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FOnE'.iORD 

The analys· s of cl imatological data descr~bed in this report 
was made for the period March 1, 1951 to June 1~ 1951, during the 
cloud-se~ding operations by the Water Resources Developmen t 
Corp0ration of Denver, Colorado 1 covering a targat area rou~hly 
defin ed as the valleyA of the Cache la Poudre , Big Thompson, and 
St. Vrain Rivers east of the Continente.l Divide ., 'I!:le st'J.d r i'Jas 
authorized by a contract betwe en the Colo rado Apr icultural Re-
s earch Foundation of Colorado A ~ M Collage~ through the Ci vil 
Ln;:rineering Section of the Experime~tt Station, e.nd the Northern 
Colorado Natural Resourc es Association. 

Nr. \hlliam D, Farr > President, NCNru, nd £<1r . Donald \J. 
Farnham, Acting Secretary .• NCNRA, rere in consultation lrii th CoJ.o -
:::. ac:o A & !.J: Coll ege staff meiTibers and made valuable suggest ... ons 
~urlng the courRe of the study. 

The Section Chiefs of the U. s. Weather Bureau and Mr. Hocer 
J. Stockwell, Irrigation Engineer , Soil ~onservation Serv ce, 
USD.;;., ,,rere very coo era ti ve in r:la...i.dn g available cllmatologlcal 

. data .. 

Pro f . Andrevr G~ Clarlc , Head., i'lathemat c s D-.par tment, Co orado 
, A & M College , a~vise on the statistical analysis of the clima 

tologica data. 

College staff engineers ,.,ho contributed to the studies \·Jere 
Prof . Ivlax1·:ell ... arshall, :vho assiQte<i in the assem.)ly and analys._s 
of the climatological ~ata; N.r , rving s. Dunn~ \'Jho e,dvised on the 
meteorological aspects of the analysis and reviewed the report ; 
l·~r . j'ames R. Barton , Hho assisted in the analysis of the sno-vr:fall 
d a t a ; Nr . Chong-Hung Zee, v:ho assisted in the analysis of the 
p rec ip. t ation data ; a.YJ.d 1'1r. Victor Grimm ) l·rho assisted in the 
a ssenbly of the data for t he report. 

Dr. D. ·F. Peterson, Jr. , Chief o f t ... E Civil Eng nee:ring 
ection 7 assiated in analys~s of the re sults and preparation of 

t he report. Dean r. H. Evans , Chairman of the Eng neering 
Di v:lsion o f the Station and Dean o f Engineering, advis ed on 
direction of the work a nd assisted i n analysis of results and 
p repsrat on o f the report . PI'O:::'. Sol D. Resnic __ '1-<.ras l eader of 
t he proj ect. As such he he,d ma j or J;'espons:l.bility fo r organ iza-
tion and t echnical direct:on o f t e work , analysis of results , 
and p reparation of the r eport. 

. Cost o f t he study was borne by both parties to the contract. 
Tne Co llege c on tri b'.Ated "Ghe time o f ~ ts personnel~ "~>Jhie:h ln Prof. 
F.esni cl-:. 1 s c ase ·ras t.HO- thirds time fo r fou r and one-hali' ... onths . 
~he NCNRA paid the co sts of stu~en t assistants , t ravel, c om~unlca
tiony extra r ain gape s , and report preparation. 
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SYNOPSIS 

Present ed in this r eport is a~ analysis of the clima- · 
t ological dat a for the period March 1 1 1951 t o June 1 , 1951, 
dur ing the cloud- s eeding operati ons over nor th central Coloradoe 

The r esults of t ho vari ov.s methods of analysis are as 
' follm-vs : the March , Apr il, and 1\Jlay , 1951, mean depth of pre-
· c inita tion on the target area was 4.36 i nches as compared to 
a fortv-vear no rmal of 5.,40 inches and the Drotab ility s t udv 
r evealed" that the 4.36 incheS which fell during the · thTe e month 
pci riod on th e t arget area ha s been equ ale d or excee~ed 69 per 
cer::t o£: the time or app::.~oximat e1y every t ·vvo years out· of three . 
Secular series stuC:ies for t~1e pe riod of Ivia rch , April , and 
May indicate a si_gnificant up,'l&rd trend in precipj_tat ion 5.nri 
t he pre sen ce of a possible wet c yc le. 

