colt ()t'OtiOlllll" l 'd, IIOWI'\'t'r, wllh tht' li!ol'JP~St 

II' :~:t 1h•J• \'.dU''S "' r •. ·~h~lf·I"\'Pd in E IS;t :lrn:i Hl~9 •. >~t aUir ic t· tl<·r;:;~n, itU'ioh•;liJO( 
··~\ •h•· l;ot•'"iil d.1tt>s, c·\.·~·n 'SOntP Wh;\l, •·~• rhcr t h .liH UlC' m ('an cl..'\t ••. 'This l.:l r U<" 
d · ·n·•'ann ~~a r1•s••lt f•t thC' far:t th;1t u1 S•·p t~mibcr of lht'fH" ycal's a pow~'rrul 
.P~ll"\',.(,.ll•' rft•\•t•lnJl"'d nn tht• south C.t[ thr" rt•gion \.l"hilr lhr.lo"· pr~JiiSUt"~ (n t11u.• 
.,,t••t•~ , . ., •Jo·:a :"< ·.\·:•'* du,.. m a hi~h-allirurt•· cyclnrw. 1\ s~~~lc inflow o'f he"'' 

1hr·rcrorc did HOt oc;cur ••nU 011' lunh••r clj,•,•t·,vpnwnt of th•'• ~t,t•-:.·,:.·c~•Jrw h••J ,,,. 
3 romp~•ro<~tiv••ly t.•ott'ly o.ruJ . ..;u·,mg ('(}l.•li:\J; tn Octab(.•r, U lhqJ1 lniloNs aho.t 
thif' i nd•tX 1., is not " sr••~I" · V:Ohwd t.·hou·.l\! l•·ri s hc: .and. af n tw.k··s ~,. ..... ,...,_. i;ar.a;c 
n~~alivc v otluc' 5i• wln_·n Jtr•;:p:tring u.,. fon.•eo~t it i s JWt.'t·tH<~n·)· " -" chc"!r- k 

·.o;ho'lh~: r •~ "'du;ttlO•l s•nH1ar to lhat nbs" t'"'-''' tJ in S••ph•:nh•· t· ur l!•frJ ;•nd lfi;)!J 
IIOCS not f.',l(jst, 

TA(I1J: t 1, l "" u_,._.. e~f cl~oa•,..N~ •1•11n •• r 1t:r "'~~t••";•h• TlC' t···~·ui -I~P·n ' "' l,., n~h'Jo"~~r" fo--e< -1•r ~ ~.:. 
~·J lllf• Lll:'~lr.a;~a; 01'f )IJ!'),l~ lf~ l'tl fK~ l.lta ~: ... , f 

k· ..... I • ' ' j , ... ",.-. r U< 
I " ! 

' ":r-
~trtt .1 •rn: 

Yt-.u I ·-,~~ .. .', .. ~ •·••< \ . .... tnok-.: Yc.~r .;..:,· :.. l ol ' l ' 

'• 
\'.111-tTJ• •i'l 

'• 
YA' I .I ' l iO:'I I '• 

, .. .~ - .,, .. .. .. 
I!Y.ll I -7. 1 19JO -~· 1~191 -II -J.J 
l!m ~. ~ 19l.!l -9 - 1950 -I ....... 2 
1903 -.53 1!139 -10 -4.4 19.11 -II -J.O 
1916 -tt.J l!l<O -7 -.. .. l~l,lU -7 --6. 0 
1?18 -<.2 l~ll 

_, -19 1953 -21 -J.t 
1920 -4 0 "'" ~ -11 1'15< -10 ....... 
192\ ....J9 I~J --6 - \9'.1 1 -ll -25 
1971 -~ s I!Nt -7 -6.0 

I~ I -9 -40 
19:!6 -4,3 191~ -14 -1.7 19!>7 -ID -2.0 
19'17 -2 2 1?<6 -10 -42 19.)11 -10 -ZO 
1 92~ ....s 2 1917 -12 --.l.2 19.19 -16 ....... 
1m -.s o l!lU -10 -J I 1900 -1.1 -J. 

:\fluttwr. St.110P'A'h<t\ m n t'l' 1'•·h~lb~t' lnth·-.: l•l th•• h'· f;l!\!l:fiU to1 tht d " , •• ~_., .. 

llWllt ,,( !-ttr·£•t~g ("(tOii:·,~ pt'l'll1dS lit ll1•' L••l\.l Ha·•·r•l't.t:ilfl ·~ :Jw otll' ~··:npo·.r<l• 
nu·,• dl·t-p in till" nor·liH•r'll r~·t:i~)ns to·.~·~• rd \It,• e>tu! of So•plt>ntlw~· 

D 
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/0 
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rl• ' ' '!' \' 1"-i'•'l D ••f 1'1•' ""'~'• :lt;J::, .~ ''''1 u•· '11 •1·; t.·u.•t•o•o•. 
~~,._., I'll" 1.-..n. •""4':0 \&tl"fV .-,1• 1':1 .j ~·., \. ~ ... l;n~ If' If,.,.._,,,. 
.~ft!k- on..!n. /~ ..,, •·or ~re"o•:'!t<'r..: II'Jft· •.h16 .... 

Tlw ollff•·•···n·•,• 00 h• t·.o.••• '' 1h· llh·.,n ~111\f\• '·•~u• • , d.u I'll~,,, • ••nr •I l•-n· 

<I;Ly pt•rlncl ~· f ~• plt;ul'wl· oiHfl d:H'UIJ.: .. ~llh•t• nu•r•rh . 1f• 1 nn1•1••l t•·•m 

'" 



Hbti('Y,':.t1lntll4t<t at two rer,·n·uc:<" poinl!'i. v.-rkhoyitnfik ami Yalimlsk. m:ty 
!'!l~n'L' :..sa ch.""tfiiCt<.•f'i,;.ttc or this u•mpt•ri~turc d.-up. The relAtlonshi() 
bctwr-t:n li't! datt.•S of lht.• bc;oJ:innhll: of ~table icc on the s:.m(' loCTt'\Cil or t1tl? 

Lt•rk• he low Ki re-m•!( up to 11llim and \l•·~ values of 60 at·r· giv-.•n in 1-"IJ{urc 33. 

~ -J • -~ ., .. ·1 •• 

fiC.llRt U. O.ur• D t~f tf'le tr.s~nnlns nf lt.J!lh.• let on lbt (.('IU 

n,vtr ttr~·rch ~ovftnJNfJ) ftotnlltc lown rof jt;:lr~•uk ur '" lhl!' 
tll~•u,h n( ~~~(' Vlllf'l 111\'t'- -'f a (ilnCHcn n( lh~ ~olllft:n:Qt~ .lO 
bl:•"'""'n lift.' nw~n wu•l't'f~UIIe~ .11 Vcfh!l<')'olm~ ~ttd Y.a~1.1u1t 

oJijt[:lf: 1h.il' 11'1hol ltfi~J.ay pcorlod o( !'.tptcmtlcr • ml the "bolt' 
nKlnlh of ~pTrn1be'r. 

Such ('Oinpar:Ltivd.)~ simpl<' ~olulion~ to th(" probkrn c•r lonjt7r:m~l' 

l<••·" c :t.MhiC of th l"' bt:"g:in,liHC: t)f st.ahlc-ic;r cover .at"'(' possihl<' Cor rh·f"r!l of 
th~sr r·.-~ions in " ·hich hucrTupti-oalS .lnd irr<'flUlur\(h•s hl Utt' ~1~·rfopmc:nc. 
nt ict~ phcn.om•m::t .ar~ nu·-~.~. 

·thl" ~intati()n is far morl' c•.Jn'tplh•atc-tl in r"<"J!10I\S t""h:•r"ch~ r~~'\d h)· 0\ 

fn' •'\IC"IIl allernatitm of h~at and cultl \4ro'a\""t~s. ~'~·hk:h n~~uH In l!Hrrrupll()tH;: in 
1ht: ic:~ fnt•matil)n, r t>pca1 r d icr drif15 an.d stablt.~-jcr, pC"riod!", Such~~ 

d•:!'\"~l~piU\.'fll nr ict.• (ol·mation'iR typic-al of Ua~ Ilot"thWl'St{"I'O r·.,•g ion or Uw 
l!SSH. lf~J'Jo't'\'t. ... r, l;•rs:c intcn·tl]ltions in th~ ice forn1.atitm go not lake place 
t•v~~•·y yt•nr. 'i'hE~t•:forP.. to fnree:t~t the h<.•,:;:innlng of st.lhl('·tcc co\'~~r :m 
••oady pt·.-~dictiou of th£'" f•.,llowiuu lW<) elc-m~·nas hl:!comc>~> nttC<"SfH1.1'Y: U) I he 
~loti~ or ~o.trliPst appf!arM\<"C· of l~c cuvcr on some r-i\·c>r$1, -nr lht• date of i1s 
ousct 011 rnost of lht> rlvcrs or the- n'gio n. and (2J it!-l r:atco o( tHh•t.un:c, j. r •• 
" r a pidity." llW rapidity or ~t~hl~-ic~· ad\.'U:lC~ i!; ~b<'U"<\Cll'r·iz<'tl by 1ht" 
rutrnhc r o ( c.JiiyS (rom ~he c..-rliCSt \0 the 1r.IC~St bt"'ginnic-g Of itS (U r'nlAt\oH C)n 
Ot1•' or th(' r h•t>otS nf th<" r c llon it1 tht' given y·car. i.e . • \he durMtnn oC chc 
p~rjt)d cf~1rlns:; whi<:h ,;t;.hl•~ ic,• ~prc .. ds ewe r otll tl1e r lver·5 ()( tlw r~~ion. 
Th l· m•·an du.rallon of this p<-riod over 60 )'(.>~r~ of obscn:.tinn!\ hi •U d.•ys. 
tht• lt'.Jf'O t tltlt':ttion ; cJ:cys und lhc lon,:;r!\:t rlltr.l lion 1 CG days. In 30~. ~ r lh•~ 
t•k!'t·~ ;;, r~~tlid ~pr,..,1l1 (duraUon h~tiS. lhan 20 d.\I.,YS}, ~ud in ::\[1""- of thr. C:t~L'R il 
!'IO'o\' :-pr'~iUJ {tlurt~lloo umre: lhl'n 511 d.ty~ ) of the ~t::•hl(" ict' was obst'l'\.'l~. 

f 'or an c01l'ly pr.:dictio1• or th~o.• r;,pidHy of rker !n~ezitlR: in uw not•th...,·f"~l 
rt.•J:ion ha~t.:d <•n thl! prt'Ct!thns;: atr:nO!~tphcrk c.tr('UhlUon. Vih.•l's' m ethod h 
''~'"'1l. ThC' amount or prcclpllatlon \ol.'hich fr.-11 in lhe basins of the \'olkhov and 

···- .. ;. .... ~ .. , ....... __ ...__ ................. ___ .... 

~i1.·ir• l'ivt"I'S in s~fHcrntwr is uso~..•cJ .:...& .::.:n :..tirtitin.tal ~q~lJtlH"nl. Th..­
i nu•,.,lJIJC:liftn of til(' prl.'c1pit:.tlf.m 'th.lireelly t~k...,s into :,,:rrJUn' 11•1' lf\C:t••'"ne~ or 
ttl•! "A'MP.r swra~t~ or thr t:i\'t.-11 rh·<.•r tm lh•! fe~rmation ot 1h~· ic',· .:ut•t·r. 

Tht• r·apidity c::ho.r;u~le ristic;R nht~~.in·~d from thh fl~·r•·ncJ••m;': arf' us•·d :.~ 
hilt' of tlw aq~umeno; in !or••r.:tslln~ thL' h~·'!inninr:: of ~t;th!t.' tc'.•. 

Thr,• 11.•chniqut: ,,f t'>r't•~:a~Hn~ th•• l)l'l!innin~ r,r ~lahlt· ic•~ ''II d\'''1')( of ttw 
nln·thwcS'l ·i~ ;i.l!ifJ h<ts•:d tJn tht! ch.•wc•n1inaUon of th•: h..Jric-r.Jr·cu h•t ~,,~;,tl 

ciM~·actcdstics accordmR to \'itcl's' method. Sl~d• th3t'iactt.-rl ~tit:K :•r•· 
U~t(·rmitwd fru- thu prt!vuilinlit Jt~\.·i:Hlon~ from tlu: t ~t~d ,.;llu,:s on til•.~ rh•Pr-s 
of dw rec:ion. 

It shtlUhl bl"' !li)b•d lholt Ill<• r<'n'•'C'l~tinl,! ar~uroicy hy thifi lti•·Uwt1 lH ~n·~n·s 
'A."lCh , ... pirJ rh'i."r rn·rzin~:t h1 c:nn,,ld•.•t•ably hii;h••r th:lll in Yl'~tl':'li W~lll ~low 
!c·j:t.•zing. Fo.r cxoarnpl"'• !o•· tht.• :\a ... r:• Uin.·r :Jl llw \'ill:.~t•· ••f l.l'··vkino dH• 

r·•nro ..;-(or ltlt.' ·.-.·hoh· ~·'l'i~'S Is 0,18, fo-t" cast.•s of rapid fJ"t'r.::in~ n,G7, 0\Udl 

n.90 ror j;b'.t':\' r,..~czin~. F•1r Ul.f" Peth• kh.·~r atl~u· "'H•.ct•· ut ..:oh.•rih•'\'n. 7 
fu1· tlu! ·~:hnk SN"iPs •s Q. 77. for e;tSt'S of rapid fn:4.'Zing O.:S.7, A~uJ !UH ftJr 
,:qto·.,· frCl!7.i:l~. Th(' pr·~clic: .:d tffl'Cli\•t.~ncss or thl.' fort"Cb!'itin~~t (r)l• yt-~rii ~uh 

~:o· .. · rrt.•t•;.ia~ is \'('1';-' l0'4'. ' 

lh(• nbo,·•·~U•.•scl'il>ed m~·1horJ llilP:: s~·nw ~hotlcomin~:4 cl1ior.acl•••·is !ic nf 
.1l111.f~ f•.U'Ii"C<tstin~ !nl•thnd~ IM$ ••0 on \'ih•l'!i sl'h.·c~iu~l tif h:lt"i(• .. r-if'r,Ul~'iOJ' 
char .. cu~l'islic!'1, iiH' j')l'inc iiP;tl ltr.;a·.-.·b,,cl-: is IIH' l;:•rt:l' mt~nt1••r IJf forrc.•sting 
iudi<:("~. h1 Uw cas,;· nf n•bti\•..-!y ahort St't'~l:'s, Ol:l'tl ur~r.l•~~~r nh,Y~iCJl 
m1·anru~ of thf! r•:1:ttio:)l\~hip t•"'1·.o,•t·l'~l ~h·~ S'l.:lt.•c!NI ron·r.-.:,:o;lhiA: tn•tu;~~ owri th(' 
phf>OOliH.'tlOU uncJt•t• COI!!Oiirk•l"tl,ll.'ll 



Fll/1/iC\.~ T/,\'(; Tl/11 COSIJIT/ONS FUll 7'/U: ,\1'1'1'.·\/lrl.\'(.'/i 
IJ/,. TUi r\.\'1) Till:: 1'11/1.1/,.\1'/IJ,\' <If' ,l STMII.Ii /Cii 
('01'/ill fl.\' / • .-1/>I'S ,\,\'/) S'f(}/1.-i(i/i /UiS!iln'o/I!S 

\. <')'<Ill rlll:.OS FPII '1111: IU'c:IX:'>:!Xr. OF 1\T Hllnl,\ i!O'I 
,\\.IJ 1<.-l: (.'U\"~IC o:\ L,u;.r;~.; ,\;\lD ~·n)I{,\GJ-: U~M:I(\'OlH~ 

llw ,·••r.cf.:.tlntt~ f••r •h•• h-·-:mnlne nf 1('~ fol-11\:ltinu rm ="' "a l•~f' ~~u·f.,"-~~ 
•• r• tn-tJ,.;.1~1~p·d 111 ('h.ml•'f' 1. 1'.;,,-t :\. 'OJV ~ondi110n (nr rlll' h••t::iti!UnP. uf 

