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The value of forec2sts of the volume of the spring 

season 's water-yield is well reco niz.ed. Efficient end 

intelligent management of the a nual resources of water 

for irrigation, electrical ener y eneration, flood control, 

navigation, fish and wildlife, recreation, a.nd for industriel 

and urban use is founded upon seasonal Weter-yield forecasts. 

The Problem.--------------
~ater utilization in the Upper Snake River in 

Idaho- yomine has reached almost the ultimate. There is, 

moreover, an ever.growing need for flood control. As it is 

not possible to s&tisfy exclusively each interest by so-called 

"inviolate" storr e allocation, the justificction of the 

P8lisades Daill rests upon the deriv~ tion of an acce table 

method of se~sonal w~ter-yield forecasting on the basis of 

which reservoir allocations and operGticn chedules can be 

selected for each irrigation and flood control season in the 

light of forecasted total flows. ' 

with the development of an improve 

n deals 

yield forecasting for the Upper Snake ~iver in Idano- yoming . 
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Delimita tion .- --------------
This investigation is limited to the Upper 

Snake River in Idaho-Wyoming above eise, Idaho, which is 

very near to t he site of the proposed Palisades Dam. It 

is limited to met h ods of foreca sting based u on snow surveys , 

as the Upper Snake River is distinctly snowfed stream. 

It , a.lso, is limited to forecasting of total flows for a 

forec st period; it does not dec l wit·~ rate-of- runoff fore­

casts. The Snake River dr e. i na e b a sin is tr ea t ed in two 

subdivisions . The term: "Snake River ab ove J a cks on Lake, 

yoming, n refers to t nat por tion of the drain ge b sin 

which flows into Jackson Lake; seasona l w2ter vol umes , 

expressed i n a cre - feet, have been corrected for changes 

in stor age a t Ja cks on Lake, and express , therefore , the 

yield from the melting of the a dcumul a ted winter season ' s 

preci pi t a ti on . The term: n Ja ckson Lake , ryoming , to Heise, 

Idaho" refers to u ,..a t pe rt of the dr2.i nag e basin above Reise, 

Idaho (but exclusive of t he drain g e a rec ab ove J a cks on 

Lak e) . The runoff tota ls g i ven for t his part of the Snake 

Ri ver drain .ge basin do .!!2! include the water y i eld of t h e 

J a ckson Lak e drainage be.sin. 

Definition of_ Terms : --

Sea s on 1 water yield is definEd a s t h e volume of 

water expressed in .ere- feet which is mea sured a t a definite 

point a.long a stream channel, for a selected time interval, 

such as .Rpril to July , inclusi ve. 

A water ye r is t h e y ear beginning with October 1 

and ending with September 30 of the following calendar year . 
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Because of t he seasona l nature of precipitation in t he 

West, the t water year is t aken a s the na tural sequence of 

the autumn nd winter season ' s precipitation followed by 

the spring se son ' s runoff and the spring and stumner 

irrigation usage. 

Snow w~.ter equi Va lent, expressed in inches of wa t er, 

refers to t he water equi valent of the snow 2nd ice crysta ls 

a nd any ca.pillEry water whi ch mi ght be retained in the snow 

mass. The term: wat er content, on t he other hand, refers 

only to t he li quid water which may be held in the inter­

stices of .t he snow 2nd ice crystals. Snow water equivalents 

re us ed throughout this t hesis. 

Altitudinal AQjustments.:.=.= 

One of the basic physiographic characteristics of 

a watershed is that of the range of elevations above sea 

level and of the distribution of fractions of the total 

a rea a. t va rious elevations . This char~ct eristic of a v,a t er­

shed exerts rofound effects upon the me t e orology a nd 

hydro logy of t h e wat ershed . he idea of eleva tion-wei ghting 

of sno·7 courses is based upon the common observation that 

the a.mount of snow 2 ccumula ti on increas es with altitude . 

This is mainly a result of two clima tologi ca l processes. 

First, pre eiJi t tion t ends to t all a s snow a t the higher 

a ltitudes because of t he coo..ing effect on ai r "nasses of 

uplifts induced by mountain ranges . This cooli ng process 

is known a s the orographic effect. Second, the lower ai r 

temperatures preva iling a t higher fAl titudes tend to 

preserve t1e snow bl anket until sprin0 • It i s re cognized 
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t hat t he depth of snowfall and of snow accunml:11.tion is 

influenced by factors other than elevation. Among these 

e re differences in precipitat ion cau sed by geogra ic 

siz.e of the draine, e basin , by local orogra hie and 

barrier effect s and by pre vai ling storm paths . Also, the 

a ccwnulation of snow on the ground at iven poi nts may 

be influenced considerably by pregalence nd type of 

forest grow:th . 

The me t hod of elevation- vrni h ti ng of snow survey data 

presented in t his thesis introduces into the forec a st 

computation one oft_ e most i ndivi dual istic ad important 

watershed characteristics affecting seasonal water ield. 

Until an exha ustive study has been made of the interaction 

of all of the various f ctors affect in t he accur cy of a 

seasonal water ield forecast , it will not be known which 

of the factors or what combina tion of them maY produc e the 

best results·. Such an exhaustive study cannot be made for 

most drainage bas i ns, either because of non-exi stence of 

data, or because of the shortness of records. On the other 

hand, t he topography of drainage basins can be as certained 

from maps of the Civil Aeronautics Administvation, even 

for areas not pp ed b any other a ency , either 

g overnment 1 or pri vate. 
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ME ODS AND METERIALS: ------------------
Sourc e s of the Basic Data:-----------------------

Materials used in this investigation 

consisted of snow surveys, runoff r ecords, ,nd maps of the dr ­

ai. ge Qasins. Geological Survey topographic sheets, State maps, 

and Forest Service maps were consul ted, but , for the most ar t 

the maps used were those prepared as Aeronautic .1 Charts by' 

the Civil Aeronautifls Administration , s these maps show 

thousand- foot contours for portions of the drain ge b sin not 

otherwise topogr phically mapped . Nine snow courses, t he surveys 

of whi ch beg n in 1919, were used for the dr in g e basin above 

J ck son Lake; fifteen snow courses, the surveys of whi ch beg n 

in 1936 with one exception, were used for the drain ge b sin 

between Jackson Lake and eise. The followine runoff and lake 

level records were used : Snake River a t lloran, yoming, drain-

ge rea 816 square miles, records beginning in September 1903; 

Jackson Lake at moran , Wyoming , records begi ning with July 

1908 (1908-1910 fr ,gmentary); Snake River near Hvise, Idaho 

records begin September, 1019 , and are co plete except for the 

winters of 1914 to 1924, inclusive, drainage area is 5,740 

square miles. 

This study is based upon published and publicly available 

records. For this reason t here is no tabulation of the raw de.ta 

included with this present ation. 

PreEaiation_of Data for AnalIEis :--

The initial ste J consisted 

of the tabulation of the records of ell snow courses used 

for each ye~r of record. Averages, ere calculeted for each 
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snow course for each of the two drainage basins used in this 

investiga tion. Arithmetic averages of snow water equivalents 

f or all snow courses for each ear for each drain ge bcsin were 

also ca lcule.ted. Simil2.rly, runoff recore.s ,ere secured from 

ater Supply Pa ers, to ether with information eb out the changes 

in content of Jac·cs·on Lake f or e2.ch snow-melt se son . Runoff 

records of the Snalce River a t 1Iorc:r;. yomin , were corrected 

for chan es in storage a t J ckson Lcl<:e to roduce com uted 

volumes of water-yield from the draina_ge basin c1.bove Jacl:son 

Lake. 

The Elevation-weifil}-tigg_Procedure:--

This method of elevation­

weight i ng of snow course data dnffers from others in tlat it 

introduces into the forecastin com utation the use of individ­

ual snow courses only to est2blish the curve of snow storage 

on watershed in rel2.tion to elevation . ater equivalent values 

are derived from the curves plotted foy- e .ch forecast date for 

ea.ch ye r of record and us ed in connection with erea~eleve.tion 

dis t ribution tractions to compute the elevation- weighted 

snow-water equiv lent for the drainage b2sin. This use of snow 

surveY. data takes into a ccount portions of the draina e basin 

not sampled by snow surveys . It provides for the extra ole.tion 

of snow storage curves into hi her elevations of a drainage 

basin which have not been se.mplecl by snow surveys , or which a re 

so remote or ina ccessable as to render surveying of courses 

impftitical . 
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A method is resented for seasonal water - Delc forece st 

deri vation b;; sed up on sno, surve da.ta . The :o.etr..od takes into 

a ccount snow water equivalent by area- elevation z.ones , e.nd 

interpol ates deri ved snow- weter equiv~lents for higher altit ­

udes £nd for other portions of a watershed not ~ctually sampl ed 

b r snow courses . The seasonal water yield forecast deri ved by 

this method for the Upper Snake River in yomi n , ebove Jack son 

Lake reservoir, has a correlation coefficient r of 0 . 824 

± 0 . 066, \~1ereas the arithlaetic- avera ·e- of-snow-courses b~sed 

fore cast has a correlation coeffici ent r of 0 .760 t 0.086 . 

Thi::, increase in t 1:e nlliilericc 1 va.l ue of t h e c orrela.ti on 

c oefficient r end reduction in the nutjleriCE·l value of the 

standard devia.tion expresses the i mprove.I!lent e.ttained in the 

snow- sur vey based fore cast for Jame son Lake ti'" ... rou h the 

appl ication of the elevation- ei .hting procedure . 

The thesis consists of the text , two illustrati ons , el even 

tables , a nd thirteen fi gures . 

R Y 
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LOCATION OF SNOW COURSES IN SNAKE RIVER DRAINAGE BASIN ABOVE HEISE, IDAH'O 

ABOVE JACKSON LAKE 

NO. NAME 
I . ARIZONA 

2 . ASTER CREEK 

5 . COULTER CREEK 
6 . GLADE CREEK 

7 . HUCKLEBERRY DIVIDE 
9 . LEWIS LAKE DIVIDE 

10 . MORAN 

11 . MORAN BAY 
13 . SNAKE RIVER STATION 

FIGURE I . 