The mean deoth of nreciryitation on the control area fo r 
t he mo~th o£: Mar~h , 195 1 , wa~ found t o be 62 percent of the 
n ormal me an d ept;:,. of pre cipit a tioYJ. on th e c~ntrol c:~rea for t~1e 
month of March , whereas u -.e mean depth of preci r-itation on t he 
target area fo r the month of March , 1951 , was found to b e 52 
perc ent of the norma l mean depth of precir;-itation on t he ta:::--ge t 
area for t he month of I:Iarch • 

The mean depth of sn ovl- \vater cont ent increase on t he t arget 
area for t he period· of I.-larch and .!-l.pril, 1951 , was Lt$9 i nches as 
compared to a thi:::--teen-year normal of 3~1 inches ~ Howe ver , the 
above normal water content i ncrease for the period of March and 
April, 1951, was apparently the r esult of the b elow normal 
monthly t emperatures , vvhi ch r educ ed t he sn0111J melt , for the 
same period., 

The mean d epth of snow v.rater content increase on t h e con-
t rol area f or t he period of I·1arch and April , · 1951, was J.L~7 

·- percent of the thir teen-year normal ; whereas , t he mean depth 
:, of water content incre ase -on the target a re a for the SEnne 
-_ period was 158 percent of the thirteen-year n ormal., · · -

. A study cf the precipitation in the west ern United States 
· for the pe riod of March , April , and May , 1951 , shov:ed that in 
·. general the Pacific co astal st c:\ tes, t he east ern . Rocky ~Jiountain 
r states , and th e southwestern states were below norma l in pre 

cipi tation; whereas, the 1.ovester.n Rocky I'-Tountain st ates , tl>.e 
plains states , and the mid-we stern st at es were above normc:.l 

: in pr~cipitationc 
'' ' -. . . . " .... " .. 

The analysis in which the isopercentia l theory t...ras used 
· to d etermine th e change s in patterns And amounts of r a infal l 
due to cloud seeding was not comp e ted because of limited 
fund s; An abb reviated approach based on th e above theory was 
tried~ but th e result ~ were not satisfactory. 
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The r esults indicate that there was no apparent i ncrease 
i n precipitation resulting from· cloud seeding during t he 
period March 1, 1951, t o June 1, 1951, over north central 
Colo:tad oo 

, 

There i s also no proof that possibly good r esults cannot 
be brought about by artificial clot~d seeding. Extensive field 
e xnerimen·tation over a period of years , under conditions t hat 
per·mit scientifically adequate observntion , may be required 
t o establish th e degree of success \vhi ch c loud-seeding opera-
t ions may be expected to achie eo 

The r eport by the American Institute of Aerological 
He search , Denver , Colorado, on cloud-~ seeding ope rat i ons in 
northern Colorado during the period March l, 1951 to J une 15, 
1951 , cont ained the fo lowing conclus ions : 

11 1 . In t he perio :warch , 1951 to June 15, 1951 
generator operations for the benefit of 
nor~hern Colorado totaled 1013 hours n 17 
minute so 

2 e Weather conditions fo r c ou seeding opera-
tions were genera l ly poor with only one good 
s eeding interval i n each of the months of May 
and J u.."1 e • 

3 .l Precipitation over tbe pro j ect avera.ged 
slightly belo\'J normal during the period of 
operati-ons. 

4 ~ It i s probable that seeding operations pro-
duced an i ncrease i n precipitation of between 
zero and 5 percent ove:t" what vvould h ave f allen 
naturally. 11 

i ii 
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CHAPTER I 

N1'RODUCTION 

The evaluation of cloud- seeding results is kno1-m to b e 
extremely difficult, and perhaps even i~possible be cause of 
t he tremendous ariation nd extremes of' natural 1•.ToaVler p!:'lenom-
e na. r.); he analy is of p rocipi tation records tvhi ch is pre sen ted 
h nre in was un erta:en with a fu, l realizat .on of the po ss i bility 
t hat for the short p eriod considered nothing sign ficant might 
be d e tec ted. The change r esulting ~rom seeding operations c &n 
b e detect ed only i f o f unB.su.a l statistical signlfics.nc e 1-:h en 
coi~pared y approved scientifi. c met _ods to p as t precipita tion 
r ecords . La ck of e.ny s1c;n .J..f5.e.ant c.hanges for ev en a seasor1l 
on the o ther h a nd, indicates t hat there is no real e v dence for 
t he succ ss of the oper .tion. 