;•·• h•fm,,tJ•rn ~· .. n ho· r.,•pr·••s•·tllt>tf h~· (:;.11 

•• e • ..;- B. 
HJ' II, J1 

o:l11 l't• <t~. D, 0\Hd a;• itJ'(• fi'14$H'C"U\'~"Iy U1l mf•:t!t d•·plh ,\·,,l••z• lt'tnfl•.•r.dut'P. 
~~~· ho ·.,t fi,\U .... I•~!' nf tht• W~lf~•l' ~Ut'r;il'l' oll)f! tin• ('fil'rtii'JO'Jif t lf 1tt',''j li'•UI'-!(t•]' 
h 'fHH Uu '-'•"''1' d1-pU1 Iff llu• -A.'"-tt•(~Uil' iltlf·ff.~t·•' ,tt lin• nHUUt•tl\ nf th•• 
\1• C!_j t~!'SU~r! l•f h.••· fnnu.t t~nu. 

hl•"14''·'!:t) r;) Jj imp•l•""' th.tl ,,.,. lunn.thon tn·~1.ns un th•· .,,,..t•·•· sut•f,•-.·•· 
d••"tl ~h·· ·-•n f.:u • t•-IPl'"l'.,.•lut·-· •h·np~ u.~ tho· fn•• l"Jnt.: t•·mp,•ralun~ amllho" 

h• :lt h-'nsfo•r '"' th• \-tl•·t· .oi.UI'f.~t'•' 11C<."Pni•"S }.lr~•·r l,llo,u, th~ h(·1U uanu:A• lOU 

f.-.·r,. u •• ·.~t··r ,J,Ilth 
hto .•• , •• !uy m h :--hl'tCS th.n u··· I•U'IIMtiP:l i'" •• '..\·,:ttn• $:Ut·(~\('t• J)(',C(ti)U'~ 

pn!->"'"h!t· 'dH·rilhP<'t"•~s .. !'t'~'U~oHm1or r'l'll'ilHfkpth \V"'lt•r lcrnp•·~·aiU1't.• hlii l1t!\'"'r· 

tlril'l rq ''ll'laltn ~. .. 
n 1• P••r,chll4>~l f••f' H, •. J,~ Sllrmlnr,: lrr lt'l' lt~nu.oUr)l• t•n :t ,~o'lt,l'l' HUI'f,~c<•, 

l•·p,-.--...,H•·! h,v (!'1.!1 nl' \11,11 I~ \".dHI for l,tl~t·s .llltl SU.li"O•~Y t'f."l fP'I'\'OII'S Of 
•• n:- .t··pUt, ar :h·· •.~o·.l!r·t• h rup•'Jdlur•· 0,. I!" Ct•rl$rd··r·•·•t :1s tlu: ut<'lU' 
l•·mp••f',ltllt•t• Ill lh1• ll11XII\~ l,1)'f't' 

fn Uw ha11k .-o·~:·as or no•tUI'ill ·,l,.·ttll'r bt)lh<'"S t!w <kpth.s aZ"'~ ll:'litW li,Y sm~allt>r 
t llom 111 th•• mo11r1 paJ·t of 1hro w;tt<-r hrwl~· :\lUnm~h hornwnlal nu>:auq or 
.~o·:•t•·•· ma~s··-"' t .lk•·~ Jll.;tct•, h,'•.· i111'111;dif•n 11\ ptar ... •t,t ()f ~mall••t ch•plh, "''ht.•n• 
•lh '- ;tt••t• Chfrhrut t'i (a~t•·r·, bt·~lHS •••n·li··t· 

II H'"t' Jhrm;ltiUI') t;•~ws ,.l.tcc• i n U\i' JU'(•~('"rl(',. or ~ .. -,•ak ~vuul, ~ntdn.tlly. 
Ul'"r·r•rd•••t.:" Cu th•~ ~··rwr.rl •l•·plh tfi~trihutmn, lht"'" \\'ioU•r hotly, IJI·~hUJirtt: ft-.~rn 
11-!"oo l·M~1c~ C!'>h•r.rt·,:;•. ts \'.:('1\' •·z·•·d h,\' an , .... ,. •·r"tt~t 01nd a st:1hh• h:<· rov•~,. !oa·ms. 
1r l:<o •lh\.'IOUS ~llitt Ill tlli!O Cil S I' Ult' ht·~fnnini! or il·~ foi'Jllolliu•o (Ill tlu• 1'1\:lin 

(MI'' ~·f tlw W<tlf•r· ~mtly also h1•·-·ns Hu• ho.'f:!'llnin~ of a s~ablC' l et.• ru: a•1ntl. 
I( w•· form;,~hm :n tl11' shor't• ;t,1)1t•• (or1 sh:tlJm~ wntt·r) l.lkP.~ pl:tc~ ln tht' 

1~1··· ··' lll'o· of il ~ufrit•t•·•aly hlt:lt ·.'-ttul \'l'todly. rt•latin~ jr.:C' for"nl i'l llif~.-.·~. 

i( ~lrl tt~H (0\'C'r (.shor4.• ICt•J 1~ (hrtnt'tl lll ll••• ~J ... ,r,- Lf•~t·• l,.••••f'•· •• , ... ~~~l *"i 
inlt•nsiH•·U. tlll·n on iot•:nh11ic:lti(U\ <•1 tht" :und 1:. ,,, .. y .,.. •·.r•n•S•~· t•·•\ u,• 

p.a ... tlally dP:->tf'tlyt·d. 1- }nOJillllt IC•:, r~t·ot··~·tt ;, t a ~ .. t'.n~ ~qh•, ~~ H .... , .... \' •I•• 

I'•'SIIlt or ~c·· fHt'l":'li.lUr..m H1 ;;a ····l•·lh··+·· ,.;h;lllll ... 'l"hl~i. fi>O• .. f Hl1 • ·•'· I h··dy 
'i1h· rolr uf thi!' floo•tlnf! lc•· (n 1h,: fttl'lll;ltJ••n ,,f ~~ •• 1, .• ~ tC" rl• ~~· •h.l'- '"'~ •h• 

dlt'••cliun <~tid f•)t'c•• of lll(' Wlnrt 111 Uw .subs••qw•rn p·:·r·in1J, lll•' J'l J,•llil~l..;:l lp 
h••t'.\'('l'tl Uu• ,•:;,L•·r-hodv ttr' t:-b~ 'A'ilh Jtfh·n•rll ckp:hs nltt.l, • i t'11111'~•, r1~r 'It•• 

J.JLih.o;c•ttuP.rlt inl•.·n~ity oi h·~·o•t tr:'l.ns rl·r. 
Fl(laltn~ tC(' f(•rmirJ~ ••t lh~· Bh<H"I·~ m:•y b•· tran~pnrt1·d h) ~~~~ ~ ~~~d ~~) 

f'C.·~Lnn.') nf lhl· -.•:iJh"T hr,dy nr Hu·w.·r d•~PIIl, .dol·t'("• I' (• ~·IJ':-n.otJ11tl ol1 'lo1F• tnno 
i~ ,~o;tiH impl">Sfrihh'. H lh•· OU'('O. I'){ rl•J.•l1n•ly li.iJ't::o· dt·ptll ~·· \h~·"· ,, •. 1-'" 

tl'.lii~IHU'lo~U, j!'$ sm;.1)l C(1Jl\p:..r••"•d 'Nith tlw itl'o"';t h/l \\'hH'!J !I .!'1 lrH :1 • li lt·• ·n 

.l ,.t;~hl-:· H.'(' JWrlOd may ht·t:in thiC" tu tl•'' t •••• ,:~p•u·h •1 u •· flu.,., puo "t":1~· ti"H 
w~uuliy 0\:cun;: on 5ltu·o..t.:•• r •·,;·•t'\'tlil·,.: <'l'(·~ll,..d l:l turf':;··•· ~'"''l'l•·d~ 

If, ho·.o.:•·\'t·r. llu ... ~•rr.-.;t or rd.•I~··•·J~· 1 .. 1·~" rJ• -Iltl: . t•• .,.h:,·h ~-··· ,. 
u·;1:1~purh .. -d, is. lan:•· compOJI'•~cJ -''lth &h•• un·;. H!l Alut::, n '"' f•·1 n,• •1. ,.,. 
1(·~· lt'.ltll>pt)t'tt·d u~urt!ly c.l<tt'5 n••t fU"'•t l".tr.•: ~';'I h._~ 1<-~• . ;..;~:,I• t• • o~:Jtt• ·• , .... 

d•~·l'(.' u.:Jh't' t~· (nrn1"'1i~n {.tfl mu:!O t P" •·ts •Jf flu• ~h.·• t~ ''~"" <\ 1 •• • •:n··~ ,,, ..... lht•. 
Ph-s(T\";\tiUtl dat.:t ~hu·.'l.· 1h:11 ~lioh~l.· If• ht'f11\~ lL~u;.~1~· •HI ~l"'• "•tll"' do\ • to• •t 

we• forsn:uiinn hl·Rins r\n mo:t-t part Clf •!'!•· .-..d•·~· h•,.l:--. fiT' •·f ,l t.•H'•'\ •• d ~· 
j:l;l:'E (ZOIH'I (~fit. of fKt,'IJCUf"'l' nll~l·plwmHnt• \'ho.r·;.t l•lL-.11("'" ~~III!IIJJit tnl 

ml•t••iJJ'nlo~il':Jl cnn•hhon:>. "llll!l; 1~ .JI...:o ~:••nitn~t•·•l h\ 11'1· I'• ,..u·t .. •·f 
UIUnt•n•us ,.,~leu Ia h•,••s, 

Th\1~. huth iC" f•JJ'tlM1U.m ~tnt.! Jli~;t};h• lc• · m.t•.· (u L!•~~ 111 d ; ll• ,., Lt p.rt1~ •I H 

',\'Oilt•t· ht)tly .:H dUh·n•nt th1ll' l' 'l'h~· \'-t:-i.U1•1'1 Ill 111• f ••.•. \ 'n1 tU•·~ ,, 11'11! ilp· 
:.o•or·tll!·" J'('Bt•t•vo1a• m\1~1 lw nddnl 111 t!w J.!:•·w·r;,; ,., . ,:;.•·~•"' f1•1 tl·u• (,1( 1 
(•, ;lt'h~Unt\S lf~ d(•pth a:~d Ut :nt'h'f'f"•1.0I.[I.t'~o : PHld:ta~·fl~• oua-o7ut .. t~· I' .. , r·••tr·~ 

Ct,nllhhtm~ hH· 1)u • fn•'nl.lU<•n ,.$ .JI~ H'l' t""t•\Tt' (m ~ t·•l"·•i!·· r• !'it• n••H' "' U1 U1•· 
(',,.:;,,• •,a:ht•n ~;10 (tu· r"~Lil:.lill:.! lMr.k•t.'.H• f' : \ :•JL!•I;Ill·IIIT f' ,. , t.J. :t u~nt.,\il• ~1••t'• 

:lf•!l,o• .\·} .. tl dtfr•-r••!l• th,••• 111 11.•• ;th1t~·n, t • HJ -.:,i('!. -' f·,. t. _ f•o•· 1h~ •· I' • I • 
rhn!=:t~r~ 1.~t t!1at ~lr'•·~.,, (!(,.\', ~•;;: u• r:\'· r.::: ..... , n:-c1•1r.l· • n~l,t•t: .. , .. • ··l'~~~· t .. t!E• 

(,,s•n\..a.ho:1 n{ .li\\Ct' c~n.·•·c·. fiJ•• h··t."a~I::.J•ltt "•f J•· • 1••1":11-•!:•••l .·1 • o~f h • ••" ... 
'"'"'~ tV.'t J.;'llfl!~·. in 1'r-.. 1t-1\{'"t', ;tl~'<O Ui•· lJ•'t.:lntll!lC nl .I !-'! •• '-.!• lt't ._ t·\ t otto. ••• 

tl:t• .thl't'nc;ot• t,f C'Ofl~tch•t•;\blt· r!•·~,- li, ..-:.:t .!,...J,j• r· 

Jf, ;•f1t't' th•• o.umhh1•n (c•u• thr• h• ~lnmn~ of,,., f··~ t)•,,t~'"1 11. I • 1.., 1'1:11\'• rl, 
th•• h,•;,t tnnn~o.: ttl u ••. u·t• lwt!in~ t~• •''=''' • d th•' h• .tt t' ....... ~. 1• I !·• •n th• •.•u '·•~' 

c•f tlw 1r.•· cun,·r. Hw furm:HJ: ''-'' ( I~'' n·~·· :·• m •• _,. tl• •·\ . 

Thl·t·~· ;~n~ 1·a:o;•·~ ·.\h•'ll .t t•om.; lchT •. ~ll),• u:l• fl~lf.! .d;na pf ~ ~ .. 'Pit I ;. •d-.. 'r­

ht't'.Jkin~ llj) nf OJ t!11t1 lCi' ~'(>\·i'l" olh'P,,c.Jy font:o•d, 

n FOIHX"ASTlXG U:\~EI> 0"\: C,\Ll'l'l .\no-..:- It ~J'\•-; 
•.n:,\TIIf:ll FOU~:CAST~I 

T11(" rrnh~ t~f ttw h<"l!lmu:\~ t•l tl'"•' !t•t·;n.,t!-=->t) tlo'J'• ~1t1 .. ,.,, t'•• h.;:t·•:tu• ·•t ttt 

..:nml1hnn {ti .l) 



In not t1~n d~··'l' takf•S iltul s1ora~(· J'I!Sl"rl•Oir.F> a st~at<' dn~<.· to Ju•m<:Jtht·rmal 
I~ Obs(·n.·•·d HI Ill~ pel'lucJ rrcc..•rdnl.J! th~ bq~i!llllll,::: Of iC:(' f<H".ntation. Jrl thiR 
cas;t.' tht• n~~· .. m·dC"plh watt?t" tl."mperatu~c.· (for thE! w:ttt~r body und(.•r ~onsider3 .. 
tion} 1s t.:1k1m :.as 6". 

C~mdi HtlO {t:Uf l~ \':.Jhd :•lso foz· th•f.•p w:.U.f~r b'Jdics with t.t.'nlp("z'aturt~ 
st•·ottifi("';Jt•<m. In U•IS (':tst•, ho·."·~vt.'r, th~..~ t••mfiL'rillUt'l..~ in thl.' upp('r, mt)(fUJ,t 
l<•,p.•r, shm11tJ Lw t•lk••n as 6,., 

Tfw nwan -... ·att~r kmpr~ratun• -~ for woatl'r bodit~s 111 whic-h. in !111..• p(':rlOd 
pr.:.•<::t•rhll~ Llw bC"~inning of icr formJ.tion, a state- close to homoisollwrm:~l 
•~ uhs~·rvcd can be d('t~::ormin~:d bJo' lhc formola 

&, =8 •• - ... +(i + f + (•-;.·) ¥)!•- ~-... ). {1.111) 

.. ,,..,.,. ao= (•~~Jh<r. 
'l'bt• lii1W af tllf.' L.:o.c:lm)ul~ of icc fot·m<ltloo fo,. th(~s~ ccmthllons can be 

th·tl'rmin·.•cf hy m.-·ans of Lh.: inL"•'lll:Jlity 

~ •• -""+(i +..!..+ ~)!•-·-·")...--~ * • .- ~ •• ,. (2.ru) 

.o,·tlf•r··- ~o IS thf· Pnf i;tl <A'alf'r' t•·mp("rn(ur't'~; t ts 1hf~ b;•~t· of tlH~ n.:ttur~i.l 
loc:~• rnh:n: n lA 1111• /Hirt1t}f.'~· P1 linu• i~ll('-1"\'i(Ts {ntHnhl:'r of l.!••)'.S} from the 
h· ·J:umu~g (+r thl' c.dculation (fnm1 111~~ lim~ !or which ~ is (;j'k£"n), ( )~ thr-
1!1n~"' lltlit !:!·1 hour·s~~ a. is 1)H' codficu•r!l of iwat tr.:ll,Sf~r fr<>.tH tht> ~"-'•H(•l' 
rn .• ~; s !1.1 l!w l·loat••t·-;•jr J:ttPrfaC:l' nt· in thC' uppnsit~~ dirL~Ctit\n (!h<' <"fH~f!ici('Ht 
c•f h"<lt lr·~m~fpr'; II t~ Uu• codfich·nl of hP."l.l c..·xch:mgi~ h i~ 'th•.' a\· 1~r.~ r.t• 
(lo-p1h; fp 1:-> rh~.· FJH'(;ihr: lu•a1 p~r uni·t ·.-.·J.lt•r \'o1um~: 6 IS Uw nu•a11 31r 
1~"'~1l)'''l"al\u-... Jur•trJg lh•.' pc!•iwl of c;,Jcu)atl<m Jtiuring: tin• tim~ nl); d is !he 
~p··f"lhl' hr·;Lt t·xchangl..' il.l an. ;Ji ,. l r mperatut·c t'<IUal II) th.lt of tht~ w.;.rtt.'t' 

"'!.lt'(;•.:.•p: q 1s th(• ~prdfic r.h•mtwl hC>at tnflCJ\~'. 
In <';t:-:t•,.; of sh.lrp our-l<'mp•:r.;tturco fluctn;.•lhms fr-om thC' bt•ginnw~ hl llh~ 

P:-Hl nt Hn· r.th~ula.tion rf.•riod, the cnlc'.u~at~o11 by ;m tr•~·cpul!ilv ill wb1t:h th.£' 
ait· tt·mp(•r;:ttUI'f' is ~-..·cr·,ag •. ~u not 0\'(•,• 111~ who\(' c~d(;"~tiatl.,.m PC"riod but ov~~r 
day~. ·~ rn(H'P r•·h~•bll•· . 

~ •• -• .. + 1: [&,( .• -!<-l)o, _ ,-<•-HI) .. JJ+ 
l:o:-1 

+(~+ (<>+1)q)(•-·-·") .... _l!.!.. 
.t o.t- ~ ""' .. (3.11!) 

·.o.·h··r•· i i~ tlw ~~nal numbE·r of t!IC' day ft•om 'IIH' h4.·1!11UHnG or tht! c ;dc:::ula· 
IW1\, 0, IS. t!w lll1'.Jr'l !Lir t{"mp~•ratun· during 1ht i-Lh LJ.;<y. 

H ttaf"' :lwnn flow \'••locity ir~ 1~11.• n:"~ion of lh(' t!iV•~n w.:•t!:'r body is less 
tb;1n O,H5m/s~.•c:-, tht' (jo:rle of thr~ h('g1nr)ing o( ie~ fo1•m;J.tion. obLain\.'"d by 
r:wan~ nf (3.11[} or (J.IU). IS t:~kl•l1 as tlu• dirt{• o! tln~ bl'J;itu'ling or stabh• ic(' 
l•tl\'t'l'. 

1f liH• m<•;tn n(l'"-' \'P!Oeity £!'XC<.'CdS 0,05 m}S('C, lhC' dat(> of th(l b<•ginning 
nf ~lo~hlt .. it:<•· COl.'(' I' 1s dclt"rmincd by me.;lnJti o( (G.U} and (7.11) (SC\! Ch3:pt(>r 
Jt. Part B. ~ -tl. 

~ 6_ =- JO.Ju1 "b•·"', 
ecr =-OJ)S-vba.J, 

-----·--------- --· 

·J.h'·J'i.• !0- is tht> ~nm CJC lhe nP:·•·n·•liu•·n~'l :v·~~'t'"'·' air u•mp.,~r••tur••s, 
C'Otamin~ !rntn thl• da1·~ nf lhf• tH·~innun!; uf lt'f ' ftU':ll.:tliOil (inc:indin~ il) 

a~cnnliu~ to 12.111) •H"" (3,1JI~. Bcr L"i !h·~ crHlc;tl lm(•ow-t.hUn\atl our 
h·mp~.·rah.Jr(• n('l'~:;~ary for th~..• b••f!,i~P1i11J: o! !Stdblc i<:t• afh.•r th·· .,.;um ~!}-, is 
n•;whc:•l. usin~.t fl;_JI), u ts the m r:·au flo·,~-· \"t·~~?cit.y in m/sec: b is th<.> wldlh 
or lhf~ ",\'Oih•t" hn(),\' l il m. 

11 <.hntlld h(· 1"''!1\•·mh••r-t:tJ lh;..1 !0_ 1~ I':(JI,JIIf•~d b••ltltltllng fl'olll Hw 
r;~kn!;'l.t(·~J ••nd n;H fnml lhf: ohs·~~-.·t·d d~y n( let• ~•ppr·••ril!lCt·. As lntJic..•;,t~•d 
in f'c1,.t ;;, lilt~ d;,t~~ of thl! app(•U:'dllC:t' of floalLtlt! i<:t.', 1"4.'COI"d• ... d Ht f:;.\~lng 
.si!••s, IS n~"'allv tllf' rt•.sua ~"){ ICl~ form:n~ur) only m llw stlot•(il 7.0tl'' of Hw 
~·;:It'.' I' ~ ... ~:.t.Jy - ' 

Fr1r· dt·•~r.s tl:c llm•.• of !he rcr·m••Hon of thf.• finn Sl:sU\r• ICf' hnd~•-!'0 ll"o 
COI!C'Jl<lfr·d fr!.•!H ~fi.l(l ~nd tl.tl~. )r1 thj;.; C.:J.S1'• lh•• JO"A"t•~l o f lll!' r ,~;.H. IJ(IW 

~·1 k,c;u,.s f(,,. t)v J.!i\·~·n ·.~·~i1'F•r ~ta~t.• un Liu~ t.:'i\"t·n rru.·•· !";trf•tch iS :;,kt.'n a #O 
Ut•• f',;tlcu1;_jt:o n v~;l:'· nf ~; a,., ihf" c;-lc!Jlu.tro:) \.';J1u·· ur b, th~· ri\'t'r wic.lth i•l 
:ht' S•'ClL~):-1 ',\"1111 tht• lfr,H!!1\ n~J",\" \'t:' l'~cily IS tak,~n (C'I!..apft.'t' Jl_ ~51, ~\'h~!rl' 

oilstructio:1~ C"n•:·l~t· bac:kw;1 tr~1·. ~tw v"rii.inon:o.; HI ~h\' (j(·pth ancila tlw £l•)'J.' 

\·f:lt~cjtv .;:, l •!:t(! tht• ~tJ'f•tdl OJ("i:' S:T.Oothc.•d OUI atu.~ iht.• fiO ·A.' \'l')m;itir•}; ;H'Id th~ 
tim•• oi ,tc.L,•;u;c.· of ~I;(• ict• t:O\• t•r from ;:; brid~£· lU a ~n·i.•n pl~t:l' lf•·• ··~·~tl>'f".S. 
·nn·p·fol'•'. lt\ th,.,. ('~\:-:,.· n( •• C(,rH.;:t:i~..·r;;b!,• 1);, :1-;w.lt+.'r LOll lh.- n,.,.,. :.tl'('i• of 

StOi'ilr.•• t"•"f.:t.*l"\'(l:f" . .;;. ~r(Jt'o•ba:d, 1t I~ p Os.o;,ib}<' by m~·;;ns ~·r \b,Jil and ('t',fl) to 

dt.'tr•r:1nn~" the• ~bit• <)I tiw h•'a.:l:l:tin£:" 11.1{ 5lol bh• IC•~ ltl :•ny Jtt;t.:-e, \\:1ing lh~· nw•~!l 
flt,w vd.t;~:ity ltt llw crnss ~~.,chnn in tt.i~ p:~t.·•.·. T•n~. olwi c.m~ly. 1k1t 'S or•t 
l''"ft•t· 1{:3 ... tn•Lt·hl·<; 0\ln!l~ w h1c:h a <::.m~l•h.•nth:~· UiUL•n.·:a:•.' i r' 1lu~ ~h-pth~ ~~ 

n1:l!Ot;li11t:"d •\" iUl ;}I•" ~1\'t"C'l f1rJ "A' \"•.•i(,C'Iilws IH p1Lit;"~ l•f 1;')111pOJ nit i\Ti)' ~m.11l 

d1•ptb ~lh'h ('t.rnd ih<1n!; n:~lY ._.;..;~:H, in par-th:::•Al:Lr, (r) tht· h t•Jd".'';lh'J' n·~iou 

nf !-i-101\1~.1' ri!:O:.I • rnJin~ d(.~t\~t 1!') th·· Zllll•' of ttw 1.1p~tr<·~·m Hmit or dw 
baL•k·,~,· . .H('r h•,·(•l (lr. (o r e.xa: .. ph~. whr.·n tlw hjckwatr.n· IC'\"o.;j cn\'t!r.-:; '' l'itt'''lch 
£ult nf J'~ipi tl$, lr1 lh4'~4' C<t 5(':1 1h.;.> h !•i;UUHt'IJl of ~Ubl{• iC<' IS C"il1cU;i1ll'•:t in 
thf• ~an'.l" ',l,' ;ty .;Js rm· J'lVI'rS In natur·al ctmdihon;; ((.'h:tp(t' :' II, P:l~t n. ~ ~). 

~ 2 . J)('f(>rn~in~;.hm: (lr l!H• ~~~s:t:1.tlli•~::; nn.-~·!!iSary (,,r 
!'alcu!nti!l~ tb"' b~~lnHPl~ oi ~co~.· forntd~lf\:l 

a) Cakulatlon .,,,ralcr 01rea. Wntr ('vn~ rd~·r.;~hlj• !"U'' ';Hn flo.,'!'> tl ;t' !1:-n~\h n f 
dw pi·~t.H-<:-h•d :'>lr{•tdl i :-> d•·h'l'~1li:wd rn.Hu tht• fnn•w<lr:-llll~ p<•dt .. d <•r Uw 
cah:L1l01tiC'1n or· of lht-• rnrt· ... ·~;.~l ~Hld from lh•.• flo· ... • n•locity 

rt ~!Hl\\ld b(' bt,l'fll' 1n m,ao.J ~h;•t wl1f•n dl'l(·r:llln:t);:! tht• f ll,, ... · \ ' t·:oc 11y ~md 
UW U'!l~an d~·plh 1\ l~ ne>l !h'C'1'~Si\I'Y tu U.S.t• PJ Hw (";,;~·ub0-!):l liH• 'A·hnl(' Wdlt> r 

a r·.·~• ('In lt'lil5 !-'t:·t•tch. lt hf r·~·l·o:mn£>nd•.>d !O \'·~c-hHI,·· tth• an•oJR nf sh~,J:r,·w 
wat~~r'F •.d tich art• S"P•~ •·att•d rrnm t!1P C'l'n1r;.,! p~• l't. nl ~h·· r::~\'t.'~ rh·t·:· arp:;. 

or 1tw stornJ:r.o r{'!<:P.T\'Pir by .~nH'rl!m~. f,,. ('\'t•U only by stJb~l'h•t·~··d \H•t~mn 
l'id~··s 

U th••r•ro t~ IIO (."()f':~id~t~lhh~ S ln~.;ul) fl•• ·A', \\'I!•' I) <J..[••t·~n:m:r~ 1ho• ~·•r •'.ltltl~·d•·S 

Df lht• ,,,-,,tt•r· art··a nt't'f".<q;;an· fur t):l' c:.t~Ctll;lti(lll •A'f• ~11ouhl u~>"' ~~~~· r<l~t lhC(I 
in dt.ffr-f'\'Jl1 pare~ of 1.'1-t'h~' ;, ... t•'r bt"'-<~~ ~·<, an ie•• r.on·r rr.:•y f,•rrn .at dJff,·n·nt 
h!nt·.~ ~ in ;,cr.,•nt~\nt_•c• with Lh•"ir chfr,•rt·n~ mrq·p!cn~ll•'h'if.: dl;lf"<:\•;l~'t'i !'Hio.'!-0 

.and !nt'1!'i.II"CllU1~H..'"ill {'(Hid it! (l.tl~. 

FOI' IIW ht:'j.!H~T\it~l! ll( ir:i"' Ci)Yf'r' fon1ti~t1nn H~ l'~u·J1 f'll~:otHt••l't·rl P'.j:!Wn o r OL 

l~ll\£!' or stnra~,. t'l·sr·rt'Oil'. a:1rt1f ohs•·r,·;\llLIH.-; ;1n.• ..-~'n1!U<:~''t' fron>. th· ~~httl r, 



"" ....... _, .... ··-··---·~·------------------ ..... ---~­-------

ll IS tl~ult~ to 1!nn"'ich•1• ~IH' c:n\'(•t·ing nf tih! III':Hl'r• .:ir•~il lw ;:m tCt..• Silt.'.:Ot 

(r.•ml\tn:(IU;i n1· -.vllh pol.vniy:•~) within lh'-.• \'isihiiHy a·~ni£" from lhr o~ll-t<C"I'\'LI• 
tlOt1 r)miU, Tht· d i ~t;H)\;t." j flortm '-''fHt:h Uw :-ota((• ()( '' l;•k~· (or stor:•~t· 
r•.-~··~·void !-=ur-fn~ ... ks ot)~t·r\•l'd uull\.•r norm:-t~ \"isibihty varic:5 -01-pp.rmdmalcly 
(rntn..; lf) z-; ~In (or a h CiJ:hl O( lhe Obst•rvatiOtJ point from 1 to 50m abov<' 
tfw '--'':tU·t·· ~U d~tCL' )r~Vt.'l, 

" 

~·' 7 
-.s::;_:c;:_ .......... ... ::ses 

h 

J==='~ 
'>:: .... ~ 

,~,. ..... ,.,,.,. .................. ~~ 

. Th·· \\.i•hh l rd th,... ·A·.u~·r· aJ•,•o. "s~d in Uw caiculatiorl ('~n. hil'l'A't.•vcr, I.Jt~ 
\ tt~~"l' t;u·c-·~~· ur s w:•H,·r· 1h;1o th1..· dl:--l;mc;:i..• $ The- d(·pth di~lri.huticf) 0\'~r­
'!.!,•· WOII 1·~· ••t'"-~ '-lht·~lld tn• l:•)u.·n inl,, ~ccnunl {Fig~Jf'f.' J.-1). 

U ~h·• d••11th ,,r th•• wo•t•·r hc..~~f;y ,_-:lnf.~S as ~dwrn:..tlco~lly sho14:n 1n F lgllrc 
:ll:o, ttL•' tlt:~ L •'nl(tnn" (If Ill" Wol1r•r• ;.l"t:•a ll~(·(j in 1hL" C!lklJl,.uion 0.11"(' lkmi,t..•«J 
t1U!.._. h;• Ut•• •·~tr·ut to whi~h ~h·· nwtt·orological cnnc.htinnH can be r·cg~\rdt~d 
.l~ waHr~r·.'"l'\ U\'t••• lh'~ <tr•·~ f'lml .;~l-onJ! •he- Uim~~nslons (Jf the wat~r body (Uu.· 

,rqd~h or thro :-;LfJroiJ.!" l"t!~r,~r-.·oil'l. 

1110 

tr th,_.. mct•~otologlcal co::u.htwns (:dn hoe rL:goirtlr-tJ ur11f"'rm tl\·•·r (41•' ·.\hf•h· 
v.•h.Jth o( lhC h._.sin, tllt.'J\ tht• 'A"hojr• A:~tt~r .:&r"l~U (rtr th.,_ ,1.·hr~j\' 'to\.'ldHu r.i !!i•• 
wo.ur.r hodv c~.n b<~ us<-d 1n th~ C:~l!culoltlr .. m . 

rr lhf! til'p'h l,'.;u·i·.:!;, for r:xo.tmp'~. o..S IS s:tHr\4'U HI Fii(U2''-" 34t.., (. d, UH' 
dimrn~iun~ or lth: w.Me,. ar•·a ;u·~ d('lel"mi nt·d b;.· tlw tl~\.IJP' ,.r H••• tl••rth 
v:..ri.:1bon ....... .._.r t1w o.rt•"' ~nd, or courb··. by •:w ••"\!4'11~ w :\h&•""h H1•' 
nwt!.·o,'f~lngtealcflndilions c:.:.1n b~ con~uh·r•;d r:rhf~•rn•. l~•t~,i~(..,.&•, , ... naiCffn.~ 
111 ch•pth (t'Unl ttu• Ori.'~r.tf:•~ o;,;,Ju•~ On t h '· ~~\.'•·n A·.:.t.-.t' ~•T••Ol, •·':."•·~• ~f IU~IM•I"IOo:~! 
hut oc.;urrin~ on r.omp.,rat i\·L-1,.- !'l'm;,il S\'''•tc•~•·$. () .. nt'•! a •. , ... ,~ U.t ,,.. \.It,.- n 
intc' ;t(:L"')Ohl whc:n detPr-:nini~ lht~ bctund.•&·iJ•S 4•f tho..• ~A':,v·r :•r•··•· 

U ~h•,uJd be bonn· m mh~d tl•M i1a aH c ;no•:K 1i'·~ti<'n..; _,:t1id• •·•··· ~' J•~ f;.av·U 
frtnll 1h •: ~in. cJ.."<:~SI\"'' s••ctitH) nf ttt•· -....·~IJ t• t' nn·:-. u:1do·r rr•:-uqd·-,· .. r:n:l h,\' 
t":11t..' n:thlg OJ' ._.,-~-11 tmly ~ubnh·re.••tl rid~,-~. s h4JUhJ tl•·r lt•· \twho~h'd •~• !1.•­
v.:.;&\(•r ar~a 1H>,:Ll- in tht: calcul.tlh>n if th·· rl'"·ruh f'h;.,-p!y d•·-t .-.-.. .... , ... ( >\"• • r' uwm. 

b) lnlti:\l water temper:1ture .. Dutation of the calcui~Uon p~riod o~nd 
for~w&r-nlng peri.nd. Tlw inihal ·,\.':Itt·&· •·•rnJit.'!':atu t·•· O, :" d·-~·-1 rran· ,f !~>r •• 
dat{" tha~ pro·.-iU••s ~ bUUir:if•tnl_y ~on.:: fon.-... ·:u':lil•it IWt"L~ !•:IJ· 1t..- fnr·.-.;· .. ~t ,,f 
Hw tn~f.!lllllill~ of kt~ fuc·m~th>n or· of :he.· bt•t-::I•Hl:u--: nl ,u,,b:•- Jt:•• r,u~···:1· Til" 
flln•·,'l.'arnin~{ p1.'Z'i'l1d nr ~he b~·~Ht:lin~ ()f H'•' f•~z-m,~lin11 :;ud l•f T)ol' h•·i!;HtH!H: 
t~f .stalJlc ict: is dl!h·r·minNI h:: tlH: fbf'•""-'•'rtHtl~ 1h•!'\cod n r H:.• .~ ~ · •• t!l··~- fH:' ••· 
<:ast n . .;("d in lh{• ea~cul•n~on. and d•"!~ i'a)l ~~~c··\•d ~:. I~ in 1:. c· I)• t"ll1d 
pl·,.-c:,~cJtng ~h•• ht·~iml:ng of iC:t> form.lb~m ;nut \h••h•:L;HU1t11~ t•{ :-o~ •~h:, It'•' c::c,~···r 
th•·r~ oc<'ur ctms~dt•t•••~k \'ario.tior.t"i 1Ti lllf• .,.,.,,~r in011J.· iww 1lw t.lnl···~·· 
t· .. •st:-n·Oil' ;md in ~~~t.' t.!i~c·h:t:-g•• in!O til~~ to:.i:•~o'bli.'T an•,o. \'otl'lolll() !lS th-''L lo'-1~'(' 
'-' c-c;m,.;i(..i·~rabl~ ~fft:cl <lrl th•~ (1()~- \'t•lncny in th•· r···t->•1 t'\'f.\l1', H\•· j ,~~··--~·.•t·~w;c: 
pl .. riod Q{ ttJ.e lo:n.·c<•St c:-aJmot b•.' 14r'4:t•r tl~o~r~ Lh~·p•:r1mJ !-:-tr o\'~m:-h 1~..-r•· ~~ '-l 
fot'f!CiiSt 01' where- both iHrio-..~· .;.nd thsch<H'&i: ~l'f.' (.;~:,u·ullt•d by m >£n. 

f( IIH~ riv('r fio~t,· vt..1l(lC·ily on th•: ~1\-•• ,, r..·~,·rvni1' ~lfi'U:h ~S; )n·_\,.r 'lh••il 
- o.ns tn/~~.-c. tht: lolhal ',\"o.Ltt.•r tc>mper.;, tu1·c- c.-n ht' t••t:• n an ll,,. -~~~ll•• r··~ilt!l 
of th(" rCSf>l•....-ojr ((H' ·.d1:ch lh~· C>l1c:ulatlon t1l th•• d~ t·· of l~W 11·~·-=tm\1:\tt nf 
stablto ict• i~ m~id". Bul ~~·.'('n in :lw cn:w hf ~u.ch \c-..,· \'t-'lru:·ni•·~. ,•,h,·r\ 
~.h·t~rmining Uw (:llcul~•tt•d v.t!u•· m' Oo il i,~t ni·Ct':-1!0-.u'~· to l;,k• .. 1HW ~H:r<>U:J~ 
the morplmmctrit:: ~har.Jct .. ·ris~ic~ 1"li t!u• ..._-.,:t·:" 1>1,•tly n-.nr,. t:p:itn•;~w fl'il:'C. 

th·~ .st•-,.•tth m1d.tr t'Onsicl('-t".aticl:\, l'lus IS fMt' t i eu!.,dy un~nn.,,,, ,:1 t•;,-. • .-:--­

·.,:h{'tl di:-'C<"tly up.stn:a n' {1·om tht" stf,•':.c:h uncl1·r (''>II~H!• ;·~t i•1:t lt;-- P'S' 1\."'~":;t· 

ha.!l: •at·~ .... ;an..-~•s ·A-ht.•n!' th·~ d t..•pth. Ct'll!ii dt•t·:ah:y t..hlf(• r & h•<.>m ll~-•l c•n \h•· 

~i'-· ... •n stcl"lcb. 
lfl lht• C'ih;;,~ o( hff:!ht•r now "._'!OC':Otw:;: th" IIUt::ti •.t·.tt•· t• t-·o:p•· t·.,tt;n• !-ohuGj~ 

.,_ .. [f'ltt•n for ~ crO.:Is ~~ll·>:t ;::.it!.l:th·d n 1,)!' p ·,.at ff'"!fl •t~·· r··6;:ttm lnr .... ·ht••J:a tL•• 

c :,lc-u1••hOI'l of th..- c!.lh:• oi ! h t· ll-o:~in!th·tt: Hf ;-O' t.ohl·· I('•• h'" h•·w.: rn ... '-"· hy ;, 
di:->tOIJtoC"•' f"tiU<'l to tht• [M\h tr:l\"'f'ilt·L2 hy Hw _..,., .. m d•,Ji-tu~t tuc· f·u·· ··.\' • •':lo:fl£ 

p.;:odnd t•C th•· IO•n·c.·~~• 
lf d.•ta of nb~...:r-..•.ttlt):l ('Ill n~~ ... wat•'t' t•!nlp•.•ratur••, ~·ha r:.~•··riotir.~ thf" nw.•n 

tl.'nl~i.•J",'\tut~P ht thr· a:;l\'t'll up:-ttr•·-Lm crt•R~ _,.;o•t•Hoa ft r' Ut tho• C(•rrf•l"pf•fMhnf! 
ro·giora P f lh•.~ ..-·~u·'r b->dy ar·· a...-a.t .. h!("_ •h·~ , ... h.h: f•! ~Q J!ll.tl4•'n a,r•'ru'''Jo! '" 
UJ(•~C' d:11.~. 

F'' r Cllll:<H!•·t•:,hlf• fl~.n-1.· \'t•locil~··:o; lt• lh•· 1n11 ;,11 ,, t'tr!-'.C H-'1' lH•I\ (;tp.1rn~t • 
nM1L"l~· l;•rJ,!•'r tt;,•• 0,2G -:o/~wc l, 1h•• .,. •. ,H'I' t .. n,~u·r· .. h\1'•' m~·.,!'11U'•••~ _.,, ,, 

[!.I,~HIJ~ Sitt• (i( lh•· rnt·;,~~tr<·!t;•·IH pl..~:•• ~-•llt-ill'!t 'h•• rj ''lltt•':111 U~fi 11~~11'J <": •·•t 
tl-y lll•.• ln:"lf\H~Iion~ fur ~t-•tion~ :HHJ {;.11;~11~ PPP:\~) ('OtT\ lw , •• 1-;.•11 ~·~· og 

fn ('~lgt'S l)( ln ·A·~·r ft~).\' •:t•h•d!:.•·~ Jt h lib~ l'l'l'llnllll''l\il• d l • l t,,l-;; ~~ 
.._CCOnJi11(! tu :tii"<L~;.I1t"t.'l1~•'tl!S ~It,\ Sl!~d•.' ))· ' O!\I or IU•' Milt• hl th1 c:: c , ..•. ll I'• 
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n••c(.·~t'.'lt·y to h;,,_.,. m~·=•:ourC>rJl•·&H Jata :iolon~ sO·C"Ull•~d prnff h.~s or at l(•:t~\ ~1t 
~·'\'••r·,,l IXnut~ .dt>nt;: lh<:o wuUh uf lhl':' lnilt.a) crCtJJ::i. s~tiott nr on lhc'' wat~t 
:l r t··• ,u,J~~.·r r.<•os td,,r .. th"'. 

rr JCU<:h m•·.u•tu·.•rnt' ll\5 do fVH \'XlSt. 11w Villut• llf Oo c.m be' cah:u li.itt•d bv 
11u· mf'th(HI llt•f4Cnbt!d \n t 3 H ~huuld, ho·..., ,~,..,,,., ht: r.."nH•mbea·•·cl lh:tr on:• 
~IH..1ulfl slr&\'t' 'o or.;:ani~•· ~n~hnt•J llh'3S•,n: tll •'nt:;; t~f lhe w :a.h•l" h.·:UJ»*"ratur.:. 
l l \hr ... w•~•d,•r?hly ,-.·•flir t·:; du- ~·mo-Jnt o f calc:..:J.,ttons, n f01-ct of ~;rc:u 
srnpnMJnc:•· h l pri"p.antl$! shorl~r·;,ng,• for•-east~ 

.,,, (':llcu!ot l.('fl fOf"\.''A'Oin)lfll! Jl~dod IOI' lh·· Cart.•eOl.t:l (•r the Hm·· or lhe 
bo.·,;:l :lt11f\Q' of IC{' Corm:uicm m <ty f':tcced th e- =-ctu;d for~\1.'0\t'J'ttn~ pt.•r {nd o f u ... 
r,,, t•c:•~t. I:' thl ,; <.·:tfl•·. ttl)~·· r\•cd n:wtr•oroln~it':a t d:tt:\ n r t• uf>e•cJ rnr &ts'"• JWdod 
fl·om th·· d~t,.. ,,( tit(• l~· cinruntr of th t> csJlcula aiclr1 (ft·mn lhC' dol t•!' lor wh1d1 110 
~~ l~lk1•n1 H.1 t~t• li.J.tl" o f th•• pr("p:ara lion u f lhl' fon•cast . 

I •'H\ottl ... nuuc I h i.• P.'fH'u.A ror ·Khu:-:h tit,. c:tlcul:atH•:1 alt (";I rrh"'d mJl is: 
d··i'ltl'·'lh1·· w)lt.•n th,· d;a L~ o r ~val•·r~·~mrh'roltur•· rn•::1surrmC'•1t, aerurdtn~ to 
~\h~e·h 1lo :,~; tukt·n, :JI'(' n(Jt fi\Jfeich•nlly t"'(!fH't.'~t>r\t;tti\"i', OJ' ... ,,.h('n 01 111' 
{lt•tt•t'tHIIh'd lly c:tlcu lat iun 

1111• OUmt .. ·r 11f d:t>':l Of the ('o\kU~aln'fll p~-.no•J COlO bf• d(•h't"tnincd !rt'l:"ll 

1•..;:; .1\=---·· .... (~. Ill\ 

w~.~·r<'" J.() 1~ 1/u: lw•·ml~Stbh• ,.,..·or tn th\.' c•dCltlatinn of th ,.. "'ah'J' 
l•·mpt' l':ltur•" rtw 111,~ ,Jay of th•· t•~~">Q:umine,: of h~·· fn rm.;,ti()n (0111 ) ; 40t Is the 
•yrat· .• l l•J' I'nt• 1

•( 1la~~< fl•·t,.rmtn.tlttm t..,f 00: f,,,. o., '~<"t.' {1 Ill}\ 
c) Tim~ o f no-... · (tr~vt-1) from th~ initial to the c~lcultlticn ero~a Roeuon. 

Thf• ,.,,}c..·ul;lt .. d ftwl•warnj ng ()t.' rlf)(J lor th+) fOI'(ICJSI of thr bi.'l!tfli\Ull.l or ic ... • 
fonn.t h OI\ r,.,. ~· lLit"(('' .~ll·cam nu~· . .;.,s 11'\J-h~.:u(ld af)flvC, ta t'riU.J I \ 0 thl" Un'IC!' 
to{ r:uK '1',- fN•n\ ~h•! m'H:\ ' \o thr enlcul"hon C f"'O.!it~ S(Octit-.1 

F1•1• l'h't•r.i th'-' tltttf..' tlf 00'AI Coi\0 hi! ~h'lCl'nllllPd by thr IY'I t!'lhod Of 
(' C\( 1"11!1(Vl1JrJjJI~ St<IJ:•'~ (("h:~pt•· r I. p,"ll'f U, ~:!'b ) 

Fl1 t' liii O I :t&:•' ro'!'i•'I"\' OII'S Ult' llfnlo! o f nna· ~huuld , .... }tii('IWU tn r-:alcull\Uf:I\S 
u f :h·· I~·J::ltli\\HC: of t(''-' furmauo •t 111 suc:h l'h· .. ~r ~C'lnt.·~ t\lWt'<' eunfoiii.Jf'r.Jbl(" 
n ····r On,o.• l A Oh~··r\'t'll, H tov,·•-\'•"'r. ~lrtd,·r c nndlh()IIS nr !4\0l'O:I J.!I' n•!tcrvoirs 

1:1 I 'll t•r ~rr .. •tc."'v·~. tl:t• r oi"n·s.smndinS! _Iii tag .. ~ a r <• lnsuffiCtt•nt l~· d~h'rl'l\iu~<.l. 
t-•mclnu: rhC' dnw of flo:t~t.· rrom c:urn".spondinl! !Ctzu::.c~ is tmpo!;sillte thcr<". 

Th •· tunc n f no·..: C'Hl snc:h ~ f rt"tche~ can b ·· d t·h ·rrnim·d f1"t'tm U:c- m<'.Jn 
\'•.·:orit••·s Vt ' " Cllh r~ch·rist;c rro-ss s ••ctinns alon~ thC' r h·C'r strrt<:h #rhc 
rn• :u1 c:ro:::.; ,:t,'f iCOikil v•·fc:ocih•",; ••t~ di!l~l-:11{1\cd, II'\ th~ i'\hser1c4.• o( d~t-. o! 
dir•·r1 F:'h'.l.Sttr··•m•nc5. hy d h·it.hn.: l he w"''c r dlsch:arg(' Q t,- ttte cmss 
fi:•"t·ti••rt<41 :~o r•· .. we 

15. 111) 

1 h•' fTI<•I:f<h hecJe• Of Q rur tlll' UpS I l'P;,tu {rt\·~·r) 1:0rlt!,!'l O( :11;\0r".;t~l' )'f'$t'f"'\'0 1 flO 

e:.n h(1 t.lk•·n t'll ll.ll tu lh~ '.4·;,t,.,· dtscfutrf.:l' in lllt' ao- c;;ll\~d i n tct (uiJJ)CT) 
SF•t!"wJt .s.t t•· of tfh' r·f'~·· r\'Oi a·. 

II ('••n -u•••·t·d•lc• ftnAo• ,·cltx:llH·~ a n: ohs.;o:r,·c d i t\ th~ to-.··· •· p~•rt ,,r lh~ 
('l' "oo: f• f"\'t•l r', lht•tt tll•~l"', IU tho• ll b:>O..'IICf' tJf d jrt'Cl nH..•asur·rnu•tH d;•ti\, tl~(.· 
\'"lt..c lty V1 (:,,1\ hr.o d••ll.'rmi11~d l•Y dnd a.l i n~ 1h1~ wat'-' 1" ~hs~h.ar-s:l" 1hrou1:h the 
hj'dt•fJ~·It·ctrlt: i'ftat•on h}' 1Jw ern,..,., .. ,.. .... c• l<m ;trr•;) '1ndc- r con:-.i•h:oration. 

·nw \:..he·· .. o r w, ('A n h •· th•t••rmtiiCd fr·om tlu- ho. thvml"Jt•lc rh:tra ,,, Ull' 
r••~•· r\'f'lr h•r ,fj(fo 1'1 ·n1 •,o.•;,,,.r l t"o'l'l~. 'Jllt.' tltHum lin•~· tl\ It -.:i \.'t.' ll C:J'C.Hlf' 

.;_.:; ~ ......... •t;..,..,·,~~·----------------

:"i"Clillll, i rt Jh;• • .._h5·-Uf"•" ,,f ;, t::tl!lnt; "'':.~". e;..~ ~· d,,•tt-rn\k-··0 iN Jntt~ rptt;~,taon 
,,..., ,·e··n nt•h;hhnnr.r, ~th•s or fr'.Jro ll.'lc.!~~·.•t··r t'un·t·l" 

'rln· tun•• of no ... (1"4'):11 tl\1' •nu;a! t(l tht• C'.ll<.'u tattctt (•ro~~ :4t"C'tl•m (tJr' •• 

G= ~·~·n di~l·lmt•gt• an.-t r.c.-,f::'', 1s d•·'J1·rm1.n<·d lr••m 

or 

,. 
. -2~--'·-­
c ~ "•- •+"' ... ,. 

lfi IIJJ 

~,.-- ~"I• ft,;, IJil ... 
-.~!u.~r·c N ' 10 th•· avrnht·a· nf IJ••Ih ,;;l•t::n"fll~ l,..•t. \' , .,, l!u• Ulfh~···•··•l rh.o l"<ii!"IP(I~tu~ 
c1"t\~S s•·ct:'"'~· I, e:c; :h•" !··u.:.•h al :~•·· •·th ·'··.::m·>1·11, f4 1" t1n• u:n•• t•C f~u4" 
a len·( tht." a• th ~··ar.l••ll\. 

W t· tht•rl drtcrm l i'W d w tli\lt• 1)( rll'n H!fJ~I~ •'olt"ll I \•1!U ·'' l! 'n•·nt ,,, 
1:·=~· 

W n !J th-e \."O:i. ! Uo'S of Tc . c •• lcu~~ h·•l 11'010 ! lJ rll\ rn r drrr.·r···"~ d:t-wh~· n!·"'' ~l nd 
~t~~ .. ·.s. lt ~• poss1bt1 • to obl"in !~1,. f"~·•11'•c1~ln;l 

<, -j[Q, H), (~.1111 

wit ·r~· II l"' U1-~ n\'l"t' ·> La~t· Ll"' th•.• u~,,o~ t rt··ltn ;ar·r,, ·~r 'tw r·4 ·~ ··n''ll l 
Fu:.ul.·~· l';a t!l\'1'!1. riUCh .i fi•'Jlr:::kl•·tw.:•· f(u· Hh· ti~n·· u! Hr•w r. •tn\ Chc hP~-.. ry 

h' \'t•rid~-t:l,YI l'~".::.!.-,u l~tt lb• ~~~hl·Y~Iw\' f.h)l':'~" r ••Ftr f'\ f'B' f"i51 
U :-. nJntul.·r·:•hh- t>·•n of t.h•~ ,J,,qoutc.·~· L fr,•m tf: ,· lltii J,, ! w tl 1•· c;.~o;t~ !:t~ : n~ 

r;-ro.ss ~ .. ·c-HrJnlS on ~:~t:t ul~d<lrn mt•cl. Kl r t•t.ch t)( 1~w J't\·,•r o •· tl:1 :t rl.•:tHn•·l! 
~U'I'tch •n :('hLch tho~ partiC'-.dar c tuun,.j.Uu.c- dt;.~ r:.f't•·•· ~!' m;u:u .... a:wi.J. fh,. 
tun•• of fi:CI '·' ' [OI' !IH:t J;o(t'('C Ch 15 dt•h•tnUI14:'d, .1~ [t~r" 1'1\'t..•r, frmn tht.• 

cnl'rt:>~pt•nthllJ:: st;tllt' . 
Th·· t01:1.! U:n.t· ol fl•'JJ.' fs:: t!' d·•tt.•rml n··d m U11$l <'..1!1•' , , ,. th•" .c.um o f tlw 

UUU' rof O•~A' a~Or,.f! th•• r n.''-' r .end Of :!w h :'n•• u f ftt'K ;'lltltl« d 1•• r~·"''f"'\""OU' 

d) Mc;,.n d epth. T h ..... nh'.•l\ dt.•;Jth h tl( th~· J.·~· •··r a,.,.,. us··•! ,.~ lh·· 
cillculatio:'l is Ut•tcrmmc.•d ~•K ;• funC'\10'1 of t!h• &!a'i H 

A -/(H~ '" 1111 

In ord•·r td oUt.-.in lht.• aht),·a.• r.O:.,JHlrt~h:p, tit•· ... , ,Junw curn• ;:~f(/1) ;.nd 
th(f •ll'•·;t. cur,·•• f .,.I(H) .~r~· r !o lt•:d r<w lhis wo.t~·r otT"·' 

Th o' , ... h.h: of h tn (S UU till round !t'<tn\ 

t!l,ll l ) 

Tlu."' \' ..llU•· o! h (".tn 0\i.~o h ·· d• •l t,•ral i:H'tl t.y tlr,t<llll~ t:rn.l!-~ ,. ... ,,flln i 
p 1'1\f1!""S Ul o'lt-~r:.~h' r"l!'tlC' }lloJ1.'1 '~ t1f tit1' ....... h ·t ol l' ••a UJ. I •tl IU 1h•• ~·,tf~·lt J :~(+IIU 

{UI' t:tf 1lu .. • .o; h Ttl'll U~f'tll:l ti t•' (','ltcul.t \lt' tl •,o.•l,••n th~·r•• tl' :O: lt'•·,,tn n,~ ..,. , 
If .tlr•au: tht· .stn ! tt h 1n~·tth rd 1n \111: c:,!,:u!.llltH\ tlw m•·.•n '•l•·pth \ ••rJ•Hol 

,·on~ld••r.•l·l~. t!J•· l'CU'•"tch ~lw~\•1 h,· tt . \·trlt•tl HI\" t"-u·B :A. t1llln .th:, h ,r. ft"'h 
:t\'t'l'oi\t;ifl~ (oUUl(ll lo-i\d h l ,In ,, ,trjl~ ltl'f!:l ) ' 'P' I"CII' 111 f it "' l' ol1( U!,ttt f •ll ••f II,.. 1'1'tl• n f 

tfW b(·~i tllllr'\-: of ICt' r<•nn.\111111, I!! l"'l'••'·t; t••·, •' ~tr••lt•h ("0t 'H1C.H h• 1J;\ 11!• 1i 

tntu p.\r·ts ~! th.:> toz~t l \ ' o1 n :attlll1111 ~h·• tn•· .. al th t•th lHnol'll11"- 1.• I• · ~ ~h.a)l" 

l.t'-'10'' 0f \) 



1 tu- m• ~a d··pth o~1 d.anunt•tJ.,•p ri ···.J· .sl.n·tch• .. u• 1i1c.• ca_...,. •d ~m"H 
b-•t ~ o:. .. ro ;- ~~ d••t•· r.'t\11'1!•''' .. ccvrdu-g to fJu- IOOic;..hons e.h•••tl lh C'h.-I~U·r I. 
P:•t·~ II. • ,!r 

t') Ttw t:C\~rfictt:!~t oC hr~t Input rrcm\ th~ w.;~.l,-.r rn:t.~~ ao lhf' ·.wM_..r .. :Jir 
II11Pdo1Cf' {ClW.•rticit"!nt ,.,r tiCJ.\ tr:lnHofC"r Cl. C::OPffici~ll\ or hc;.~t \r'l'Ut a..,).. ·nw 
, . .,, fhrH ·nT IIi llf•a! tr~msf.-r (1. 114 t.kh•t•Pti•ll'd, ll;4 r()j' r•i\•f"•t'S (CIMpll~:l' r. 
l'••rl n, ~ :lf\. b)'!:?~ I) 

• =(IH5ll + 106~•)CF·•I/cm'· <l;oy ,,,." ,.,., .• 

,,.h~'n· U ~~tho· rl)o·;ul (io.~ \.'f · ~nclt\' cllii'Inj.! lh•' (',a)('u1a1o.1 11J pt t'i()t.l C"l1 tho· 

p · •H'r\·o~r· 1.-11~\h usr·d "' th1• cah.:-Uioallrm, 10 m/fwc, w is thl' n\r'iln •·nnd 
\'"~~•qf\' ,,, thl' h~'•J.!ht nf tlw \'llnt• tturmt:: ~~~~~ c;,\cul••tim\ p1·nod 11' tu/!11'('~ c 
, 1 ... 1 p :.f.· ~h·· ~Jh' ~rtr ht•.Jt ~mel cl•·n~tt)' c1f w.;Ht~l· IC'p i~ t;ll(r•r\ ~·•1u:-.1 In 

~ ' ••.• ~. ~~ , .!. ·f!:·· ' ' 
n·• m•·,,,, fla ._ l.'••l('lt''l\' t1 ~~ ,),••••t·mt11••d h~· c!i'\·i•ht'IJ~ tho· ~·.•h''''·•t•uu It nuth 

.. , 1~1· p ;;. r,-ntr L by •h·· hltW "~f fi<•··'" 't.: fs .. •r ~n.1Mt"'hu~1 ""l 

tii"I,IU' 

fl., 1 •• firo:.·a··:;~ t1f 1•••;11 h•p•lt c,. is :~bw df·w rn·,,:•"•l h~ t•·t·u,.,l,t tJt, It 
Jln\•":••t, lll till~ c.t~l·, 1tl'" ftO •.t• \' t• tl)f"1lJ,1S l:ok,t•~t.tt tho· t • \o\.,111~ lt'llkllt.tiH':11 

..: 1,. rf ro . ..::o. ~·'C'~ion• ;~nd thr• wwd \.'r•~nrltv 111 dw SOillif' n·~tnn .11 11W Ulw' l••r 

_._.h•· h th· ' pn1h.dt~l1ty c,r Hu~ h•'i.U11t\1n~or ~'-··· for-m.:ttll\11 ·~ <',tkul,ol,•rJ In lh· 
r ,1·' 1o{ ,r c ,,:11\, Uw ,\'itHI \ ' l 'hll"11)' IS :H:;StlnWd l'(jU:!I to1 0,5 1J1/ jo:o•t• 

I) The p:•rarn.:tt·rs 11 <~nd k. ~,.,. C'~1:lph•1' L p;q·t n. ~ z,. 
g) Th~" spC'-ciCic chanJ'IJ?I he~t !nput (q;~q11 +q,1+q,} Fnr· li•k• ""· ;.,., :n·ll ,,:-; 

f .. I. St•'l'·l~·· n'S~"'J'\"If"S ltl r("1"'1nds \\'hPIIth••y ,tl'l' 11ul th~C"h.ti'J!••LI , 11 l:-t 

W''~ttJ!•. d~ a nllf•, !0 ''' ' .:!!" t"l lilf· h··,)t·•.-dh!lll~•· rn:nptUir·nt q , lll11' ~I•··,·Jflt' 
tw..:~t Hl~l1 ((·•~n lh~· L:,ronmho,·•II'J'I ,\:C ,., .!\.'1~ H..- lw;d t'"'t'IMIIC":• ,~,\lnf>-'1\\'!lt qo: 
••h• "'f)••·tf.r h· o.t1 lt>i'lll du•• !n o•t~·r~.\· thS.!'i'liJO\h(•lll ·n,r· (IIJ·•HII t'> q t!'l- lh•'l"'-

1 tr•· l .. k• 11 ,.._ltl.ol If• rhr itJl•·rlh•· 1 .. til 1~1JlUI h:v•nl tlw 1'1\'f' l t1(,1f1t!H q .. 
t · •• ~ ... -u o~t• •I ,-•• ~u··~ 4•1 qto ·•r•• t.:l\'• n Ht ( h:.vt• r I. J•..,rt tt. ~ :! tT.•hl•· lft 

1- •·1· ~I:•· up:o:tn .t:~' ·~ll."t'l'~ '~ t"•·a·h•·r. {•f :;.tnr~~r:r rc>ht'l''\'nl ~~ ·•11•'11 5h•· 
a .... k ·t;.l,·r ts ~umP'.u·•ttn·•·ty ~m••:l 11 •~ pr)!>SJbl4• tn totkt· 

11\llll 

.\h"•'• I'T1 1, a fa<:10J' snu\lt,·r· tt10\'' uu;l, .. '"h0~4' r-..::H·t ,·ahu• h:u~ tH•t hr•l'tl 

m·o• ~tl~·d•·r~ 1\ t'.tll ll<' tak"'' 11$]1H'<'I~ttl;t,~Pty ua '1w tw~Lq of II !mc".lf 

ttll• rpn\.dt•ln f!'•trt} ttnn~·. <'t lh1· t'l\·i·l' 1•1 lhr· l'lulo)f Uu• h~•r.kw.tlr't' H!·r•a. In 

1,1 ro ,,t tit• b.-·~ltlttlll~ nrn•,•••f•rlu•J: lthmK £11)','1.'1 11[) Ul 011' h~lii ll' ,_hl•l'l'tol l1( tho• 
I'P:"r ·.·.r~!rov 

l·•u· Hu, ·\·.•ha•·!" ,,f q .. 1 Hf'l' ("hllll-t' t I, l'ar, B. ~ '!. 

h) Tbe sp~ctfl.c hr.at traneff!r of \he •o~tater '!=:Urfacc to -'J.lr, 8,.. 'lltr· 
tl';.~~•uhdt· u( D, ~~ d••tt•rnunt!tl f1'on, (27 .It a,:;. Uw -.um c•f II,.. IIH'l'lh,t\ 

~ ,1t , ... nts nt ,.,..,,~·f·•t1nn. I.E. ·•f ••xc-h.•ne•· P ar•d nr ~·tt.·l"ti\··· r.uli.ll\"'"' l.u 
f:t1 ;, .., .. t• r.~ur(-'t"'' lo•nlpt'l'<lh~t• •••lttallo 0 l 

B.=LE+P+1,11• 

nw m-•t:mhui<>~ hr L£. P. ,,, f'·•" hf" r.~~t··rrmncd h•otn c:!n.o. (l2.1l Mtd 
1:!·1 n ,..,, ,. <'h.lpt•·r· t p.,r• A, ~ n 

111.~ 

llt(• m.;J.~naNd''!." of B,. '""'" h•· d•·••·nrun•·d o!.'Uf• surftrt••nr .IC't"1U'.u'\' •• ~,.n t ..... 
flH.·:anS: of niJ'IT'IO~r~phS fFi.J:Ur~ .... .; .and ~l •s••t' Ch01ptrr I. l".a rt U, t i 

Jn llw cas,. of a caltn, th·~ -. .. ·ii'MJ ~··1oclly 1S ta~•-n ·-~~~•~1 .,, tt 5 mf .... ,.. 