111° 

YELLOWSTONE 
PARK 

110° 

SNAKE RIVER 
A80VE JACKSOH 

LAKE 

1100 

JACKSON LAKE TO HEISE 

NO. NAME 
I . AFTON RANGER STATION 

2 . BLACKROCK 
3 . BRYAN FLAT 
4 . C.C .C. CAMP 

5 . COTTONWOOD LAKE 
6. DEAOMAN RANCH 
7 . EAST RIM DIVIDE 

8 . FOUR MILE MEADOWS 
9 . GREYS BOUNDARY 

10 . GROVER PARK DIVIDE 
IIA. TETON PASS NO. I 

11 . TETON PASS NO. 2 
12 . TOGWOTEE PASS 

13 . TURPIN MEADOWS 

14 . YELLOWJACKET 

FIG. 1.-Location of snow curses n Snake River drainage basin above Heise , Idaho. 
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•o.su at det1al t point along a s~am ttban e1, 

for •looted tt · • nt "111 euoh a Ap·r11 to July, 

tnclu ! _. 

A wa.ter -~ 1• the y ·ar begtnning 1th 

Ootobel'" 1 nd 6nd!rig W1 th 8 pte ,,. &a or tb!t tollcm-

1:ng oeltt1tlal' year. Be. 1ltSe r,,f tb.e· . ,tteon l nature ot 

pNotpl t&t1Qn :h1 irtQ t Gf th• W. t 1 the 1re.ttr y · 1 · 

t en a tbr b tu:v. 1 e qu . no f the uttamt Cd 1ntei­

a•aaons• ,,. Jp!\atl!on tellowed b7 th• prtl\g . eason'·e 

r-unorr nd the $p~! nd t . · tlr 1rr1g,e. tion u · ge, 

Snmr•w:ater · quival nt, Ul}~ee in !nob a 

~t n ter, te re» to the wa t~ qut ••lent ot the sn.c,w 

nd 1oe ~~1st le and an;, oaptllai,7 • tel" 'trb.!oh might 

be rei 1netl 1» tbe mow maa,. Th& tem.1 t1-at.eii oonte,nt, 

Wl the ot.htlt;> band, i,efetts ••ly tc; the Uqu!f . ·· ttrr 

•hioh m4'!/ b held !11 the 1nte» tieea of the an and 

lt$e eX*tfSt 1 ... Sn~•ater "ut 1en·t . o us• · th.r·ough• 

01tt th1e lib st ·• 



4 pt -~ II 

Vtl:W OF TIS tt RAfUD 

tt· 1a not knmrn e.lta•tly \'d~.~. tru, t.t~tt an1ow ... , 

wa•l' qu1vn:t nt d t rminatt,on •a mat\ , 'l'h e 11 t 

reterenc to suah · determination r~utld .1n the lit ~ 

· tu:re to 4-te f. , . given by Bonon ·{U), ·tt.t wh1cl:l h 

m&n1;1cn Pa-u 1 .n . .roh (17) d ling 1th · no • 

•at · i, qulval~J1t.a l!)eatnn!ns &n Janu q 1.l.1 18 $,, 

•~ndlng '° Marolt 11, 1000. Altboup. tb Pig l> 

r fr o lt gt.Vin in th Blblio~ hi', l .a net n 

ln the oura• ot till 1 · et!gatlca. 

· · n.Jt•t nt. r _ n e to en"li,," t ~ qui · l nt 

a.- t ndna tlort ln the Un1 t Stat • 1 gt an by Hhe.r 

(U), 'lfhO 4. a -- uv 1 tn tbtt .Am\· 0, . oggtn at Wl" 

·n ltAr.Oh 17, 19'00·. i .c,rton (23) \U' .4 

thft • ter q tva ent er nft on th p d A\ l1t1 •• 

B w Yc.-k., la 1903 Gd. 1 04, uatng a .<tYl1t'!dr1o 1 · n01t 

a · r whtoh h aevt a tor tbi Pu.r»Ott • Ohll.Nh 

e ol,r&4 a · no• 1er dapt&d to tho taklng ot 

8'UIP1• ot deep nows ab<>llt lJlOt,., an~ su rked upon 

· . t · tic •n · untying in t dft.1n g 

18 
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baala1 1n lht~• d. · ·•• Oaltrfflda at ~ t&qu11n,t ot the 

Siot-NJ. Pa,o!tio Po•er Compan.3. eoori , o.t th& 4101Ult Rase, 

e·vada, snow oou~SJl begin 1n 1 · 10. .Jt Ge 11 A1 X' like .. · 

wist ll'lvttnt•4 a snow sampl~.r ~ dt t li'llda , tlo 1,1t 

enGfl•itater equivalent · tn th$ • atch ltotm'tdns n » 

Salt ta C! ty, Utah, bout 1910. 

Th. atttho.r idi · eusee th · subj·fH> o·t pl':tor 

dnelopm nt of ?low· aurv ying wt th Ref · ?Jt i ., llorton, 

l~ · E. a :u,-rei,h. and J . 8 ·otl Alt r duving the: C-entral 

Sn <fon -e» nee of Dao,nnber ll. 1941~ t tht M:ta'.b.1g n 

State C~l_lege at Ea$t Lan 1ng 1ob.1gnl'l" It d velope4 

at: that ·tttae tbs. t tl eh o·f tb0-$t .n ~4 p cc>eed d · 1th 

•now-water •ttu1valont ct · t ·mn t1ons rttitho t kn 1 ,of 

par; 11 eff~ri or the others. lt a - agr td th · t , 

tnsiofatt aa t . . 'f.Tn1 t.;c$$ State 1 oon4•rnen, thG <)r d!t 

r 01" 1n1 ts.a ti n or now S1U've3',{ng b lr,ng . to 

C:barle • !x .. 

At the t!Jne pi<:me11~ing d •el.. ta "1 
' 

undl;JJt wa.7 · 11lb roferc -nee to nmr y! the United 

Stat " We.athlr But'eait n the t1n1 t•d. States Fore1t 

servtoe eRe coop r ti , in · proj 4t f o.l' & O'"ttri 

ob e,i? ·., tion of t a pth or now on the g:rcund at so, ... 

oalled " i:u.••s ake .-! .. !l®thl1 c1 't&1Qg14 1 data 

'bull t ' (1) of th!tt p~riod fo · th · a · ·Pl) tn 



l>OJtt 1n thfl N ~ ot the Yl<f*•Stek;) ob ,nations-. 

A .. re,c.~ ·eotn'IS\llated, lt betJ ev.14 t tlult nw 

d-,th U4 n()t prov1 • th• i-equir . into . tlon bO'U.t 

20 

th wt:nt•.-*• p ·:e1p1tatton pd the q t ., 111a, •bandon 4-. 

R,e ,lf&&tl~ .!! ~,.~: !!·~ !!!!a~ .. 
Wl th tlte· Na1t.1etlon ot the 1 , r••• ot 

· · 4at · • . q 1.•n'b d t~n-.tnt1~,, tb& ·bltU.oatt ens 

o.t · ai now a .re utl*- 4 epn ld•r tl J1. In 

th1) . »1.; 4, , ·.· ,. ft~lou• 4t·' · ~• ac1 tn••· or n 

$lit llllg tube ••-" u • The~••• a.t that ti . little 

s · · · a •• ,U.-t. ti of' AnctW 40V8• Y . ti.th Wt th Xp i<ms 

ot a . ••• Jt \'.>Hae V14ettt\ that •n pre~t,,e. pl'ooe.., 

av· -- n& ••&n· Conna'Qshto11 (11) ~• .ol'te4 p«,n a 

t tu . ~ Of; ,mp1 , 'Wbt a Should I t · 

a:Uf)ng a en•· eoo-1• lo ~ - J- to A'#'tlft the :&:ru.--w te:r 

qu.1 Vi ·J. nt . t th· tu,~ e 111 thin t pt nt~ Hi tu · 

· h -4 tb,t., t . tl\e lku•theut! . • · a,. "°''~ 4•, n 

OOUl'I • ., r,t 1 . . rt.- a, now N le• ...... '. qui%' d. A 't 

that tf. · , aotu 11.y, 1 am.pl • w 1 s teki n. 

Ab·o-ut i•, the a\ekt •wt ot sn• oo x-s · 

l! •• · b • bi the •~lY flq·· ;; rmo.t svv · J'O'l' 

w nt into • =-tun c1, up rn Naob!n e l't in 

100elit7,, to . • ~ of ··. · 1 , ~ •ob w left 

t · thtt too at ot the .s-urve -r. 11bit · · t m • 



au1p , W ot 1ntJ10.Saolng • . ~i,oa, tnto tOft • .t 

OON'6latS.•1u1, !no -- no · o ~~•'9'b'4 v 

are1.. t p •nt, r ,• d al'l4 

pp · a., and the end.a ot th 1 . • ot l8$plee u. 1'1 t. 

ne a d b7 m t 1 or old tbt 1d at.fix t 

or poe,t 1f1o t1on t•r tb takll'lg of 

mumm· l ' j 

11n , v th p raonal l•ment. AU of the nCRff 

ao~~ e now r . Ql'.'ting to ten, · ~ ot tb · ~ der 1 .. 

st · t Ooop-e . t1 . Snow SuM'&7 · y t · , 040tt fnate · b · 

th n1 vi ton ot l'r.r1 . tl n ot t ol.1 Oo; · rv ,t1on 

Sor to• e1t r out• ~ · ob iul .4 tor 

ea.:rl · ins ml me.pp!. 8• 

The ur , •·Y ot l ot n• a ta.kn 

. m,l. r ot 41.tte e:nt 41 bj ' t t ,on.,. 

etde , bl• tndy.. s · ot the· e. · l&X'a tff 

oo~e ·. ght 1n b in di t r. ·11 , nd Rob&rt 

(ee·) :r · ~ort.« in 1841 up·Gn their tt. t of now · ·. ltng 

tub~ ot i11~ d 11 d1 t 11'he1i- t ti . t!a: 1 

'1ll$!,de•dlew,b ~ tube aa j ,t : 

tub # d . h It · pr ot1o 1 for n · eurvewtng 1n 

the ll10unt 1ne 

Th.e forecasting of '& o : l • ter yie·14 1 

ooo 11 heel by a O$rta1ning the ;ttbnt t ·. nd ·f 

21 
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plott alOtilg the x-ws, aa4 :w,et •'$: soat1 • ., · . • 

yt let, u •ll plott ·lQll; Y..P1&, fQr a.U 

prevlo\t ei,s of l'eCord~ An tt() · fe o , t 1 tiutn 

mad by (iete . nlngt fr'om tb. t.Hnd-1 t . t ltfahed by 

p l" Yi u ye•n' re · · eta. WbAl.t e . onal •at ~ 1', 14 woulcl 

t• 'Wl th th$ now-• t 1- (llll al nt • . · 

th tat• or E& uet. 