Colorado A & M Col- ege d ec ded to enter i nto thi study 
fo r the NCNRi .. be cause it 1·71shed .... o assist in eeking al'lS"tvers to 
t he many questions r a ised about ~t fi cial cloud seeding. ~ t 
was an opportunit y to ass· st t he public 1 which it se rves, an 
at least determine some of the problems involved in evaluat~on 
of thi s n et'i d evelopment" The s· aff hoped .. - so ... hat some 
def:'i.nl ve recommendati ons could be made 1'rhich might e.sslst in 

J e·..ralua tions of f~ture operations and in i mprovement of the 
t ype of contract u sed . 

J. h e Problem 

The study undertaken :ts c oncerned 1,ri th ana yzlng the 
attempts to increase p rec ipita tion 1 improve preclpitat on 
p atterns , end reduce the 1,reather extremes of violent dovmpour 
and excessive erosion and destruction. The target rea is 
outlined accurately on the map attached a. o Fig. 1~ t can b e 
defined roughly a s the va l ey s of the St. Vr a in , B:i.g Thompson , 
and Cache la .Pou,'i.re Ri ers eas t of the Con·t;inental Divide ano. 
north to t he \'lyom:i.ng border . . The peri d covered y this 
s tudy v!as for Marcn , Apr il, an l·1ay of 1951, 

l 
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CIIAP'l'ER I I 

ME'J.lHODS OF AW:;.LYSIS 

The -:-:1ethods use in the anal"' sis o f t ho ut ter·:p t; s to in-
crease precipitation and i mprove pre cipita tion patterns 
Horo dovelo~x~d chJ.ring the ~'l"ot;ross of the study. 

One method . of eval uation c onsidnrod was that of u sing 
s~icntifJ.c forecasts of what would hap)on i f s..rt ifici:::..l 
nu clei h a d not boe11 int:c'oducod. After a pilot a ttor.1p t to 
cor~n lato ccrm1orci al and govern~ental f orecasts with actual 
occurrences uas liladc t~is method 1-rc.s n.bandonod ·as t oo "..ln-
r oliabJ.e or i ndefini to to Gl18.ble the invest i gators to detec t 
s ignificr.nt changes i f they oc curred. 

Tho &ttcr1pts to i ncrease tho tota l pre c ipi tat~ion Her·c 
t herefore analyzed by the following methods: sta~istically 
stu dyi ng procipi tation on tho t arget area and a control 2.roa ; 
conparinG snow p 2.cl~ on the t arget area r:nd a control arec. ; 
and s tudying tha r ainfall patterns over t~e entire western 
United Statos. 

Tho statisticul study of precipi t a t i on on t he t s.rgot 
area consisted of c omputing the mean depth of pre cipitat ~ on 

on the t arge t araa for each yoar f rom 1911 t hrough 1951 , ,sin'"' 
t }le Thiessen p olygon n1e~hod , for t~e :r.:.onths of :r--1arch, April, 
Hu~'" , and the STh.'U~na.tio:n of t he t hree months. The artificial 
nu~loati ·on operations for t D.e target area J. end t hm'!1sel ves in 
ge nera l to an inv~stigat:.on o:: the cumulative effects on 
m.on·chly p re cipi ta ti or~. ~vh:'i. ch may b e produced by susts. inod cloud 
s aeding . . A plot was dr~wn for each of t he periods, consisting 
of r.1ean depth of p re cipitati on on the t arge t 2.rea versus 
years , forty-,ycar no rmal mean depth of };H'ecipi tat ion on the 
target area, a nd fo r ty and f ifteen-year s eculer series . A 
moving ten-ye ar secular s eries fo r the t hree month period iva 
also computed a nd plot ted . Tho above t ime series studies 
were made to denote t rends i n tota l monthly and season a l 
pre cipitation. Prob ability ct:u~ves were the Y! plotted and t he 
frequency of occurrence of the precipita tion which occurred 
dur ing the see d ing period was c omputed. 

Pre cipitn tion on Targe t Area Versus Control Area 
.-.,...-.or- - --

Comparing precipitation on t he t argev area and control 
area ~ see Fi r>'. 1 , consisted of comp1ting t he normal mean 
depth of precipitation on the t arge t and contro l areas by 
the isohyetal method for the r.w nth of Harch and the mean 
depth o f precipitation on t he areas for ~1arch, 1951. The 
r atios of r1arch, 1951, precipl tation to normal Harch 
pre d .pi t a tion for t arget and control areas were compared. 

2 
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Seeding operation~ ore undortukon in the control ~re a 
during the month of Apl~il , 1951, and hence this method of 
ana l ysis Has poss5.ble only for the rr..onth of Harch. Tho 
contro l area was chosen on t~e basis of correlation studies 
betlvoen stations in t he target and control ar0as. 