[n 1:;1St~~ .d1••11 ~h .. r~· ntf· 1\0 d<•Ua t1r ,, . .,,,., •• ,, u\i)• l';·. h~r·• !t' 1 .~~ ,r·• ·r • •,to.l. ··1 

who•u tl•j·~·· Jl)• ·;•s•Jt•··rnr·nls ;1i'l' c:nndt·ua(•d "'m\y :..t -.,h~·~·· "'t.:t1·.·•n·. q • Pu• .. ·~: 

'A'iltr•r ~~ ;np•·(,otut'l' Oo .tpp•.'HI'Ulf: tn l2.1IJ) :nvJ {3.:JT• l'3tl !)•• r·.o.r'lJ:••'• d t1;v u,r· 
l'IV•thnds d•·~r.l'ih•.•d twlru, 

It UH· d;rlty ;,,,. tr•Illpl't'lohJt'•'F- urf• US<'d 1:£ lht ('iJkll~ .. ~!lll~ Oo ····=· .,. 
t•.tkuJ.tt,·rl rl·om .. 

ID= ,2 [tJ(e_....,_, .. _,-c-.-..... , .. H+f + fa.J..!)": • •U aJ 
111:=1 

""·h•·r•· llo 1!9 Ill'· rtutftbf"~ f'( ,t.,..~·:t. 'lH'••a l!"·r:a!"~ 1!·• c! .• • •. f ~:·· .d. , ''r , .. 
d•·t• t•nn.,...·d) <Yhrt!;, .. :tkl' l~·ntpo·rht\.lrrs. ;,ntJ ·•!o•·r ~~t: •• nt~h· ... ••' • •' t,.. •. , .. 1. ct 
\11 u,,. r,u,·vl.ltlott. (for lho~ l'•·.sl '•f \h•• ,..,,,,.tf.JO:;~- ~· • • l. 

In linN &',l~" tro •~ do•l(•rmuwd (1·.-,:n 

~~-{--~-
(• + -) ~,,,~ ... 

no= ~~~~~70~.1l~,~.t~~------- •:' 1'', 

Wht')'~· {J(l• I~ 1h• ·,o,·dh'i' L~ :;lllr''I'3~UJ'r" ,,c l'h :W~ltl~Wlt! •·f H~• CH 'I ·•f lief ~ 1 I I, 

1~ Y~·'ll fo1· ltnt!HlJ! fio; 66., lj;. th·• ;)•'I ~, .. s .. ,b'• · • l't'f'l' II< H .• r'· t• nl·~·'·•' "'' .. r,, 
.:_!IH"•· :111~ \'+'l1H\' nf o.• lS UHi(llU','\. H. :\ ~hi! -(' ,·•t,· '~>1' !-'··.,; .1.1 ·1 •J• •, t 'I • '•t: 

"• hy r11 1Ut nns r.1n h•• (,,.,.r•-..•au t•" ., .. ! .. 1•-•·~1~ ....... ·~--:.· •· ,•. tt ' .••• ·~ t 

0~· fl1 , •.• ,_ ,-.,~~·. ol !'tHI\1 \!IOIII'\•IC,~• l.o'• -~ \..~.1• .- 1t'-•"'1· •I • ._,, J· r ~1. 
~··Hl~!n·r ,Z. nt•' ..r.r~'hlH!Il ~·• .... , : .·•.:.oto(••t:- '-" ~ •. • J:r1 ... ••.-••1 .. • ,• 1 

P!t'f't~.,..;o•d Boot 1ht· rat!cu1.thctn • l"t'(lf 60,) t · •I• ··s · ...... ~ 1 "!U '• • .... Ill• • ,, • 

.. , fru'nn:i.li fl~ 11H tl r,lJl,,,,.,. th •• t ....... ····~~~:n .. tr ·a •f nt .~;.,. - \·• .. .,, "'"~'"·••''"'• 
o( -o.-• I~ <'llt~'ll•••l .• ~n·• :~ ~m;,;t_ 

'1~~·· (',tr.'U1,Jllolfl ,,f <'., IW tl.) ~~~I I" ,.,!o•11'~f"l" \ 11'• •I.,.,J ( •' f •I t 1 1••'1 •t: 
o~ (JI•Ul til-· mo· ,(:l.•ll' \(·mlt• l.ltUt'\' •11 ,..,.u;o• Pf'q. •hth! P· J···d ···I I i· 111:,1!·. I 

tlo 'l.I:O.'~) p; IL·· r• tLif'{' 1'"""r·nnn• '\d•·<t 

'l·t Ill• 

l'l1l' tl~ll~)btT flo ltl C•'t~··.o.; Ill!(• 11 I! I m• .~TI t.i•JHh <l~o•·~ H•·f 1 \I'• • •ll111~ , ... 

df0 \o I'MHIH'i.l ir·un) 

li•H•-'Ih H1fo· \<~h:·· ••• no E"" l•·u·~·111 •• hi-..: .IJ"I•t•·\:l~· .. t··""· h'l ntl·;g-.,, ~~. 
fl•t,:. rn.•it• s 1t Pf'·'-'!1:5hh• tn t!• I• r h.tn• Uh· ·•JlJH••'\zno.tT•· "'"''""l'o,: U • 
p.tl'otmo·\~1·.~ 111\'do\·o d OH l\ ;, lfn. 

h1 c.· as.·~ (tf ••• rr.· ··· tl•·pth:-t, tlu· .... lu•· ~l! nfJ (nund II'IIH\ j I., !Ill I• • oj I I I ' ,, 't 

t ~~ 



'· 

~9 
wh••t'l.' J.-:!...... 

llg 

(J6.JII) 

In 4•flll.:l.tiOUR: l15.11l) oLtnd (IU.IIT) 6 is tile nlr .. ti~n11H'I'<HH1'C nur.lualion 
chu·in~ ont~ ~by (d··~··t.••:s/t!oty); in lht• ca:Jc af u "c:'n<! r<)l d~·op oi the >lit' 

l(·m])~·s·owu·a• 6 1~ r\c-~ativl~. Fo1· thL· re-st I')( Uu• notations sel! aQo'\'e, as well 
tiS§ I .. 

IC 0 

•o 

D 

0 

D. 

0 

/ 

v v 
v v • 

v -

1011 ~oo GCfJ 100 JO~D r100 I~D ~~~Item . 
6 ' " ··x.pJ"C~ S·:!_I Dy 

~ l•. ( '"-c~- iJ-._,-,~-J+ Uct)J- i'(a- ,- ....... } 
t - ; ml (17,!111 

lno-..!"L(I-t- ... •) ,-•·(1-<-.... )Jt 
2 . '_,--.. 

IIC"l;\'i'\"·r, 'A'IUI an ~u:curacy surficlc nt fof" \llo..' c alculation of 6~. 8 can bt' 
d·•H••' tTHW'd nlso nu>•·p simply by dr~1winl= Ut1 :1 1i1nr graph of th1! mean­
dnlnt;.l h•:t~p·.···u[ar•·s. '' slr.:lic:::bL lin(' oC Uw nrru:r~l (;n·rrar,ed) ttir 
t l•mp~.·r;•turt• \'aria,h·m (Fi~;ur·P. J6}. 

Tht• \'.:'h••· of 110 i !\ co•·n:ch~d (lly tri;tl and t.· rrt'lr~ by mca.ns of (>()nation 
{Hj nn a~ follows. Th(" .... ,luf• o( no. tJc-tC't'n1in~d fl·on1 (15,1H}. as W!.'ll as 
'tl•.: nqmc·ri-:!)1 \.'i\hl'.' fi qf t\11 th•~ rrm:•inH~I: C'JU!o\nli\l~s hwolv~d in t:-qnaUon 
ttG. III), ;tp• !'ub~tnuted in tho: latlt!.r (~Q,u:u\on, Th•: \'·'lu!!.S 'l obtained on tho: 
l("ft·h~•nd 6uh· ,,r lh•· ~''-tu.A tion in th e c:•!n•·t·:\1 C':l!l~ dtU~r h ·om z.<·t-o, and m ;t,y 
a1' ... Uif1•· pt1~J ti\••• ~~r u•·l!~th~<· SiJ.!ItS (in dt·~rt•«:K}, If il postth•e q uantity i 6 
oht;.,w·rr, u..- h'HHb··r n. is tllh~•.•r,.."tt('tl, >~.·hr- r<-<t !'l ;. n l.'f.r.IU\'C qua ntity 
l~l''~''·••··~ t h·•l t1w n•ln\h•"" r n 0 1~ n v •••·r ;ttt.•d 

I! ~· I"•Sifj-1..-•• (\lhlalhy 1A obt:•int•d, a ~·:)hu: of l'lf l;JrJ:~"r "by a unll ls 
suh~ li-ttl••cliH lhf" l 'fl11<11i-m ~and ~""1l m1 UoHil tilt' l•' n-h:wd 1-'ldC oC th e f'qUatton 
b••conw~ r.·•t:ah\'•' Tht.• vahl•! of no u.•H·•! in the c alc:utation is that which 
c:e\'f•S in lh•.." l•·h-hawl :!>ld(· of t.'f!'l:tti(Jn (\G.Hl} th<?- h~Ol;'lt dt.·Vi:..ttiQI'I (r·om 'tl! J'O 
••ith~"~ r p!JS jl'i \'1' CJI' 110·~~iliW'. 

Tlu- prot: t>durc 1~ Simila r ~·hen:., ncg :..t •\•c l~\Wn1t ly ~~ Oht:..Jn•!d m \hL• h·fl· 
h.).m.J slde Qf c l}ll-.1iOrl (l6.JI1) . llut m lhi~ ta$«' ,:m a ller \."etlul!'S <Jf lit bll!'\' t! to 

b~ 6UbSitttU~d in the eqoatio rt. 

0 

.II ~ h 

rv II.J jiV i~ll\ 
~ .l ~ J 

11 

: f fi\ II" 
l\J in " 

0 
~ 
~ .. 

IY1 
Yl/1 /{ ~ XI 

fl..:Aif.t: ~.o.. ~h·JJo•.!t~rn"~ l:f 1Cnrrn n!llll.' " ' C;I):<Iil n; t-~ H1r ·rLmi.:..,-J 

m\'~~O.vl•l)~i:'!".Ul'dA. JY.J~. 

ll should ~A· iM)I'IJ~ 40 m 1oui 111.J.\ sin\.'&.' w··· o.~~t;•n,• ~~~• ~a;•·~:r~! nnmi.J.· r vf 
d •• y~. 1\1'"' (t' U- h.,od ~ id~ .. of the •. ,,~lation m ;ty \ 'Olua,.;.h ~~~dy n • '['1"' 1'}' rO":ll''~ •·-•:oo.t·,r; 
C\( a 11 ~'I'P r·opn~!·· ~o.""nmbut~tiO:l o C 1111• \'<• 1~1 ,· ::; u( ' h t· ,~,:.nltlti••s ~rl\'o-1\···tl rn 
(I f:. Jl l). !rl J.;t' n c'l'.ll, flh .. l d l•h .tnd ~ill!."' tt! tJi• • \.'•JIIolhOn \",tnl :.ih\.' S fo t ,1 

fr.:act ion<ll , •,aluc or n0 . 

·rh l' t Or rcctirm n r lh~ \'oltu .:• (">r flo {h,\' tt' ll•! 0\lld · ·n·or) by O'l jl l:l t l(")fl 0 6 .110 
can h <' ~hort•.-n••d ·.d1•.•11 ~-. \ " ... hw 11 ~ t O.:?n- :t ~ ~1;\1· 1.~ (•bt.o.i no'(l. h 1 1his (·as•a, 

to ol.J14In !h•• l't'lj~llr4.'d_\·;.du.:~ 0r {1-0 ~h•• cr)1'ra·~pmuh P11! \ ' ,d!\'' ofT) ~hnuld hj• 
ac.Jd1·•l h1 lh\'• , •ahH' o f U i1\ tJw t~tSl ('iilctJ1MlUII C• •l\·th u:k •! -...·tth ~·quotw.:m (I !Lil l i. 

'l1JC' \'.:11ur.- or a~ can a.Jso h t• l.i.•h'J'nl l rJI'll frnm 

(1 1'. 111 1 

wh'-'r<' n o' i ll s m a:t"l' t1s~n IT• r .. , r th,. ~..-nu• rc•nthU,•••~. It i s llt••rd"n•·•· 
L-Xp..:-d.i C'IH to m: o• 11 ll,llll " h.t•n :1•r ~~n~•· fc•:, ...:.••n.-. 11 JS •~•· ,;.1 r;~oh!•• ~~· ~hnrJ•":\ 
th •.' p rno.-J etf a,· ,• r:.t t:P•R. th•:- a h· h•mp•'"rltlat"t•, In l"~""'t!rc·•• l•• r, '~" -"' ft}r ruuiH 
C<H\ bt~ U~(·c.J ''h ••n ~lw , ·ahn• ,,( 6 t:" tlt· t•·~·tutn~ d i!l' ·'Jl~Hl•;, ll:-· 1n i"a •w!" · ... tu' rl 
a.c. th t•tH.:g lunirH.!Of' th'-"" p•~nod n 0f (Hl ll~ ''•\ rl)· ll .t rl • •·nd f«•r l111• l"".!lil ,,{ U1•• 
period Uu- r\.11U t'C' o f' tht~ f.!l'IWr~d .a\,·- t.·m p l' !"olhll'f' fb•· t~~·•ll•Hl ; ·~ II1 H•·:·~·n1 

·-------------------------------"---------· .. 



' 2t- •• 
no=~· (I ~.II II 

( "o ,--. ) [ • - d I• + •1 q, 480 = ------ 16+ 10 -1------+ 
2 ·-~-.. • •• 

(..; .-.. ) ] . + --,--+1-·-.. ,. c ..... (20.111) 

''rh·· ,_.;:,hit• f)t 11,~ i~ r.or..-••c:-trd unlil rtw \".:tha•" of AO. i1t :r mh,imu,n (st:~ 
,,, ... , •. , .. ,,,..,·rrlin~ th1• .._.,,,.,.....~li(Jil nl "D b_y ldal Ollld , • .,.,,.u· a~c:u.nUn~>: Itt 

,,F, JIJU. 

~ ·S. J."(.,,tl,,~ •. ,,( Ci..lC\llatifoll vr Uw l.wginning t)£ ~··1!•\t' ~~e 
C10';1 '1' (Ill :O:ld! ~'"~!tl',. 

f ,o·\ H~ , .•• :cu!ool!'• ttw h·~Hitt•tint: .nr ~t.:.h)l"' i("i" ~TI L~lkt' Chud);'lc('Jl' ~t.:lkt"' 

I'• IP'lt.l th th•• Knclal,•f·rP th~t~·~N Ill HJ54. • 
\\.',. d••tt·rwln•· thv hountlat'iC's ·~f th·~ ~~~t'ti•)n of iht• l.:lkt• lt1\'~'lV<•d ltl th<.• 

ll":th!l,tliJtj(Jfl rm· lhc ~i\'•':l l't•gion :or:conlill~ (f.) UH· in<hC.1li(lfhJ nf ~ 2. 
'r!~t· nu•t!•nJ'(tiug:ical d.:do:t i.s la-keu !1·orn the nt:<L1'1:'~l Ml•'l'.'tlr(~l\lt;kt~l ~Wti<,n 

"l"lii"H:o:.·<~. suu.;•tt~d ~0 km to tlH~ ~~ol·lh·tH\tlh\,·a•!H o( 1-; t)d~'\'('l'l', un 1ht' l~akt 
~IJnrH 

Tl~·· ~·xL;;tl'tlC",... r'lf nlt."":IS11 n'OH'•ll (bt~ for- lht• waiC I" lt:ompt•I"O.tlLU"t• t~ Ch\.'l'kc•d, 

\V•• f11HJ th:•t th .. r·~ :lr''~ !HI •latol ~f nw.:~stl r•ttwnt~ fou· !n:m' Uw ~llor••, 
.\.'h•·r~· thf' t.J .. pth~ :tn: r.h;n·;:h!tt·nslic or lht• ~ivt.•n \Vtth>l" an:a t'.l! th .. • h•ict: •• 1ut1 
oil...:•') th:1t lllf' \"!lt~r 11'11lp1"1~;,hu·," Hlf ·:iSUt'•':1H'UtS C£1Hd;Jr,l!•d 01t 1!w ~·11;1:!~ Sllf.' 

'}r\ th•• ~~.~l,... c-:lnll')l, 1fl this cast·, t.•h;1c.:u:ro•t'i'l.•' lho• lfll'-'Cl '\'ol!•• r ll'rnP•'t\lllll"•• 

,,f till' J!l':•·n jl:u·J nf 1h1· l:il<''· Ttwrnrop•, lht' i llLii:tl .... ;w•r tt.'Oii'PI':•tlU"•' O~t 
l.t~i i"~•lru!;tt•·d 

Wh•·n d10o.~ing lh•~ chli• f<"~t' '-''hi.ch UF· \'itluo• of 11)0 will h·~ c.tlf.:all~ill.'d. tlw 
/r,li••\int: iwnt-,H"tlot~5 .,,.,: '.:~k(•r1 i11t•> :tcc,·mnc (~o~r. "l ::!1: 

;, ~ 11 t~ d..,.sir&~hlr to c·hvo.!'-•' ttw d<.o.h• fm• '-''hlrh Oo IS d··l•:!'nnhh•d Sni!h U1~1 
lt1•• ;,, r·-H'JtJp••rothU"'t~ nnchmtiOns: op to thi,_ d~U•~ dt, UOl comp.HC.lh' 
st:n;-•1·· £•';'i•htt·:•l dl't<.•rmit:alion or fhc ml";tn r;,,,. ot th'" ~CthU.~I h.·tn~t.·r.•t"n· 
tl!" :fl16}. 

h ) Th•· d -•lt.• "r 'ft.t :.;h'Juld ht~ C"h~~h~l\ s•• :•~ to pnJ\•id•: a suifh:tc·r1t rort•· 
"·urm·~~~ p••rjnd f••c· tlu- fot·~'f':ast ••nrS rt~thter. In .-.uah• n\irutn~tnl, lh•• ('t'rt)r 
It\ rio•• ('odr,l!.,tion of Hw wotf•'!" h'nlpt' ridnr«~ fur lh4." i•~SUOH•d d,,,,. 1.1! Ch~ 

h···~hUllfl<; or !'l~•hll' lt:C! ('tl\."t,·r. tltt." t·rror i~ d\l•! lO th~: (G~1 UL.I\ ~ ilf COIII.:\110\h'd 

I-" rum 1-l~tJr'· .Jfi WI.• find lt•at on lli ~'1\.'t..'nlhl"'r nnl flllh' <lid:.., rh'l':tUvt• Ot i r 
t~>·mr•·t•:tt111"'' lw~in. bul at ahCJUl thin hmc Jan oabrnpl ch:l;lL;<' in the 'h·mpc:-r:t­
un·'· c·urv•· hi..'C."\U'I'I'd lflltil 16 Xm•f_•mh•.!'l' tht• :ur h'l•llJH•ratur'C £:~m·t·:- lly r~·ll. 
ltlt•u~U w;lh c:ons:ul•·rHhlt.• fhlt'tua1in11~; lth' nu·~m ~·.at1• of f:,ll w~~ 
c•lM:'I•I• ·J·;~ht:' ~m:d~•·1· HMn 111 lh4~ .suhs•··~ut,'llt p,•a·iod. 

c tr1 th,• ~lr·,·u.~th of Uw nh,J\'1' e:unl Ht arrunl.,ltn· "-'ilh Uu.: c:our·:w of llll' air 
J••mp••rai.Hr~" (I· 1gurc :J6} we tlo•tHf'ltllllt~ tim vo~lu•~ ~~(eo (OI' ~5 Nov~·Lnht~r. 

Tht.' \'~l tU1.' .,f Of (in -.ccordanc•:• .. dw (1-I.IH)) is t<•k•·rJ •·(~Ui.tl to the :n t'.ul 

:oir t1n·np~,.urutu dur-in~ somt• pt.:-cNiinJ; twrtod nf lit d·l:"f'. 
\\'(' dt•l!.!rrninc lht• ;.ppru>:inl:.h" v .• hh• tJJ no frort'l Fi~ur•· ~'5 
"il•f~ mt•iHt ~lo-pth u! thC' J:hwn p:, rt Of t lw l~lk•• c..•:au !11· t••"'•'n frnm 1u1• ~t"i•ph 

or It-/{//) ami is t"'lf~l:.l to :.bt•u l !J~Ocm IUw t\'01\l't' h:\•t•J Ill the- l.l~W in Uw 
g.i\''i'fl p•:rinrt l':wia•d ~:1thin no.• ,...,,.,,. H:mt~) 

For a (14-pth or 920em IA"l' (lml "••liO. 
l.l't us calcnltal•~ the \'Ot}U,.· of nl> f1·om U5.1tl) 

tJ ~••+t}f> ~-·· 
"o=-"iii- .. ,. +~. 

u·ll!·n· ae=- €• ;.~) lkr • 

"11w \'.:tlucs o! h. k. 4. a. '1~ :tu<.J 6 ;t l'\" d't•\('rntii~"U !m• ~ !Wriod or fJO da~:s 
h·om l7 St.•prt!mb4':J· tu 15 ro-;o,•t·m1w r. 

f'o t• tlw ffif.•.:..n d~"Jlth If II.'•' fincl \.1 \ 'O.iiU<' Of :J:?J c:m. 
Th~.· 11lhln air t<-mp.: rnhu-e 0 du rin~ thi• p<'rirxf h "tlnl r7 ~··~t1t':tllw r lo 

15 ~0\.'t?rt'lh"r is fotuHl 10 c..·qual o.:P. Tin,> ',\"Jnd ...... lc!t'll)" il'i; t;;~iwn l'flU<\J t~l tho 
m •·•·n \'.;Lhw for I~H' .nn~ml'\ c:aoliur, pto riod (5 m/.o.;••c, flgar•· 2 ). 

F•·c)m T<~hlt:' 3 (!or 0-6.:!' t'lnL! ~a~ m/~f'C) IA'f! finr:l ll.:o::45('.ai/c.:m~·thl\l 
. deg:r•·c..·. • 

F<lr th(· lU(';'IIi \"~hit.' or d durit\p- tiHt Clllrutution P\' l'iocl ...... fi~'Hl. from 
Totbk l (t·\·~1011 I) (fn1· 1lu- ~~'t1Rr~phtc:~l l:~hlud~ unr! uv.· datt· nf [tw rn1ddll' 

of f:ht• pl.·t·ic)d- 17 ()clnb(."!"), lh~:~ \'itlu,, '" cal/t:;n:.:. d ;h'. 

Thl! \'alul' of th•: 11NH• U\lt1Rft•r -:"'l,•r{ie:j•·rH a: ih d•:t••r:nw•·'i rrnn: (25 ~~ 

• -,(IHS\1 + 106"'1'P· 

l-'l'l' :1 '"'' liHJ vducil:o ~··5 tH/th•c (thr J"a t(•d ,.::,lllf:) :l.!Hi a rtll'A" \-dw•1ty •·qtJ:at 
Lt' :t.o•t·u, ·x·· vbtt•ln rl'"'i",.J0 c-a.1/cml,day .d•-·~:c'•·· · Fr·i ':'1 T;,hi•· 7 ~o~.· , J1nd, (•tt 

tlH" ~\"t'l"4£:". fo:· lh~· cah:u~aunn pt!t"lr~~l q~ ~ IUl· ;ilfcm< lf;,y, 
In n1·d•~t· tc~ d'-'[l~l·:nilv· Hu: m••.)i) r:ltl' t5 uf 'IH• h,t.,.t :~ u·~v·:nj)• ·~'il 1Ut··· 

v•~t·\atiou ,....,. rJI'i1 '-'l', an l·' il;\lr~· 36. tlw lint· of !h\.' I~'Ht'! t<I\"•TUJti dl 
h.'O lpl"l"~ll\ll"f' llr"np, W,• t~l.)t,ll.l1 6c. .. 0.\btl.-~l't•• · /rh\:' 

l . .-t t:s C:••ku:~lJ' tlu• v:J !u··~ c~t O:t 0111U t•..., ~·wol\~•·d irt (lf~.IIIJ 

a6 = , ... ·:~"''- ~~:::;~11 _ 1 =O.IHS; 

,- .... ;=;.~-IN r-0.956 

~u!lS.tl•nlh)l; tluo Y.:lhw:-: ft>m\.rt 1n U ~.lilt . .._.,. •'h•.un " 1-~· 11~)) .. ~~,,~ 2 · 0.9'"..6 
'~- 4S·I· 1-01)1- ~·<~1-iiTSJ + 1-'09:.6 = 

~-13.9 + U·H3.4 ~63.1. 

H Ll .~ .! lllH\IIt t.•. !•!.lo:tlllr U h iC' ·•I ' I•) ~ lttll~k Vlllot··~ ·tl• t'cl1f ol111•'11, u •'t ·nl.! r r ,-.. ! • .. t~·· .! h•:ll 

(L7.11U 



I 

I 
J 

. .. ·' .... 

We determine \ht." va)u('R of lh~ pa!"atl'Lt!ters for a pariod of 63 d:tya (rrorn 
t -4 SL·plt"mb,~r 10 15 No\·t~tn'be-t). \-'rom the t\lbl(•s: and gr.nphs indic~tcd in 
th .. • prc"·lnu!\. t;:alcnl~tLon w.:- obtain: 11- 921 em, i- fi.4·. •-"5cal/ero1. dity. 
t.li~$tr.:Oc, d•~Jr.nl/cm2·tlay. ,.,•18cai{cm2•l.!b.y, Tht!valueofa rrm•~in8 
as brlore. L ~- . ca•S30c~l/cm1·d•y· d~~"""· The v~lue of 6 also rem• tn• 
iiS ht:fon: (-0. 1!. d·~.,t·•·,~/cl;ly). 

1'hc w:.tlt'r' trm~ralur~ Oe• at lhe beginttiug of UH~·· conddt:rc-d perltuJ (\{ 
Gl rJily~. ts ukcn .lpproximat~ly l"qual. to tht• mean .ail" temperature during 
<~ P"riod o( th<! !URIC!' duration pt~cedlng thC" -c::on.'lidcT~d one, i.e,. durin« 
6:1 cJ.:.ys rrom l3 Jul.)• to )3 S~P.lCmber. w~~·obtaln ···-15,4*. 

\Vr. ha\·t 

.,- .... ~-..,·~ 0.956. ~--... =e-a·•·•=o.OS8. 

Substitotlt'l( Eh(! v;\luc-11 oblalned i.n (IG.IU), vie obtain 

it+ !UIJ".~" +(4!--,~~ii!ii}·H-o.t5)+ 
+[15.4-6.4-* ~ ~~.'::" + 

+(~+ .!:e!ill)·l·(-0.15)10.059=0.0~. 

11w lac\ lhat the rcslalt is not zero. but+ O.OG". mC'ans that th.t•· t'l"'<'~n a i r 
tcmpora tu rc- dtJrin;l: lhc 83 d.ays (6.4•) gives a vo\JUCo 0( ftr. Ulldi!!'{I!Stima\L~d b)' 
a,OG•. For !Ouch a small dcviatlon :from .,j,!ro, ru1·ther correction ,,f llo is 
UIHH'Cl!R~O\r·y, 11t«) '\'3)UC!O( e. iB obt~inf•d hy adding the \"31UC Of 4~0 
ob1;tir1cd rrom cquado11 {t6.tll) to th~ me.itn air tcmpcr;~ohlrr. durin~ the·63 
day". ftoun.dlnc;! off to fnc.tiovs o( :a d'~(ree, we ha'\'c ~a-G. 4:• + O,OG• • G.S• 
{o.t the •:nd of the- day nr th~ l5 N'o ... ·cmbc1"). 

;\ nt"~ative m~••f•·diurnal a ir- l(>mperOolturt! (at:cot•ding to ·(he Tilrikoyo\ 
mdtmrotoa:ic;,l s t11tir>n) hr.ftln. in lttbi Qfl 16 No"·~tnht•r :.r.nd wa.,;. maintAined 
un,il thC' b~g-inninJOf l)cc{"mber ~rl thout Ahar-p f i u-:-tuonions {Tab)t! 24.). 

Rcarina i n mind thon Uil!' most ravorablc conditions tor tla.• bt>J;inn.\nr of 
i~<" formattor. are hJW wind \.'Cioei ty and to·A· c:loudinc-ss . we c-ht-ck tht 
p0!5$fhlli ty Cor ice to form oo 22 Nov'-"mbt.>r {at 7 ho-..trs when the wind 
\'r.locity .,...;~s 11n/Rf:c. und clC1Udint'.ss NP. l). 

Sinee tht." ealcuhation pcrtotl is sh<U-t (]6-22 ~o,•ember) pnd fluctu;~tion~ 
in ttu." :.l t t~m~rfHUr~ ~rin~: 1fds period are not shtlrp, we carry 0\lt th~ 
calculation lly me;,;,n~ of formula (2 .. 111) in .... t.tch ltl.e air te1nptrature is 
a\•4,.'t.a.gcd fOT \hi.' t:ntire cal<:ulation pt:rlod 

.., .... +[i + f + 1•-::'ft }!1- .. -... )oe;- ~=-
The nunsht~r rt ~nt h(.• G.J (lhe catcul.l.tion period 1tl from 'lt"ru hour~ C't1\ 

16 N~wf"ml>~7r tn 1 hourl!l ~m 22 N(,vctnb~r). 
tto, tlw nWiln clt-pth d\Jrlng tht! calculation period we obtain 9·U em rrom 

oh<• A<~ph 11•/(Hj. 

110 

n,e mean air temperature t& i'~-~.3·, lhe m..-an wind velocity •­
• 4,3m/s<te (T•ble 24). 

/.h'tet"U~IM'UK Wbod '><1f!Ch,.,mi."C koi;!f''l' tof (l••.S ..r.or'' 

Dll-t: 

lb.- I·Jb. ' h.lt::Jh ~,. 1111., 1 h. 13". !9b. Mun lJ•· u.-.. , "''· i:Jtt. 

Ncw.olnbt' 
I•· 1.0 -'-0. ,,~ 1: 1.2 • I 4 1 f.O 8 1 10 0 
1$ · J. .2.4 2.~ 2. 2. 10 10 4 4 1.2 10 10 10 10 
Jfj G. ~u g:! -~:i ~0.4 5 • 3 1 3.5 10 10 0 6 
17 -~:~ -:-~:! ' 2 2 4 4 3.2 9 A 10 10 
II o :4 O.IC:.O. 2 l 3 4 3.2 10 10 10 10 
Ill :U -2.4 -2.1-4. -2.7 4 7 4 5 $,1 10 10 1 10 
'lU =~:r -4.1-'-J. -3.7 6 1 6 5 6.0 10 10 10 10 
21 C'n -<.1-6. -•.2 5 4 4 4 4.2 10 10 7 10 
'22 -1.1 :t =V -··· - ~ I l .. 1 2.2 10 I 10 10 
2J -·: ..C6. -4.7 2 4 1 4.0 10 10 10 10 
24 -4.3 1-6 •• --45. -1.1 l-6.3 1 . 1 10 ll 9.0 10 :g 10 10 
25 

=~] =U -5. -3.6 -5.1 14 14 12 "12 13.0 10 10 10 
2!5 :U _,, 

S-7. 12 10 12 10 11.0 10 I 2 .0 
2J ~1: -c-U -1.7 -7.6 10 •• 12 " 12.5 C) · I • \0 
21 =~.: -'5.1 '-5.0 12 11 12 :14 12.5 10 10 10 10 

-4. 6-3. 3 12 .. ·u 12 12.5 10 10 10 0 29 :U =li 30 -7. -7.1 -5.7 -6. 6 12 12 10 10 1,1.0. 0 0 I 10 
Lkt:~ll\t.t'l 

I -5.1 3.4 -4. 7-J. I -4.2 12 12 12 12 12.0 10 1 10 10 

Ff'on1 "rab}e 3 wl" obtai'~ t-40cal/cm2-day.d~gn.· ... ·: from T3\.11t•s land 
2, d'•6cnHc:n1~·day (r~:~toul); f:rom Tablt~ 7, q. •:!l¢tt11crn:.day, Ft•nm 
(25.1) 

We o!.)tain ""• ,ti·~~;:;\ - 0.246; 

~-.._~ ,-._,.. -. 0.7L 

Stlbslituti"r d1t!' , ... lu.cs obtault;"d in UH• '"~n .. h:and t~tidt• of thf' ln'"41Uality w•· 
obtain. 

a .[ 3 6 , 1~+.0)21 I li.5·0,7a+ -2. +-w+ t!;i.I\Q ~1-0.711)= 4.77'. 

Lt"t us dete·rmine the ri(!ht·hand sid1: of tlu: '1.'C)Ui6H•y. L.\1., ffw , .• l luf! ,,f 
-- !PI Cnr 7 hours on 2:! NO'\·l'tnb..:or. Th .. • ,.:.hJr• or 8 .. is r<"llrid rnm• .. 
eq\l•tion (I !.Ill) 8,= LE+P+I,., 

with thE' aid (,f F1~Ht'~S 4 ami 5. Wt• obudn: L! + p., -11' r;tl/c.·m7 ~t<4y (r"r 
&--fJ..S• and .,.l an/se-c. T<thl(" 2-l): /~.,~ •- 2H~\'3l/('ru2· ~l;n,• fCl'r 8u-R ft~ 
andN1 •1, Tabk2~): B11 •-ilS-l~fl ;..-·:iO:lcal/cm1.d:\y, · 

Ill 

·---··c·• 



I 
l 

i."or· t'•O.}''ul tt••l m/~~c '"'~obtain f•·oi-n (25.1) a .. •I06. t. • ... 
:::::. lllfi C:~ti/<'111 •lf:L)' • d1..•~r"f"C. 

1·'()1' Hw t•lqht-~liJIItt Hld~· or til(' ( ... u;:aHty 'A'e rfrld 

- !' ~- -.: =2.86'. 

'11ms . t; n th•·l .. · f1 .h;.ruJ_,:;jdr:- n ! ;ll'"'llkllily· (:'t.frt), ~·l1ic-h Jtl..\•_(!8 the tnt•etn 
~·:;:. ,,.,. h•mp••ra tun· In tltr <.'Ot\.~ith.'H!d r('t:ion o f 1he t:akf!, we- obtl'in a1 
'l h••u,•,; f"•n 2:? :XO\'\.'mbc r 4.72•. and in.the -rtJ:ht-h.lnd si~. which ~ivcs t~ 
:n··;•n ~,·;u •• ,. •··tnp•·t·~• tnrt• =•t ~\·hic.-h th~ ln·ginni_nt: of ic•• torfu.atiOn on lhc 
<:lu·l:~•:t• •·" , ,.-,::::ihl~~. \\'l~ oht~tin 2.Hfi... 1'he tc-rt .. ha nd ~ide is l3r~:er 1h.11.n thtJ 
r'"l rh•·l•:ulotl ""td··. C"''~-r~l•U:ntly. "''~ 22 Non'"mb.:>r ii!c forn1atlon nn tl1~ 
t' f •t t:;.hh.· •···t! l':•rt ~,1 Ll••• l~•k·~ is ln1poao:stb!r.. 

l r1 1ht• ••••xt day" (Tt4ht<.· 2-U chmclln•~,;s inc:n~ast~ft, th~ Wind t•ti\ocily ro~~ 
.'H1tl S•• cli cf liH· ~·h· • ... ·mp ... ·ralu••••. Thcn·(un.•, ~inc1! ot) :!2 N'o\·Cn)lx•r th•: 
l•:fr-; ,;,ud tiich• (!f lhc• ln•!CIUllHI)' 'A'OIS hti"I!CI'· than th'-' r,ight-h:~nd ~id~ lJy 
·•lHn·~~ 2" •. o.•c· coo~ldi••• il irH~xp••dL~·nt tu prc-dh:.t. the- fl)'e>b~•biHly of tlit' · 
h···.!hi~HI'i! nf i CL' (Ha·m:•tion ft•t· ;L (ta"y t!.at'lil'r· U•:l.n 27 ~u,•cmhcr, 

• I,; • u.0~ dt~·ek •lu• posRibiiify nf i'=''·' rnrm~••im1 m b•·~ln al 1 hotu·s on 27 
\:u ".,· (•mht·l' \')wn, '"~C:f)J•ditllol; to l'lt.• 111t.'1t'.Oi"o10J:i~il dat:i rrablc 24). contlitlous 
:;r··· :.nqn· h~ \'Of'Hblc• fo1• tht.• tw~1·u~in~ ·of h;•! for•mott(OI,, 

'.\ •' cah.:llhltr: lhn l~fL-hand siclt• ·of in•'~~ualhy (2.211) for t.hc- t•nd of -t.ht> 
~i') \'t)\'•·fllh\· 1' (the- hL•~irmiog (•{ 27 l\{J\'o~m()e:•·). · · 

!·-·H' li~•· ini1:n~ ',\'r.l~l' ll..•lll!JCJ·:"Ituri~ fl• we US(!' til ... , ... ·~·h~!· oht;airt•~d uhO\'(' (nr 

1holll'~ tm 2~ :\'(t\'t.•rnlJ1'7"1'. Tlw nurnhl!":! n will tn lhis co'I.A(• bt.• •;qua) to .-.7. 
A~!ttJr\.linc l 'l tit(• c.Jn~ UrHI tlh ... lhucis indicated in lh-t: pr·t~\'ious ca1cuJution~ 

, .... ~l~H:l l n· h ~· !)!)'l~.,·m. Q• -G·.()-. ;vm3.2••:/s~ci a- K69<:;11/c;m'· dily. d~grc~. 
••:lfd.!.d/ew · doty• tk•.:rt:•\ d---1 0cBI{cm1•d~•)'. fb-2~ c;•l/cm~· day. 

\Vt; nh1ld11 

"'''"·'~11•Hina: lh\• ,.,,IU~Jt I:)IJI:tia{'d tn the h-.ft-h;u1cl s1dt.· u( inCqLmtity (l.IH). 
•'• 1'( ... ,(;,J.rt 

L··l us •t,•t .. ·nnin•· th•.· t.'iJtb•-hand f"ide of tht' inNJu:ttur. i. ~ •• lht• \'alu~~: of . 

- ~, (-c,._,. llu.ua•c; ')n 21 ~o\•t•tnf."!l'", . 
I.\'·• d··h·rm, ... ,. llrL' m~•-:nltud\.0 ur B. frnna ~qua.Ucn (2.,,1) 

B.=LE+P+f<tr 
':\ i th tl••· a ifl u( F la:u•· .. ,:; .; :md 5. We obi.;. in: LE +P::::a -4tt0c:il/cln1, dav ~ior 
0""'-:v•· :n1d IL'•IOu1/~t.~c1. lrtr-= -200cal/cmz.day (for" I•-B.9- ami A•o•O 
T:t.,IP :!·~I. If,. "' ..... !lU-21')(1 ~:: -litl0c:,!/cm2: d;ty, • 

I -· • &'#n :•n•t ..:••JR.nl~wc IA'4•0bl;•ln rrom {25.1) a,.-1nt;ne:.l/cm2 .. d:•y· 
•I•· ~ 1'• I 

- --··--·- ............ ..:.._ 

Till' lt:·f.~·h~md side c>f the Lntot~Ujjlity (:!.29'") 1¥ la1·~ct· ,h;w tlw l'i~:,ht !-;itlt•, 
Cot)~t!l~uen~ly, ice fo•·n1o.tion ;.dsu c..1.nnot bt'~in OJt l II01U'ft 011 '1.7 :~o'-'i•mbCJ• 

Frorn lht:~ m-ett.•O•·ologiCal· data (T~hi<· :?_.) it t:••'' bt• cnndudt•d that i<.:~· 
ro.·ro;,ltt"~f' \o.ilt not hf!~in_in tftt• n~.:ilrc•!!!\ tim~ f!ith•:r: thtr wtntJ in,(•n."ifh·tJ ami 
tht- c::loudin~ss incr•.•:.uwd, apd -..ftl"r i hour"' tm 21 :-=t)v.•rnl>o:r th'~ a1r 
t4..'mJX.'I·;t 1ftn~ ;Hsn r"(IS<", 

·nti!i:..tpp~·~J".o!.OC:c. of~r·douds anOu drop 'n tlu: .,lr1 .. •mp•·rilttu't• (wilh tit~ wind 
\'•.'locity remaining high) bf;-gan<d tlt•~ Ntd t~r 29 Sot•omlM~ I". 

l.•·l nscl•,:.ock th C.piobahlllty for ict· to form at 1 \:our s on lO ~(.J\'•:n:h,·a·. \Vr 
calcu1~1(" th<> left .. hand- s id e or the ac ... :qu:ality (th<• m t".an .... ;,,,.,.:. 14.!lllpt~ r;uurt•} 

fo r th '-* •·m.S '.Jf 11; ._. Z!J ~r,•t.•mhct•. 

Vr•r 1lw hrit ia l ·~·Ht•.'t' lt~lnp..:r •• tur•· '-'•) .... , . aak~· llw ,.~·ht,.. nln;•in•·cJ hy 
c;l:u;u!alii.'U fo1•"tll'.! •:nd oi 21;· ~O\"t•ml•••r f:.!,:!1P), W r: 1,;,\·~· 11•:~ . 

Fl"(•n\ ah.:- ··~~Jl'~cth•t• t:l"<..~ph.s, wblt-s ;.111d fc.h"mt•1a~ (:-:•·e ~,l,.J\'d, fnr H•1.• 
l!'~riod fn,.m ;?; to :?!.1 :\r,,·,·mh•~z· w (' CILtain: A .. uao<~n: , • • 1:!.!11r1/.s•·c. 
0=-5.:l\ •• ii, .... ·••Hcm:.! •. IJ.•:o· · tk·'CI't.'t.•, t:l=--'25c;lll<"m: . (.!.-,y. f too """ 1!1 cril/..:m:.-. 
• fl,.)., a::z 132!.c •• l/~:::1'1;!. d~l.r· d~,•qrc.r., IID .... n.:l:t3, ,..-...t.J.7t'; 

Fo~• the ~t·:n-h~tncl si<·h• of tho• hw•;ualft~· we- nht:.in 

[ 
- 2$ u:m + ,.11•) 2.29·0.79+ -s.a+--a-+ .m.:. <I-0.79)=0.fi9". 

W£: d(·~t. .. •·:"nin('l UH .. • J·h~hl~hattd· !->kdo."' ~-'' thr ~111tllt:a :it,\' fr·;m, tiH' mf•ll•en.tl ... ,­
c,:ical. tlat<~ ior 1. hour!>:'~'' 30 :...:oy~·mh·~z· (fP,r 0•.-u:o-., ••12 u•/RN; ;mtf 
,Y.Dni. w~~· t)b~ail,l: fr'110l Fl~:tur<· .·l L£+"p • .;.. .. ,5 f:t..1/c:iri:r·d•~:. from FIQ:\U't~ 
:>. ldf"" -1 i':!:C;tl/cml. d~~·. B.--.; l~·-1 ";:l "" '"":·5R7 c:u l/ctl'll:· d.,y. r.·r·l•Jn 
(25:lJ '.A.'t' iin(t a .. -J:!j;!'cal/cm1·do~j· -c1t•cn··..:·. r-·m· lh·: •·iqln-hand !'id·~ nf1ht• 
iEl'''Jua1Hy wi...· obtain· 

- ~: =- ~it/ -o.w. 
Tlu"' lL•ft·'•"m.l i!ii(I..:O Js lo•i'~CI' dktn Uw d&~ll l'i..Jt• of th~ in,!tlU.•llty. k•• 

Cot·mawm (~t,nnm t,t~Rill •U I h<~r:~; on 30 ~ot•t·tni.H~•·. 
.-\1 7 h('lll~!"' on 30 :\on;h\ht•t•:. (Uf'"!h~J" dt'05) ln1ht• :dr 1'•nop•·•··•I1H'E- w.1s 

t•••c:Ut'd!.'lf, W~· n:~>t.·at the .calcubtll11) -of lht• p1·nh:oi.Jilil)' of h·•• trl ronn ., 
; hnur$0. FOJ' th~..· in~H:d 'J.ah•r to:-mp~r •• tun· \H" t ;.•k•• lht..· ~:lhh~ I~Jiili.nt•IJ h\' 
c~kuf31iuu fot· -th~· ('Ud tlf ?!I ~tl\'t:thht"l' (0.(i~0 L ·nu · nu:·nl,·r" n wiil bo• ,.;,•l31 
t•_'- 0.3. Fot• lhto- tinJt• inh•r\· .tL' (l·,,n\ thi" hf '•!HU\In( to( H..- d.'ly to 1 ht~ttr!'l 
cut 30 ='tl\'t~tnfu.•r "'·r o ht.;,in: 11-:JSnnt\, i--r..w. ••l:!mt's,·c, .... 7~~·•11 
/ CW"! · c!:t~· • d,•~t"i-~, 11- -.:!:!t.".i.l/C:llJ:• r1.ay. fl• •11 t~atf~n:t. rJ.ty. Clc-1:!72(~.;;,\f 
/f:mz. d.•y. d•·~··t•f', "~-n.n21. ~.,.-oo::t ~n.!•R . 

FPl: lht: lt•(t•h.tnd .~~'tt• nf lht• iflt.'lll•:ttily .. , .•• -toh:ai h 

~ 1', •·onncti n~:t off hi t•·mh~. o. 5 ·• 
Lt•t us dt•lC"nUir.w rhP r'i~tH-h:sHd ~idto n( 1h1• irh•qtJ.,!iry, Fr,,m 111.- •l:H.~ 

l•1r· 7 ln,ur:-> '~n J(l r-.=tr\t.•n1hf'r· t8--7.s•. II'~ 1 ".! 111/i-t•·c. A't* I'll •,,,. timl 
LE+P--ano_r.::.at/Cm2·c1·•~ l_l-'i~:t1H'~' ·U. ltu • .. um~;,t!/ .. ·Jn:!·''·tY U:•~J:t~t•· !Jl, 

B,. = -Soo- UIA..,. -GAA c.oli/czn~· tl.ly, "-•"1 :!72' c:tl/~1111 . d.ty. w •.• nh1.1in 

-~=-~~o.s.• 
~· ... ~.. . I 

nr. r•,un•liu~ 11{f In t •. ·uth~. OJ; :·. 

1!1 

::...._··..:._ .. ,_.:._··· 



--····--·· 
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The ri~tJL-h:..nd ~hh· In t!qHal to dw tf'!t-h.J.I"Id liith• or fhc> itH'tll!.J.Iity ~ 
T~u1~. \H' s~<~ that iof.'t.' nmy bt•s:in to rm·m on tlu:: surfae(f or thr~ consiU£1'-rt>d 
r·~~lCJl) o{ the- Chudskoc Lake on 30 Novcmhel'. Sine!! lherl! is no stnam now 
th.:n·. ar.1 ict· COV~"'I" on th~s p;trt or the lnke should form on 30 ~ovr.omh .. •r. 
:\-.;('nt•thllg to nbs(~ryatton dato..a at th~ K(Jda\'t:re gagin~ silll..' an lc~ CO\.'l'r 

(nntl•••1 Ill 1!)!')4 nn 30 ~O ... ('rnlJl"r, 

~ ~ l~XU!nfllc or HH.' c;1)cu1uttnn of th·~ bcgilming: or stabll;! 
tc•• t>n :~ r'iY~"I"' with it consick•nlbh.• str(•am flow 

C iJ lcul :ltioH ul \ht• t) m c o! th~: bt::t: i nnt ng of stab l t: i c ~ 
t11~ th,• Kutby~h(.•"' ~to!';lgl~ I'<'St: n·oi I' •~t Lh~ Vt'!rkhni i 
(' :-; l o 11 .A~ initial ('ross St"'ctlnn :n• t.:.k<> tl~al .:.~t liH' ChL"bok~ary g.:~oging site, 
sit11;m•d l:i:t km upstream £rom the \'crkhn{l tlsloo. 

ll•·n:" r:~idy high flo·,,.· \'Clocity IS maintaln('d, which amounts c..luring 
'=PL., derwndin~ t'•l thl"·.\·.:tt~rdiscll.:trg.:·, to :.!lout f~·om 0.20 lo 0,70 m/s~c. 
Tht• ,\·at<>I' t~~rnPL"rahl.c"C is rneasurN.I at :1 ~l<'l'(:> Rhorc-, it"' a plotCt:! ~·1th OJ 

d1•pth , .. h:n•;wt.•nHtk r)f lhiS rarl o( tiW watf.'r n·s<:>r\'llir. \Vt~ <t.o:;.!HIIn(~ lh.:'i.t 
\:1 Hw:.;~:> c.·oadB•o,,s til•.~ ·.\:awr tt•mp·~ratur~ n't•asu-r·-t.•d ut thl• Clu:hoks;u•y 
~a1;:1111: Sllt." 1s sa do:;;c to tht: mr;.m m tilt.• CZ'<~~s section that t;tk.ing it o.lH tlw 
i11i,i~l lt·:np•:ro~tun' (,'t.,t LJoes not mlroducl• <Ht allthtional E:r1·or tn the 
raku!<thon of til£' limt! o! lh<.' bf'ginmnf! o( iCl' (m·m:-.tiotl at lh<" v,~d:IJtlii 

Fnr tbr· C'Ollcul:jtion. in <~«II.HtioH to HH ... lnjti~l! Wiltl'l't~:>rnpf.'raturP and 
~Ih•lo".'OI'OhJt~ical d.U:I, H is JlE'CPS::;;.,ry to kt\O•A· the tlmt• of now 't,. (:·om Hw 
mit1.d t~ th•· (",!lc::ul,.lion Ct'o.~:~ !:''Cti<~u. 4h•.' nh·.u1 !ll~· . .,.- \"<~lo.::ity t1 :md Ull' 
tm .. •;u) dPplh h till this P~•r1 or tht" rf.·~t·rvoir, llu,• no".' \'l.'lc·~ity tl and Uw 
'\idth b ul lht' ~in~r~ l!l'O$:i S('C'1it~n l:1l \•t•J•khnil l':-dtlnl. 

,\11 th".'S•· 11u•u•ttti~·s dt·p~~nn on thr: h.iC"kw.•lcr kvd H and on ttw ... o1U'1' 

lfi~(·lwn,tt' Q. ·,~o·hit.::h \":lt".il•!" lwr(' f1·om _y('ar to )'(~·II' '-\"ithin '\'i<h:• hm1t5. In 
nnh~r nnt to o,';\~Clli:\h' tlu~l'w qu.:ulttti(I.S 1n f,•:tch (',llculHlinn of tlif' lH"~tnning of 
~~··· [qrm:.111<~n n~vJ ~t~··· tw~innnq:::, ,)f l'>Whk \ci·, ~h•• ~r·o.•phs fc r#;/{1/, Q), 
a= /(H. Q) ""'' h=/(fl) h•o· lh•• ,l!·o.·ICh •m! V D/(/1, Q) and b=/(H) fooo· Ill<' 
r:-alc·u~~rhm ~I''"'-~~ s~.·cti~l11·itr(: pt~~tl~·d. 

·ro ob.l.l1ll lh~·s(• qr.;~phs on th1..~ Clwho~s;~u·y. \'(·t·khrni Vs!on strr.-tch of lh.(> 
ro·SI•J'"\'flil' 27 o.'r'O.SS ::jr'l!tiOil:l.\ pn)fjlo..:S 0£ c:h:ll'~l('\l..'tistic C't"O~S l;t'Cti0!1.S 

(u,dt~rlul.: da• liH~ial ;uH.I cakul:•t1on m•o:-~1 '''~t·.-. dt',T.nl. 
hH' t•;:ach cro~s s'i·clion (~il the values or h9 wrr(' c;lll:ulatr-d !m· S('\'('r;_~1 

,\,lWt' ll'\'dH, Mid Co•· lhC' !'otnw l(:?\'cls itfHl se\·~r;,l w•~t~r- dischill'g(•~ lhl· 

Lduc·.s of v, ,.,·.:-n• caicut,ttN.I. 
'11w Iiili~' Of On.\' ft'" for t'o'tCh o( •he indicilt('d ~\''-IH>r disch:n·gt>S •11\d lt.'\'t~l~;; 

A'.lS ,·alculali·tl: f1·nm (t;.EUI 

t•"n\ llw lhllti uhlalnt•d \•a%t!ol'$ uf T~ lh~ ~t'<tph o( t-~; -.·s. H wo.cs dr.J"A·n 
rf)r .SJ'\'i'I'~\\ \'uh.JP:-1 uf Q (L-'1gl: !'.:"' Ji'aj. 

;4, , •:~ .<lt"'" I•'T ~" ~;,•v•n:''~~"' 1 "\ !~""=..t~ ~l'l'tl () .·ll0 flt: tht· lrft•l1..1nJ 1F.J<' .1.nJ '-!.~ ... • (Ill !il<' llj::ht·h~nJ 

••Jr 

114 

1'ht• mc<.~n no-A· y(•lt•C:1t)' u ror ;:t ;.!iVt:'fl ·.-.:~ter l••vf"l <tnd •hsd,.,.~.:r~f' \~'a.!o; 

dt.•t4?rm;nl~d :.~s th~ qucJh<'nl ()f lhc dista:1CC L twtwe~n the Jnit•~•! .,~omj 
c:<'<lculation cross fi~ctionl'i to- the now Hm~ 1'(: 

L 
"D=-• . , 

Th•: V<lh.t<.'S ()! o e;,n h,... dc1~rmlth.'d fro :n I·!Wir't· ~j'!). 
·rh(' mean dcplh~ on the stre~c-h \\'t'n' ~·i;k.ub.tr>d for S~'\"f't·al w.~l•.'l' k\•·l-" 

bv·> H 
· L rt(A,_,+•,JI 

h = :;1 c::_I:_--;7;;L __ _ 

Tilt• v:~.luc of h (:an bf..!' d~Wrmtnr:d rrom Fq;ur<> :n(.' 
,\ IIUJnhr~r of va.lu<:>S o{ IIW mr.•;·m i'1(),\' Vi'"II)CiT,Y l~l·ttw ~ro.c.;~ S1'Cii!flrl ilt 

Vcrkhnil Uslon for dlfr~H·,..nt ·J.·aH.•r di!o'l·haq~~.·s -<m•l st.>~nl .,,·(Or'~· o!l!.~ln•·d ·,y 
•lh·ilJiJ'lg tht• watt•r chschil.r~=;..:• by the r<·~r•<'"CHl·e. crt"'~s S•~cli<•:l:'~ t)r•· . .l. A 
gJ·;~,ph \t.'3~ d(~:A'Tl On tht• b3S1!l of lh('S(' d.H:J ~FII!Ul'f~ 37dl. ft·om .d~1d1 l t l-"' 
poss 1bl~> lO hnd th~ mcnn flow Yl;!loclty in the cross Sf•Cli(m ,,t ,.,.. rkhtu i t·,...1·•n 

Th(" •.•.othu:.•s ()[ b ro·· tiH· cakul;UilJn (J~ t!~f· b~·,:pmllni;; nr *'t~.hl·· II t• ill'f' 

d,-t,•rmnwd (rGm Fl~ttrt.• ;Ji't•. 

Lo.'t us c;,dc-~!;:,te tht..• linl~ flf Lht• bt"·t,:itunng l)( ic:(' fot•m-.,at~on ,;lmf ni \It\ 
hqtit~~1wg cof s.wb!c lC'' ln 1!~60. 

From 'rahh• 25 ;\'(' (wd thai f"'\'Oz·,,hl~.· ~h·tt•Oful,,~,c::.;:d f:f'>tldltinn . ..;; f~·r lin• 
b~:~u11llll~ n( a!l' (onn~Hifm (":o.;i6'1.t.•i.1 on;,?!', fkWh•.'l" al t~) hrH.u·~ ... ll: .. n ;,l ,.,, 
0>1!" lc·ntp(•l'oH\Ire of -5.4"' Un· wind \'t'h•r.ity r..t) (() ;certl. ;md clr•\Hlln•·s~ 
w~-~ of poi 11t 3."' ·'J 

Lt•t u~ ch(~ck tht~ possihili!j' for icl:" ,o form ~Jt 19 tmur . .,;; 1:'11 :.!!") n~·troh••r 
L('t us d!!t~.·rmil)~· th-t• t11'lh! of fhN· T" on 1!+•· Chd,..~k~.1ry- \'•':·6h~ui r .~l<~n 

fltrl..'1d1. ft} 'hP p!•f'j(ld t)tldi"'l' COil~idC'I"a:u:m thl• '.\',ltt'r ~t;:oHf• H'l lh'· r••!il'r\'IJ:r 

was c-los1~ tn 51,7 rn, :J;)rj th1..~ 1,\'atN' thschJ.J'~t"f; Wo,"'l'f' rl•·~•· to t7·nn m3r'!'t<~·. 
Ft'CJm Ft~:un :l7a W4' filld that for th(>S~ \',ahlt~s of /( iltld Q 1hP t)l"'t'lf' nr no•,\' 

ls T, ;;"< Jflday::: (I'(lUnd•·d nff 10.1 'Rholl' numhc-rl. 
Ld \lS co•·r~.-t~t lh<> \·.:diH':-i n{ Jl amt Q \\'t• ohtal'' a :·w·..1n \•;d\~,.. nl II 

«lunH~.t th•• 10 d.~Y-"' from 16 to:?:=.. (.k'tot.wr •'qtHil ln 5i -: m. ·n.c; .• ~~··· (,f Q 
.at Chdmksan· .m L6 Oct•lh••1' was 1730:n!Js••c ThP , .. -,hH'!<i nf H ,l:1d Q 
n.•m;~itH•,! un~·h.tHJ::\"t1. ('nn;;t''4,Lit-r.tly. llw \~alLH .. of lt ;tl.oo;o n•~n<liF~~ l 0 d.tyJ.> 

llol.' calcu!alio:1 ~wnnd Ill 1S N].\Wi lO th'-• tun•• (lf {\t)·.~o.· T,; 110 Jay ... !. 

\\\• t:a!.:ubu~ tht> bc-ginnit1g or le-e lormt~Linn b;o.· means of u~Cf'lllaht,-..· 12.Htl' 

• ~~.·.•r .. •;~•l, ~rc~:OI~O:: • .,l,tn.Jr.:~:a~:rutt~ tl:r meJn ..l\'j'lb lf,,, lhl' c:~olttll~tl"'!l r( th.,. •l'~' lt":t<;•t"": ... u:•l') •hr 

,,kpt,J r:,f 111J1nJo.J.LI l.t'\"::ll,·t;:~ ,h,,~j.t ~I' 1.-t"l~!-;r'l -1'1•'1 "'ltn •t·tj't'CI I -:'I !~( H :rq.::t; l4, ~.II .... ~~l f'''j'"r': "" •llf' 

~:o-:rC'\j'•':lJ:HI~ I IIIIi'" ,1( H., .. t, 1n th•' O:.l<t:' titl' h·H~ ... "'io! r.··;~~··lo~- -~l''•t11/ lfl' ~o~-•rJ 

It 

~ ItA,_, +A,)•• I ·-· !l,o'\~· f<~''' ".I1A\ ~HI" >I" I) l l,,,r 
•• (1'1•'1:11 ;1\ ~1,1'<1.1.'1 .1nJ .-.m('*lt .>Ol H' IMII'l·'l··r~ I all t j. JJOII!"'I rc·~t,. '•• .I '")' l,.,••·;l• '' ~. o , ., .,.,. 1·\ • fr -~~ 

,.:!.';~('(' l ('In I til' ,,mnlt::.lrt 'c Jll: j'> :::~ .~ -~~ .. •''<!\lull ~{'.I~(') 1!1~· R r ., •. ~-- ,,: t ........ ,, ... •I I ... n I -o •• 

inl~t' :\11\o:''''"""lt ;c~Tf\tll••h•-.-.,:, aB.Ic-.ol ct••li.!~r.~··~··f l "" l'J ;II ••1•"~:r , .. . , .. ~,•\··~~ i 
t In cl~~ .•t \l!.ll'f' fhi>:IU~''''''~ •n <h<* .1:1 u·r:•;-c·o~hllC' (:,..~ :!'lr ~r;.:'l~·n~ • •':I!" .. ~.t 1"1 r:~r t ... tcdll~u•n tr·.~J. 

,,~.orr r('!L.l."t-.h· :..-,,:\t~ ·''t .-!'l~.nnr.: t'-)· u••n.~ ~·.n•• '" .. tu\"h '1'~ .,. •rr·orr •.a'W"" ;• n·•• IH'"J"'"· ·! .• , .. , \t,r 

•1•·11( ('lkulltu·•n i'<'n••J, t>..~ol "'-c' .!"'}''· 

II' 

.-.. ~.~-·-··~----------------~~~---------~ 
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In ac;cnrd.mct• wilh tho!! tin\\~ of rl0'4' n'l!' t:Lkc tR~ initial ,_;atl'r ternpl'rature 
[t•om 1l1(~ nH.•:...suri£'mC'nt at 20 hours on 15 Octnhcr at Cht~I)Oksary as tJ~-7 ,9• 
(the- \l'att~r tt•tnpC'ratur<' L<; mc .. surt·d at R hotlr3 and a\ 20 hou:rs}. 

' _:_I-
tl··llll 

- 1-1-y r-t-
• v 
r t--; -

•i!!'? v 
2 v -L---~ • v 

~--~--- "' 
• J-1--

D 
·" 51 5J "·It' 

:~l"''" J 
d 

l 
I' 

r"--t-
r~ br-

It, Ill/ICC 

a • h 

3 

0 ' 
I 

D ,, 
b, Ill 

I 
fto~f.:IO 
:::r... 