A . b. water . a po · • fl 1 i ld 1 

nM1l'!Ant rl . ·tlo tJ, -~ 11 t · . ·tu . t .the 4 . v 14.. nt tr 
. i- Y1 l4 to -oa tbs ••4 up _ 

put ot »eporte ot Jtl.$1.lff 

ho o u ttd e• in lll$thod.s ot o.ioui-

. ting the c:0J.1relat1bn o~ o rt !.n oomldn :tion ot. 

el o · taot l.' tor ·p e'l.t! _ ~ r-sh•d• o 11 iit 

tN• nt ot 'tlle s-ubjeci t 1 . gtv•n t>T Oll.urcb (l.1J. 

~t l~ ~ ort upon e--xp n.ence •1th s• -:sona.l •atei-

yteld tQ»btJ t1 1ti X>"t 1n ·. te-reh• s to 

in · h1. of th publieations il•t e. ta the bl'blto · 

,, t1 tllfll!ltl , c,.tU. ·. !!AA~! 
One et the 'ba 1 pbysl,ogtapht ·~ et r-

l .tlo• at wate» ~•4 te that of the· ••nc• ot 1 v tio a 
ab v• · • 1•· · 1 au ot the at ·rtw~n f f · e· n ot 

the tota1 an• ., vuiOUJJ, · l •tu· . 'l'ld• 

'lhar&otenst:l• or a at ~eht-d • X"t l}twote\U'ld t~ ot 



upon the meteorology and hydr olo y of the watershed , as 

will be discussed in Chapter III, Work, in discussing 

the factors which may account for failures of the 

forecasted yie ld to agr ee closely with the measured 

volumes, states: 

(F) Relatively greater or l esser snowfall 
at other watershed-levels than re f lect P.d by 
a high or low elevation snow-course alone-­
Relatively less snowfall at lower l evels 
occurs in warm winters and r elatively greater 
snowfall at lower levels occurs in cold 
winters . Therefore , sno _r ... distribution accord­
ing to elevations of watershed is not always 
comparable from year to year. (45:127) 
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Various efforts have been made to introduce 

into a forecast computation the elevat i on characteristic 

of a. watershed . 

Church (11=107) applied altitudinal zonin to 

the Lake Tahoe snoi courses . He divided the basin i nto 

1000-foot classes and derived areas for each class . 

One or more snow courses were pl aced in ea ch class . 

Church then divided the Lake Tahoe basin into four 

divisions: a bove 7000 feet east side , be low 7000 f eet 

east aide , and similarly fo r the west side . Snow 

surveys in these f our subdivisions were weighted 

according to t he fraction of the total area in square 

mil es f ound in each subdivision . 

Bean and Thomas (5) subdivided the 

Androsco gin iver b sin into elevat i on classe s and 
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Chapter III 

PAO'N>RS AMi'ECT;niG 6EAS0 At WA.ma YXIU) 

~ve ·!qi1sn 
The oo-nt.t-4)111ng o : ns1d x• ,t1an ill p1~1 

fo~o t1ng ol'gui!lation 1a the lu - of the water. 

'lh&N is no point l~ & tting up $ sup&ttbly aoeura 

to-. ttng p.t>O(J· du · _ r.aly •• an 1nt· 11.. otual •tt !A• 

n·t. _ d 01' the PO'S ibili tJ et tutu.re. 

d v lo-p ~nts n1'2 t j-uet1fY th:$ expt1 • of .eou»ing th. 

b slo t , and _ lntalntng a to · oa~ ,tS.ng 0¥' ouatt n, 

At .tb pllee nt t:tm:&1 anow su.r e1 nt~~l and 
' •. 

fQl' o tilig o~gt.n1aiat!Ort · ve e.tta.lite4 ~2.tlmatc 
I 

jtttt!. !tt'b • d . loPment !.n VEJrf' t d:,a.ht g - b.anna. 

Thi .., appea~ s~ · t · ur,rl 1ng in __ ew t the 

ott~ · ·nt iate:r•st 1n ,r ter res,; a -deftl-~p- nt. The 

~ what prl:nti tiv st te ot d,tV lopm~nt or the . t nd 

-ele oe o - t r y1 ,ld tcu-eoasti , t · du , ln part, to 

tM lllhe~~,nt, !nw1o-ao1ea of th• tnte,uaot1~n _, ~f 

hydrologlc, d t orologl pheno .., 

,:i~~{U'¥'Olo5,\~ fa~ ~!t! 
Sn.otr ta1.l.t . -a a :reeult · f the tl.tn0t1o.n!ng ot 
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The l'.tl.elting or snow and. the :rGleese of runotr · at ra 

are, 1 ke ii, p io ,1 process • Boweve?', hen th · 

2fi 

melting of · n tu p at:>e upon natural dr tn · a tn, 

vo'ry 1nt.rto t -e 1ntera¢t1one of meteorologic and hyd1ro,,. 

_c,g,1 p~Q se one , Q will b eonaidored r o 

1e,J;1 tog~th$ct" 1n th ro i>.1d$r of tl ·cbt\ptexa.. A 

r ·\I 0911.aidc:ration · ""gh · rwt bring out; the int r--

c on o.f tti.e melt tli p . ooes 1th fur r oomp11 .. 

t.lo 1 troo.ueed by the e.te •a:ll d chart.et r · ti~ ,. 

The · eotern eta.t a~ subj·ected to e. ell 

lmving in generel, re Oj.' less de·tlni e 

d1 · tl11butl<>n of pr-eo1p1t t1on. By 11 he gr&at r p: :r 

ot tb · pt"ec!pit :ion, . lt ~ome exce:pt1ona, fall 1' th 

wtnte1'J n · a · :ru,w, lthou.gh slgxd.f1oant vol f 

run.oft -, re ult d1reotly ol'° 1:nd1re~tly fr<lm f 11 and 

sp.rl.ng ~ .. 111&. Tb& i'o:eec stt1'1S pro l.em. oonsist 

es nt1nl yo interpr~t1ng the gn1f1onno of o erVi 4 

p~e~1pl _, t on 1n tet-ina of the fut re '.lt'Unoff .s fflf:la urect 

at so . p · 1fic point long . tre 

inl ti ~ t p 1n the o· ut tio or th 

f'o~ ca . t 1, t of 111 lu ting the p~olpit t on in 

ter of' th . ra!ne.g basi • The Uni t· t e th l' 

Bure u1 to · s · t1· 1 . publ1 <>~d of 

pre~1p1 ta t1Qn• 'be>th :;-. tn and a:n01r aa :me \U'e by 

· tan S....inch di .. and, re r.e-oently, 1 t ha 

publl ·,, N:oc · · f»t ator.ag ·· tnt · n tty ~eeord1ng 



g g 't 

in th& 

e o t ot a , oh s •1" t ffll•d b ()oo r tor . 

· · d!.•t& vi 1ri1 ty ot the ~ 4ond.o!l . , th . 

p tt m et l o &nt of lm t a.11 gag approx! te 

tb oo · 1ed land and ro d n two · p ttern of th 

0 011n t,:ty • 

or th · 11.. opera t1,on f ba 1 

o ·olog1oa rtno!.pl a Which prod'1.e 1non s ot 

o1p1t ton th 1no n lt1tud, r 1ng 1n 

the v 11 y .ra~17 e,:pre n p 1p1 t t1on ll! the c:mntaln • 

Inor . ., -of N l t t tton 1ft th · 1 tl t'tlde · b n 

monl:r obe d in ountaino s r.eg!,e-ns. Unl es th 

is re· t dtt-re noe 1n el v .t1on, the 1nof".· 1 b . 

. lt t and not r ad117 nottoe l • n the pt"$a1p1 • 

t!on tall · a enorr, the 1ncN ot prec1p1 t tion w1 th 

ris& of 1ev tion 11' trt ing rtdent. The a tual 

d!tte~ ~e ofbul y t • g ta 1 p~e • 

'rh1 s du to !ncr6 OJ>. or·t t! to~ a1tl g an .. 
t 1 or ltttud s · •red •1 

per t tf!nt low temperatttri 

h gh ti~d - • 

t 

Tho torm tn which eoip1 tatton t ll , 1 th6xa-

n o~ es t-a1n, dt1ff :r . ~ tlY: t v ous wat x--

d tiff~ rr y r to 

• tereh d. rsb &xhibit g t ind· d l1ty 1n 



their v g · tel.• 011 man le. se-ol,ogi , groundw ter a d 

d in g pattern ebar oter1et1 • 

For 1 stanoe; ~ ltlng of low-altltud 

n01r• may i' 1 · nter wbiob diat.ely 4,epart f~ · 

th drainage, b 1n e urtao runott 1n one wa r h d, 

•l:.uu.~ s1m11 :r · l ting 1n another ,r tftr h d will b 
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det in d in the drainag basin s r pl.eni bttlent of _ oil 

motatur d&f1o1 oy~ groun • ter tteeharg ~ or bank 

stor g • et r releas d by the anow l in tb& 

wate~ehed. w111 not p rt1o1pat• 1n the tprtng sea on 

l'Wlott, while tho • l •d !n th other w111 p · t!o1-

pa . d1reot17 o 1ndil' ctly. 