~~~ 

I 

~ 

,..._ 

t--
1-t-. 
r-t-

J2 

• 

,..._ 

I 
I •. 

. I ., 
' 
,.. -.. ~ .... · -"'' •· 
I 

5 H .m 

60mb 
4.Q 41 ~2 5JH,m !J' J1 

li"' •• 
1&0(} 

JJ ~m I If. m 

fll,~j;< r; 'H. (•f.lop!ll 111UIIr.t1Ul~ d~t• C...toh:·ul.!ort .,R of t!W b.t.•r.u1mngo(1t.1h1r- ler on dt~ 

li: ~ll~)lllt""' •l"'t;lol:,\" f('>C~o!>)l ;)t 1/o;-Jil.lllllll:'d•~ll, 

Jo-t~w..: .,f n, .... ,.<: rwm Ch~to.·~~ • .n;· ''~ v~·,;c1.:ul u,~.-~~ rte~u"'J: ~~.unll da- 't.~o,;f' If IOl 

"~''l'UI -.:.1tu·:1 ,,r :t1r -...·Jr.._., d J.Icln •>;t: 0 ••• ln,_.'\4'1.!: ll•lm'~n ll·•" ,.,.~."1:11}' l' t•n the 
Cll~""·')l\rf • \' t'l!il•f'ui tltl"n ll;o;"lf:~ r ll'>4t<d ·'~JoUJ.It lhe-U.)t:<t H (ol~ K'¥~'.11 \'.lltJt"t t>( lhl" 

.. ,,,., o)!;•d~.l'i=l (I ~~ 111~/tr(': C::-VOIII-t~i(!~ ~n tnl'olll d1·pth II tl(ll)1(' 1Jolh( 1ttC'It;:~ W)th 
rln• · .. .au!• •1·1~l· n, J-ll'rln lim.· Y~I"C'II'i w ,U Vor'-1tnli Utlor. Y~, ltle 'WJI.III!'f l!l.lll:l' H;. 

l'-'" ·' ·v•11: '-l..lth t .u "'"'loinnu thln!'lvs. tlroe ,.,._., ... , u.~~~ N, 

'l'hr• m•·t~t·fl''ft)•\f,!tt·~·l cl;1ta {·•ir h'lrtru·r~iturf' anrt wlncJ \'L'loc:ityl arl' takt•n 
ft·•r:n t!••· Clwhok~.q·y and K&1z.;•11' nwtL•nrolCt.~ical s tath•Hs h- .o•~.t:ol·d.li\C~ ~ith 
lh" 1il)ll' or fiO \l' (' htn n,:: th-:- fiJ·~t thn•t:• d :Lys a<-:c:onhn~ tn Chc hnks.Lr.)', 
tll ! fltlf.: lh•• foth"~>·.\·int:; thrt•l'! d.~ys. ttJ(· OtrlthiOl·tlc: Ulf'art~ Q( the dOlt:\ i.IC~ordlng 
1o Ch••huk!->·H·y a~1d k::.u;an 1, dul'in(! th•~ l,L:t:;\ ~1~r d:.yR ll.ccordin(· to K'a1.1u1•). 
ftw tim."- ~:.tl t'i.ll:ltf'd (n('dt1 Oli t' h~tnp••r;aturtJ 0 (rom 16 to 25 0ctObE'r '14'065 
-1.1 ', ~o11d llu• nh'•lll :\·ind \"('\ln~ity 5an/S•'C. 
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Tho• mt~:,n d•·pth h o~~ Uh· stt·<·tch for'' sta~t· lt-51 ,7m (from Fis;urc 37c:) 
IS o·•tl'J:tl It\ (i ,110 Ill 

t\C"conht1j;l \0 § 2J:, wr l~tkt• ror Q (by inh•q>Ol.itUOII bP.tW<!CI\ the \'illUC~ 
(, ,,. tlw l"'tVf'r (~<lt't uf tht• r (>Sf·r-.•oar :~ nd lol" lh<" !'t'St.'t'\'Otr tt~€'1!) :1 \':lluP u( 

~n t·.ll/rm:· d.•y. 
'11•·· ITI"olll wtlu•· t ) ( d fnt• tho~ t_·.tlt• otl<HHIIl p••rifuf ·~ {nttn d r r.Jit\ Toahh• I 

If •CUt•• 1, •··~ron I I, o••ttml t•, ·l S •·al /<~m:.,h.y. 
Fa·nm Tabk 3 tCor 0--2. 1• a nct W• 5om/s('c) 'A'C' fand •- -t3c:tl/cm'· day· 

d •·,:;rt••·. 
I •·t \I f' d•"t,.rmw•• thr tn<':\rl UoA· ,.,~lo.:::tty o n tht• ,o.;trt'lch, From Flt:,urc 

:tit,, (f, ,• II= SI ,1m:ul\l q .... li00m1/~t.·c wt' f •btaw tJ.,..O. I Gm/st•c, Wc­
ch·t ••rmw•• t lw ccw•Chcll'nt n r tw;u trar,~f.-.r hy (25.1). 

c:~(Ji -l !l · 0. 1ij • JOfi . 5 ! ·1 ~ R tO C'al/cm~-d.•y dt'grl',.., 

F4H' tlw qu:wt11ir-10 na0 o:utcl t-•Q, {~'ccc~t·ding to ~\p,wn<h:< I) ·~.·~ oht•'u1 

na, = 181~\-1~~6~- 1 = 0.500; ,-• .. =~-u· =0.554. 

r.:,,1t l::fll•ltl11~ 1h1• \',l iu••s obt.utwtt tn tlu.• l t•ft . hand su1c of ln<'()Ualtty {12.JU ) 
\ ' 1" ·•ht.illl 

7.9·0.55~+ [- z.l + :~ + (SI~;s~:;ld'](l-0.554) = 
"' 4.38 + (- 2.1 + 1.05 + 0.74) 0.446 = 1.38 - 0.14 = 4.24° :::::: 4.29

• 

1 • ·t H.., t' ,, I •' t l l•tlr• U:•'' · •. 1 1~1 ,. ,.,( llh' r'lt~ht • h:ll~~l !'ll tl•· f>f th•· itl•'•~UH I L ty for 
J'\ t), t•1lu•t• ] ' 1 hrtur·~ l'lw ma..:mllnl•· or B ... l.'ijU:II ln till' !-'Uill o f Uw rt.i tl.'~ 

,,f II• ,,r IJ.tn~f··r hy •'\ ·lP•lf,t~:un LE, tur)nti!'IH (ll.:1,'hal1~~~~ P, .. nd l'((l•t·U\'t" 
r tdt-I" L•IIt / ,.!f· •:-> d•·l~·t·nl~n~:cl by nw·ans of tb'•nct:-no~r·:~ph~ (f·'i!;!ur~~s 4 ,,nd 5}. 

!· " • lh,, ..-,,)1\('Jot (•h'-t•·r"t,···d .J.l l !l ~~n.tu·s ou :!5 O c tnb••r Hl 1-\;l'lan' G- -so~~. 

u: nfl H ·u· :tH' r• •\•'J' \ ' ' ·' ' r w•• t~lk•· w- 0 r, m/s('c~ • .:t.tH.I N,=:J, \\'t' Obt;,ln 
LE+P D-•i!J r.d/('u-:: . d .• y. l~rt = -l :weal/em:· d;•y. lJ,.=- G5-130.., .. J !.IS'-~:•11 
I ·· u·.· d .• y 

fh•• •.fll tll' nf <h 1:. lt•"h' l'lnlfl''d rr'lll\ {25. 1L Ja 'hi,.; Ctlnnt•t;(lOU W" rand 
U u I '·· ' \'O'I'ot;I IY H'l t•., J..:I'\'('H ("l""f iS~ Sl'CllCin (vn 2~ (\•tol)l•rl rrc•m f'!Jtllr(' 37d 
l· · •· lf•5-1 .1t w ;,rlf..l Q• li00m3/!i,~, . . 

W·· obt.11n ""0. 121t:/$.1•r, u,.; U 745 · 0 . 1:! t 1 OG · 0.5) 1 :::z ~53 c;dJem1· 

ll.•:·· · ·•··ur"···. - ~: r::a -=~ =0.77· ~o.a•. 
I' ·• h·ft•lt.•nrJ r•.u·1 ,,f ' hr ""''lll.thl y (4,2· ) l~ c unsldt'l';\bl}• lar~l.·r 1hap l ite 

nCIIt •l.,11~l Sltlt• fO. R 'I, \ ilfl .. ..:.Pt i'.Jt.'ntly, ~C{" t",JtUtf)l rtlriU Oil 2S 0ch)bl~l'. 
l-rmn 21i It t ;!I') r. )rt.,h t•r .1 n•l:tU\'t.-ly IUJ:h ;dr u •m pt' l' ••t!lfl' flt'l'\":&tlt"d "''Hh 

• I ' ldlll"'~ · ·f Jhtut In rr .• hh• 25L S an<.: r• fu·· 25 OctcJb<>r l1u· l~rt-h:\mt Htd'· 
••f l:!. JI I) 1 -\ "'" m•l('h l!t'•'oll~''l' l h31\ th•• rt~ht. h:HHi SHiP, WC oi .<JSUilH• lh:\1 Uf\d~t' 
tl~' Lnthr.,'•' -i nH·1•~f\r·· ·~·Ch~.,l ,..,,,,t!II.,~M~ lt'l'" ~hvuld not ht.'"Ctn tn fu tn~ 1n thL• 
, , . ,. , ,.,, lr":n ~ii h• :!'l ' ~ .. t,,h•·•· .\J .. t·~· f.l\"OJ'abl<> comhtiHn:'!: (~•r th\.~ tw~u\r\lftJ: 

1( I' 1 f,.t·m :• t ,· ·~l t'XH~1••d 111 thr t'\'•~rnng o! .30 O:tiJb••r, .\'h(•n hy HJ hCtut•::~ th~ 

,11r to·a~p<'l ••:•u't· ft•fl l h _():> il:ld Uu~·~~·it~d'.'•.•) nc t l.)' tf) 2m/SC'C; ::t;)f!O lh!!T(' Wol S, 

n•• !• •AI··'''- ' ·! r-t~,tHJtt,, •.•~ .. dll''' ttu· tf)l,'l.\ clt'ludmrs!' d ... ·c:rr•:.l!il!ll to point U. 
I.H 11~ (' ,tli'Ul.:Jh• !b~· pns~:tnttty ror ll:: t' til form ~·t tn h ou r s on 30 Octob~r 

frtt:U 12.1ltl :;111\ll;tr w ttw ('~llc•ll;:lhOn rar the 25 OctOb('t. 

\\"(> obt~in on the ld1·ham.l SldC l . -l• :•nd f>n th~ rir.ht-h:1nd :;~d.e 0.&• . 
[(I th1s c~sc, tor>, t)w l <>h·haml I'Ult~ I.S ~:...r~··r tlu.n Uw I'IJ;ht-h .. :Jnd sutc>. 
Thc-r<•h)n•, •Ll!it') nn 30 OctolH• r ict• formatton c.lnnot bt-gm. 

W<" s~r· frnm T~l blt• 25 th~l em J1 OclohC'r (from 1 lu.ntrsl th•• :.1r 
t t>JJlp\.'"ri.ILUI'!' w;1s JXHilhn· :.t 13 hour.'\ .urd ••t 1:: hours:, thr '14'm ll \'\'•Clt"ltY 
ro.•w. " ' ''S low- tt• .. ·•·l c!t:.ud11t••:;.,; df.·vf"lt>pc••J (:-\u. 101. On llu~ "''"'! lf.•y. uu 
1 XQ'./l' fltlwr. tlw ·•II' k!l1p••ru.tur•· ~.·:.:; c:•J• npo~r,,tl .. '''')' lu~h (lr•,Jn - :t 111 
- 5.3'"), th•.• •.nnd \'t>lOl:Hy r••s •• tu 7- 0 m/:w c :tn•t conlt;')UOUs hr,.·-1••'\'f·l 
chtudan<.·ss w~1s m:u:n.un••d, 

We: a;:;sumt• Ur••t undL·r tht'SI" condttlvn;; icl' lorm:.tl \Un C"(luld ru.tt h•'l!ln on 
31 OciOb•·r .m•l I ~·wctnbt·r. 

~lon· (a\·nr.tb!t' C••:Mhti!JJl~ f••t· tht• h•·&'trUt:'ll' ••f ce•· fonn .• t~rut, Xl 'ill•li :11 
I h<X.Jt"S VII 2 ~0\'i·ml,. c·, \\hf'n llh' oiU' ••• ;nr•·r:.~UJ'(' f•·lltn -!1· ;om! Uw 
clnm.h tH'SS d<'C'I'C',i.SO•tl tft J l)/0. oti HlO'..lf.:t\ ol t'""litt l\'(' 1)' lq~h ·~·111d .,-o•!n<·i1~' '-.\a~ 

m;nnt"'•n, .. d t 'i tr./fo .. ' (" •. 
L•-'t u s; r·,•p•~ao th•· c.1l.:·d :at~ nn c1( th•· 1'"·~-- ~tu. t ty •·f t nt• h • t:••\nL u~ •·f lc:''' 

for•In.tt~Orl ,,: : brtLif">; on ~ ~rh·t·J~h••r' 

Fl'(.\m Jo·,t!~u··· Jf;t h •t· Qc )~nnn,3ts~·(· .tnrl H a.:•t.6 rn. ·A •' ft:nd 1
1 
-1 n tf;•y .oq-. 

.-\s lh'-" ut:tlo.~.1 ·.o.·.-att·r tPilli)( r .. t'Jr\' . ..,.,.. ,.,~c lh!\t nH··•=<un·d at (.'!L•'h•J"-)O,Lr\' at 
20 l ~our.s (i r\ ~ 2 Octnh.r•1, Co.- :L l ' . 

\V-t• d•.·tl'nnuu• tht• m•·.k:) .Jif' '''mlu·r;.tu r t• .tntJ tlH~ m•·an A' lnd ,.., ,0\,:lty 

dttr•nt:: t h 1· 5-}l'n<•d ! r(lr'll .l.3 t ' .:; lobt•r tt• 1 ~"''· niiH·· r, .u;. lndtc.sh·d .lf••n>P, from 
th('O (j,d.1 uf ~~~~· 11H't<'lH"''I~•l;IC.J1 StoltlOniS (,'ll l'hO\tf'oH'\' ;ul(,l t-; ;~z •• a t . \ \.'t• I Jt)t.un 

Oro.- -1 ,2", ;v~.t . 2m/~(·c . · 
l·rPrL.;_f·' h!•·~ 1 .• ~ul 2 ~~~ · hnd d - 3:l .. 'J • ~·l <" .• :Jo·m 1. of,,_:, 
...... :O""'-·t2' .ond w- ·~.:~ n~lol•'l' ·.~· · · ) ... , •. f r·tlrtl r,, t) "• 3. k - ··a l'.d / ("'m:t . 

· tl,~y · clq:n'•'. 
!-"<' 1' o""" O. JG m}~t~~ .JJ~tl l.l' ;:tt4.2nl/~ ··c .,, , , ••hl.o; t l {l'rtnl {25.1) !or thf• hr•,, t ~ 

ll'oH1;o::;i•'1' C't'Wrf!c'H'r'L1 rz H.+'\ .!hi<' 7:.?.: t• a l /C":n: oj,,~· d··~~ , . , . 

Sui.J:O\:IUtlt:fj lh ('~t \'"~''' ~ 1!\ tlh· :. ft .. b ,•n •i ~ Jll• · ••! t : •• q~1;1 l1 ~~ l:! .ll)1 ·.~•· 
obt.un (t ho• •··~• t<•r t(·Jnp•· t· .• tur•• ; ~ t :1Ko'l\ fo11' til' ••nd of I ~,.,_:nuh• •1·1'L .-O~~<:::n. w• 

L f't ~~~ (.·;~}"'lll .. h.' lh·· n).tht-h •• ~d $ 1d•· ol! th•• Ill' LJ~Ioc!t!y {fnr 1 '" 'U~" Otl 
:! \'n'\."t'l:lln•r frn!n tli\.0 o .• ~:l ,,f ~h·· f.\.u •• :1' Ol•·t · IH'ui• ·.::.a d ~1:-.t: • · :l T.•hlr 15L 
...... .. ,: .. •:t r:nt:w :h,• J~hi.i!IUtUdl .; uf I.E+, olllf! '·'f fr.,al !hi" •)l m••i!f"iiJlh ... 

tl··qt:,. r•·!-0 ·I .u.•l 5' 1-·~· r O~ - tt n•. N.-10 ,,._.~ w • 7 m /.,.••r: ··'' · •~n;nft 

L£+P=-37'tC':••Icm1. 11.ty, lru" - 9.nr.t1/c;:m2- d,oy, 8,. - LE+P+Irlr= 
=- - ;~:,e,,,fc·m·· tf.;.y t-tW;nul.t ; :!!',, I) P,t\' 1'9 (nr Uro-0, 12:n/s•·•· .,~~~~ o,;o-. 

= j n•/~•''"· rz,.=•l.:.le.d / cm=· tl.t.v d(';.:J'''''· \\.'•• t•h1.nu. hH· th•• ne·· t· ~t;t nd s 1d# 
O( 1!11-. H':I\~IIU:tltly. . 

- .q:--- ~~-0.48"""=0.5". 

111•' idt- h.tlld Std•• ·~o·:•S 0 J' l:s r~o·r l h " U tlw I'H!h \· '•••tui ~.~f· • I \h•• 
tln~tl! .. ,litt,\' ('nn~•'lf\~t'!t1ly, ICI' foru~.\ltHI) (' .olliU•l !wt;Hlol! 1 r.. lJ!S , ,. , 

2 Xnv,·tt\ b l·l" 

·•~IC' '~;~•f' -.cor 1101 ' ' ' " • Lc,..-t .·! .. , ;:, 41 : '1<" 0::"111 ,II'•CII.t'• .,. h • ., .•. ,, • . , • , . , •. 1, • , .. . , -·,, 

••,:~1 ·f1 o1 :tJ t ;.;t' •! ; ··,f' ;1-.-·.; ,,1:;, • .•' :l ·J lo •• .. ~ . ~t;o>r ' :"loll •' 1 :cl• ·!·, .. ,,~ • ,. ,,\ .;•j l · '• , .,,. .. ·~~ · ., 1,1,, . 

o~rc:.~n.l lfl ,~ .. • J. ~(OII ~·-"'1 ·~II>{ •~• P. o•t c1 io••O: "'\ Jt -·· ' ' • t,r. r •l.r ti',J~ · do· •I I t·! I "' 

u n.., fl ~,.,: l,u t!':ot ~n ~~~~· ;1\'c-n c h r, ''" ' ' •c, j ,,. H 1- 11 ''~t· \'ltor ·I - .,!!! , ~~,,•1 ,.,,,~ ,,. ~ • • .. 
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. I 
f 

l • 

.\ ft••t• I h••HI'oot t•n , 1 'X11\ r'"H:h•·r ot f' lf'lht··r ~lJ·i'l'l"a:·.:(• IU tlt.o• : I of h l'llpl' r.~tUrt•, 
I ' • tl••' \oUII \ • :ot\'lt)' •llltl1•; l!h• t•l••ltdin•·:--s .,,.,.1H'rt'11. .\t i hutu'to un 

'.! '"''••Ulh• t• U • -1 .... 1 • tL· n:i . •1/~1.'1. .. ~ ;:u:d A' ;;.:!..{0. 

I •·• '· "' ··1,,,.., tho )tt•tl:tlhthf'\' Ht u··· !•~ran.,ll•nl ln•t:tnlltnJ!. :Lt-c-• •rthf\C Itt lito' 
.. !.tl ' • ,tt 1 hu•u·._ua ;J "•w•·nth•· •·- 1:1 tht:-> C',l'$i~ , ,. i,.·cJu th o• (,_'.tlcul..ah(•n h y 

do·l •·•·c~·t•totiC: lh•• \· •• 1~••· ••I - ..!!::!_. .. 
l h• ••··• .,,. .. ••f Vl•' '11•lU•'JCl".tph~•~-.l!U...,..!' ·•·•=~~• 5t "'' ·~:tut h•r dt.• Ul'!u,•.tt t•d 

·w l•••r .. ;. ,.,,._,; d-•'·' L£+P rc::.. - 2"3e;.lfr mr. d.•)" .. lrn a -:-!5c .. t/~nl1· cf-·)·, 
IJ,. •-:, •o,·.•l/c~m·. ti-•>. 

1 o11' V• ll. IJm/14•-.: ;unJ 1b:a3m} "{t•('", .H' h.'1\'c' frc• UI f:."S. ll Cla :.S:!';, .. ,,\J 
J, u,.:.•J•.' •l• :u·····. 

) n t• Uu- n(.•t•IMnd u! •lw l fft ' 'ftl.lh1y -A'•' ob:~· u~ - -~~""0. 1"~ -: a.n·. 'lh,• 

• h ·h-•utl .-, .... ··r '"' u•· ,,u .• h,~; .t.,.: :im .• u,-,. (H.:t 'J ,.,., .a .tt t h•· --n•f .. r 
I \·t·o••tnh• f' :OOtrt .. • t• fHt II. •••· h · ,,, tr.trl~li·t· tnn.,_ p! •• ··~- .tit•· r t h u:, It lio ~·h ,,,. 
th ,,, ,,, 7 lll'lll':-4 1111 2 \;,,~··mll<'l' tlu- L1 it-h:ontl ~;d·- n! •lw t~W•Il•·• • il)' ,\ II\ l u • 

"IH·•· ~ ··l' tlt,ul n.~\ ,u,,J u,...-,.r.,,., n rl• ···t! •t~·~ 1'1> .._·.dq:l.•!•·d. 
W• •1•1•~ C•lll.ll11 11!.1\ lt..' ' ' t'unn.tll''U ,.,, tl1~"" l..;:· n!Jysl!• \' :-.:~·l'·•l~t t' l' tilt' l'\'"11' \11 

t ilt I " \.:l' )fl ot( \ t·l'l.c.lrnn 1' . ..:1nu ~h•!l~!t~ 1n·:.;_tn :11 th•· mrot'lllili; ,.{ ~ .\'11\'t':\lh,•i 
lt .t ltwr, 1tl1~o••• rllllil\ll'~ :•lru:,zht ,ond-; hnL:•·~ .l1h u, .. ~no rnilt(! l, Nlnt.' IL r.t ~ 
lll·j····d ••ll~····\'l'lt, 

\\"•• \'ol,~~lllot(l' \h(• tlult• \1( Hr•• l)'o·~~tull~h~ 11f ~l.l ~)!• h:•' ('l•",'l")' l•y IIH'o\tU+ ol( 

0,. =- O.G5:tbt>5• 

l•'••t' Jf• rl\ 'llll\ ,11111 Qt'l1';'i'fl:n.l/:o;,•(' ((,.~. ~ '\"1•\"('tll!to'l' \ •' ••ltl ,1111 tl ••ln 
I l~U:I ~~ill •I 'tll•~fl l ' lllro,- ·~t ,~ l.l'll£.11 :h• ~ "..• , .. , tt\' ,,l \'o•r·~l l t1\l l '"'I~'UI 
D,..U, J,!n( lo~,· \lt4 lo\ l'•.,•t'\ ·~r \'ld«h b=~~nf~!"l·~ . r 

c.:,,,,~·Ut11lt llt l ho ~'~' ' ,.,,~ ••• :o u• l1i H I dl\+ 1 {';'.IJ • • '' ' ··!ol.otll !:O_cr .. J t, 1. 
0 . r, ..... . : 

t r•tttn ' l .ttth• :tl ~-· ''"' ' th •llw·..:••mutt: fr••JP 2 ~••'\ t-n•l•• r •hc , .. ,., Z:O. ••t fill' •fl 

•tit II rt tl f)o•r,.,t 1\t t lr h •Jht .. •t ,lllU ''"" i !"' t"•·•·u1'dt•1l. r •-.:a• !ot ~ l"!i l"•·t• ur,fr•tl \. thtr• "" 
.l ~ .. \ ••urlo••r. :~uti ttl\ .I Xu-. •·tul"' I' \h•• ·air :rtrtpr•r:•l:t:•t· ' ' h••!,...,._ •J,.. 4 t tht •l. 0, . . 

I h''"• A • , ...,., • .., II\-.! ·l o,l.,IJI• U'J-- p••t t·"'' ,..hon!•J t ,. 0,."111 lot-I tb• h.tUl•,· hho \ 

\of'll ' .. fh' 1' 0 -. .. • l"\•1tl' 111 Het• (f (!tt or:} o•f \."t_•f' k)Ur,il.l',..:•>tt 141 J ~U\'t•nt~•r. ~ .to)Uf'h 

....... ,..,~, -•r•···d. 

~I. I. ,.. .. .... , ... !,,,., . ... Hfl t ' ll•fllllt:"ool r··I.;.Jr•>II.Sho,..... olll.tl 

....... ,.( t • • ~~ "'",. f1•r··• , .. , 

v;.,. ,, ~., .. t I ' •• r • ••. ,,,l , ,, I··'JC·1Hir•" ••h'i•·r \ .. d,tn~~-. .. ••II •• l-:1\ l•U n• ,:f'~"\'111~·. Ul•' 

~ •• 1!•11'''' "~ •'f ,.t,,,,,,. I\'•· ''"''' r . ,,,,Ill· pr· •d tct•·•J ~w u•···.u•~ ••r ··mplt'lt'.t l 
r• l.111 ll~hlltr., l111 lhto.: J11Hpr•>t• t.~• · 1:r· .tph1; <II'•' p l•"•lt••tl (I )'~llr'•' :lil 1 

It llr• f'•· '·•'l •••~lllj) I.W l '.A• , . ., 111t· •~ ~~~~tnHrm ~u:n ,,f th t• nr• ~, ,, t llu r n.t' 
'l' ~ tl !\ " •1.1 h ·UIP•: .rttlr•·~·. :1• ,.,. ,;..,,u·y ffH· tbr· h•'r,ltllllll~ nf .">tub It' lCC' .111d 
lh,. U ,h ,• \ott• I' fo•fHJ)('l':ttlll"•· 

(~&_).,. ... =/<~.>; m.1111 

:n thf' •·rtationshiiJ hl·t ·.l.'t'l.'"l1 th•• ea'lll¢ .. 1 .. , r t•·mpv l'·•tur'-'. l'h'Ct·s~ .... ,-y for 
th~ bcf::l noi.n~ o( Stitblc icc. ~•nd dw 'A.'incl \'Cit')C~I)' 

&,.~/!•). 122.111) 

On tht. .. gr .. ph ul rdt~t.ion~hi~t (l1.tlll '""" .-...,:,, (Oo. l:$_) ,~ r• ..... tt··~ h•.-. 
l" .. teh c:llst~ ni stable i cc. tJu- \'"~lu-.. .-r !8_ l.,·ant: ~Ur.tftl\''1 ft"f•:n u.,. hm•• A"ht•n 
thr oth • tf'mpt""r.._lure- ~~S<"S th r'OUJ:h na t't tlu: 1.-·I{INlll•f: ~r ~t .. bt.· tC•· 
(fiK'hJ.~l"•~). 

·nua d.-p"'tld41"nct· f22.Hn \~ c:k·r a\'t•d .~~ ,.,no":~ . 

For- f"3d\ e3SP of st:~bh• tc,... ('t\\'l·t• th·~ t•t'et•r&-d d.~tr· C•f (!O_trr..,.. dl"\tT• 
m1m•d f r om (21.1111. ~~ fomuJ ft'Ohl d1fo oh$crv~:;nn d,,,,, nf t h•·m· .. n•.5t 
n H· lf"UJ'fllrtP,tc .. l st=•lion (1-"'I&:'IITt" :uta) 

JO 
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•fl 
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1/ &.f I I ..., 

f k~!-'!" ...,_ lo•":tron-...1r.o l'ol1 •' .o '"-, c• '• 4( 1''"' '• hto'f• ,....,.. • 
(;....,"r..:t-:.o ~ .... _.,t I'"J~.,-~,.,i.., •!-..,!'y-, r,~~~o .. l ,, ... ~, .. ,. - -.... 

Cl!",to.:.:.tw or: ·-,-w ·v•.'l.A\,.•'o.-"ftr.. :.-··•• ' o• 1 1~ r • .,. "">~ • .,,... 

!01"~"'"' !_.IU"\- -- ,:,l, !lot t,,.., .u r 10' '1'\, ... ... , ,, .. : 1 \ • '" '" .... . 1 •• I. " • 

tbf"'l t'aOI-..:Iollr .... :r-~IC .. I 'Hlt~l:;'l'•.t:o:• , 0 ... 1t- r 1'\ f •;·,. 
lot o'•:n•~.- ~: ~~tofol' ltf", 1\ ol hn ltl'ft .ot 1'14' 1 •II: 'H t t •t :.t' 1 ... 1 ~ .:• 
;.t;:_.;:: t,;, l~r .,-:, ,·~u Clo'tr.••••l•"o'•..-.ll••.u .. •ul, 

Th\'1\, for('~'~··~ -\·h··n. sl:d1~· , ,.,. lv· tt.,n r•nt t·• d,,,. ••t ·'' ' "' ' ' {1:0.}_, ,. ,, ,,., 
J"••cut·t·l~·d. ~,· ~· d•'h'J' U\lrj!• tilt' :.rr· I• rnl'' ,.,,, •• ,,. ,IJH1 'h• · .,, , n.J \'•·~· ·• 1 \ ••r t'r~ ·· 

~l.•y ;lnd n~ar~ ''" ttl•.• 1!1'.\f\h a P"~"1 \ 1. '111 U1• ·•~)1 .111\• •f t • ' \' ' •h '1•••···· (0, I.I'J 
Tlh'St• p o int'> : l n• do: ~iJ:!~;HP<i .trlll tr.•n~~·. •IH''ILl/11.! r ll,tl '' ••' ,,, , r.· r·nw • 11urt 

al t!l•• ~:lvt•n ··\IH.l '-·,·!nnt)' t~ ~l.l.f(h'l ' ''~t t·•r· t'·• f,H' 'H,,~, .. ,, .. t ·•I\ 11, • nt ·· r· n·• 
Fq!u•··· ;HU> till' l:l1ot,·:.O l' tl·t· h·~f I· \l r U:t•t', fnl' ,,I , , ,,, . ,., tn.• •''"'~ ~ .. ~ .. , 

r: 1 



for C'ii!'W~ wh(•n st;1lll•-~ 1CP 1}('~:111 nol <lO tit•' d.ty (!O.)t~••• wa~ n'('Ofdt•lt but 
0[\ orw o( lh .. • (olk•·.\'1n~ d<iy~. '"'' F'l~"~~ ints (9, w) •~rt· plott•'(l c.m 1!11.' ,::t•;,ph 
acclll"(.h !If~ to 1h1• (l.tt.1 for ('OlC'h d,;t)., lwgumin~ from tlu• day (IO.}.nm w:~R 
r•T'-'J'•h'<J and ~""'lldin~ ·.\'ith thf:> d .... y of tht.• hrol~inmHJ.! (lr ,!;(;,hlr• let~ (indusi\·•·1 
PnnH!i (·nrrl•:-;pt"'lHhnr: to d:t,Yfi wlwn t~••·r1~ woJ~ nn ~tablr ~~~P nr(• th•,,t,tt·d 
•ldft t····nth: ~u~ l·'t~~r·r ~mh dw ·.t·h1h· ~· ••·d··~:n N•·xt, nn lhc• qt·;~pll a Hut• 1~ 
•h·;,~\'ll ~d,;r•h s•·p;n•atf's s1gns indtr..~lin&: tho.t 11w ~dr t•·mpt.'t' ;thll't• til tlw giv(•n 
wu1d \'t•lnctl\· \s ~ulfich.-nt (or- II••• rt>rn1.a1mn nf oa !il:!hl•• ic:t• c•wt•f' (in 
J<'J_..,.,.,. 311h lh~ black drch'~~ from :it(H:; tnd~<'"nlinJ: tha t lht• ;1\r tc·mpt•r,'\lurc 
l~ nN S:ll(ficu•rtt for thr br·~ii'UIUll: nf !'-1Uhh• 1.CI" h11c whtt<." Ctrclc 6)_ In 1h1s 
•J.'.ty w,• f'bt,..Jn the Hm• of lht"' dCI•~"tld~nt'•' f2'.LHU 

• .. -/{tD). 

'nw do•;h•nrh .uc<•s (21 .riO and ~'l~ . III) t;an b~· <.t·f:S\Jill (•(l hn<'iH, 
~' ftJt·c·r••t.l r,r th1· h;,·glT)nJil~ of ~H·blt:> ic.:<" by means of df'JH'tlth'1\Cf•s (2L rEI) 

aud •22.1llll-' pn•p:•n•tl ;.&~ foltCJWJ;, 
F'J''•111 (!0_).;un~f(041) ..... ,. (ind th-.· ~·:1JU'" (If {!0_)1111" whtch n~l"r't·~JHlttcls 

to the• •J. :•tt•r lf~·mp••raturt· Ob!U't'\•C'd •Jn ttn~ d.-y l>l•f•lr•· tht.· •ttl' 1<'mpf•ratUl't• 
~, .. :-;.~r:; th r t o.u!h C)', l..~ ·l U.S rf<•trrOIIIW thf' d.llt.' or the• :trt.'\111\U}.d iiJf\ of Utts 

~nnt ••f ''''&.:••11V•· IL"n1Pt"l'·•tnrt•!'l Frutn I he d•'Pjtlldf"r\C"f' Oc~ •I (uP} ,,,, .. 
dt-t••rnun•· th•· .ur IC'IHp~·~-:~turc: nc·c .. •S!hH' \' fos· lht• bt·,::twlin:.l of staUl\· H'f" on 
!ht• d~•Y (2:8.},1..,1 t~ rr•:ordt.·d. ~. 

lf tlw m~·:trl·ditl1'n:Jf:lir tt'I'I"'P(' t';'lhi!'C em this d••Y ar,-c,rthng 1n \\!(• foJ'.:•,·;~~t 
1s '''l:la\ tn Ill' ln",'''r' th.itl t!l>l' thus tlf.•h·:·min('-d t•otlu~ nfOcr• Flt,'\l•l(' let· t\hout•! 
~>L' ,.,_p•·r•tt·d nn tlw d.ty f!&.la:tn •If r~c,~rtlt~d. 

[I (Ill .Ill' fr•nliWI',liiJ!"t• hi~ht.'I' liiHII nu~ Ct'iltt.':i1 IS •'XfWII'\i•t,l L'ttl thl~ d:.a:-·. ~n' 

fkt· rnnn•-. 01., rro~11 th•· d•·p••mh.:•f\c-•· 0~. -/(w, fot· th•· •tt·~t d.~y ~oul ('t~:np.t !'L' 
n ... jlb tho:o ~~·· t••t'tlf)t'l • .)lt.ll'l.' (';'Of1l •Clt-•t rn:· t!.\S d <•:r. Wt• PJ'('I("N•tl Hu.IS. untti 
th•· d.•;.- nn ~"hu·h th!· l""Xpf"Ct'('d ••tr tt•n1f)O'r~tun~ 1s ,•qu..:.l \t• Ut' Jow~·r th;~n 0,.4 
l·•t tlu~ rj,,,. 

t '!\'~t~url·· r ... r '.t \ eul:l.tton 1 .... ·1 ns d•·t•.·rmtH~·Ih~· , ,,,,,. t Tf lh(• 
i)l'!~lmunJ; ••! ~t.tiJk H'P on Utr• Hyhiu&k ~tc"·.,~,. n·~t·n·n,r m u,,.. \',·.,:;'~·~·'nsk 

~h!'oitr·u.•t 1a \rt!ld. W·· t;,,\"t' 111~ CnllowUI[! d.tt.~ on tlw o;.ir ll'tt\f~~~r.ttun• .unJ 
·J,:IIHJ \'dr,~•tly (,lt.'l'llt'jJUJI:! tV llu:' ~~~tJ'n1;1 lll£'h' Ol'OlO,_::H·al lfit,,tl,,ll) 

f.:\!'lll :•• , .,, • '" •\)L•.mJl 'f.loltJI:'t ''t 1!;~ Jl' U'll•r~e"•••rJI'<' I ~nJ CLf 111e .. 1n•l ""11'\:1!~' tr ,II:J:"'uhnJo: 

'·' d..s,. ·~• 11\~· 11 a•rl'•:•wl·~~:~~~ •nu•'l1!, SutltN'Mt t~t:\t 

.. 14 I) 16 11 18 19 20 21 n .. ,.., ..... ,, ?.I o.4 -1.1-7 .a-6.o-6.3~.1-3.3 -•.7 -10.4 

0 II 3 

r\" fuHn.~·c: f1·nm th.:- d.H.l u( THhl·· '2t~, 01(• .;ur tt'flljll'1'ahu'l" P''!'l$t•d lhrou~h 
0' '•'I l'• ~~·~···Ul~JI'I. Fron1 th;:• ot.s.:n·.,~lUr\ d.i.t:l ~m Lh1.• ~~·.ltt•r tf'lnpi~a·o•tt•rc 

...... (lw) 11 •. 4! ,, tl.t\' lw(l1r>l·. ~Jilt!) ~11\'C"mh~•r, th ... • .,..•:Ht.•r ti•:llfi''J'dtUrt' Wit'S 

1 ~- ~-nm~ F1(,1tJn' ~11.:. '·"''' fuuJ {ott' Ob=-3 .S .:1 \."alut• o! (!O.J,mn f'qu;a l l;u :.!=-... 
J n•n\ 'l'·•h•·· ~fi w•• f1nd tJMl •~ ~um n f rn•·•m ~d:HrnaJ rwJ:,'llh\'1' h.'O\pl'ratllrrs 

of 2:.~ t..,;, rN·t~rd•·,J un 20 ~·,)-.·-·tnLr•c". On lfu~ tl:ty 1h1' ~tr11l Vl'I(H;U)" ..,....,~ 

11 JnJ ~~··~· t· , .• ,tn }- ,i!\:~·~· :Hth wt• fltld th•~1 Cor a ·o~o·tnd v•.-l,ldt;,· o.f I~ m/s.:c th(' 
a~ r l•··tnp•·ro111:t''' (or st..ttll•· \ct.• 1a h•·~~l\ :tl-lltJuld be to·,o,•cr than -1·. Thl' 

I" 

ac\u\11 11lr tt•mpt•t•atur·<' nn 20 ~o·.-f•!nf)(·t· ·,t,'<•~ -(t l•. CtJno;··~t~h~t~11}. 1h•·rt· 
sh(J!Jld not be fitablt~ 1c1~ art 20 :"tovuml>(•r-. On lh ... • 11l':'4C d~t:;, :n ;\n\•·l~llwr. 