ffh• p ·aot1o b1l!ty of foJ11eoa ting ea1onal 

ater y1 ld on th baa! of pr oip!t tlon reoo~da alone 

ha · b n uoo . t\llly d on tr ted tor o •• t !'shed. 

having o rta1n oba et nst!o 'l'h1a ha tak n pl oe 

b&oau ot th ~eo nt applto t1on or d•anoed 

tatlat1oal anal EJ!s teohn! Whi(.tb a.r now posaible 

beoauae of adeq,uat.' length .· of NOords, Theiae ! .. 11 ttl 

doubt tba t, to:i- t rsh&de, a Uper1or sG , ona.1 

tor oat n be loul.at du 1Jlg p o1p1 t!on reeordei 

l l'l • 

r d.f.t'feJt · no or $:lev t1on b tween v 11 

pl' .01p1tat1on at tione and headtr t z.t areas :tn the 

mOUXlt in ar g t, th r-aaords of the v 11 7 · tA ti ne 

do not pneent p:r 1p1 t t1on o to nt 1 tbt 
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hea.dti t rf!I. Fu.t-tbemora1 the t ndlird S•1nch g gt 1 

1no p bl or valu ting •1th n:s c1 -gr e of consist ncy 

th water qu1valent of snowfall Old ather Sur 

reoords or enow.w ter equ1v -_, l .el'lt N ueually m1 _ le ding 

beu f tb ,mfQrtuna. - gener -1 app1ioa t1on or 

un1fo lO ero n d ns1t3 for now at the ti _ ot f 11. 

!n truetion ~or Cooper ttv Obe rve~, 01 ul rs B ·nd 

o or the th r Bureau tat.: 

· n thi w ter • u1 val nt an.not be aet !'In!. 
aoe at•lY by lting, as given 1n p · rapb.8 
41-4:5• inol-usi t a 1st~ ort tak on -
tenth th avet- ge u. d 4 ptb. ot th-e anow-
fall on · 1 -vel• op n pl.ace t a t.e.r 
$11U1valent or the sn f ·llJ tor ex l, 10 
tnohe ot nQW eguale 1 tnoh of malted s·l'low 
or wateJ:t, (3:93} 

- on.al tore ast om.put t1on for 

UGh re , bas 4 _n preo1p1t tion alone, have not been 

in us long enough to oqu1r perro nee raoord. 

Aaoumnlat1on of reeord by sh1 ld d sea onal-etor gt 

p~eo1p1t t!on g g ~. fro in tallattcms in the had-

ter , u a # _ peo! 11 •b r 

p 11tat1on f&ll:a n , 

t of the wint .r 

y b ne s r b for 

ult· _ t aouraoy c n b exp-eoted of preoipit tion-b d 

tor o _ t , 

11 of th n P season• preo1p1 tat1on 

nnot be ~ ote to pp al' runotr in the spring, 
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Th r will b • no ao t, a so 1 moistur det1o1enoy 

r ul ting f'J!iom ev po•tlt nspi t1on los .e of 

pr ceding dry on. '.t'his t b s•t1 t!oc;J. b for 

th soil •111 re1e ch ter .ther 0 tb8 gX'OWl 

• ter tems or ut-f 0 i"Qnof't 

Ground at&v and b ,.nk to;, e d f1o1ene1 ls 

t .aat1af1 d b · fo e an pp oi bl: vol . ot 

eurt o runoff c b r lea d. lt 1 vi.dent. th ·r. 

o~, tbat only an & te oan at what f:r ct1on 

of a winter sea on• p · 1p1t t1on, a me aure. by 

g e ; 1$ 1 t tn the spring to yield rutioft. 

Sn ts preo1p1 tat1on which rests, lit.er lly. 

ln oo1d to)" g, A now blank t b ubj ot d to 

lti •tan tl dur1n the •1nt$r~ •$P•~ta.ll.J" t 

1 ·X' a.ltitudea and on aoutb-f olng lopee. r-

ending c aa!.on i,d dv no a ot the n<# ll · 

oommonly e ob rv 4 1n ountainou r g1on • no 

soil under nc:m bl nke t rarely tr s , • t-er 

ta a t1v• 1 

r pl .ntshtng o1 tul'& d f1o1 no1 • 

Anoth l' taotor affeot1ng wa.ter yial.4 la that 

ot aporat1on 1oaa sus .ind b preo1pltatton dUl'1ng 

th winter. A ,n ··. 

quiv l nt in !ncn ·a d pth ot th en at the ti the 

u-·- 1 p rtormed, A surtey d ju t prtor to tb 

b ginning of th snew · lt s n shows bow h now 

...... 



~~me.in$ avn1lable for prodttoing ·prins se · on l"UJ:loff' 

ftol' the sno ha be :n ubjeo to all th$ proo s 

t nding to deplet $ · tor$;g • .EJrein ie& · · 1u 

ot an surveying ln r latlQn to fo~eoe.at ng. Altho~gb 

:rate-of.;0runotf or pea - f1 tore · st1ng 1 not tbh 

ubjeGt ot th1 pipt , 1 t 111 be obee ·. ed, in p 1~-, · 

tbat a knowlfdg~ 0£ water qutv ent ln st():r, ge on 

dr n ge ae n a so ~t ly ent 1 to ant 

t ealUl:tqu · ot foreo sting pe-. k ~at of fl.co t l mr wht.ch 

y .re su.l t from snov, m 1 • 

31 



Chapter IV 

CONSXDERATl:·OBS FE:OTillG 'l'HE D1UUVA,l'I0ll OF 
A Q'fflOD OF SEASO At WAT.ER lliLD FORSCAS'l't G 

, I vatlon !!. r-elfJ.tton ~ th&>W4 tetl• Qulva1~r1t , torag 

'l'h• 1n1t1al at p 1.n the ulo.ulatlon of a 
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eaaon 1 w ter-.-11•14 tor o ·: t 1s that or ~aluat1ng the 

water ulv lent of th · en oover on th6 at11~t1hed. 

The idea of 1 vatiol\- eighting of tnow oo~ • is 

ba ed upon the OO'mnlQ~ etb erv• tton tb& t th •ount of 

n(lJW a<1oumulation 1norease.a w1 th l \1 tude.- 'l'b.1a 1 . 

!nly a x-esult of two ol1 tolo.gioal p:.-:oe . asea. First, 

preoip!t ttc:n t~nda t$ fa11 e anow At the bighe:r 

a1t1 tud beoauee ot the ooollms fta0t on .air · s 

of '"P'llft 1 d~c d by mount$ln tt· n • Thi cooling 

proce s ta lm a 

lo er o.1r t mpe:r .~ preva111ftg at higher al ti tu.dee 

tent! to pr$-ee.rve th . S!lOlF bl$Jlket \Ullttl . ~1ng~ It 1. 

rt0,ogn1s d that th d~pth or ·now al1 · nd of n · 

GOUl'flUlat!on 1s lnfluen ea by :factor, o b.er than ·· 

·levation. ng these aM <\1 ferenoe In pl!'G01p1t t:ton 

oaused by gs l"aphio s!~ $I th& dX"Qtn ge ba11n~ by 

looe.1 or r phto - ad b i,r!er .fteota and by pr v 111ng 

storm path&. 1 .o,. th& ao \UltU14t1(ffl ef -now on th6 

g~ound t g!v n point y, 'b influenced 0Qneiderabl1 



tntenalv ~ga1t1 !! .JL..... !!!]1Uns. 

The mode~ teohntque· ot ow oouJla e-ur ytng 

eon 1 ti of t s.ns· about to 00 e i'd th • i-ee-t.neh 
ell . • umple~ along d 1gnat d oourp. Thi 

mo · t to a total al"Ga of smnpled sn · ot 0.4 4 q11 

t ·t p ~ . O'I/ cm.:a~ Q. 

Tb• d.rainage baetn et ve J ··ot on t ke, yo . ng., 

t atnOJl8 tht mo . b~ten · l 1'el7 an · •S pl. d ••te of 

th at. lt baa on& ooVtH) for each to quart lee. 

On . th • e1JJ1tpt!o · c· to eoNt p r oo'\U' e, the ! 

ratio ot •eim,l · ax-• to total . r a of on to .f1 · ud 

thi' • nar• . bllll 1ut. Tht1'e : · w tershed ot 

n . tl&nal tq·>e·o·t.ano . wi th!a ,rhioh . l1tl 11ng 1 1 .1 

tbln on •t:eatb •• 1•,enst • •• t t t :· ln the laokton tak · 

Ba ln. 

~•kins ll\to ooount the «-Amplt . tte:tto·r ot on 

to ttv · ·P4 . • qurt re b1ll1ons tor· the laok Qn ta 

dftin. • btl•S.a1 l.t beo t ov1<i nt that ,sn~ t'Ul"Vt7 

17 tetU •t pNaent &:rt r.el.7 ff n,ra1 1ndlce • t 

tbast altd ;111tat1etioa1 , 1•• ot an • tai- ·.· qui v lent 

on the • •~ btt4a In vt • o-r minute t'N#tioll or • 
wator&b an:a 'tfh! · h t otu•ll:, pledi and tak!:ng 

into ueouat u .telfsht aoU.ona . ti cl! tolo to 1 . 

l;UaJ'd· • 1 t :may b : en . .r1 tq · · t an r11 y 
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proftn at all 1 1oat1v. 

i:o,. a oura4y of & onal •• ~r-71 ld f1 r o t 

mtgh b · 1 · l'O by thode ot tn ~re t1o 

ata. 

tuq ot method . f ti rtvatton ot th 

et ob let •• t a • 

e r une 4 • te •qui .i nt t 

the a4Jo. la 4 ,i,inteie ea . on' pr1, "1,1 tatlCJ\1 oi- ot 

ob 4 pro 1p1 · tte 1n . ng g · an • aeonal 

w r yiel · ,. Siq>l g pbto o . re ati n eldom 

tflo • ~ inc , :now ooura . t ta ordlnarllJ 

an 1 d ot wa ~ . qut\r: l nt 1n t nge, r t.h r a 

etatiatf. · 117 ••Ud 1)1 ot · mr ft l in th 

untahe 

The 1 'fa · 1on•• 1gbtlng p~ Qe4: 

in th1 tM11 •• into the t re 

0 etlc of a drain-

ba 111.. nt11 an • 

oft 1 

4 

C)U8 r o r treot-

1 the • oy of a · a 1t, it 

will no b · 1m01'11' •ht h r,t Iu:ia,~m ~a )ora 

omMn t1CJ . of •t .•ult . S h 

annot t dr ln atn 

1 teno r da· • r b as ot 
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· lbi>rtD u ·t l'Goord. • On otb.6:, hill'l4,. the 

topogr&pll;V · t •~ lnag• ba 1 _ · • 'b$ a o r _ - , ned t-. -

_.._11o,v . t thf> Ol v11 Ae ·_ · n:t stl"a ion 

ueaa I · . · ~•« bV 'O. o 11, 1 » ge,r .n el 

• pi,,l 



Qhaptei- V 

MATERIALS AND METEODS 

~!~l"'ee · !!. ~e bafd.(: e_aF! 