1lu: wind \'f!toc:Hy clruppo~.·d UJ n m/Sf"e, F'r-mn f·"ti;~U'f· 3~b ..,_.,.find ll,:,t ~~\ 1111,; 
WWll Yi: Et1r:1ty SUlhl(! i CI.• QLH~ bf.'q!n tf tlw :nl' t• lllf'Pl'oilltr'f• IS :tot luJ!!t.-r' t)~.IU 
-5.7~. But, :1s f,,u,.'~"''!'i (rt>m 'ft.rbh· 26, ow ;Hr t~"•mr•· · r;~l\11'•' on 21 7\'n\'t•mh•·r 
rt)JW anti ·Na~ r.~nly -A.;\1, CtJfl~··~iu•·n•ty. ,,I...:•, nn 21 •:,,\'• n1!w•· ,, ..:t.•l•,t• 1ft• 
lt:l>\' l•r (.'0\thl m)l fnt·m Ou 22 ~fH'(•tniJ••J' llw ~t l flll \'l·l•>{ tty ttf·~· f• oL~· •• ln 

~m/s••c ;uHl ttw ait· l•·nl,)•: r:.lhJn• drflpp.t·d ~tu~hlly t•l -..l.i ... Frow J-'~s;•H". 
:tUb W( fintt that fnr w=5ml~•·c (o,-.st;.h!·· IC•· ln th·J:;"tn ;lw O.lr l••mp,.·r~•hlt'.r 
10hoult.l not h (' hlJ.,'l\f"l' 1h.tn -4.3~ 

\\'c Lhus obl:.nn th • .lt stal))c· ict· nn lht! Hylunsk ,..qur;.&~t· n-,:c•r\'lltt· w the• 
\"r.·u·~·gonsk <.hstr"ict sho\Jl<l bl·~ln on 22 7\ovt•mlwr, 'Ah1ch ;.:Jctllal:y \\·.-.,:;- all•· 
C<UiC', 

L: FOar:C,\STI"-G ~li':TiiOI>S !::<J>:G Tll!O 
C'!l,lll,\CTElUSTICS 01' Tl!k: ,\T~IOSi'IIEJU(' 
l,lt<>C"t-:sst:~ (L(lS"G-U,.\~Gf.: FOU!-.C,\<iTSf 

l'ht· l~(" ("OVr·r nn ~tnr·.t,;" n·~HT\OJrS fnrrn ... IU ·• .~. (Jn~t· 'i•·•;a.·~.··Ite•· t·lLTl'fl 
\h•• .Hh~l~ow .tr('as, •o~. Jdch ~m l•>"'·:and r"il.' t'•t' I'• :-.;~ t'\ltfr .... ~, ••• , .... J·::.· \!do·, 

(n·-·~<,., L..at~·r cj(••·p~w;~t••l' j't·~J(m$, !J>l1'1 1eU~·~I'I~· '11'"' llw J.1::~ ••f :..1••1',1~1• 
t···~~~rvoir . .::, nr~· <.'CI\'~·retl wl1h l<"l' 111 !hf• ~11\'~tll'\ ;1:\n (lf tt ••. r•':-• l"'.t~Jr. 

u••,l.t' ttll' l'=~t.lof thf' h~•ck·.~o· ,\V'I' 1:nrw, th•• f!,\,\· v••lc·~·l1~· ts :v.\' 4<:'1n.p.q•••d '.1.'11'• 

l!t.,, Ul llw n,·,-•rl a!ld tlp• (h-pth ~~ "tlH !ot;m.tH "il.lh:t• :C"•· H"'l'' f.,n· llo'I!UII• 
th••r••• ••arh(•;- th,u1 on J•••'ll••t'. d••-'tl:"tiT..t:p an·o~t; ,>f tht• s~tJJ'.~i;:• t '''"I'J''or'IIJ', 

1£ lHt lht' ,.,, . .,!. :Up:iU'•'·•In 1rnltl tJn:o; r.nn·- lliUtu·.~! ~·l•thii'l'):l" ;q·· ut.un~.u~wtJ, 

S.t ."l~)lo- lc~t· m th~ n~h~.•l••(j .htt·~·an~ ~·-• ol th•• ('I'"' 1 'o~ ,. h• ~L,..,3 itp~n-o'\:' · 
n·.,u,•t:"· .l: lh•" ~an11· d~,tt·.::; .l.< ~'\:h•·n fiv.olir.l.! u··· ••)'"il• ·'.r"' ·~• ~11"· n~··r. Ln~1 
\l ~t:"HY t·•t:l:<>H!•·r:~bly ~·.-~rtt,.,. thun o:t tht ... t ..:,•,·HD•l ;•t lh• n,·,•r h-.·~··n ho •H•'• 
tl~o• l'l't:'~lltO~l [1( Hw n' S •' I'\'011' 1a thl.:. c.ti>l·, ~lnt1l•• tc'•· bq;u:~ ;n • ·•rlt••l• 

d,,t,·:'l th1:1" h•·ro1·f· thf· ~,·t·t~;,t)~•n ,,f t!H· rc'~· 1'\'0!1' ,t ,.,,, '111 tlw n1·lr·• Hp"lo~P 11111 
loo\'.ilt•d i1l'hl or tlw rl\'~·r, foill\('0.' th~ .. 11'1' !JI'td~~· fnrMllnr,- ;.n i.fp· t nd ·d thf• 
h·n•k .. •,.•U•!· :!.OIH' htndt'r~ U:t.~ dn!ucl~ (~f .t•o:- Tbtt~. 1lw a·•· lu•tclt:1· f, •Ttll~liJ; 

1!1 th\• ~lp.•lU'o..'.lm p.q•t n! th•• rt"So''l'\tlll' Ln:1t~ lld.\'ll!.&\•" ~' ;,:t':tl{ 'h•' 1'1':-'t'l'', n.r. 

~f'Hllt"Ah;.tl ddr••n'rH l!<l th'' h~ttur·•· (If h·t·c•?..:~J; ,,f 'h·· up~tr···.un p •• n · ~f 
lilnt·a~,. n·,;a•n·<\lr!i ... uu:, r.•c'l ul ~~ I~.:)·Kt'l' pt,nl clu1n (1-•• ~(';~<.f, .. l, 'I'h•· 1:• .ool• 
w.lh'l' tlC !-OUrh •• rt-~(.,., . ._.,,. t~ ::.ttt:.llnJ 1:1 Uw l.oti!:\',IJ••r ••f th~ nw,·t• ·:l't''t"~·,lnl 
lc't('.~h·d pJ.,nt_ Tht·n·for··· ,..n lt 'l!l~ f'Otll~- I~ 1h··r·· m~ \t"P dnft rr.•rn ••• ,..w·· 
but. •~ll lh•· t.',,ntr••t·\'~ tht• ,.,,Ut•t' •h~~~.·h,u·.ct·d thrnu~:h tin• d.tlh n! u, •. lll.&uf 
I n >tn ~h·· ~h·t·p~ ·,, ••l•:r p.tr: o£ Uw ~lPIH'I' 'A'.th' r r•'!'• · I'V••u· ..J.nd ·•l'l'~\ 1~1R ~ll H ts 
pt~ l\ lo "' H·I,L11Yd;.· \\ ;1 rii"'J'. l'tu."' d•·l~IYR tfh ht f.:l1HUI\fl 11f Lt'f' fttrlll.:t.1lr'll :1•1U 

tl1•· !''l'll•.•tlon nf a o.;t.ti.J.h• 1~··· ~~·\· •·r •m tht· t:rp,·nnr•.;\ p.o..rl t'f ttw r·•·:-t''f\'<Hr 
J•or· slor.q!t' J't•,.:,-rV•lt~·~. ou ·Ah,,·h th•·H· ''""'t ,.,tl·••td;o·o.; '4hwb {t..-•·tt, 

~X,t15 hh· t"il t.,iy •··+I'~ lt'l' ll :,tn t il•1 I') :In- r::;. .utd lnas I'• -'II !'11'1 '1'•1.:;1\ .;,~ 1nn, 1'1 
pl··~(ttt't' 1t 1:-:: m·.:·,·~:o..•ry. 11r~L ,fa~!. \o -'' f 'f'lo; nut .1 t. t'ltlliC:Ut· f•f fr•rtWt\1·-LHtlt 

rll• h•·J!IrltiUlf.! .~r -~t.i!,~·· a·~· ,,n U···~~· :otr•'•.dt••..: 
t1 .\~l~ !n•·~ltro~.a, • .I .st •.• ,.,. ~"·•• e• .. · crt" r,, .. , .. r "'• r• ....... ,. ...... ~ ~1r~·u·._."' 

huutu'a:, 1\ol\-l~·'""lJ•, -"'Jh•·h .. ,. .... tu-•!t d .. t 11,.- • :~•l•·f rh• ~ ..... ;. ..... ,!r·:- l'"''' 
furtn..: .oppn•~tn~:th•lr ;JI tho ,. .• ~n,· rl'.ol•-L ~~ ..t.lt~• t> tl '•t"t"'~ u •· "'iJ'f'" ·•t••tS ,..,. 

lht• r~' .. pt•t•;a·f· l'l\'!'1' ~ t n•rd,t•!\ 1\ ~h. ~h··r· r-·····. p.u;..:.lh!·· '"n ·•J•jlh· t" .. ~, 
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for•·ca :coting of lhr b•:gitmlt,~ of st;tbk Icc· on llicse wo•t .... •r rl.'.!!:ervoir' str+r.' ldll.'il 
;ht~ ('l"ineip!t•S o( lh(' ((!chtli(JtH.• workt."'d (.JU\ fot• (Ort>C:•sUng :tp~ar:mc~ of ic:c 
on ri\•(!'I'JoO, In thbt c.._s.r., QC cOU1"5-e, the ~p(:cific fc.·~Hurcs 6( coatrnl of th<" 
:mtnmt\ nmnfl'no<f of lhc r(.'gimc- af the r~St'r\'Oir· r.On•"'S under COilf;ider-illlon 
(~tn•amn•)'"' ,.OJ,•I:-atio•r in inflow, c!tc.1 Rhouht he t:tkcn into acc.r,unt. 

·n,l· h•chnill'tu•~ or tong-r"'n~l· forl"ca.stin~t of ic•! phenomc~na is h .. J4cd on 
d w tliH· (1{ h:w~·lin•to obsf!r·\':ttion sc~riCJO, which m.a"~ it possible \O c;eot.abtisn 
•·mrit·h~:•l t·~·l;ttionship~ h•·h+r.'<'1'Ctl the d:th.•s of Lcf~ J'lhcnotY.ena nnd thf! 
clmt"l'ICtcri~Lic~ (>ftlw atmottp)h .. ·ric p•·ncc sl'ICS dl'!"tt: rmlning ttu:m. Mus1 of 
the t:xislin~ ~toJ·;q;tc I'C"Sf~t'\'Qirs h:sv•• bt"~.!R cr~~tetl only rcCl'ntly, Bnd the 
pl':•etlr.uln~~ of h~·<trologir.ol !or<'<:;Jst .. 'i tilr tlu! natiotJ;.l economy rt!quirt"& 
,iHC'r1:tr~Hou (){ (tlJ··~r.;u;.ts fm- ~toro~•:- n',;c~ n·oirt ftam th{' \'I'!IY b~~lnnlog of 
Hw1 r (lxh;tenc, .. nnd, (~on~Pflu<'nlly, thr. fttrC't:;dstiuC h.·chtliqur.- sht111hl b~ 
:._·,\d.:t•d Out b·.~fnJ'<! comp~cliol\ of the pQWl•r pbtlt pi"'jo•CI and thf: fHlint;t ,,f th(.• 
stnr••t!•:· 1'('-SCI""\'Oi a· ..... 1\ IOUI:(·timt:·se•·ir! of dattl's of 1hc bt~gin1\l n~ ur stahl•.o 
ice ft•a· :a ~it•1•n t<;lnr:t$!(' l't:~L"l'\'nil• is th,•r·•·for>t.• obtain,·~ by ea,culOJtion from 
tlwnH·tf'm"C')IoJ;ic ;•l•f:Ha for th('pas t Jc.1rs. 11\e tttlmlq\le o C suc:hcalcuJaUons 
i~ •'•' !>cl'iiwd ir1 l'nn fl (Jr the prf.";;:l•nl ch;,ptcr. 

To wo1·Y. cJut till.~ klnd nf JJll!thorl ':-; sim1>h.•st · fOr' n.·s~rvolc-s h' which. 
to·.,o,.arrt Ho(• lw~innin~ of :-;tahh• ic':c ro1·matton, t~e S<tnl(.' w:~h!l" lt~\·~·l is a\K';t~YJ\ 
nw inttohH.·d. ~uc~!l. fn1· ·~s:tmpl~..•. is 1h<• r'iglm<~ of 1h~ r(~s{'"rvnir of 1l1C" 
:e-:.-.,·osihirs~ p.r)wt'l" pb .m. Th•- w:tlt.'l' h :\·t•l ill Uu.~ ,.,~~1'"1'\'0ir in Ill'-' p ,•d(td 
pn~ccdln~ 1hP fm·m.;Jtiott uf h ,:,able it:~ CO\'(~t· is maintnint~d. if•<h.·p~ndcnlly 
Pl lilf~ anno""·· at lh•• nornml pundage IC\"('1 (NPL) o! llJ.~m. l'r(!Clsr.ly for 

rlti~fll . .'t, •""'l'th1l-'Mhtp t>~·t ..:•'tll ·~lA:" 4.ur D vf HM' ~~inn:nJ: n( W~hlc- in l'n t~~· 
•:..1w• .. •i'ot.oW ·,.:o•o•t ll"f>n'>oll o1:1.J II.( UtiJti•IIR At ll't l~lf' r•r1l.l'l' ,llo"tlrntfjl ill d1r •tttrtn 
' " :.:- 4'-! ~1r ~rl.tn "''"'loe'J~&. .... i:Nn A~u M ~tttc-~~r: 'b-ciNtniiUII AD ~ iJwo 

-.fol("1 •lflho• .... r.tMlfllo! eof 1n'btf> If~. ••haiRI"<i l f/ltll f'ljl•rr .1, u 11 fll~ltoft N rhc d~..C.Ittvlt 
AI, fwm rtL•' rmn1; ~·• dlt m~.Jhlot1n•l ioy moJ•• , 

this l•·n· l, ;, lnn~·Hm~ ~··t·w~ nf d .. t•-"!1' nf \ltl.' b•~t:.iunin.; of Rloth\•• ice i11o Htt• 
n•l,!iton u! 1hr• \'IH:•L!l' ur Ontyn..:~(JI..', 1\'!Wn~ ~ l.tbl, .. ic·~ h,.•t:ins: •!aC'hl'r than 011 
utll•':" '~•~·~·tch··n. w•: r\~ c••kulatt·d. 'JllP n.,.. ,.,..., .. Oll' -.·hhh llwn· is :t.bout 
2r.nnm, thf~ rlo·J.' \.'o·lodty i~ 0.0-l .. U. IOm/st•c, rn 'Uu~ t:tlcul;khOnfiC \UH! w:\~ 
m:ul•' c)r tl;•ta rm lht• ·xoHt•[· l•·rnpl'I':I1Ur•~ Olnf'l clisch.:•r~l'S of the OIJ• lHv('r 
HNJr th•• tl1,'-'U ol lf..•t•nuul 01111t or 1111~h·••~)!Oo&:ic;4) rbla fr<Jnl Obflil'l""\':tti0t'18 Ott 

d u · UH•t o•flt'Pl<li!H::.l st.ltiim~ l~lrn.aul. r:.;,:ut'n' oand Ord,\'l~ .. o;k.l)t', Tl·~ 

l':ileululrtt days n( Sl~~hltJ icc :.art: ('tln.1H'"Clt~rl wilh tJJt" r;h."tf'Otl"l•~J'I~~iCI't n( llto• 

ntmo~ph••rh; prnr.J~!IC~h·A, .,.,·hic:tt d l'h.•rmin•• till! h·o:t'~inl! of the• d ..-..-t·s: o')f 
\V(·~t Sth•·ria, i. •.!,. with lhr• diffl.'"l ·r~nc.-.; • .fl IH't'A'f:t·n lh•: s•t:rl.<;. n ( 1111' pr·•.'S!'tll1't' 
anomali•:k in ,\u~u5ll111d S~pt•·rnlwr, calculnt~:d accotllil1l! lo dooiOl fr·•,m 
mt'lt~nro\OI.(ico~l ~HO)tion~ sittH1ted on ~h~ tf'l"r•hm·y C:O\"l~,·,~d hy lh•• '.\'t,•s1•·r·n 
t•idgt' ()( th•r S.ibcri••n runie,ydnn·~ (I rkut~~. Y··ni.SI'i~~. Sur•t,:ttt) :nld ',\ti~lr 1tw 
dt.."\""iati<u• Al1 fron'l u ... ~--ted ,-; .. lue of the n~ .. ·,·hJionaUl.)' im~.~,; .,, ::O··pk:u1 ..... •1', 

r.:•lcul:.att••t frnrn HIC' dOHOt or ff~ rm•ps. (l"i~tllf' l..' 39). Tiv•t;t• dJ<tr:u:tt·rtstu:s 
ou~! C4Jf'l~hl(!rt·d in Ch.o,Dt~r· I, f':•r' ·C. ·z 3 , 

:\ mnrP. c.:omplicat~d pictun: !.!; ·r• .. prtJs•:nwd by th1.." fc,rm:oti'lll ·~r r-:l:•hh· i4.~'' 
in ~lu- ~lr••am p;u·t o( tht.• Kam;,r •uora~•~ n ·_gr_.n.·olr. :'\~h·h;;Hton 1~ u~•l:iliy 
Hmilcd un~rt.• b_\' Uw h•et!~i"nR t>f the rh:~r strNch in lhP O..·t-e;{.nikm: •li.!'h"lCt 
T hP ln•':o~.n ff~pth on tht~ ;nrc tch is a bcKit 5~u. 1he fio~\ \'"';!•k':ily v:u· i••c fnrnl 
O.l~ 10 o.sn m/~(·e OlC:C'orrling to l hc \·ari3tiOH~ in th~·· '.\' idt<J'" infl()",\' to 1lY 
l'l: scor\·llit•. 

(lJ~ dt~,.• l>t·omiL"n'.''l R:trt.~tch uplltn•oi.tn fi'Oin tiH.· \'i 1 l:•~tl of Cl•t~r·I~V•:~ tto;· fl••-" 
\'t>i.odty dl'op.o; tn O.f•_.-n,ot na{st:c. ih•: 1i ru,. ,,J ~h ... h·· dcwhut ,,f .. .-t .. thl•· ic·· 
i11 tlh~ ;n·(·.;J ,11 the vill:tl!O: t>( Ch••rmrr7. d•·p·~m)s, ;hN··-·f·····,·, (tnly ..-!:t:;h l."' nn 
lh(' no: .. · )'f•l~·u;i1)' ."Hifi, (b(•$id('!; (IN mt~h· fJf(ll•' triC";ol \:h~ldLiir>~lf;) dj·p• • n•l~ :11~11n!,:.· 

l)n l!u~ n:st.'I'\"Oi r d~·Jllh. T~w l.:l.IH.•r m:ty \';u'.\' in ••utuuh·1 · ... ·HLiil wid·• lit:uls, 
Uf~ptmdir,c: on UH; suntm··~- (lp(oralion n( th•~ ri.-~pz-,·ni:-. t: .... u~•\1)' :,. ·~ r-1. nr 
1ntJ.~O~u i~ m;ajnt;ain•.•tl, bt:l in l.b•Ao·-":\·at~r .\'i'ar~ ;-c rt'l~1(..'tt .. n· •~l' 1h •• Sl'l. to 
ll)(i.Of!m. hl ::lhi11X'ttni!l ~ihh·. c~dr\ll:lHOn..'$ fnl' a ~~t·i··:o:: olf IH'n'•'tlht: .Y'':ll"'i 
{193'2) rn•' h01h tlw·sc pomJ;L~(· h~ \·Lt!~ s.~m·.,·l·<J 1h~1t hi indn.'id•;;d c.1~•·11 ·;m·~~ 

•• c-nn1hlu;•1iniJ or co:\dili<~n~ i.s lhJSSihh·. whf'li ~t.~bk I<"· lu'!•l r()~·m-...: or1 1.h•· 
t't.'~t'rYI'i r· Stl·~tch Of 1ht• .-i\'l~r' n1•:11· C') lf·· z·fl\0 7., .OUU~ ()Ol.)" t~Wn (.1:0 , , .... Wilfli•: 

ri\•f..•r ,.:annch nra•· H••ro•7.oiko \· .. 
·rh~ tlt•pf'nd~nc~3 oflh•• c~•h::u!.11ed d•ll•' =-' (t( 10tab!l· ic~- <ttl ~ht- d::n·o~o·tt·n:-t­

U.:s ol th~"' at:nc>~phl'l'l~ p1·o.ct.•SS ~.K \\o..•n• ~·:;;t<JhH~t.(•c1 f£u~ llw r•:S '..'I~·qil' 
!'tn .. ·h:h or lhc rh'l'l" nC.H' C l ll'I"U'('I?, in l'",.\"f) \'il ri~•m~~ c~) l" lh .. • pnncl.oJ~r· kvrb 
10N,50;,t t\d IOci.flOn\ •~h~olutt·~ h.W l t j,. 5-~l'•, U:h n•:.ar B•·a" i":~ukl,\' ,;. !;,, hI'-' {' 
\':u·.iant~: •Jis r""rg•,nHnte •ht.• iufiow during fro···;: in~ fl•' r h'd oonll t.•kinc H tn l<' 
UCCQIIIH. 

Thl~ c:h~r;.Lctt~-n:qi.,;s fiC tlw a;,na.,:;pl~o.Tit 5lrlJ:.:···:-r:~p·s. 'fthidl l.:" il\i·~·· 1:1•.· 
fn"t':t.i!l~ uf dn•:·B n[ tht.· norlln•;l,st.:.•r·n n•);itms of tiH' I:T~. 4o1't' t"UU.~ i dt•l·,~d ltl 
Ch.if'l'''' I, l J;•••t C. ~ 2. Tlws(• ;..:-•• 1h .. · llH' t'idi(lllHlil\' lrrdi\.·,~:-~, d··•,·•·n•i:wd 
{n•m U.;Wo:l :lnd ~~~ iso h,lf'IC ·:O:UJ"(.+C(' COlln:•.,~t· :notp;-;, ... :\ .. .: J:w ba~u.· 
~·dialit">rlMhip :15 w~·ll ~IS J'tH' th•: (()fl.·'-'.'\~ lin~ O( ic o,' ••PJII':t r:on<:•• t.lll l'••dmr·:~ 
lti\'t~ t·. '-'''1 wok lh•~ d""fi'•nd•~ c1l'\' ••f. tl'•~· d.~t\' S (•{ :11•: h~·c~~ln!rti! (of ~t~~hlt• k•· nn 
fht• ~~·.ah·r 1''-'~•~l'\'llit' on th•' itHk:X f. 'fh·~ fonl~ t..lf th (s d~·:wr\d··ncr· io~· 11t(' 
i-ill·,~tch •h·ou· Ht'l't..'ZI~Ik(,\' t$ !ooh()atl 111 Fi,_;llt'~· ~l).i.. VtH' :h\.' s tr••tch n··:u· 
Clwrmu.t. \1 aJ;. iu ~··tt•· t·;• l. sunll:oc·. 

Tit•• tn:hnhJHt.' ~~~'·d Cn r· Hw K:l:na n•.<.••t"Y(,11r ~-~~ ,, ~~·t·~~lfu: h .•.o i\S t·•· c~Ut· !•• 
llw mm·t.· ::~omh•:I"U l(IC":.Uiou (•f •tu• l-:.tnP '-'t•:ni'~~~·qJ ,,·l~h th•· l'•·t·h••r,, t i\·•· r,.: 
thus. 1h .. , rncc !h.ll lh~ illflu··nct• fJf •• di:"Ct'• 'lMnl~~· t1r•1•\'l'•'u tho· fi ··1d~ II! H~~ 
.;auclll~::. C't:lnt,lUni ~~ ;lhlU\Ct•s:tt,t.l Ut(•r·· f'll)!y ..,.ht··~l th•• •:·ta-r,·at I10l:oi= ;1 \"••ry 
l~•t-~t.· u'•· r·i\liun~t CdmflC•r .. ·tU [-!>I .., t J Or. Tht.• rt.i:yt!,• r vf Mlt'"h Y•':1t',;: itt 
LI.P t•x:i:-01 i n\t Sl'f'h'!'l tll ub~t!n-~ti('lns i.o;; \·, ·r;.' .:·.m.til 0~~!' , f ~·lO, )~·t"'. J9~.'i:l 

wtwa··~upnn Ll\1' J.!l'ilpil 41( th~"' f,"Of;"t'("~~Otl.~ ('.~alw~ lw 1>~1Jtl•·•.t Hu.r.o•\ t·J•, ·4'h •' ll 
ttw puinl:< of th··~(' .. V<'~'r::; "X4'1'C' plntl(•l,l \Ill lh•• l '•.'~j>•·t:ti\·t• ~r-.. ph hn tl1•· 
Pt•chol··• Ht\'t• r (1-'IJ:Urt.' l5h, ('h:~plo•r I, J',trl l'. ~ ~'- ~~ ... . ll'i lu•1:~1t 11·,,1 th··~ 
t.h:\'i.:lli..• vta(y .itit;hiJy frl'Ul dt"• tr•·p••ud •·n•·• ~u:t•. ft••'f•·l•.~·· .. .:t:-= !••.•t! ;•: tl;o' 
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rmrnb'-"r f'lr, yr.i\rpt (or pln-u'nR an irldl?pl'nd~nt · ~~tr-a.ph of correcltons tor tht: 
"''H'11A .stor:t.jr. rt.•!'le:rvoir 1s still tru:mfric"iC.nt, the appropri.,.t•~ corre-c:::Hons 
e:1n be {fltrodu.:~e"d by mto:~~ns · of ·the above-fndicated i,r.i.ph for the PeehorD. 
RIY~t'l'. -
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FtGL'U' "()· •-~d .. ••oauhl~ bor1•'<"U •t.~ d.a,tt: 0 c! tbt: bor{;tnrt•ns .,r aubt.,. ;ec 
0111 ,.,~ ..:~"'" MIHt.(C ltt<'rv4u II! B(rUnt"e~v .and tilt: <'II~HI.ulon Is-in 1 in 

SrptCtlltwt: lt-u .. ,cumt aD 10 1t1~ d.-tr d' tbt' ... (l.lnnlt1R o( aublt: K'!', 

oltt<ft~H:.rd fn'lfn J, ,u ~ l~fi()Ct (If tht' rol!lbtotcl w.ut:l Oudl111~ 0 ot liM: 

t':.tll'll ltlnr "U' ~tyt I !WI of $t:: Vhh~l.l ltiW'l ftt:&f R)'I~Nno. 

Lon~· ra:lqo for ccruns hy this mt•thod e1ln be prepared •s e ar'y :~~ thc­
n'lilkll t: of Srph~mO~r. For the locallty ·Bere-zrUkov it is po!f5ib1c ro corn~~( 
th11.• l.,r,·c;~.~t by lAktn,:: into account lhe water di!!icharce which • iH p.a~s 
th..,re c.h.trin~ lee rormation, The influenCe of th-e:- rnaanttudl! of Utili dlseh<ugc 
<'l•n h" ~f"<.'R i n F'lt:ur~ 4<lb, whic-h gi~t<'$ th~ dt!pendenc., o£ the dUfrrcnc<" 
!l~L\4'11.'1'!11 thl3 ae tual t~tea 01 Sl:tb.le fee 1\~ar ~ret.rUkov and lhose ~lCpectcd 
b:-· lrm~·r:~.nge !Qrcc:&fl\inft on til(' ~urn of the 'A'Oltrr di.schaq;e or the Kama 
Hi• . .'('r nc.lr Ocnd,yu,.: <~nd or th~ \"iskera H.iv4!'r near ((yabinino, i. c •• dR the 
inflow to the lnno ... • ,.itC! of th~ Kama storage r<-scrvo~r. Tita- introduction 
of tH!-icha.r-g<--•dt"p'!'ndcnt corrcc:llons by means of Figure 4Gb makes il 
f''J~SII,I~ 10 in1pruv~ tht' ror1!C asUrti <ICCUt"aC:Y Ml')ticcably. Th.c r, m, !1, t•rror 

S d•~cr•:ii~C~ fn1m 7.2 ct .. ya 10 4,5 tJ;~yR, and the raUo + decrea:;cs from 

0.15 to O.·U. ·rh~: tim~ of now from the indicah:d site& to the.- site of 
R•!rf:znikov '" 1 day5, A ShOI't•ranj::e £oreca~t o( thl! dtsch;J.rJie in thClU:" 

.... u,~s r:::an bl! prcparC!d '>'~'ith a fore'.\'nrninC pt~tlod of about 8-10 tlo.ayts. 
Consefjuently ... a_ mor(• reflned' . stableo·ict.~ fo:-cc&-'"f m;..y. havo • £nn•warning 
p(..r,od of-a.bc-ut \5-t 7 days. 

hi bOth e)l.<~mples thr!' (>'stimo.tes· of thf~ ~tmosphertc procr!.S5f'~ wt.•rp 

applied to tho~! lo~e::~slin2 or ie~ appearance on the- rln•ra o! \JI(' !oo.nw rt-l(h'n 
w~l"'.! the storant! r~ser\·oi r I& ert-at~d. 

l11c~ 3r.e-, howc\"i:r, c;.s(·f', 'Nften an i"'Jt;p t:nth: nt h."t.;hnic,ut• for· hu·•·· 
castii1g siOibleo ice or\ a w.o.1er ~sen•oir is n:t:ec&~3r·y. L.<!'t us conl'Wkr !(1:\~C:h 

an t.>xamplc. 

TA8U '!l. ClutK~~iltuct ci IM p:u -nlin, ohtKIIOil of UUU~I of ah mu•u l tl .!l<'p'C" '~~f. 

.... 11th· ~t' l.'k'..J io (or«.l~ 1r..: b:~l'ltiUlr-~t u1~lc tu 011 ~~ Tlt~tli)"lr.t•u \lt't .ll,f t C'I(Ih.'tt 

~ -··~·· ....... ... 1., .... Art@IC f:.t1wccnlllf' 

Yur 
,.!C"n:- ~t•t:.Cttl."fi.af~hdsob.w 

Yc.at •liOf..tl!f)' 
~iiC'CIIOftaftht \1otu:~ 

1~:;;f.; ud riM: p1ulkl~~ IPic ,~ .... I .-nJ th<c' r•r•U~I.iil 1M 
. IO.•n cCI<al.c:t. •' '""'"'It of Kll.icl;. 111 

19JS -G.$ !lOCI 1950 -1.5 llO 
19.'19 -1.0 ~5 1~1 -1.5 50 
1!110 -11.0 2".0 1~2 -IJ.S M 
1941 ~.6 ~ I!W -6,0 2$ 
1912 -2.5 20 ~~ -8.5 2:10 
l!l4J -2.5 !lO I~ 4.5 ~ 
1944 -s.5 210 1!1.16 0.0 JO 
1915 -2.5 50 1951 - 11.5 340 
1916 -65 10 1958 J.5 c.o 
1917 o.o IN> 1959 -.1.0 35 
191~ -.1.5 IS 1!100 -4.5 2$ 
1919 4.0 l!lO 

For llw Tsimly:mskii stnra~c ·r(>st'n"oir .,ruJ for- thr \.t'IIQ:il.·IJon c:111al tht• 
t..~lCi~tlt\t:: nu·lhod of fm•cc~stin~ ict.~ appt' D1'.lr1C'l' on 1h•.!- lO"A''I.·r Volg;\ dtld on ttu 
Uon ll:h·C"r' busin [fil?<!' Chaptr.-1·1. Ptlrt C, ~ 2), •h:~~..·s nQ\ pt·N·Hlt.: suCf•d~•lt 
fot•(:waJ·ning periods, Preparation or:. forc-e:\~\ fronl tlat:l Ort thr J•ru~ .. ~~~p~ 
.-t Utt• bc-gitll'til~ or chc synoptic: .. ! f'ITI!",,.' lntcr SC'il!"On I."- P_,F:;ibt.- rlQ1 ·~3rh1·r 
lh~ln irr th(' l~u;;t· h'H•(Iay pericld or Ot.:tObt:r. ":ht•t'l.'~\f; tit(' ro,·ru•~tion nr sta!)h! 
ic.:> 011. tk~._~ lin1.ltin~ str~tch of the l"f•J.t•rvoir oetOt'S, in ~"'oldy c~l'•'"· .:llrc;HJ)' 
irt lhC' ns·st ttm~d.ly period of :0.:0\'C'fTibl!'r. 1'll\'rrfur{", (ur Uu.• forf'COif:l tn bl .. 
tssu('d in h•l''-' it iS nc-ccs.s•ry to it'l\."i'Sticat~ o.n.J ~1HiruOJ.U• the- th·\·••lopnrf"nt 
or llx> atttWS~H.•rfC pt'OCCSS.("il frc>ll' the- ol1ltUmn :·W~SOn tn \!l:t• tJn."A ~ :'\\••r 
~~a!"on, ,_\ g\"!K'ral soi.utiun o[ lhl s prob\("t'r. h\,·otve-s Ia rtet!' tti (ftt.•uhk~. bu1 
for the givcst r~:g,or. r c!:•th·dy l'iil:Y\Ilh· law~ rO\·ct·niOI( !h•• \..~,.l~ticn i tt th~~ 
du ·t:'ctinn of l ransport ot i\lt" ln3f.S•!:i ha\'t' bo.'c-n rcw•uf. Clll lh~ ba~ ifii o( • ·h!ch 
~C:Ui ii(actory .:-ltablt:·icc rort"c.ul~ co.n tw fll"C'J'Wr,·d. 

,\n cstlm>.\tl' of the pr•'\'-dting flir•·ction or hr:6 n.o;por' t ~ ,:;h·t·n hy rnc·,;m,. 
of the at)O\.'I.!·df'scrib.:od two c:t. .. .t·~•C'tt"l'i:;Ucs: U1t• n~o•r-i1liOn.Jtity iwiC'" /, 
calcutah."'d fi'Otn nw.tn-monthl)" ll~!lJ :::Jh~olutt• i11iul.l.,ric ,.urr.,cr cun:~m· m :,ps, 
••nJ thc .angle a bc-tw"'{"n ,h.~ dlr•·cuon <•f th•• i'-oh:L r!'ll ••ad dw p:~r.l l l•·l "~ th~· 
town of K<•l;•ch (1"abl1.~ 2i~. T.-~kmg intn :.tt·c.·(luu1 tht: P•'t"tlli:tri\1•·~ .~r th~"" l.iJ:h& 
a1Hhl<k' ~!:lJ't)tHt'V•ric fi<"ld for thi ~ l'r·~if):1. t•t tht· .; .J!t'ul:lti(m ('f tft•• i'ld••'l( I 
tlu,_\ \·:1!u~-:-~ r-! th~· .Q4~·li)C't•.'1Hi:Jr '"''l'z't·· ~., ...... :,g,rt. for Ul•.~ , ..... , ttot•l r••1!1<m. o\····r 
\)W giHliPn~ Jtiga, ~tln:ik. iLh')~~\lW. t\ur ... k. ~i•:\• ;HHI \*il'l\0:1., i\llf.! fOI' lhr• 
Cas I. 0\'1~1' -thf! ~lations 0r~'l1bUrg, l\ufby~ht'\', t\h:-. 1··~,,\\'. [l•l•!,_·..;;a, )t(,~~tl\•, 

'' !'11'3kh;;tn ;&nd Soc hi. 



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

IS•1il1 d;a,.n·h•l'l~h!..'~ .vt·n· rh·h·rmln•.·d frw :-:;t•pt•"tnb(•l' ~lt)d ~fJ\'•tnh•~r 
{'r•:H!htl'l:-l'''' t~! a ... \"<II•;••S o( I fo•· both mm1lhs shli".4'JO 1h.•t till';.' ltl''' ltll"'!f;l 
••i!t•H 't111Io,r:u, h•'•\"•'\'I'.J', a sh.11·~ \ ' itt'I•Jl1011 Ill till' lrhlt•x t~ Oh!el'l'l'l'ciiPI yt~:tr~ 

A'h• •- ~~- ..:, ;n• oJ•lwr Ill• r·urT•'H' th1·•·ct1t•n of .tit· trarto;.jMtr'1 11t'olt' thr· t:rnund 
.ru.·..: H·•~ ,.,,, ~·f'ostxn.ltl w Ut.tl Pl'•'\"•tilin~ w htJ!h•·t• J~~~-..~ . It h.-<t oti.lOu l.~o•·•·n 
• ....... 1, ....... •I th.~c U••· '"'~:•~·:.: of I .tmr n( a ~ •. ,. J.r11t.·n···l;-1••d, t'mt 1h•· n;•hlr•· n( 

~1 .... t• •·•tltlrl,,lnt11S <hff•·r~·ntln 1h•• (&~Si' ••f •• lloi.'I'UI•'.-rl•jr (•f :, •-r)rthw•·S.l••r·n 
•h: • • h1•:1 l,f fh•· t:jllhi.ll":. .111d i!l lhC> I:' ..IS•· of~~ SOIIIh':.\.t'SI4'rU <Jr SOU1h•·.-~h·c•l1 ,,,, ...... .,.. 