3fi 

M&t$r1a1s- used in tb1, 1t1ve,t1g t1<>:n cu,n tste,d. 

of snO\V survey data (18), ~tto:ff oo~d. (44). ~n 

ma:ps ct th• drat.nag$ 'ba ins. Geo~Ogio 1 \U'v y 

topog~ · hit! sheet;s, st te maps ana Foi;eet Ssrv1oe :pa 

er e sulted, 'tr(lt; for the most · rt the p us d 

Wtff tho px-1:,ps.red a A&i-ona-u tt.c•l ~ts by the 01 Vil 

A&s-6nauttqs Adldnl tN.ti.on, a thest maps hQtl 

tbo .. nd•te-ot o.·oatour tor poll't1ona o.f th · . . 1na 

betina not oth l'Wia topog~ pbio 111' ma.pp 

, tollowtng sn eoul's&t · er · tuu,4t 

A~ove J&!k on~~ • - s ¥4) 

Nwnb · 1- B•• of <Jou.re•· 
Yea.71' r&1'ora 
b& ··n 



l. e. 
3. 
•·· 5,. 
6 
7. 
a 
9.~ 

10~ 
11 
11. 
1a •. 
13 
l • 

1 lo ation of 

.FJ.gul'"8 1,., 

o~urs~ used 1 

rapQrte 111 th$ G ologioal urv y' 

Y r oar 
be ·_-n 

n 1n 

Suppl7 Pape:r ntl tl••.tr tt · u»tao- ter Suppl t>f th 

S r JJl.1' 11 fereno (44) t 

ai1 ,b beginning 1th July., 1 08. 

o~ 1910 u f agmentary-~ 

egtnrdng 1th S.ep te 

.1 .. 

0 . . L't 

$00 :" U' 

, 110, 



1nolue·tve. Drat g a1:.ea 1 S17 O qual'• 

m11o. 

Thi. tudy ! b aed Upon publ1 

pub11c1 av ilabl r cord • O·r th1 e A · oa 

no tabulet1on or rn data n the ppenAb. 

P~!P . ~ ~on !! d !!: a_ ~n l;,Y i 

1 

The in! tial a o ons sted ot the t ~ tion 

ot th reoo or ll now oou~ fore oh year of 

reaoM, o loul•t d fo.J! oh sn oou:r e 

tot- oh ot ~ two nage e1n us in this 

Ai-t~tio 
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ulv•l nt tor a.11 lnQW ~our tor eath '3'fl to Oh 

dr 1na b a1n w i-• al() Q.Al ulated,. Sim.11 X'ly- runotr 

Y!th lido t1on · bout ollango i oon nt ot 

.taok on tak for oh notr• 1 on, Runoff ool'de 

of' the s 

o g tn tol'•g• .t J okso 

-vol unte of a r,io, yt 1 t,;.• th 

la 'k on tak • 

we,ft ttreettetl fo~ 

p~oduoe o ut 4 

inag batln abov 

The adju nt or runoff redo~ tor dheng~ 

1n torage 1n J ok on Lak• l tl~us on 

toll 1ng p • Ar.a ~ l• of ton a, applied 

to d ta to the 1940 an a on fOllOWI s 



1 . .0 

Ap!.'l 
y 

Jun 
Jul7 

Pi'il 

Run· tt• 
'f r t 

.r yo. 

(Vol 

2.g90 
,,210 

160#000 
3 J 00 

Obang e 111 
4ontent ot 
J Q 
dur1n 

in Ao~ f e t} 

-+ ,750 
+ 267,~o 
+ 4, 70 
- 2 6;8$0 

o l~ly, no:1u · lv , 1rtrlow to Je.okeon La · : 

- ................................... --......... .......-. ........ _.4_3Jl! ........ 
·'l'Jlt metho.4 of l v ion-• 1ght1rsg ot a 
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fB.740 
26 ,540 
205,370 
'11,340 
91t 00 

oour data dit tra r o . o b ·r, tn that 1 t intro uc 

into toreoast1ng o mpu ti~ th us ran oo e 

oal 

be 

tabl1 h the Ul'V et now atorag o a wa ,r .... 

t1 n to e1 · · tion. W r qui al nt v lu. 

aN d&r,l e tJtom ~ o · e plotte for oh fe>t'i o t 

dat r :rt · oh u ot eol'd and u tn onn a,tJ. · n w! th 

1 . tton di tr1 ution tN.o o 

. l vat1on..,. tgh 

di-at - s• 1'b1 u ot now 

ooount pottt ·o • of th dNinage , 1:n not 

It pron·de to!' th utr pol t n 

Ng owa'tea S.nto higher 1• ion• of • 4ft1 

bae1n wh1 h ha not b n an;,1• by now une ,. or 

• N tt 0~ tn 0 ble aa to n r 

ytng ot ooUl' · • t t'aot1oa • 

2 ehotr the e wt» qu1a1 t 
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FIGURE 2 . SNOW IN RELAT IO N TO ELEVATION 

FIG. 2. - Snow in rela t on to e l evation - Snake River, Jackson La~e, 
Heise, Idaho. 
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o.f ano oou a.a .as et p.r1l l in the ~• e R1 ver 

d~aln ge. b · 1n be en J okao L . nd Rcd.1.u,., for th(> 

p$r1 · of · oQri The looe.tio tJt a3.l .now o,our es 

u ed 1 ho n on Flgure 1. g"UJ?e: ~ show th 

di tr1bution or the av r g water -qui elent of tl:le 

snow oou:r ff 1n the d.rainagco ba in bov J Qk on ke 

1n re,latlon tb · lfJvet!o Det1ni ·t>:tt·nd . of lno.veeui 

of n ..-w r qu1v 1 nt w1 th el v t1<>n r tvid nt. 

S!'tm · Jack on t dra1nag b · ln 1s within 

the Snake v t basin above lht1 , e:11 now ooure 

within the • · erabe4 bo~r 11 1 · • i'e us d lb 

ealculat1ng the .now 1r1at l\' e,qutvel nt fQr th w· tr ... 

shed l _ J, ok on t\ b h!ee . :Otdy 

snow o ·'Ur· e a o ·e J _ ke w r& use tot- th& 

co toir the J okeon Lake drainag b sin• 

tn ord P tor duQe wp~k ot ror ~- t 
C.e>:-t v t1 n. ,ob rt ~ et l.AP 1Po · · . -. ·2 lid f • · not 

plait 4 ,u,tq l:nd11'!.4,a 1 an.ow C><>Ul'Na tor oh 

d ... 1 . g · ttttit'l to~ · aeh foreo t d · te tor cb _ of 

i- ·eo,i-.d, Xne · 4_. en<* ooUl"s we gJ'O'Up . no : ng 

to «tl at;S.on •ones nd av r g :netr*W t r equlval nte 

41 

nd . 1 'V ti n . oo uted to1l each POtlP of nOll' oouxi _ ... , 

r 011 e . tlb ·1' _ t'<)reo t d · t • Sep rat o·ur. •• we · 

th n dnwn , po 1 tton 'by 1ooa tlon of' th . 

· :v r g ·•n(lllt a rag ... elevation potnu. 1 ur 

th ltn tot' th • ., r h d • ·v l•t on e • 
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FIGURE 3. SNOW IN RELATION TO ELEV ATION . ... 
L-.:.:....:~--.:.:......------------------------------------------""" 
FIG. 3.-Snow in relation to elevation - Snake River above Jackson Lake, Wyoming 
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FIG. 4. -Snow storage in relation to elevation as of r.1arch 1, 1943 -
Snake River 
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Table 1 .-- ARCH l SNO SURVEY 

SNAKE RIVER ABOVE J ACKSON LAKE 

No . 

1 
10 
11 
13 

, No . 

2 
5 
6 
7 
9 

Sno Course 

Arizona 
oran 
oran Bay 

snake River Station 

sub-total 
ean 

sno course 

Aster Creek 
Coulter Creek 
Glade creek 
HUckleberry Divide 
Le is Lake Divide 

sub-total 
.ean 

Totals for all nine courses 
li s ted above . 

Under 7000 Feet 

Elevation 
Feet 

6850 
6800 
6800 

780 

27 , 230 
6 , 808 

Over 7000 Feet 

Elev tlon 
Fe t 

7700 
7600 
7200 
7300 
7900 

37 , 700 
7,540 

64 , 930 

qulvalent , 
1944 

12. 5 6 . 5 
9 .2 4 . 0 

12.3 8 . 6 
15 . 2 7 . 9 

49 . 2 27 .0 
12. 3 6 . 8 

ater Equivalent, 
1945 1944 

16 . 4 11 . 6 
16.4 9 . 6 
16 •. 6 8 . 4 
13.7 8 . 1 
26 . 0 16.2 

89. 1 53. 9 
17 . 8 10.8 

138 . 3 80 . 9 

I nches 
1943 

25 . 5 
17 . 3 
33. 1 
28 . 8 

104 . 7 
26 . 2 

Inches 
1943 

46 .4 
33. 7 
31 . 8 
27 . 3 
55 . 4 

194 . 6 
38 . 9 

299 . 3 

~ 
CIT 



Table 2.-- MARCH 1 SNO SURVEY 

SNAKE RIVER BET EN J ACKSON LAKE AND HEISE 

Under 6500 Feet 
Elevation Water Equivalent, Inches 

No . Snow course Feet 1945 1944 1943 

1 Arton Ranger Station 6200 4.7 3.2 5.5 
3 Bryan Flat 6250 7.7 3.2 17.4 
9 Greys Boundary 5800 9 .1 4.9 15.5 

Sub-total 18.,250 21.5 11 . 3 38.4 
ean 6 ,083 7 .2 3.8 12.8 

6500 to 8250 Feet 

J sckson Lake-~ 64,930 138.3 80 .9 299.3 
4 CCC C mp 7,500 9 .4 5.9 14.2 
5 cotton ood Lake 7,500 
6 Deadmen Ranch , 534 8.9 2 .9 19.8 
7 East Rim Divide 7,950 6.,8 5 .8 15.9 
8 Four ile e dow 7,770 

10 Grover's Park Divide 7,500 a.2 6.1 13.9 
13 Turpin eado 6,930 
14 Yellow Jacket 7,675 1.0 10.1 

sub-total - Elevations 94,414 102.,089 102.,089 
verage Elevations 7.,263 7,292 7,292 ' 

ub-total Snowwater Equivalent 171.6 102.6 373.2 
Averase Snowwater Eguivalent 13.2 7.3 26 .7 

*Transposed sub-totals for 9 sno courses above Jackson Lake . ~ 
~ 
Ii, . 



Table 2.--MARCH 1 SNOW SURVEY (CONTI NUED) 

SNAKE RIVER BETWEEN J ACKSON LAKE AND HEISE 

No . 

2 
11-a 
11 
12 

Sno Course 

Blackrock 
Teton Pass #1 
Teton Pass #2 
Togwotee Pass 

sub-total 
ean 

Number of courses 

Ove r 8250 
.l evation 

Feet 

8;600 
8,500 
8 , 500 
9,600 

(8,500) 

ater Equivalent, Inches 
1945 1944 1 943 

18 . 6 
24 . l 

42 . 7 
21 . 4 

18 

12. 0 42 . 4 

12 . 0 .42.4 

18 18 
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SNAKE RIVER ABOVE JACKSON cAKE, WY0 .. 1NG 

SNOW WATER EQUIVALEltT IN RE LAT ION TO ELEVATION 
9 19 TO 1948, INCLUSIVE 
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Table 3.--PERCENTAGE OF AREA BY ELEVATI ON CLASSES-• 

SNAKE RIVER 

Above Heise, Above Palfsacies Above J ackson 
Idaho Da 1te Lake, !Jom1nf5 

5740 sq. mi. 5260 sq. mi. 816 s q . mi. 

Percentage of Total Area ~ "€levat1on Classes 

Elevation 
Cl ss ( ft.) 

5000-6000 5 .8 3.0 0 

6000-7000 24.0 22.7 11.3 

7000-8000 37.8 40.l 37.4 

8000- 9000 13.5 13.8 39.0 

9000-10000 13.6 14.4 10.5 

10000 .. 11000 5.2 5.8 01.6 

Ov r 11000 0.2 0.2 0.2 

Total 100% 100% 100% 



eJ.evatloYt clttaee. '?be e•• tnrc · t!oa is glveJi 

git; ~hic.all.Y in FigUre a. 
l!levat1on ... we1ghtad anaw-wat :fl' eq'ldve.lente, for­

the tvto As-alnag l;>taa,:tne ~r-e ·o loulate4 s shown in 

T b1ea 4 mil s. ttFrG.ctt.ona or tL! a" !n oclu.t!Ulla so 
d& 1gna t(;(l 1n Tab,les 4 11.11d 5 we:re teen t:,cm Table ai 
"Sn.ow·...I\Yater $qu!valtnit 1nehea• value.$. app~ng tn 

columns ao &,e,1gn4.tett in t ·'btee 4 ant e :vr·e:,e taken tr• 
tht curve . of enow .. storag 1n rel tion to elevation at 

th& elevat1oftb 11ated 1n the 11.r t col'tlil'lns ot Table 4 

Table . ·5 p~eents thJ:,, d product t!Jt the 

·.·~ lea of elev t1on.-we1ght1ng computn"tton pe:t-fol'?n&-4 

111 Te.bles 4 and. 5J 

SyUst1~!l test S!!.. .ib.! ~f(s~tiv~nf).!S -2! the me.tb.od 

Sta.t1stloal p-proa¢hes pl"Ov!de an 1mpti"son$:l 

an.a athE>mat1eall.y val1d ol'it$rl<>11 fer ascertaining 

the etl!&ngth o.f & ,c,t~rrel tinn .. ~ trasto math$matte · 1 

d rtvaticm'S of the $t · tiS'tie,al pro:Qease· used are· not 

the tJobje-ct; of' thie tbesls. Tll.ey ar, preaentef! 1n 
.. \ 

de . 11 1n nue.rcu text; ... bGoks. bd a! aert · t!on on 

tat1 tioa., 'l1be qo.l1relatio:n iaesftl01te11t .rt "Wbioh l 

d :rived thl'ov.gb t.he method ot t a.st Squares fl-'om. the 

«1$1la und•r . 0cwt.!ny, espre ses the J .tr ngth of the 

oo:tHl tion.. A ltte of plus l Ol' minu . l 1nd1s · t a 
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T ble 4.-- ELEV TION - WEIGHTED SNO STORAGE COMPUTATION MARCH 1 

SNAKE RIVER ABOVE JACKSON LAKE 

Fraction 
Elevation of 

Feet Area 

6800 
7500 
8500 
9500 

10500 

Totals 

0 . 113 
0 . 374 
0 . 390 
0 . 105 
0 . 018 

1 . 000 

ater Equivalents 

1945 
Snow Water 
Equivalent 

Inches Product 

12. 3 
17 . 6 
25 . l 
32 . 9 
40 . 5 

1 . 39 
6 . 58 
9 . 80 
3 . 46 
0.73 

21 . 96 

srio ater 
Equivalent 

1944 

Inche s Product 

6 .8 
10 . 6 
16 . 2 
21 . 8 
27 . 3 

13. 8" 

0 . 77 
3 . 96 
6.32 
2 . 29 
0 . 49 

13. 83 

Snow Water 
Equivalent 

1943 

Inches Product 

26 . 2 
38. 1 
55 . 9 
73. 5 
91 . 0 

48 . 4" 

2 . 96 
14 . 2{; 
21.80 
7 . 72 
1 . 64 

48 . 'S'/ 



Table 5.-- ELEVATI ON -

Fraction 
Elevation or 

Feet Area 

5800 0.067 
6500 0 . 261 
7500 0.379 
8500 0 . 094 
9500 0 . 140 

10500 0 . 059 

Totals 1 . 000 

ater Equivalents 

I GHTED SNOW TOR GE CO UT Tim !fARCH 1 

S AKE RI VER BET EEN J ACKSON L AKE AND HEI SE 

I915 I9'.l'.I 
snow ater Snow Water 
Equivalent Equivalent 

I nches Product Inches Product 

6 . 0 o. 0 2 . 3 0 . 15 
9 . 3 2 . 43 4 . 9 1 . 28 

14 . 9 5 . 65 8 . 2 3 . 11 
21 . 4 2 . 01 12. 0 1 . 13 
30.l 4 .21 17 . 0 2 . 38 
40 . 4 2 . 38 22. 0 1 . 30 

17 . 08 9 . 35 

17 . l " 9 . 3 

J:t,t~ 
Snow Water 
Equivalent 

Inches Product 

10 . 0 0 . 67 
17 . 2 4 . 49 
29 . l 11 . 03 
42 . 4 3 . 99 
57 . 5 a.as 
73. 3 4 . 32 

32 . 55 

32 . 5 " 
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Table 6.••PROllJCT OF COMPUTATION 

Snake River 
above Jackson Lake 

Between Jackson 
Lake and Heise 

Elevation Weighted Snow Water 
Equivalent, Inches · 

Nominally Ma reh l 

Year 
1945 

22.0 

17 .l 

Year 
1944 

13.8 

Year 
1943 

48.4 

32.5 



tall e 1' l tion, poalt1 n n gat1 , r . &ot1• ly 
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tb6 ep nd-»lt .-1 bl . r t1·onsblp bet. n n -
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q tloni 

Th high r the· n rio l 

I - v-1.. 

-ir V\- 2 

al r the 

r 1 the o l' 1 t1on 

A li a l'rel tlon · 11 b ' 

cr;_,.et i 

,. 

th 

through the application of simple analytical geometry, 

as an equation for the slope and position of a line in 



a fall't-t _.ln a·••xlute apt•m. Saa an e1utlon 

pH nt _ tti ~ a · I to• th' n•l.atlon eln &h~ 

t.a f()N ot Sftllbtt, Fu ther '"'• Jtt ·ot 

ata:ti ti •1 o . n•l@tl'&ttott t . P» · atnd~•· in th.e 

Ap · k 1 tll •b!oh 1, l~:1'14 · a imil Up1.,..eorr-elat1o• 

p .t-tom· 4 to 1 ·ua it ·th eft' oft th pfto · t . 

1t!:at "•· s.. . 41 tion ,t¢, tho ·a ot thee eu~»eat. . • on,. 

tntl no· a tb.& ur- rt ·_._.on•, w ltl' rt ·1~. 
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Q pt r VI 

DISOVSSXON ·OP HE.SULTS 

Sno ~.~urs•1 · 1"14 th~ • a; 'r}•:v.atipn l',lat,;:Oll . p 

!£ ~ -!, te,,t~d 

A ett7 4e.f1n1 te tr· nd ot 1itoreaa Of now ... 