/) 

25 

- 10 

.. , 

I I• .· 111 ll, I1Jr!· ul •br 11t-~<11:ul'L;: t•f ~:.1);,1l' 10~· ''" til•• ~1 ft'tdl Joot!rwt·tll 

•• .I 1 t: •\""4 ••f 1:1\' l nrllj.'Mt+lr 'lo''J<1;<' :~·~•"'•"! oi' .1 fltlltllt'1l "/ •ho• 

::•· .. ~·!l•':'t·•h·, 111J~·' /. _.,,.., ~llf··r•·"' \'~h•·• lol!!:lt• ololli~l.: q bL't~oC'nl HIC' 
,,, ·• '''"' ,; ltL•: It •bn1 ••f lfll' l~ :t'~~·ntootl!hlj f\''1-"0IL.IIC' ~~ ~•'j-liCIII!I" ~lUI 

I~Lo> "-'"t 11\'r' j"-\IJ.litt 

lh~ .... ···-'~ ... n.·· ~ ... th·· b..ts! S fs~r tiv• l•"('hJH•ld"-" t·,f fot···cn:-:tiuJt llw 
f,. ~.c.·.uu~ uf "it;~·~··· ·~··· U:) ..... ll(.tp••r 'ilt'•'1(-·· t1( l.h,• h'lt\'J'l uu·. frOil) .b ... HtWtt 

••I l ·' .n·h h• d..- \·sl..t!:!!•" f•f c.;;krt••. uhu:h ••·.o:::tru:·ts tM\·I~·•h"•L ·n,,. cah-u l:•t,n•t 
.. 1 lh· •J,clo -. u[ ~~~blo If,.'• f111~IMI•r\ol• t->: ru;ad~· (>H' tfl•• )llo\'t•(' (:.2rn}l:n~• hH! ht•r 
C t ~ h, l)o'~' ;_.a:-•· l• ,.,.1~ ..... tl\1· ITst 1"";'1'Hl'. T&t~· <.htf•·•···n~·· h••h,, .. ,.n lht• 
• ·••• ,,,,,f.o •1•1•!•-; lur tl.··-..•• I·A'I' 1··\'•·1.-.. t~ }'•·lo•th'•·ly ~n1;d l, ''$ 0111 t•:ot~~1Tiph• \• '"' ... J····· f!'l\• 5Jl ,...~ ..... ·ll mw d•'Jll't-J• .:\4.~~ not• lhl• :t-t rn 1\tHtdol~t· lf•\·,•tl. 
Jf.• ~:.1sr·o. n! sl.•b••· H'•· C'f•\"•·r ~err ,-nrulf'(·t~·d Uu••··· ·.~o·ut, IlL,• \'a\lh' ''{ tlH• tnd•':'ll 
I '!t1n:1c ..,, ph •htwr. aU 1h·· {'l•">''"' 1o••=f!Jt (lj,·ill•·a..l UIIU h\'(' ~f'U\1pt: tn 
•• , ~ • ., .• t.tt1··· ·'l'h tt.f· .rbn\(·~•ttd (~rl trn~ n·' :'t,oa:--l•IJl ll• ·tw•'•·u I .1nd o. on,· 
~r''''l' 111~ lw!o .... c ,, ..... !. wl1• ·r1 rh~· .lit' ruro..-llll-•'·'1' th•• ~l"('lllltl p••n··t•·ill•·.~ {r-om 
th• 11••1'1'1 ''I tt•,Hh·\''->l un· a ,.. 1)1}'), tht· ~•'C iqult:l'c'UJ1 U~ChltJ~·~ .1!1 1hC' 
r • Ill ,.,,,~r,, ,.,r .... ·.., t: L--. IIOllul·,•l th;1l ,\'lwn n~)r·th•-nl or not•th~~·~·,;t,·,·n 

P' '1• Lr.dl""...: pr• ..... d. r~·nn -dtO:I nf" ~ ••• ~,,,, ~<··· \'IW"I' tw~h\f rur du• ~amt• 
\oiL I• > 1•( J • •t'11o, th;t!1 11~ l · ,,:--.•·'-> ~\'h•·n ftllwr rlll't'~'llOII'i' ur lt':Uil•ijlnl't 1':1( 01it< 

a ... '•'"' :••, \ ·"~' 

A:> rnPntlonl""rf. 111 01'' rf·~c·r·,·nlr· ~'t'•Hl:l\ '''hH'h (nnllS tlv- dr>~\1\!'~rl ~~fll fMJ'~ 

of th(• !)l'"of'C't·dilll.: ()41\\'f'l' plotHl r1f liH· t'.;l~t· .. tlf", !:lt:ll,.t•• a·• 't~•::.l.y lu·~pr<.; :nud1 

1••11..'1' Ur;u'l lht• d;ly 11"1· :ti\J'Il'llr'f'lri on ll·•· cnr·r•·sprunhttl:! t ' lv,-r ..;.tr·f t• h tr• JtJJ".(· 

nm,1(( t'tlntr·o!_ 'l 'll•·n~{nt••·. ''VfJhC.tt~r.a ~·t Uw pt'U)•·1p;•.., ••f llw ~··rhm•1~l· 

... ·~o~·kt-d tHU fur (lu"•·t.,~ain£:: •<:•• ·•F"I•··:u·~,rte"• ur1 ~~ ''"'' r· , ... tt:.• tJol'• • :;.,.,.l:ru~. f 
!il.tl.ol•· I<"•• flU -..ut"ft rl\.'1 I" r•·~l'I'\'(UrS Uh•:0 tl I( l!t\.'• fJI~Jh'.• I"• :o~ol~ f'l ;o•u 

C.JS• ~ • .;. "J•' rl;tl t•·rlutJ•tu··· rntt!'i-1 h·· •J•'\'•' .'•j)•·d_ 
.. \:. ..1n •·:.mn•pl·· w t• •~·:ul!of l~•·t' clw lt•\'t):ll•iu• n1 (uro.,-,.,.·,~.: t• •• tt·!.! nr-.•1£. 

nf ~'3.hl•· ~,~,. ··•tr tlw \'toU::5~~J.:. 1:U,r:,,:·· r··..:•·f'\~1•" ft,. ~·'·tlutt~~~ , •. -..-n.-tul 
("'J*•~o~t•·t! by tln• b:t\'k:A:·•t•·f' •Jf lh• \"nll<lf\..,~; pn '' t !•'.111t ~j)." ~r· •• :;• ... , 11 • 1-.-•!h.• 
HI'-'•' I" 1;1) tfl thf' •l:uu uf tl.·· ffllflo• I: J)<(tr·· ln• lid' ,tt .! ........ uL···· rl-· 

;·~~·;::~::~ \1t~(~J:l;t:n1 .. 1i'~~~:~!~r~~'~,;:. r:.:::~~~~l~~~·. :.~ ,•·,: ~:i·.:~·,;;.~~~:: ;~·:r~.~: ,.. 
th·· "~;r•r.. !)n\ 1he ·.\:';tl•·r thl"c-la..ai'I!•'S ~~.,.~ .. JUI( thf'•\,:~·· :h• 1-.. •:1'·' .nld \·.,t~pl~ ~: 
pl<l!lb mny ..-,q·y '-"'dnn !;1idy '\tiJ,.. h:-·ntt_... fnml ~~Nl H• :!2'Hin~\~• .~ h. 
iH'(' I'Jl'tlt•:liC'(' ·.nth l!w •I!:<:"ChU t'~\: th-• fln \' -.·•·Lqr..lt!• :-. -"~ .. ,, •, .. ,-;-•, •l j ,,, t 1--• .lHL' 

:! {.'O:I . ..,~d··l't•l>h- mri\u·net .. nu !hr• h•••t•,r:u~~: of U1• ,·t ·• n•• .r l'h· r· ... ,,f.,,. 
Cilll tw S•'P:ll'i;h·li i 1110 tl1l"t'l' th•rt ~ · upp••z• (f'rl:l. • 1•· • ·• ' ' • · • ~1~· =•• lt,• 

tr)wn r.( C Jkh.m~k. rniJrllf' (z·um tlw rwo~.n •1r nk! .. o'l·:.., ~·· t•o• 1 . ·' '\ '•! ( J~ .•. 

·•ad .:,iq·.t't\::OO.I'•'•lm ·• fi'Qr.lllr• U'"o\'11 fJ{ ()~.lo ((. :!1• t'l ·•~kn\'~1-:;; \:· .oL.[ l•r· ~ ''" 

\'•• iot•itw !'l: oa ~h·• UpfWr Stn't("h f~n· \1. 1W'•t:1 !J•·pth r~( "-~ :n •. -• I')" fru:~o Ll.l .: ::./•·• 1 

fllr th·· ,.;:t:a:!.·s• dti<:Ch;li'Q.t' HI n,:t:~m' "'''t' fur •lw • •• r·~·· ~t •!•~r·r .. 1:t:• fjn !Ill 
:Hlfi~:J,· ,-;ll'ttCh, \<dth :< m••:tl1•!•·p'h n( C.-'tm, t!r•· f'r•~ , -,·!••t•:t•··.., r.,·: 
r•·.-;pr·(:ll\.'1'1)' tO O.O:J-11.1:\ :'1'\/ ~t·~·. 'fho• m~ -Ill do !l!h •lf •hi· :rt_o,- r-~ p.o L: L" 

10o-l, .;md th•· fltl ,\ n•:o"i1\•:~ •!•1 nc~l •. ,.., · ~··t..l t'),t}Hnl/l"-•'( ····.-·-11111 :!1• trL···· of 
lllO>XUIHlfll lliSCirO'i.I'J.~I' . .;_ 

Th·· rno~t ia·.-u~·abh· r-~\ucliiHm ..... !at• h••' hot'nhr~\f):l f"i .t ~·.do~· I•~· 1·o·,.. r· 
•·-.ist 111 -:h•• an~a r.rr tht~ ti\".\'Cl ••f r)J.:ha!l~~. wh·· r·••thr· ff••.\' v• ·l•·t'lll• f; ,:.·•'rl .. ...;, 
-~~~ps'o'C1·i tliy (~~~ 0. 07-1).1~1 h\/ ~··L' I ,1~\1\ !h•• f:lf'OUI tlr'ptl; I~ ~~ 11 ll•·t \' o 1·:_. . i l E!' 

(,~;.h-ul,,lllltl~ t~( tht• (l.otl*$ ll{ til•• bo :!WL\IIL(t nr ..;t.lb> tr·o I~· ,1r t I~;' .,n.-=k, ,lfld 

Ill til •• 1'1'&1~1H n( lh<' :Xt~itlll~\~ •• \'1 : ~.11~·· lun th• h1-.\'''l ~qi'L L•f 1hl r·· ·"lo l'\'••LI' I 

fi'Oill 'lli'H'~lt'Oln~tL'.\l tl:\lol C'f J'I••F~ \'l •,,t~ li.t t'to' IH,It1• In~ \T Y~•r,.nit.._ t•• r tt,,. 
cnnJLtLO:ls nf th~· m tmmum 1:-iO•l:~t), •. -t··l~l ... us ••f ll" tr\.,,~;m.;·n ·~,?On;u·'J.._.-.) 
A';..O.~"t' d!sch.ofl~·· U1:·4ou~h ~ht· h~'t.!r'Opl;lllt, 'P,t:~. lt.4' ,\.!i•l'·· ~ .. t:~·· · [ ;~1s:;;.l~.t:• 

IH!lUl'nco• (.1( lht• 'lo';,n~tU,I:'S: J:\ l!t~' n()',\' 'lo' t I<•Ct1,\' Ot\ a·• f,,,·:c\.:'llnt3 on fh• 
n·~··:n.•utt' ..., .•• ~ ,.,,,.,. r.·d. .,, •. llUU••l \'~t··•· t•·nopt·r .• ~un· rhlt,n~ ~-.. ·•rs- :O:JOt•• 
:rhc· t'i>ltltni:>S.it)IJlU~ of lh•• i\.o.~n\.1 pl.u" t\. ... ~ rak• n ::\ H•• t•.r:c!l! •• IJttn !.-.nrl. 

Ob.SI' I"\'OI.h'l111S UJ J t :i' ta•l-wnh•J* ofl't'.O H·~·· -= ·~:n~ .tU• n· .H 1'•-nr.'•· ·n .. - ·~•ill ill 
~<"nlpt'I".OLI•al'.• fur th· J•l"•'t.'••thn~ ~·· .,,.~ "·"' ••ht1U1• d '•~ f ·•''"'~- o~lt•nt !t•r Ih• 

p.trl Q( th•• K.uno1 !-llli"••J.!•· •···S•' I'\' U1r' O•'•tl' th· d.,~rJ. 
'Ot•• tl,ih·::- .,, dn· U··t:.ttHhHI: ,,f ,...!1-lb!<~: ll'l' t•n, ••. ,. A~·r·· c.:lt.·u:oiH d ft.lf' rhe• 

(l'i'rJod h·om 1~f3:! t•':o \!11~l ·nu- :.\'t'l'.~o~·~ ,l.•h• "' lhr• ~~· z:•~;'lHI.l': r•l :-:t,thir H • 
u.• lhc• 0\.1'\'•' uf th•• \0 \'ll O:.O.h.on:4 k 11o1. Cor· ol ch >:,·h.ol.s;·· •Jf ~~r10:P 1/:-.-o-or , .. ~, 
1;:. :-:o,·t·nth~•r, i\mJ (ur ~' dl..,.l'h~u·.;,• u( 221l'JmJJ,.- •. (' '''!'I l~ =''"''" mtu•t·, i(lvJ fm· 
llh' il1't',k of th~· \'tH.t~t· ot t"uth•'\'k;l ~'n lf• ~hol 2':! '\"" •·nrb•·•·. , .• :sfl"~t lntd~: 

Ttm~. ttH' thfft•r••·nt.·t• in lilt• ,,\'t'f••C:•' t:.,t• "' It• I' ll•• 1 .. o.'cll;l,·ol.! ••f .. t.t~~~· 1Cl 

,,lnn~.: rlh' , .•• ;-;,.,.\•uu·. •ltld fnt· djff··r•·n~ w:ltl'l* ,!,~.·b.,•·~:· .. 'h•···~•L.!=' Ut• ~ .... •lf•l 
plant~~ ~t1h1~l. Th•· cJ,,, ~.,. ttw:lllit'•l\•14 ool·• 11.-.1"j '1·~:'1·"' 1.1t• r· th.m t.h·· ,,,.,.,,,~· · 

tl-•tt·~ oi ll'•' ·'PP~'•\r.uu·•· (lH thi ' n\'•11' '1nUr·1· n.tHit'al ~.-omltti·'H" ,!···t~·t··· 
t'ntl!'ti'U~,:lrt:l:t 11! o.,. d.tll~l 

TJw t•,,f!h·~t •'-•t·•J:: P! 1111' f"'~l'\'1111lt o•f ~·.1bh tl'• '"' tl , . t• "''':-\ •:·· 1~ .tt 

th1~ lh.'j:!lllOil\f! tl( \:l'1~ t'Jllth J', •I lUI !lu• :,.tt• .;t t!..t•"' ,tf th• h •-,:l:l:r: !i;.! • .1 1'•, • 111l1• I 

j 



--
Ff~r fru·•·c.\slmr,. i~ i !:C possible hl usr. thro ururm·cn1l.)' o( Uu~ Mmo,.;j'\h•·t'lc 
Jll'i.tet•~;..ti.p~,; Jlr•·,.:aihnf.! t.lurlrH~ Uu~ .S)'W>pU~OJJ prt·wiluc•r R•::!~I"''U, i\"-' ~hU:Ao'U lfl 

Ch:tJlh:r· J .... n lt.h:;. o! lh~ ch~ara~•·~r o r th'"'s"' P•'O.:Cftst.'• C·'•' ~w obtniM:d f7om 
Us•:ir ()cvo•lopm(•nt ~l the bcCu\ning: of lhl! aa.•ason- If\ <k'Oh<" r. 
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flGUiJI ·1~. (),uc D ()f lht' k~lnn~n~ or ".t at'ilt Iff M T)lt \'t11lii.Ut\lll. 

lflll.lS,r te~enOh m tht:' "n".l nf thot h• .. n (1!r1J,U'tllc U .a funnlt.11 of thf 

mrtliJl••n.lltty tnok~t I turin.;: thf.;' Hnl 'ln do~~·1 nt (l(tntlrr lt!t I ~o~•1u 
dl!.(hJrge ~J~OU~h lht' K~\111. pC>ltr pl~nl Ill 1'l00m'/~C'{ 

The mt·J.•idinmtlity indc:< i is usr:-.J iJS th~ ch.J.rUc:trri:IUu: of th1..• 
:'lrttosplH'ric proct•ss<!s. ~im;::l!, normalfy. in C)c\ut:wr ltnd ~o\•.:mt)1: r tht.: 
h ·adlnl{ r.nrrt.'lll ia the.• trupl>Splu.·rr i~ ~h n:ctt•LI hl llu: t\l,ln\:1 fll\•,'r U~t~ln ffi),n 

th•· JKWIIHVt•s l, th..:" r ••gions ror atw d'-'lt•rmin:ttinu .,r lht• i111hnc Wt>rl' C':hl•!(Cn 
in th•• dll''!c:liOI\ Of this CUrt*<.' Itt: toward lh<"" tlOtUIWt.'tU unci •hf• ~Oltllt•'olfil O( 
tlw \'ntkir."'k stor;t~·~ r't~s.~n.·oir. ·nu• O r :\t (ciUrtii·."'•'St<· l'nl r •'41<11l is bouf\(.h.'il 
hv ,1()" OtUd s~· £ . !Ot\f! . .t\n!l 76• <lnU Go- N. lot .• tlu.· ,w~Oitll (1\4\llht'fl.cl••rtl 
r~~iOtl) hy 55" and BOt t:. ~t:lnfl. anc.J G2' .Jnd 41P ~. f;•t. ..·or ··~·ch •·•·glon lhc­
m,·:~n gcupotcntial is. a"'er:agcd &.'f.' I" the "t:lUc:tn~ l<"C.-tt•d v:Htun lts hoondari•·s. 
'fh,. t:'·n~Oh:'nti.:al 4S Ol\·l·ra~;<"tt O\·er the f rrst 211 d .Jy5 of Oe:lnh<"r (to p r •l,ddr-
i\ su1 iu::erntly lo nn (Qri!Y."arnin~ pPriod). ~n ••. h1d.-x I ,,. obt:Juu·U oiA tht' 
f!it f.-I'•"OCC hel*.Vt!~n lhc meot.n \'.-lU("S Of 'ht! ~~p.tl<"fltial \ n U\~o• fi r • ' &nd tht.~ 

~,.conll rt.•gioos. 
' rh•• r ••t.:"totionsbip ~t'l:e<-n the d.ttrs of lh ('bC'gimlin"Of St;lhlc iCC" (ll\ thC' 

\ 'l)lkinsk rc•sen•ou• in th<' an•a o f OJdt:tnsk :u a.ol lht• ind e x I i& .:h·C"n tt'l 

l:t.:urt• 42 ll\l' relatloQship isfairJy ac:cu,.oatC', Wt (or !llOm~" yt.•;,rs ('!)-t!l. 
I ~J!\I'il c-on!!iidt"r;:lhlc t•r"rors •JiH!r'e notic::t•tl, wh trh nn.· tbt• h') th,. hh:::h I"Ah• of 

:.tm#'J~plwric c:C'tOiing. It should tx~ not•'d th.ll a simil:tr tlt•fwndL'oec w:\~ 3lso 
f•UJI'd (o,• fhr, OW rcA Of lh"" \'i tl<:lt:t• (1( !'Q:.h n\·)t:.. 'Jl'c ~l'C:Ur.-cy or th•• 
r•·l;•thtniihlp i5 s"m•~wh:tt Ju~ht.•r for l.:\rr,:f't' w.t!••r 'H~dtar'tt'tl llu-nu~h Uu• 
d .• m Thi<f 1~ th w to thf: fOtct th:tt, hl Unli\ c:a!h•, :a l:•r~··r 1o\a) lw .tt lr.lflH(,•r 
ioc n,·r-··~.-. •• ry f <')t' \ht: forrn:.ttoo o£ :tea l(;t:' eov•: r and, con~H''I'.U'nlly, thl' 
ulrt\l''r\r<' nf th~ t•.;atc of il"u.flviduat coolin~t dccn•ttsc.•a. 

Cltitplu II' 

FO/CliCASTINC TIIF. TIIICKNESS 01" ICf: COI"F.J! 

~ I. lJ•-.tcr-minuu: r~ctors 

Ttw th:.ckr-.·ss ~r th" lr•· C'O\'t; r on n\·cri'. l•~ .. s and ~t()f'aat•• r~'!'('n·qi r~ 
•s dt•tt ... rmm• ·t.l hy rn~uy tn4'\•:oruln.;;:c.~l ~l··rn•:rus. ~\ l•l<:"h ;l((.-~ct dw lwill 
t.·xc:.:h:•.n~f> hr.:t.\''"':n Uh· sul'f:.c:f: ol th~: IC'\' ur or the sno·J.· on th'! i c~ and Uw 
(."Xh.•r,1al ~P·•Cl·. Th~: rnOIU lnlpDrt:lnt (aclorll' ar"•'· air t~mpt•z"<.Ltllr•~. wt~uf 

\'j•loci:v and duud•n•:B~. 

.. ~---- _... ...... , 

Tt.,~· thu;krw'tS t~f th•!' w•· C'O\''•r ant.l its \':• n.tttnn O\'•'r 1!1•• !o'nrf.act> r,( ;1 

gnTn •.o.:Oikt' b()dy al~u llt'JU.tntl an: ~'ll th,.. (Hc-t llntt th'~ lc•· cnv•~r doros ~\ot 
f•n·m .c:unull:tnt'nl\~1y (.)Tl Uw 'Ahoh· Rurf~u!t•; (b) tin:' cotu!i110tl5 1)f It" 
fftr"m<Hitm (ic.- ruhn~ nrul hCt:tllnull\tl<ml: (") tinl•' a,1d '•W:n.:;ily o! ~~~o~dall 
on tht.· fr..:.• l'h•••' \ :.ifld lhC tl'hll~f0t'r1HH1Url Of Ill<' S nl")·.•: C(l\'•.~r* inW ic~; (d) 
fot'rtHttiOn r,( Silr.I'.O.' 1c:(•~ (~) [nt• .·ri~Hy ot h•:••t ln0tJ.•: fp)Jll tht• 'A"3h~t' tJcpHs 10 

th" i~1:vor ~wrfo-.<~·c or,."~ lc.~·~ ('(1\'f'r: (rj tiW fonn:,U~Hl c.r i'"'t.." st.c·"(·1s. Tht" 
I"'-Cl~r~ H~ttd \'Ury ntrQIH~ly 0\''•'~" Ill\' ~HJrf..-~:•• u f ri\·t· r~. lak~·s o:· storag·· 
r1.·s~~1-voirs ;q,,J "'''-'r lht.' CI\'L•n lt:t'J'tlOt')'. '11wrt• rorl', ~:'1 (•uc.h (in•n mom('nt 
th<> Ut1 d·:.nr.·s~ nf tee CO\''-''' holll t•n r~\'"'J"Jii ~r•<.l rt"S•·n·olrS, ~\nd ..-.·1than ll!'H" 

p;~f( o£ a ri\'i,"l" l"lz' OrW l',•!llt'I"Vfllr, Uiol)' CNI:-J it.l•~rothly \'i~ I'Y 
a) ~OrH01 mul\ :111"'1.Y tlf I("'' ... crH't•t· ftq·malaon. 'DH'' u:•• a·n ... ·•·r· 

!nnns ..,_~rJi,•;-~ c in,,, .. .shotllo .- .• r ..... ~ ot l'h·rn•. lo·k~:$ .•n•l n·>•'J"Y·(Ju ·s !)•·ar lilt' 
.<;hhn• ;~nd ill tl..-ir Nt;tc:n:wc. ~·nel•·!". 'l't1•' tl-'&:1'1·•• nf •h•' rl•.·):ty 1~1 th•• (nr!Jl~lh•HI 
' l11h·· IC'•' ru,••·r tn n&lwr 1•Ul•·~ ''' r".-''r"C l:hJ r't•S""f""(u~·o; ;,s l;oon:pa••·•l ...-11!• 
sh.ttlOw~wal•·r ,.hvr•• ~UUt'H ti,•~'Utffl m :Hraly On flO'A' \:'dOC' It}' depth~ lo! 
r (."S:<'rvoar::.t 01m.l C'\n dw :llt'I4.'Ut'Oloqic:•l C'OI'u.hltof\5 (s.-.,• Lh.:1pt•· rs U :md Ill}. 

In a:···nrr.•1. Ut•~ } .. rR•'r Hw \':'l fl.:&dooc. in dt~ m.-t.·oro\o,c.sl ro:ulitinns 
tt urut,:: lfw {orm.u fnn oC th~ tC'C C'O\·••r, th<" !"IIC,•r th•· p!riod of ic-e mm:~.·mrot 
on riven: Chc dt••'Jl~r .md "'u.h.•r Uw 1 .. ke o1nd rt·.s~r.:nir. th~ n;or-.. dut.•_, n,.... 
ic....- thicknt•$f. '-""'r'· Ch"••r thhr '(Urla('"' 

Durin,:: fnrm:&t;Gn "' :m tc:•· u,,.,. r. '" Adlftthm to l~rt:t.• ~lym~~. 5m..U 
slrt"Cc:h .. ·s of jc,·~fr••(• ·r.Ht•r wilt• •hm~tt!;•ntt..' \."#!'ytn~ £ron• 1rn~ n( ~r-nh~ 
enders 'o hun•trr•ds of n·w"·r~ u~u •• :•y rc·rn..~in. 11..-~>.f" ~m:.tH ~rf' ... ~ •)( p\1-rt• 

... ·a.t•·r n•n,~inh'lt .nnnn( tlh'' act· uJ'u..at\)' lr•·•·t,. l'Jt·\'•·r~l h•1ur:-o: ;.ht-r u ••• 
JUrh"U un ('1-( th•• ,c-,• hh"<'kA. 11thl ,,(f. C'tl' th"" chf"t ribuW':• oC th(· ~c··-,·fn-••r 
Uuclf:n,~~~ (ora SUM11 :arf•"s ~t lh••tw!:hllhn~ ~.>f 'hr !Cl;,.Lt•· 1('1' p••rH•t!\ ;,wl L"' , ,f 
pr.u:lt('oll ltr.pnr·l,tfl('l• 

bl 1 C" t' ;1 t" c ll m u \ ~ ll an l!.!•' .tr•l\.t.th 1~ "11)"'''"~' u' pl;uTS 'A'l•~ r·•· tlu.-r·•· 
wot.s pun• WO!t•· r iantl let• · h't"l' r,·~u.Jnl41 hfHI fti mfl:;t inh·r.san· m p~;t•·1~~ 
"•.dF•rt.· aceumul.\tinn~ a( ltC' nt.ttOt'lll~ C~:'rtH(·\1 \111•1••t· ttw $("(' ~h•···~ :.nd Utr·~· 
l·~s:,~ tuially fJ·o•c•·.:'' H,.l:'''hf'f' 

I' I 



.,...-······· 

T\i(• i.UL'J'(•OiS(• Ill th(" r;Jlt" O( ~.;ro·."•th ~1! lht.• 1c:L' C()'V''I' fle"r:h..!~H13 On ltTi~ ••mtllllit 
of ~t:l' t.'urH.uno•d pl'r ur~H l.'(_lhlm•• of lht• lt::t· .,.,.,,h·r mlshll'f" 

ll :;ho,uld lx• 1\f)t(·d i.\hiO th;~t frwr.il :Uld n111l'l' IYIWR (A h:c•. PIHUU~f'd ~~~'lll'a\l, 
t)w u t ~h····t. pruh'c\ al~ innt·r- ~llt'fac:·•• (nun h<"oH inl1ow Cr·o..1m ,, .... wtttr•r·. 
Fur lht:-o t·•·aSt•n Uw .-.at~< (t( t:{I'O·X"th nf lh•• tc:''' r ov!' r· \n ~~1<·!• JH:l<"('S lm: n·a~~-·s 

... \ .• n !u••H· :\t 1hc.• ~.•nw lnnf', tt ~.onl1llw hu,·n·· tU mwd tho-t ll\ 1•l.:\r"1':<: 
Ctf •tt"t'\IIUIII.thPI\ of IC*' lht• ic: .. Chlrk'l', .1~ ;a ··nlo•, h ;.tM <Ul UHt '\'Pj) UtUt•r ~Hu·(:U:t.•, 
llu~ Ulh'\.'+•rpll"S!i CW~Ln1nth•s t11 1\nuw acc:umuhtUon. ,.:hich ff~l..)y:-11 Chc 
r:ru~,:th t•r tt..· u· .. • tU'\."~·r. 

<'~ 'infl·A.' ru'r'c' r on trt.·. ·nw hra• condncth.-ily o( to:I\OW' i.-' ou lh,. 
:n·,•c·:,ct• mw ••·nth ·~f tho. I of it"•". "11l"'l'#'f•wc-. snt•·., ~nan ic~ c•.W('I' a((c('l..~ 
ll!'l' lll•-u·...-rh ~·~tnsul••.r.tbly. 'flw ht.•at <:-mnklC'h\'tty of SJ\0\\* is r.hnt.-ty l't'lah~d .,. 
U:'- •it•usit.y ,\twl'~ w•·U-kflOnon ff••·mul:l ~lvf"~ lht.• foUcr-.vln' v;1hw~ 

(I. IV) 

,h, r··· '-.;~ I!; tht• IH.~.1l t'ClrUhWII\'It)' ~lf th(• ~1\'-lW '~0\*1'r, 1'~:~ ttl: ll1< t{,•llltll:-· 

['rnl!1 nh~i·l'\',llifltiS 1111 .r.;.nmo• ri\·•·r~ OUlll rt':-ti'I'\'Olt•~ tlh• folhH0.'llll: roz•cnn~<s 

l...,= 0.0090p?.+ 0.00007. 12.JV) 

• 
( lliP'I' foll'llHll.o~ ftH' d··to•!'l1llntn~ IIH' h· ··' 1'•\n~hu'n\'Jty or th~· ttt\0'.\' CO\'l'r 

•• ~ ,, fum'h••n uf us <.h'rL:..;.&lj' h;wo· ;d~o b f·••n p1'1tpu..-~·U. 
p.,. l••· lf!,l1f ''! lh•~ snnw <"'0\'('1' on IIH• 1C'1.• nn a f!l'o'I.'U 1'\\'f'l' Nlfl'l<.'l1 ts 

d• t• l'lllPI+'IIl>\ !lt(• •UH(•\Iatl af ~IHh\', lll'i -t.*rlmp;h:tl\111, W1rUJ !'lll.l'/9' drift. UH.•llin~ 
dtll'\1\i! p••nnds of CIPWln;,:. 'lw lt'<-lll::t!o:.H·alMhn•l ltltO R:\fi\Ar.' it•j• ~ltHi lito l'tltt• of 

1'\';,pvr.lttO:t. 
f'h·· d~·monty nf tiH' Sll.fli.\' 1'0\'l'f lltl 1("1' clqwmh; on Un.' t1i\t\U't• o( d~t• 

$:U'<'('\J'\lall~lU tsnH~\' I ;uul on th<• ll';lnSfOI'Ifl·lllOn or uu• ~11l)W ch~t" t(') ,,_.,nd. 
th:1~l.''' and ntlw:· f;,,•to.·s . 

. \ dl1.tt'·lf'tr··n~tw f••aHtn• or th•• f\1~~~·.\' ('0\"•'1* 11U H"l' lA •ht.• ~h.;rj) \':'J')at~Or) 
ul If., tl••plh \lr~ll d•·n~1t~· ov~·t· ~Ill' ~···~11'1' .lr'-'•1 of rl\'•·l'S, lnk••fl 1l lld 

1*•··1\••11'" 
all l- ' ' l't\l·''•••H nf o;r~'t''' t~·t· Snn~"V U"4' fflfn\"' wh.·•~ \\•III' J' ~.tiUrt~h'rl 

.111h •Jc•.\. h'+'k'"··~ tn\ UH ~urf.:trl' , , ( tln" 1..:'•' ;-.l u"'l.'l 

·nu ,,. tK ... .-.kh ,. u1 :->::tu 'A· fn•m n,.··lt•nf! f1unUJ: .1 tha._., ~--··rltl\l. •·•~iu~ :•nd 
l1 •li'l:\" frunl IIW IS .... IU~ nr ·x:lft>'J" h'f lh't' I{"(' Und•"t' tiW prt'~."iUI"t' o( ~t\ I'Sf"\'fol'\h'l' 

,4tJ:•'U;~, nt ~01•·..- nn lh•• In"' .u\1,.1 Uw ('o:~.pillary nf;i" wh•·n 1hc ~nn~ t'Omrs tn 
, , • ., ..... t ·•1\h rh•· ;tt_h .. r 

Wt:o u th·· •• :n••Un1 frr w-.tu•r nco•,\.*IOf! '"to m .. •lhn~ rtt\O ,. 110 tl\ ""(''*,.$ of Uh." 
~~..tt··•·~h·n1+11nJ.! r .. .,.."it.y .-.{ Uw snt1w , pan of lt prrt"ola t•'S clnwl1'4'3.n:l and 
... , nntuL,r. ~ n.rt lh•~ u:r• C••..-•·1·, ('r•·;:ltllll: ~~ };.\y4'J' ttf ~luh !lnD· ... .-. ftl .,, 
._uh ... ··~tU"'nt r t:M'•ic~t~, lh•· :doh ~l\4'tW' r1·•·•'tH"S ;mfi a l:ty(: r nC ~ ~~ClW l C''-" :'pfH!OH"S. 

lh·· th;c·k'·"'~ .,..,1uw ., . .,. nn wal•·r tn•...Jtr.oo; f••t·n•~ a~ a r,•!(uh (l( th~o• issut• nr 
,.,,,IJ I' •m flw u··· tn tlw t·;u;,~ oC 1''\:('t:ss ~now prt.·~s·•rc !Jp, 11u.• Ck('t•:+t.i .'\tH'I~· 

PP .:..;,~lt··· \~ 
(3. tV) 

\h• ,. h. ,_,. 1tw d1·1•ll• of LIH· :<;:Hn~ nn H*l', )'m• 'f..,, aml l\1 ill'~'. ~·t'llil)~o't!hvt•ly, 

lin .,IH' 1"1ft~ .11'1'1~1,1 f}f :;~1r1;~·, ·.lr~4lt'f" It nO 1Ct·, h,\ 1:00 tht~ 1h~f'k~t1*~)4 f'l( th\.' iCI' 

• ,.,., r. 

'rhn n~:l!<l:Tit:m dt.•plh nC ~1~(1'11' ((')r \ 'a:"\(JL:d \'aiu+'S of its d•.·n~~t.'> p ..,, .~:r;1J 
thl• tee! \had;ncsft: !nr which W+lll.'r \YI\1 nnt is:.o~n" ''IIllO 1h,.. 1ce (m Ih11.• prt~~nl~f· 
of ope>mng~ in 1h~ lt~) ar~ Jtil.•rn U\ T.ahi.o~.• :!A. 

l.AIJU ~.t~ ,.,.,."'lf'lutri)IJW~t'jll tu;a ... ~ .......... "'""ll'•1r-1~.r ··• mo:.uo • 

tt"! .. ~t-•o:n l>41~tt ,, '·- ;,.~r..:t 

I« • ., . ...... , ....... I ····'"' I ... ~ ... I ....... .. . .. 
10 ' • 3 2 
:10 ag 9 6 • 
00 77 14 9 7 
40 y, 18 12 9 
~ ~ Zl IS 11 
(/) !A 27 .. 14 

;o ~· 
J2 ~· 

16 
so n J'j ~l 18 

!)() 81 lO 27 :!Q 

Ito 00 4S JO ?2 

Ll!-io:all\', an 11••• midtilt• or . ..,.U1,,.,. cw 1-~tn. 1!w )·• ~;1! 1 .. r t•.• · H)""" 
;lc-c;unuai:\;~·tl on Uw IC'\' Q{ r•t•~ t·r\·C!ll'" ~~····nmt ~ '•·•t'l.!' ,. l.l~ot!l th•· h~:•oy.tm·y ••r 
tiH' It I• 1'0\'+'J'. I"I'11U\ lhl!i\C 1n01TWn1 *\,it t' l" \11 g'lll"' IO <.:o I p "\.>I fr·<>m ('l'olr}..;.:; 

l'UlHHHl:: Chi"Qugl1 ttu• IC't~ ~la\d f('C '-;nt ll~t~•·s-> 1:1 t!w t(·•. :--•• :,,~ .dl lll! lh · ln·.~ .. ,· 
snD:.\· ta\'•·r~. l r\ llu• ~•hs~·•'C:'' f?f ~~·ac~o;:. h••h·~ <) t· p· ·t~·~,:a:o. ~~~~:·a· ·.,I ll ,..;t-1;; 

(tlr a lO~lf:! tinH! \lnth•r p•·~··~sur•• ami •,~nt i ll11t 1 .... ~\:~" to tb• .". Lit' f.tf.'• nf tl;•· 1c ,. 

cov·~t· . 