60 

1re.t r equ1v•1 nt with alt!tu4• to • 1.dent on Fi~ : 2 

,md 3, 0£ , r · s or now oc>~r ter tJl.e pe-:rtod ot 

reoo·l'd. Fl~$ 51 e, and 1 l1k •1a• show th1 v. I*Y 

cietim. l'Ol -t1oneb1p with '1! fer ·nQe to hl4tvl4ud 

ye .Pf• 

A so~ ogr phio ditribut!on ot snow 

eour& e w1th1n th d~a1nage basins, a 1 th.own on 

11.gu 1, and tb uieteno or t:- nd ot .t.no~e s 

t>t now•• te.r equ1 · · l t . 1th tlev tio111 tnuo te that 

tb n tiror-k of en.ow oolU'se .l' fl&c t• th$ n ti ll nd 

tol"ag tor, the we. t11rsned. The v _ rt!c l JHI) 1 tion of 

t 1ndi vtdual ttOl?f course plotting on Fip:r _ 2 and 

a lh• , the 1- l tton hip or snotr · to.rage •1th i2 apeot 

to L va\,:lon. Bmcontal dlspl e nt, <1r ·t po 1tlon 

of now c~ t} 1 oated 1n diff rent part •r ·tb 

a1nag• ba 1n at· or bout tb:e · · altltuaA., 

retleo t · eff ~ t · of ge<>gl' pb1c loo· t!on, torm pa th , 

.md ta tor &tl:16~ than el v tion; suoh s 014 for st 



tt.ree. A t " ~-ngh the Po!.nts 1.vet:t g s tb enow 
t,ouxaei both vei't1.~e1)3 and hl)l*'! 011.tJ _ lly~ . nd thu 

exp-t' e the ver g snow-water qutv lent fer h& 

t:tter .h --

A 1 _ · ·it\ent in Pigur f nu 6, 110 wo 

year pre-d'Ua 4 the & ebttpe of ~ h v1ng the 

4'eune slop ft,:r tho ltm tlaw ot tbJ •~ ,-. As 1s 

ehcnm. in lrlgu • "1, to;- the Snti.k.e R1 - r b oen J"aokoo11 

lA\ke and H-e!, e, our.ves dif'f · 6 . tl1 fo~ Fe'bruaey, 

Uta' h nt1 prt - l•t. 1940, (a ll runorr ... vol 
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yielding 1 . ) -s 00:illp d !th im!ltir O"arvee ror 194:S 

( a la.~ge .~otf ... vol~ y1eldi ,r #U".) * Not enough 

oou,tt; b$ 4 & ot V ls t to pe:rmt t the 

addition of rite$ fo~ y l t. In 

instenc,u,, euoh · s F ruar : ,, 1 · 40 nd Fe N cy 1, l 41; 

th o\W1'e p1ot~d .al.mo t v, rt1 1ly, 1ndtoat1 · mn h 

gr8a te:r e.t , - equ!val nt ;to g t 1.-- r ltltu 

than -..t hitll;b r .... lytng orttor.us of tht't . d>, !f.:nae;e ba 1n_. 

fabltt- 7 •• e oon · in de.ta on the seae-on11l 

wat .i- rt 14_. t;nd 'b-o"'th uit ._ tt anti el~,v- tton-.we1ghted 
-·· 

average, ot ~·••~tr •q:u!valent-. lflSlU' t 1 - • 
' ·- .. ~, 

Ng~ to •-Un tne or forec ,st o ,~ o. up 
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Table 7 .•-RUNOFF AND SNO 

SNAKE RIVER ABOVE JACKSON LAKE , WYO.MINO 

Nominally April l 

Flow acr e-?eet r itbmetlc 
April to July, average 9 

Yer i nclusive · sno c ourses 

1919 455,870 1 6 .8 23.l 
1920 725,370 21.5 32.8 
1921 792,440 20. 6 31.8 
1982 739,810 22.0 32.0 
1923 710,290 20.7 30.4 
1924 456,730 15.8 24.0 
1925 1,003,620 26.9 39.5 
1926 538,680 16.6 24.2 
1927 1,082,810 33.0 52.5 
1928 990,820 23.8 37 .9 
1929 614,650 20.2 30.5 
1930 560,660 16.8 25.l 
1931 382,160 8.3 12., 
1932 767,290 24.0 35.1 
1933 646,410 21.6 31.5 
1934 455,370 15.3 21.1 
1935 701,750 17.9 27.6 
1936 823,310 29.9 30.7 
1937 590,890 19.7 23.2 
1938 869,230 22.5 28.6 
1939 642,600 24.0 28.2 
1940 591,900 18.5 19.2 
1941 528,860 15.8 17 0 
1942 631,340 16.6 19.l 
1943 1,095,010 37.5 40.l 
1944 566,060 13.5 17.'7 
1945 657,110 18.7 24.5 
1946 770,300 23. 6 35.8 
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Table 8.-•RUNOFF AND SNOW 

SNAKE RIVER BETWEEN MORAN , WYO ,I NG , AND H I SE, I DAHO 

Nominally Aprill 

Elevation e1ghted 
ean of 22 to 24 

Total Runoff snow course 
Apr11 to July, r 1thmet1o I ncluding t hose 

Inclusive verage Above Jackson Lake 
Year Acre Feet Inches Inche 

1936 3,028,070 24 •. 4 26.6 
1937 1,819,320 14.7 16.0 
1938 2,.696,830 17.6 20.s 
1939 2,021,eoo 16.2 18.3 
1940 1,465,600 13.0 13.7 
1941 1,680,140 11.9 14.3 
1942 2,147,890 12.0 14.1 
1943 3,597,750 27.0 31.5 
1944 1,758,250 10.9 12.5 
1946 2,331,200 15.7 17.8 
1946 17.2 21.1 
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fol'•• obe.l't ee4 _pon 1 vat1 n•• tghted :atv ·-

1•nts.. Both -· hutit tol! the dratt1ase baJtin ab ve 
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t kefl:n !Ake. S!Jllla,:,ly Flgu - , 11 ,!4 11· a. t;;; -oa,u, 

aba,t , · ,_ thtll· Sn -ke lU. · 19 b tw en II! ke -n: La 1 · 

It.la • 

PeN@tap of •nw • of A~S.1 ltt a.pp · -ti1ng 

u runort ia th Ina Rt r bo ·_ l • , u Lake 

pre ·n d ln flt.bl• o. '!bi• tt latlf.fflabip t• eh4'ffl 

gl' ;s,td.o&111' ·fm Ftpn u~ Xt was o\ltene-· that y · f't 
0 _ U llOW bOJ'4ei 1, u b .1: 19#11 1041, Ud 19 4 

-h1b1 t __ - high p »oei:i • ot 1\0lr appeal'tng es l'Wl<>f'tr 

,1. 0~ ,1.s -,.4 73Jft,. r J> ott.-v _ 17. 1i · » ot a 

4now sto _ s•, h a l 1~25, 1127, and 1-943 .W.b1 · 4 

ln Jtt)n,1111,tag • ot e,nn P»••i,tng at nnott., se..s., ,,.,, 
- d ae.s. ~ ep-eotiv- 3.y. Tbt okttd•t- i, nl ti n Mp 

y be--,).abed 1n i,u b7 l't:t ~••• to Ft~ 8.. 'l'b 

11 wnol't•'rc1'\lle JtUIU 1Mli lNO; 11-41 and 1944 

••i:o _ P - ot · 11 n - sto,iag, t b · 1w - d h1p. 

a:ttitwt• .• -a 9-tl, 10271 .i\ 1 · ·. 

(lug ~oft•• -a-. 7 -· ) th • • h.ta .. •• 

aoo.u1-tlon at both low and high ti 

po lble that the 1mr•alt11Al4 n 

,o. ·:,,llu •1 . iag a4 ·ap1etaU1 q 

l .oaa e than ~ high• ltS.tllM a ·, , -

fllM• · e ot 

_,. l'.t ta 
k ,,.,,, au\ll : ,,tea 

• ter, -•'Y•poMt .l 



w 
> 
iii 
;:) 

...J 
u 
z 

>-
...J 
;:) 
-, 

0 
..... 

:::! 

If 
<I 

Ul 
...J 
<I ..... 
0 
..... 

LL 
LL 
0 
z 
;:) 

er 

..... 
w 
w .... 

"" er 
u 
<I 

0 
0 
C 
c· 
0 -

12 

,o 

8 

6 

4 -- -

2 

, 
•_1 9 19 TO 1935 

I NCLUSWE 

1936 TO 1945, INCLUSIVE, PER IOD FOR WHICH SNOW i- _ 
SURVEY RECORDS ARE AVAILABLE BETWEEN_ / ', 
JACKSON LAKE AND HEISE ' , -, ' 

SNAKE RIVER 
ABOVE JACKSON L AKE 

ELEVATION - WEIGHTED AVERAGE 

t 

. ! 

FIGURE 10 0-------------------------------'-...;.... ___ ..__ ___ _... ____ ....._ ___ _ 
5 10, 15 20 2'6 30 35 40 45 50 55 

1:IGURE 10 . 
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FIG. 10.-Forecast chart - Snake River above Jackson Lake based upon elevation­
wei ghted averages of snow courses 
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. Heise - based on elevation-weighted averages 



Table 9.- -PER.., TAGE OF SNO TER APPEARING AS RUNOFF 

SNAKE RIVER ABOVE J ACKSON LAKE, WYOMING 

As of A.pril 1 

APr1l l;o Percentage ot 
July Inches Depth Elevation eighted Snow 

Runoff' Equivalent snow ater Appearing as 
Year (A.F. ) o:f Runo:f:f Equivalent Inches Runoff 

l.919 455, 870 10.6 23. l 45.5 
1920 725,370 16 . 7 32 . 8 50.9 
1921 792 , 440 18. 2 31 . 8 57 . 2 
1922 739,810 17 . 0 32. 0 53. l 
1923 710,290 16. 3 30 . 4 53 . 6 
1924 455 , 730 10 . 5 24 . 0 43.8 
1925 1,003,620 23 . 1 39 . 5 58 . 5 
1926 538,680 12 . 4 24 . 2 51 . 2 
1927 1,082,810 24 . 9 52 . 5 47 . 4 
1928 990,820 22 . 8 37 . 9 60. 2 
1929 614,650 14 . l 30 . 5 46 . 2 
1930 560,650 12.9 25 . l 51.4 
1931 382,160 a.a 12. 4 71.0 
1932 757,290 17 . 4 35 . 1 49 . 6 
1933 646,410 14 . 9 31 . 5 47 . 3 
1934 455 , 370 10 . 5 21 . 1 49 . 8 
1935 701,750 16 . l 27 . 6 58 . 3 
1936 823,310 18 . 9 30 . 7 61 . 6 
1937 590,890 13. 6 23.2 58. 6 
1938 869 , 230 20 . 0 28 . 6 69 . 9 
1939 642, 600 14. 8 28 .2 52 . 5 
1940 591,990 13.6 19. 2 70 . 8 -~· cc 



Tabl 9.--PERCENTAGE OF SOW WATER APPE RING AS RUNOFF (C ONTINUED ) 

SNAKE RIVER ABOVE JACKSON LAKE , OMING 

s of Aprill 

Apr!! to 
July Inches Depth Elevation 'e1ghted 

Runoff Equivalent 0 eter 
Year ( . F.) of Runoff Equivalent Inches 

1941 528.-860 12.2 17 .. 0 
1942 631 ,340 14 . 5 19 .1 
1943 1,095,010 25.2 40.l 
1944 566,060 13.0 17.7 
1945 657,110 15.l 24.5 -

Average 689,264 15.9 28.1 

Percentage 
Snow 

Appearing 
Runoff 

71.8 
75.9 
62.8 
73.4 
61 . :6 -
57.6 

or 
as 

.... J 
0 
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:runoff• .ol Y1141 ._ , 1 t • _ subjeoted to l 

1 .,, tb nfol'e, the runoff- ld111g !f$ct1v n 

or the enow w gPe t r than during lal'ge runoff-vol 

yielding y ai-. 

Differ no a ong torag • 1 v tion o~v a 

n in 1gure 5 nd 6» y M to 

ffor s at i1 pre.ciso st tistto 1 1:)0rrelation 

ans.J.y e or da rrom 1ndiV1d11 1 sn oourse have not 

yield d a . promi 1· result s 1G erd1n :rlly e,q,ect d 

frot11 uch analytlo 1 techniq &s This n,.ay be due, in 

p ~t, to the ob erv tion that lowe e1evat1on ... o nt r d 

:now•p k a.re kn n to » ault et tber in e rly sno 

lte, or1 if porsist nt, in r id ratGs of melt 

produeing high ra ~ of runo ~ -~ 

'l'h8 . ri n · :r re o.\lld bov J 

ng, ax- unu u l not only 1n the 1 ...... "t!~ or the1X' 

r cor , wt s 1n their o .1 be 

, 

teP int 1no nd 

Bure u ot R. ol tion. uvey 

th ur au of ol tion. In 1936, 

by the 

t1ll p rtormea by 

sn oour 

y tem w . 1noo,:,p ·t' ted into the 1 ~st ... tde ynt m ot 

·IJn<:flf · 'f!!Vey OQ din · ted b the Di te1on of Irrigation 



ot the $ 11 Con · e:na ,.ion sent · , at which time the 

snow cu)u.,sea 1F Ji· atak d out in the dare l'•· 

Ptgu.r- e t ·an 10 pres. 1)\ tw s · t · , ot meett 

d upper and loWer enveloping 11D •• The $1!4 ltn 
.·~· to~ tb p · l'to• :t>egS.nn1ng wttb: 1'36, Mn the 

• 
The bro: :en l!.JUt &H tot:- the penoa o r,ec·Off» 

b g1rm1ng wt 1lh 1919-t On1J tl1e otJUmtllatton of N'O-o.Nla 

in th.o futu.l'e a dl o oe · •h! rh ot th.ea• tWi ete ot 

line most n.a»b' x- 1'1 1-tlonebip of ·c:n, ... 

•ate·:r •qutval ~t • to ott tQ th 4r· bu:l · 

b. ln ot the Snake lU.v .r above lao · on talc ·, yom.ng. 

,Rtl t1~•1. ga1z ·~ ,o,t ~ " itl1t• .2! ~1 .. 

tnv; . t!s!Uon. 
A d.!ecu -ten of p :*tit1•nt tlstt _al 

o<,neepte 1taa pJll.:e. .nte.d 1a OMpt -r v. Addtt!QlUll 

t OU 4011 1 f .QUnd 1n th · App . 4kt . . th6,t; wt th 

lf•bl 1· 10 .wd 11, oor lat1tm an l7s1 wov ab ~t • 

Oorr•ktl o,o-tft.11t nt · • r not o ·10\llattd t011 the. 

toHo.uta fet- the 8ft · e B1~0J1 b • u laok on , 
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Ntor4 . tr ll'10tf 
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RY 

A method 1 s nted tor 88 ao 1 w er-

yi l. to:.r $t erlv t1o 

The e into aooo qui 1 nt 

by tion zon t 1n ·.Pp t n ~ 

w te ui ent t'o h1 

portion of no l db 

cour · The .onl wt r 7!eld t t d ved 

by th1 thod to~ tb Up s k 

above J ~k on ervoir~ o~r 1 t1o 

co rr101 · nt r 0£ o. 2 + o.ose, b1o 1nd1t·u~ 

p~ ot1c&1ly 1gnif1e nt d gr t eor~ n r 
mul t1 la.purpos .Pe ·· er ()ft' op r t1on. 

R t t t~ nd 1n e o • er 7,S. l t ~ 
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• 
G.Ol"l' l tion ate. ti ti<ut.l an:a1yot ·· sh0111d 'b 'V'$,l"J fru1 ttul, 

a1noe 1t - .11 P<> .1bl tbe o leulattotl ~t the net 

ff&ct ot the int&l'ac>t1on or ver l taotors op l'at ve 

in influen"ing s asonal water yield, 

1 far th g:r wot :f'v c tion of tho a.o t of 

perfo ng a snett urvey 1 that oxpend&d on tr vel t1 e 

to nd from a su oour· e 'her p e eent C· our .. a u 

looate(l at high lti t\J.d s., dd1t1onal ooursoa ooul.d e 

sux-~oyed t low nd 1nt rmediate alti tu .t a t very 

light · .1.te a d. 0<>11t lt should be O$ ibl, en 

e to.bl1eh1ng or xpan.d1ng :sn cour e netwo·:t'k, to e<.> 

loo te the oours$ a t-0 nav them di t 1 ut a: ooording 

to l~v t1on olat •and · now o umulat1 n zone, o 

th t 

weighted watershed to~ ge av r • 

A mult1ple .. oorrelatiel) anal7sis ot the 

~el tive eight of the vo.r1ou~ ele ti.on ion "3' be of 

interest~ How var• tho calauls.tion ot · t'QNtta t u !ng 

the ,el vation ... weigbted r qui val.ant 1 •1th 

uttmm and spring r 1nr u, ·and wtth autumn• •1nt r, and 

spring temper ture•, up to the date ot the r-oreeaat, 

should yield $OJM tnt stlng iJJJPrO •ment • Au 

off of the Vpp . r Sn k Ri var ma.J p;r ve of 
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•••~- ,~ing 4 · . t.- eolalt, b · aus-t lnt '":t.at oria 
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lll1 clun roo4 tn ~ tut ... boo 

ns wh1ob (to) od (te>. 

uo · ltng t , t v . . 1nating & •11t.Pl . 

o t ot - uni e~ ,. tl ta JMlt le tQ &MUl· , wltb.111 

ltCtl'., . knowl&dp ot b ha _· <,1t&11 ff th'6 unl· e'i! • 

The u1 ti -t• tie . t ot kn0trl•4 . ot un! ~•N• •oul4 

b to v uate i'J ln"-1 l<lue.1 b . t1Mt uni •r•• Tbll 

1 not be J,u tlft.abl tot- the p _ <,e • ox- pMO·tt al 
~ . 

b -u t tb1: oat o~ tinan.cstal. 11d. ta tton . ... ~ tor , 

aiapl • · - . · ak and th . o~r-.o i-t tlG• ot 

un-tveree av .· • t1 ted tr . th _ MmPl •• Th . dvano•tt 

appl1o t1:0n ot tb&c,rie ot Nn 1 l . 
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tl!ure q~ter b!lllontll of t _ I! . s- abOVi 

drainage, bet ta cht.117 1apJ;e ~ tht 

enow .,,..,l"V .... newoa. 
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oqutftl: at. It 1 · not neo~1h1a»1 tb: .t a,ome 1tell1 bl a 

truly v p1-&a&ntat1Ye • lt of untveir 1 1t it b~ 

~- · und! 4•rl'lfl e bt.tt fbd te. lat10NJhip t~ 

hartOl'' :o,f ·th$ un!v&rse. With Jt&fe:~•n • ~ n• 
oou ~ 11 ~Jtpeneu bas ab.Own tl:uat ~7 I · o:f value for 
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ot pN«,,ltd.on tor p~aot1" 1 }'ni~fl.s " .'l'h! obJtot1ve or 
tort11c -~ 1a t as~ ·l'tnn ,- o.oJ? latton er tao,to:t ol' 

faetol' •11ih ad ·1 ··.d d pond t var.table and t . 

Th . ~ llo.i,lng t b).e {10) · nt <11) are '10rit 
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• t r equ1 'f111ent ot the ounen\ .and the pNus•ttns ~ ' • 

~~• eu.n~y• in J.atl~ to th outtNnt ye Ji·*a a · . onU 

· . ter 11 ld. an4 '10:P · beot to thtl •tmJ.Putation ot::-tbe 

eotffio1ent ot o~~l~t1on to'l1' the 1.1"-ttlltttEatS.$ ... :ave -. ge 

bs.$$f mus,1r..wa t&l' qui 1 nt ln · . kt1 on t .o . _ sona.1 

t&J:t yl· ·1d, 

a. ttple o&~lllit!.on anal$ 1 tn Ta.bl' (11) 

-d uelng the Doo11 ttl& eyat• . s ti()titfl a by 
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