Aho\•r· t!l~" sloh atnCI·,\' ;t wr•t ~nnw i·•Yt'r' tS nh:-Ot·n· ·d . ,o;:lll t·l • form!; d:lf· It• 
c;1pallary n . ..,~ of hl•~ ,,·a(I'J', lUi th'·plh d··pr:11b ~.l'\ 1!1· ~~~,,,._, ~:~· a·~\J I'l' •• r~d 
\'>3.1'\•'Jli h·om 2c.'1H (~1~· {(n\\ ~nC~>'t \0 ~ ... li('!ll f•~l I~H•'•J,:::.l1 1ll d. :i~>\-;.t '!olt\I'J.: , 

Wh1h· ,,.,.,.;•lilt.!. tlus fi.HUW 1:1:'"'' r o.~l~•l i•., t':H~ ~w, .. ., •c. •·. !t~ll :~ s. . .- ,j, .~,..;. 

~· .,.1,'.',.~:··~,"~~~~: ;:~.,::,~:·:~f;,:"';~:·.~::~.~:.:., ~~;H;,!·:l:~:~·.\_1·~~~ ~-: ·~~~: ~:~· ·• ;~:; ,;.: .. :'~·:t_'• r-

lay,·r~ o( ~~loh'\' WJth ~;\\t'r n•tl\..•Ul Ul l~ .~ :1.·t ('\~\•'r 
T~h" (tlt'nt.utun 1)( MU''-'* H'~ t'O\li~··:; •• ·~••n•.!tnfnnt ~m:r• ... ~. ll\ U~t· te-e 1 n~··,. 

lhtCkl1t:S...._ od"MI ~•I t\n' ,;.:,,.,,.tun.· ~' !'lht\fV 1h'('r•·.t:;..•• on Ut•· tf•·(nh "'r ... , ... , ..... •)11 u· 
,., n.·a t • uru' 1•' t ht• 'IH"' r s~• rl ou"• •'f It!·· u-,· (' •"'-"' • 

'th\• bt•.it 1UflUl £rnu, l~H' tfo'plh (•C ~\·.tU"I' ~H tho· !ml• ~ "'UI"~ol<'• ,f t~t•' 1*'9 t·o, ·o·a· 
on rn.·,•t·<; u1 ~\'U\h'l' 1~ d th.' '" dt ~.rttp •• l:•tn nf th•• Kuu·l:. .. {'!lf'r~· •! llw o~. ;n•·r. 
In tbt" :t:"l"l''•-.1 t·f 11•'••1 ft., ·U~ 'lu- l,.ol ':.IOn\ t,f If,• .o ••• h•r tWit.!:. ano:f h••:~ .i::l'f'IU~ft­
'1\,tt•·t". oultt ln 1..-.;\tU:J: uf U.•• ''-';'It• c· ~o:KI•• r t~u u·1· hy ~-·•-•1 r;•uh.•ll••: t 
lJt

11
·tnu l'l•· r \od!O of tl~ot .,· tn.: .• nd tn t.pri·~r. th• ~nl!••":t.· ... : !o~l''"··r•··· H ............. ,. -·i-~·"' 

('(ll\\nhut('S h, lu·.al IHflll L 
rrh, .. uurknc·::-~ .~r ltl(• .,. •• Ct,\'t!:' IUJ t<tt•c ••l!~' tTl·• :\.''If'S •• nd i.li-:• ~ 0\b•• 

dt.'l•~·ntL..:: on tlw .;,;a.n:. lu·.•t •~:~-urr•"' t. \l'''~H f· · ~· th• 1;r .... 1' 

~· rr:~1~: ~;·.:·:',.~~,~;:~~::·~,~,::;~·:,:~~~~1~~·:~:-~;.' ;(~ ~~'··,=~~::.~·:~;~~{:·~.: ~:·.~~; ··::,'·~~~:~·~:· ,,. ~ .. 
l•)w~l.-md n'·•·r·:-o h.i\ 1~\l:l r.~r;1h> 

'11t•' tu•.1t ;~rt*l\' lllJ,li~'VI111l.t• h·,tl•·~·u , ,f ~!.· ·,\.~1• I' b·ooh r• d•(•' ••' •• • r: r· "'~'· 
0 11 n'·~·f'~ \·m 111"~ ~1\'t'r••ll:•' h~· St"'c:u~ •h:::1.~ 1

1
•·· ·,\:'i~ ' > ')·1 ~· · ··· :·.···• 

:-:; ~r.•ti~h-' ~ ~,·~ lh ,c;m.ali f'u ,, ...... I• 'l ll~· ~~H' h· .I: r. .• ,\ ( t'•. rn n,. ~ -.. I j • r .• ··~ H·· 
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ic~ l.nicknrss b7 5-I em d\trinf thl" winks: .. In C'fllllitrlc-t~ s~elio.•• flf 
r-•·sc.·rvmrs. •'hoer-! th~ nnW vt-ln.tt.ty rins, ··chc h.e.a..1 now to 1h~ ;er.rrom 
dt!ept'l" l:~ycr.t1 Jth:lrply ;nc:rt":t!lto!l, ln lllil!l C!:lsto h~.:~t on ieC! lntoltfn• come~ 
nut o nly by the- h\~at now from ai1e nt.•arcst ,.;.etio,l"or th~ · buuotn. but also 
ft·om the heat ~cc:umu\;UI!d ht lhc wall:' I' in tiJC upper wide J.OftC! f'l l s m"Jler 
Uo·.v vt.•,oe:ity . ·rh~rdort:. rcJaUvcly thin ice iilnd polyniaa .are obJJ~ rve:d ln 
con"trlelct.l a rc.aA of rc•~rvotra:. · .~ · 

The rliiSC of groundw•ter to rtt)Jf!r-.oirs. is usualJy cottc:~ntratc'd ln'. 
i.udividuOLl S\ r t-tc1U!5, lrt a nu~bl:r o( CaseS th~:hc3l Or tJI.e· ir-Vw.d~·atc-,. il 
the enu:"~;c or tl•e thin lc:~ and polynias on a·omc t-h·Ct' •tl"etchC!a. On lakt:'S 
ancl litor:tlj:t~ r t"scrvnil·s: itiJ roll\ l.:s noticl'a~J~~nlY. iil tht.• 11hore aonr. 

The prnctr:ulon or solar radi:u.ton througtl'~lic· ice t.:O\'Ct tnto wat~r l;\yc.•r s 
bclov.· ll1e Icc ~fleets th~ l<t CO\'ct n lUi irUlcr surloce ""IY In lh~ obsonce 
or !fnow on U'e Jc., ;~.n.cf of •now h:~. and .. \hiS m~in.\y at the .,nd ot t M 'NlnCer 
owl"' 10 the lf't~nslve a.c>lar racli.8tiol'l Jn this_ period. 

1 2. (..':tlculation~ and forc.·c.;~.a.s usSn,:; atr tcmP.ci':tturc: 
ro.·r·ca~ts 

t~orcea~tS' of the lcc•cOvt.·r thh:kn1!85 -l~ ihc case of thin icc. l'l''llltnly fo r 
th ~ hL"J;lnninlf or the -!Jlllbh.· lc~ pc riui..l, are base.'~ on Ult- u tt.• of the- 'air 
t~mf)eraturc rorCco~sl"· In .._ccordance witi1 du:o· po_s_sibilitic,; ,ofnbtalnina a . 
r l"llGb1<: for~-cast ·or the oai r tempe rature~ thr ·ror-ew3rnihl{·. period or su<:lh 
rCJrt·cn"tS (S t.•qual to &fi\'Cr~l .Juys (\.1p to f) or ti}. 

Jo thu abs~nce Ol !llnOw lee and COI\t.htiOI\8 for its formnUor'l rruhll' :!8) 
dur1AC th~ C0\1Culttti.On P"'tJod (1. e. , durin,.. the fore"'.:J.rHIJ'Ig: ~riot.f of ttu_. 
ron-cast). atfl: w~ll aa of ic~ accumulatluru~ un~t th~ lcr C:O\."Il' r, lAI'l(l H it is 
po:urlble to ncerlect the hf'at 'f\PUl (rom low<:r Wttter- i•yera, lht' thtcknl"ll of 
the.- tel' CO\'"Ur c:m be' culcuiD-I~tl from 

(•. IV) 

where ,.,u is tho tnith•' icc- thlckn~.•s.s: A-14 is the thlckrw:s.e o f th~ ~no>N on 
ict·; lee,""~ :».rt.'~ rcspectlv~ly, the heat corwfUctivHy t'lf ict• :a.nd or anow; 
l-tr. l s th" i.cc --form:uion ht1at~ Pic is the ice denf'il)'; e. f.a tho lcmpcrature­
of the snow surface (01" of UU.' l ee surface in- the a~~nce Ol sno-.•)1 %e._ ia 
thf.· toum o( ahe mcan·diurna' tcmpercttUJ"t'S of the eooiA-· surl~c~ from the day 
for .,..·hlct\ the- value of A,u le 13k<!'n to thr. day for whic h A,c Is C3.lcul ated, 

'Ille ht•Okt conducUvily of snow Is d~terrnirlt'd from Us flen:-.tty (J I). The 
sut·f~cc temperature 0,. is delermincd from th~ a~r tempor3ture by m~a na 
of 1-... icu r r.-.s "J and .. 4. 

lu tM oaao olthln leo •nd small ..now depth~ o•t the Icc, conoldoroblc heal 
input fronJ the -.•:al~r to 1he- surf .. ce or lhc- fee- or or rh~ Sl\0\&.' on icc can 
r)lli~t Chus m:atunc th1•m w;umer than the air. As the icf' bt---comco• thlcktr 
:r.nd tht~ ~"n·..- .-t••pth inc rt':u"cs, the tl!mperatu~ ol !he fit.O•M (icc) :.urf:Jt't!' 
oapproachoA :tfr lt•mp...,r;.~tt~r~ al)d ln parlicuhu· periods (at ni«ht ln c:A)m 
t:h•;lr wt•:utwr) may bt: lttwer than lhl' al r tcmper:..lurt!, 

·ro fl~S9 h·Om lhc nir tl·mpt.:raturc'! 0\'l'r' the rl'~f,·rvoJi· tO tlw ttmp~r'ature 
of the !'f\O'AI {tee:) llurf .. cc IR the c:a~;e of sman equlvalt!nt th[cknelia 

1.14 
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lh, -~ IHt .1.'. 11:-• l 'i m;Llt• ••1 :ht> lf.'p•·t!dt·! ~~~~· 1-.::LV'tt Ul l'l~UI"I' ,,3, antJ l~l tbt~ 
ni -• L· ~·!.!·· h. <L th..1t I.!L\'•·n in F1frni'L' ·l·i l S u~wd. 

· • .;.1 • (I ,
1 

•"I ll;, \: .. " hfti" • 1•• tt1• ~:t to'' ;···r ''·" " 0 il 
• .t~ · •I . -1 '0:: ' ' -I . Lir< , .J I'· 1 -;l11'•'~'' :o1 ,. • IJ>o• Or·• H h, ., ! o t ~,o .!l• lt 111 

It tl, .• 

•. • :1. h. 
;c-- · f~l'' '·'t~l •Hil"lrlt: ; , 1!1\'·--n t~:tF' ~rHr·r-..·411 I !'< -"" :l·.,\!1 •···:nl•-•r•·<t 
~~··· ,-ch ,.\h, an•k•· 1!1• ,thu,·~·- • ~,.,j,",ll•·d l"lHt•l•non.'-l ,rt~·l Jll 

j,h • = f1.2I~ .. , ,., ,, ' 

~ · ' • · h • •· U-10 ;.;~1• -~:; .... ·h~\·11 tS '''lHl\ .d!·nt tll t •·nn~ n f h···ol 

([• 11'1 

1 "r.-:u 11. 1'·. '• ' ''' a..:s\-.-!1 t \'1"• n,~,·kn· · .'-l.:-1 It,, .tnd t~' IH• ._.n,1.,. d Pplh 11,11 ~.~ud 
·J· lr -- 1°\ 1 ···~ t l 1 h ·; ~~-. d- 1• t'!l~l~l· d ! r·nm 

II; • ~~ !)o.Ll'IJ•:~: f jo ~tf!fl,ltl••ll"> •It• ,t~ ~~··(r>f't• 

l11 ~~~·- ;11·· .•· j,, .• ··f lc·• .• ·.T ·tnol•l-\h••:t"-. l :.:J l\.} IJ.If> thi· f·•l'"m 

17 !\") 

-----·~·----------------

~~h••l"•' PJt 1..; t tH' dl"tl'-lt)" rd 1!1• fl~l ? o , I I"' jp · o· ;u,·tj!: .l ;l ,J :I t ·;l~t I >;; ft .• LCt• 1~1 -t ~- ~ 

p•·r 11:lll '--'' ' : '1!11•' nlll~·· l(:• -...-;,t•• r 1:,;. -..:11~ 1''" 

l t .~:111l1J l••. 1>~1 ".0,"1"\''"'"· I•·· ~·· ····v· Ill mi l~·! n •. ,T l i .l \" i t ••• s !1'•, l lt'•'tl ._.- ,-,r~ · i ll!' 

IJ'r.IC~LC,d t ;, t,·ui;•tlOrll"- . 
F,:,qu~h pf {(.lf" ! •r- ;os t llll-: 1 1:• · 1 1-ll' ;.; :•·•r. -. C.i~ Ct~l.lt 1n n b\' 

:"Jt• dll ., td fj' J\' ) . 

i"lw io: l rq l ni.i, q:1.tllll ~ l':; -• J' I' k nr•-.\' 11 h , ... :~ ()(~·- h.;;.:;l:') l'~l l _ r .= 
= 0 . 1-:- J:!/cm ,_ Jl:1 :::o I') "El dna:l.. 

Tt,o• · ·-.;pr•rtnl.;;um . fll r!r J!/ttl \ "r' mr•;l:l d J11 T ' !.L. •• • :· ' • · !! IP ' !'<~ l"lf'l" .; f~" : " !"ot\ 

ft.t.~")oo. tn ,,d•;,,:,~· ·• IS ro_= ~ ifi 
l/1 ,,.,. ·· ~ um.at•' 1ht> pn}; • .:,tn ~l:~· uf H.· • · · - : • · f , ,-r . r ··:• ! ~. - , . •· 111d ,-,j \~·· 

l• t l"l!ta~l.,~l ••! ~ n~- .·.- h ''' 111 !!,.• -•hn•o• f"•ot:d !t:c rn · ,,••<! •· · r··~r-. ~1 ~ , ;}"'"'" I ~Hll !>. ••f 
:;.~tn ;! r7 IYn 

I r• -~ll ;1 !\' ) '' {~ ·ld ~·nr h,,-.::::'lflt ~ll. h, =l ', c:u , f ' :::::"1 ~ "; ~oft• t• • '. 
ft-.. ,=1 ,_!l(-a' 3 ~•~t•f p. =0 ·~:2f! / c 1:1 1 ttJ .. t·x c • .-:..:; '- "IC• \ !''' · "" ·' ' ~'P .... I! b·· ··~u :d 
lll 1 • ~·•1 Th(·n· ~"!'•. ll•' :•!J•··s , ,. , \~ . ! h · f •:!: •·• i 

1 ,., 1,!4 ~= · '· l' :~~t H• · tl:t l"j')l'• · ·:· ~lt ••• • , , , l ~ ·. ~ ... b ••• , I \." . 

h.~h+~-h 

I I i- '' ·•!•'· 
• ~ 'I I HI f)T~ , ,, ; 1 , · ~ t i 

f"•···•n!'q;:lt•· ;-~l• r r h.,_-.-.:271111 . .r.: .• , • •!L "'··~ - ~-: - 1 rl.o,• • ::·H I!• t" ll .• · 

:· .. ~ : · • •·I •It•· - •It : .• ~ , r. tnp• t .ol t. :"• ··l • r:· .; . · •!J. - ~ ~~- t • n .: •· ,-;.trrr • 
:1 \ ,.: , ; - -r n "'; \'."·· ··t·!,1,:• ~0. __ -:o::_-;-.-\ I ! •!' - -~~·· 

..._ · : ! • ·t: ~ .:t,·ro:t! . • ::--· ~. h; ,--=.,r,· ·: . l\' 0, •.\ • , .. ,~ _ . , ., ~- :·•· · ~ ~~·t··:n • •lt .·~ft•· li • 

fr , _., 
, , '! ~ t • • • • , ~ · p . t r! 

t~~ •h:'!' ,. _ ... . I~L· L<'• · :•II l"t · ~l . - ~~ . ... , · ' -1 :1! • ! lfl f •• ' "- t.q! • ~ 

i · q·~~ !)\ · r-:- tr• t -~ ,;,_. ] \ "• ._, • . ~-- ~ :·!.· , ... : • :1 • r.• .d · " :n. ,-. 

lJ:1nnr: (f d •. -. .. : J, . 1· · . .1 ;•:p•, • o: ' ~q~.- ~ l\ 

'l'l:·· 1~·· I·.-.; ~ I~ 



.- "' 

·n~u~. 111•• Ul('l'•·•n•·nl Sn ltw u:•• tl•l("ka~·~!'> ul tills t~a:a..• :..mczUnts to nuty 
t ,G!"m-l'l.fl r.:r.1 = O.Hc••n Th.~ ''XIh'Clt:•lu.••• dnckc..-~s IS JfJ.fli ~ 31 em. 

ThP,;•· u···•c.)f'• tu-o.l frn·mu);as, --~ Ultht~~tt···l ~hn~ .. t.· •. an~ nu\ ~<:"lU·r~ll 
t',;IH'•'S:'I~'II" and t~-\n ouly t)i~ tlSi•d '''lth ~OJH"I!~.•l t·•bjoj:.,..I'\'JHOr1 dr,t~ C'm h.1nd. 

Fn1• tlu.~ n•;uHin •·mp1rk<d for-m~~h~,; o•.ntl ~·('i:ltiunf;hips at•(• ~·h•·n 
11!'1•''1 ltl l'olktli•\(ltiiiS nf IL't' t'(!\.'~-·r thir.kw·~~~. 

ilydtn'.ll ronuul.l. is bidy wid,•ty n::S,\11 

1~. lVI 

wlwE'•• h,1 b 1];P tct> tlnckui:s~ 111 em, IO, 1, th1.• s~111~ of Lhc• nll'~u' dhu·n;d 
n••l!•tiiV'~ ;ttr h:·mp•'l'+•luri'S f1·on1 th~ h~~trv1tn.:: M tlw ~tnbl(• ict:" p{•riod to ,,h .• 
d;H .. ~ fnr A'hu·h eo.l!culo•tior,n~ <.1r1~ 11101Ch•. Tlli~ fonnul &t t.'Of'l'i'-'"'Ponds to dw 
a\·"r.~~~· f•(li\ChHOUS uf pn•s•·nct~ or ~t\ClW Cit\ tlh· •c..·•\ icf• :lc.TUilHJl;lShlflS ,~lld••r­

•1•• ••··· ,.,,v,·r·, lw:rt lllp-ul frt1m d••(·p•: r A'llh'J' Ja:.····t5- mainly fnr tlH• nt'trlh ... 
'A'•·'(t t\f th"' 1-:1''-'. h lS SU·IIlt"IIO\t"~ USt:d. hO'A'~V4.'r. al~o for- Ofhl'l' rt•gU>Hfl. 

f•• ch•• fnr.uu!., 

h .. = j90.•?. + 9JT., (2.G- .,,) + o,j ~. . 
llll, ,.i-~1 

Do..,. 5).,r.+ 20 • 

1h•• u••• fhlrk~••·~">~ d•·)wwb. n••t nnly nn Uu• ~~~m ID- fl{ Ow rru•an chtu·n:d 
~)••t!·•l1'r'•' 0111' h·:npPt'·•lun·~. ~~ut -tiSt••Jr\ th•• d••pt~r h.-n nf 1111' Sltnw 0n th•• lr.t· 
;;urJ 1'111 th•• ~IHhrn-:l t'bi.ll":lC"(>'!"iSUL' n,1 c,r lt't1 O:I{"C\1!1HI!il111-ltlS twtu·•;Jth lhl' IC~· 

, .... v~· r · 
·Jh•• 1h1t·kn1·S;.; ••! !)u• ,,.4.. t"n\"t· r· 1f1 :1•1' .th • .,l'UC'• .. ' '' !":nn·,,· ~u~d 1c•• 

•• n utmilaht•n!o.. u:hh·•· t1 c•.u-• h•• C·•~-l.'Uf.lt•·•~ h:v ll~·· fnHo·,·•~tg form~-JJ;~ . .;­
•n 1)':r.•• c•.q.,,. nr o·n~rc.t.!H "W"!'.I-tiwr ;~:ul <\ o·.•X \qhiJ 

II 0,1\'1 

(11.1\'J 

'" Hw C'tl.lil' .. r l.q"l;;4' ·~··· thtd<nt.'l'i.~. ~lllll··z:· ttw t'l)nti!UIIUS rn'("\"•\IIH'o~ lrl 
~tbr n ••• 

·~oh•••·•· LO_ L" liH• .;.on, of 1h~· I~H".t!l •h\IJ"nal•wi.l<•lrvt" o\it" ll'!llpt:"r.•tur,•s .;.nrl h,, 
I~ l!i•' II''' lh11'.i-:nr·:>s til cru 

1~: ~· ·ll•'f'•L hn"J.'o''\,'1 .. !', I( 1~ : l"f•('Oini'I\1-nd••d tl• t1•'2'"1\'o' lh•' dqh'ndrJio'•' 
h .., ,(YO_) {1'11!1, 11··· HIJSJ't'\'<•huu t l.lla l'<lr \ ' ;H.:h w•u···· t.ot.l,v- (or· croup or 
\IJl>li•••· ·v .. tt'l' t•nlh•·~J. 

I h• rJr ;l• r~clt·rt.-.• h..""'f(l:G-) can <flJoH h·· (~t,.b.uh·d ((~a· t"Onthln.m~ ttln-n ~"on~•"' 
f•1!;t"'"' j•!l ft•• 1•·•~ "\'!.lc"'h ol rh_' IH•ncl.,•nC't• r~tf' :lltJ•ro;or;tdf•• roii('UI.:O.hllf~~ n{ ''"''" 

•-\ • t-•1!1 1hJ•'kl'l• ""'" ••f Uh'~ 11'1' ('P\I'"t" ~~~l C"•'~t·I""Vt1>U"-!i tS J:l\"t."ll Ill i·'IJ.:ur..- •1!. llu" 
-t• '" 11•1-'u• 4' ..,.,, •• •-!st;duc.·d frttnt tl,tl:.L nn •~···e·••'-·~·•· (; r(l~s-t·ut. protd~~:o. 

.. ! '•1 •••••rr oio !oo. h 11 • Hu t .1 1 u ~ ~· - :0. Vhpnl" 11t1ll•l'l ""'"Jrtlflll 11~ hod<"~~ rr:luFn 1 u~)'hf' t•;.; 11 ul :ul": ~.,. 

•Ill:!' "'' ~ ·1 • r ~~' ,t!o·• Y1•· i•l •':t ~~~~·Ito:" ~···f.•m" .11•:,1 l'tL 1t1r l1 t• !lr""'ll' ~·n ~:~-c·t~l.- tm<l>' hi I', ,...,. t'i~,t·J',l 
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·-·- ·--·-------·----.~----------------------

~-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•• 

' · I= 

"' 



[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 
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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 • 
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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 {,.;; "''' 
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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 
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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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.l;q, - fCI•-1. 

... 
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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r~qtJM.E fi~. 0~~11: -af i(~ t_Jr .. ! •. :.g ·t\r ~~c: ··l·-~~ ·ll.iv<ui ihe_. 
wiUJS,r Q! M-:a,~:.6Dn,-~ D1 • ~ • hrnqion iJI ~bl' um,.:·or eM 
~.Si•~nlr.~'uf i.a'a put!n'' .61 ~ .. f. .. -1\tt~..,- Dp~ ·r~_•c--~ct_d . 
..-.a!~'~- or_,~r- rnrn•b~·r of'~.,. hom tlu:- hl~wna-iti15 or J"r-. 
~.ul\n _.ll.-n•u~· v(~d4.1o1be brJ•-~ojn, ~~- ~~e ~\he' a1 
M<t101tlll~I1. - A. 
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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~. 
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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. 



·'·;' .... ~--,;., ·.-; . 

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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J~ 1-4. •·Pil:...r.i~af ..C r'-t., u•rt. ....... •••"• ef t:M ......., .. _, 
).~n .... ·t..,.,. r,_..~~••loc. t . M.ahi«•£Mfllttw.,..,.....,,C.C....._ 
'*cc 111 t-4atdl. 1: ~rfll:'l~ to fk .... .,.. ohu_,., IM•• ot l"'fl• 1 , ft 

f (~IIOI(t; o( ~e ~_.....,..sy u. !olmaMdl •• t.t•~"-u . 

l~l 

· .... , ·-···· 

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 
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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' .. -·:·=_ :'··:< 

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

' ;:. : ... · ·:··.:::··:::·..-· .' ' · : ·' ',:: .: .'. ,_:._-_('.', _·; .. ' . 

. ;· . .\'.'.'''' ,. ' .. : .. ;:=,, ,(' ' ' '•. .r;. ·::· __;• i. ·. : - . 

//! · ' · .:·' . . 1:.::':;-: 



.·.. -~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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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, 

N 0 2 6 • 10 

• 11 O.ta O.tr. O.to O.M O. l!l O.U 0 ~9 0.30 0 <l 0 J6 1 .31 



~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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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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:-,·: : .. 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.': ·_ _: _ ,. 
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,\·.''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:·:· .:· ':··: '<\:.. ·· 
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• ·~·· 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 :~ ...... 
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. ,' '.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~~ :_. __ •• ,_· • • •• ··.·: ••• " -~ · . ... . .... ). : · -:=-~:: :· ··:·.·,· -~--





., ·,·.'.•'! 

h-~·:'11'/lr• '• '• I: 
tf~·,•ll;~~;;·f ~ 

.: I= 

1__:__1: 
I .- I• 

I= 
t"''JtH ,tt..'J i t 

t 1---=---+-1 
• 1--·· ____..L_I·~ 

(•-:-·, h'/1~· . 01-
:- I· 

~ l-..t ~~ -1~-
~ ~ .,_.. t,;. 

~-.~ 
~ ......... ·.··1 · 

·i ~~~:-1·· 
·· ~~:::.~.~;· !:·:--::t:; I .. 

:nii - .--

~ :ssc1;~ ;;a :g ~fi! 
:; :Si~=7rf :7" :~ :~~ 

1: :"~;;'n :r= :· :R:1 

:.; ~ :53!3!~ :~~ :~ :!~ 
?! ~ ::;~~:i::: :~: :~ :~~ 
~:~~~~:: :~~:~ ~~= 
~:~:~~;~ :~;;:~:~: 

~ :'.~S~~~ :!~ :~ :~~ 

r,-~r.~~~~ ·~~ ·n ·~~ 
o ·eoO.OOC ·OQ ·n ·Oo 

! :~:~~~~:~: :g :~: 

~OM 

,: .... : .. :'.'.· 

. •, 

(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. 

/ 
v 

,. v 
•I- / . $rQ 
I [/~ 0 

~/. 

v 

,.,_,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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·•' -.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 
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~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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! ~;·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' 



.... ":' 

IJ lrrr--,r--r---,---...., 

ID' ~f'o;:--7-•+---+-----J 
"-.\.: 
·>! . 

~ffr---;r--7·~·~ -~~··~----+------t . ..,.:).~ .. 
·~ 
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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# 

II HI ... - s •• 

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

11
• 

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 $h0·~·5 ho .... · thf! S('\"('rJly of th(' . ...,l"ll•r. c.-~prcss1~·d 
by 1ht~ !'illm of tht."' m~·an·mnmhly tcmpc:o,a,urcs from Octobc:r 10 ~1an::h 
(bench~m:1rk nwi('Orologic.,l station Ul'y;.~.nov~k), )nnuc-nces lh('se dates, 
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1 f;'l1tof ~·.a \'.1!1-ltl•"\ lfi '1!411"' d :t:f r!o'iiJn~: •':"1 ttw ~o;,,kr,,-~ <no·.-.:$ ~~~• -'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 
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" '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 
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!-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 
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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 



.. 

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 
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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, 
I Or•·• -.. 1,!'.1111~ nf ~lw U··~!!Jnlftt! oi ~r.-•hh· lc·o· <lll ttu• ~·u..-(•sibtr'!'>k 
<.:t•·t··•tt·· ltro,.; • .-wll•·l.- Tn1dy T!>iiT-., ~·,•.11-l l!Uil 

F ! ,. , ta '' ~- ;1. -..: . I) ~!t•traJ t[Olf.!ilSI'OdtnOl!(l pr•)j~t'IO~~~ ~t·oko•,• >1<1C'I101l,, 

!o·•~··~t;~~· -• na t\:•mt<kO.a'l \'c'•dnkhr.&uu !LShdt·· C\lo.·~!l•J-d o! ].nug:·•·;u•'-!•· 
f· ••J···' .p•ttnJ.~ nf tll·· D<H''" of Hw B··~ill1~u~g of St~~b!~· I~;(• ou tlw K"ma 
'-':tor~q.~l.' H··~\·n·o1n. - ·rrudy T~:IP, ~t•. I flO. !'~fm. 

·• S.ll oil ro·..-' F :\. K n~(·I •HJI.k~· kr~HI-;F):;ror-hti)'kll pruJ:l_ntJl(l\.' n.;~ry11y:l 1'\';c 

[' :--•''ll r.:.t 'Uf.l•('h•·trltJZf'nJUj'Y.h ~>hl.;t~h.'l t:t.-h•t!Jods or Sh4ll'l_~ rang•.' 
!· •·•···c; .. :--llng of h·•· Ur•·.ok•JP nn Hn•t>r,o;; of tiH• C~·ntral Crwrno:tr..'m 
H· .C:14m.;;.), Tn.:dy T:-:IP. ~o. HHJ. 19(;0. 

r; • 1 :11 ·( n ~ ~. \ : 1 \' '1: :-;!lit~;, n•• 1·(·1-: •• Y.h hav~.t7..) 1 \.flZI'fioll:t.lmur.n 

pr··~~·~'·Z,• '" ;•·~::-l; i••rHyot ~Fnt···~··~ttn~ f\j.ip••,•rau~P of l·~raz~l lcr· Or'l 
C~11t1 ••"'l -UI itn••· l'':) 'J l'udy TsiP, :-;o. ~H. I~)S'i'. 

ti, r1 .-1. 1 I' 1:. B '".l. \'n:.o:n11':~1tn"~~~ prodi('my, sr·okm· m,\.lt!<&:Sli ~H'f(·d 
'l:iltH<'t'o~-·ut•·r:~ t>nl'<>IJ1J.>h r·pk (Poss1b1t11Jt·~ of l 1 rnlun~rtn~ !h'!'- ;o.;,,~,·•r!a· 
11r•·1 l't·no<.l O:l ( . .;In!~· H1l'''''S Ut•fop• t~w Oa:;t,.•t of Ftt~4'7.tnr,}. 
\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 
·.·ot..ri , . ., .. 1 l\'<.• < ;~,! 1 l:7ru~•·\··• fVnr••e:~stiiH! ir-•.• On•;jkup Ot1 th•~ Oh' and 
'l• a~<;· I Hl".'r•f':"L- 1't .. 1Jil~· ·r~!J', olO ((j7). 1955. 

i;; 117: l111 r 1!, 0. \I O;<;.nn\.'y m!· tncflkl th:.l!P,'Il~l'rwhe~ugc) pr(•r.no?.a \'Ski'Yh)'a 

f· ·¥- (\l··th•·do; fnr 1.4"Ulg·r·:IIU:•" F<•r•'C',ofillrl~ nf lee IJ~·t~aktlp on 
HI':• ,...,~_ .. I r·ud~· HI \'s• snyuzn'.l~.,._, J.;HJn~!o~u:hP5kO~(.t r- ·c7.d;.I, 
\'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 
r .• 'IIJ~·f'·l'lJ~·· F•·r··t·.~ ~·~l'lP, ljf kt• Bp•;I\(\JP l"'n lti\'t'r~ o{ 1h(' C'i.'lltJ·:~l 
H··,:t••'•'• .,r n ... E r'q r.~·udy T!->tP, ~ .... 1 H. 1~161. 

G~n;::h\Jf~. f-J.\i, •·mJI,\'. n .. t ...... h·····' \l·t•··~ ... I·• ·' •• ·, l 
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•. :->kr)'ny;, L loi!H'"I·o:,uuy.l :-• ·::., fSI ,ntl it• \ I• ~ f .•• '' I. ! •I l "•d:· 
fOHU!'' , .. or·•;e.,:-;~\1)~ {)f It-•· H····o~k•lp .~lU I I I.. ,• t u . · . •• I J I •l{j~· 
T••il'. ';r, 'H'l _ ~~•!"•~). 
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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 
lr •· Hn·.d-i•lp (•a HO\·••rsl. - l\h·kOI'OIU~I_y.:c l Gich·.:•i•t~'I,)'OI, :'\1\. 7 1 fl·:'i1. 

~!. cr ly.1 ~f • \'S% 11, I. G. ;ind 0, f. E J'l m l na, K mt·tcHhi<t• prn~w·~~·\ 
rn.,k~ 1m;1l'r1ykh :· •• \tOnlykil nr-n'l.·~•l"l \'ody (t~ntHJ""JliuHous tu 11\o~.• 
\l· ·lhnd•: r1f Ft>rt•l·~·~1111r, :'l.l;t~'lnHil:l lc••- j-'\Jn w<•t<•r ~;t:l~on>).­
:'.i•·T•··nJ·r~tn~~)';l i fiLdf'()tOI!IYOi, .~o.!. l!,52, 

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>"' 

f••1 I r•ng·r<trtt~·· Fo:·o·CiiSh:l/o! lfu• F•··~··.'IJlJ,! uf H1Yl'l'$ of thf> (.1ppo•t·· 

\'()~~~-" B . .:-qlJ) - ''fcully 'I".o;IJ>, :'\o. :!3 {Snl. 19.5-1. 
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!\1 a k <A ~~~~ ~ cl h,;., •. ~·~~~~ ~.::·~;~0 ';~~~~~~!,;;: ;; ~;::t\;\4•11~: ~;;:/ ~~: •f·T· ·, ~ .. -·: ;~~:I;.~ ~ .'·;~:-:·l~::.;~.l.l 
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M <a r ~ ,,r~.i~~ 'c J~ ;· ;~ll·~!~:::;:d r;:~~~t~~l~~(:~~~·;;~•.:o /: ~ ·: :!:·~~~ ~:::r.~;:~ ~~: ~- .~~.~ ·~' ~~ .' .~. 1: ;: ~ .. :~· ~,\\;:. 
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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. 

EX.Pl,.N,\TOltY LIST Of A8ltH£V,,\I"IO:-.:.S Or U~ .. !ol l~i · t II ~'llt •: ... 

AI)PEARING 1~ THE EftBI.lOGilAt'irl 

GGO 

NIU .GUG!.\S 
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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: 
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