The effect of ueeding on the snow pack in t he target 
area w::1s st-:..:tdled statistically by co;np'..lting tho :nean depth 
of water content change of t he snow on t he t argev area , 
u s :lng an ari thr:~e·c,icr~l mean , . f or t he months of £!arch and 
'·.p:.'il , a n C: s:.:tr .. .!I;"le. t ion of the t~:o months for each yeo..r frorrJ. 
.1938 th1•ough 19.51. Snow-surve infor·~na tion tvas not avail 
ab le for the r.:onth of l''lc.y. A plot Has draw:1 for each period 
consisting of mean depth of wa t er -content c~ange versus y ears 
a~1d t he t hirteen- year norli"a l moan dept11 of water c ontent 
chanae. S:J.o;·r-pacl-;: :r.·o cords are based on monthly sno-vr surveys 
made through Ap-~"iJ. oi' each yec..r by tl:e Soil Conservc,tion 
Serv-:ce and, hencG, t he ... u:notJ.nt of snovJ ;~1elt, v;~i ch depends 
to a great extent on te~porature, b etween surve,s, affe c ts 
t he s r... o\.·J-pack valu~ s obta:l.ned al:~ os t as r:!uch 8.s t he s noHfall 
i tse:!..f d1.1.:::>ins the interval. Therefore a study was made 
showing the relationship of water content chanse and tempera 
t u:>e fo :> the mont~s of iiarch and April, and the sumr:1at io"1 
of t he tHo months for each y e a r f rom 1938 thror:.gh 1951. 

Comparing sno;..r p&ck on t ho target arer. and control aroa , 
s ee Fig . 1, consisted of comparing mean dep ths of water 
c ontent change foJ:> :;he periods of l1arch , April , and the 
s:.:tmr-.~.ation of' t he bvo months for eac!l year from 1938 throu.gh 
l95J . . 

Another ~nethod of anaJ.ysi n used consisted of fi ndi.ng 
norna l s :'or ~-larch , 'pril , 1·1e.y , and the summe.tion of the three 
6 onths fo r stations with precipitation r e cords of fort~-five 
·to fi fty--five ye~?J. rs chosen in t he United Sta t es west or" t he 
I•Ii ssissi!)Pi River . The r ainf al l of l'Tarci.1 , Apr•il~ iviay, 1951 , 
and l-he ur.nnati on of the three months was c o:nputed as a 
p ercent of t h0 normal and points of equa l percentages above 
and below normal were connected. The re sulting patterns 

~sho:..·.r . ho-r.,.r t he s eeded area ·cornparos Hi tr: othe r sections of 
lJes t ern Uni t ed States in terms o f no rmal pre c i:1itat:'Lon. 
Corre lation studies were P'lade betHeen stations in seeded and 
n on- sesded Qreas. 

One· of the advantages of cloud seeding is said to b e 
that it c .g_uses t he r ainfall to be >Jwre evenl~-- distribute d 

3 
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over the area. In order to investigate this possible effect, 
the rainfall patterns on the target area and irnmodiately 
oast of t he t arget ar•ca in caste~n Colorado, lvestern 
Nebraslca and Kans3.s uere studied, using the Corp s of 
Ent;inecrs isoporcential theorJ<-. This theory is based on 
t he ob3e rved f:J.ct that in basins uhich h ave pronounced oro-
graphic effects, t ho ra:!.nfal2. depths of various stations for 
a particular storm tend to bo U215.for;:H p erco:1tc:ge of a noi'mal 
for the storr-1 typ o regarc1le'"'s of the uasnitude of tb.e rain-
fall, tho altitude of tho statio~, or the position of the 
s tation Hith relation to 11 rain sl1adovJs 11 • Isopercential 
po.tt erns coYlsistinc; of lir~es co nn ecting points of equal 
percentage arc drm·m for typo storms which oc cur:."ec during 
t he se .::;ding period and compa::."'od l·Ji th t he patterns of s torr."ls 
o f the sarr:.e type occur::."'ing prior to the seeding period. 
Hi thin type gronps of past storm statis .. Seal :nethods of 
c o:·::parison are used. One metJ:od, concerning the t arget 
a:>es. only, co nsis~ced of compu t:i.ng the standard deviatioYls 
of the precipitation recorded at stations on the t arge t area 
fro~ the mean deptri of precipitation on t he area as a porconL 
of tho r1ean depth and also in a .... lsolute values for sim:Llar 
t ype storr::s Hhich occurred du rinc, and prior to the ~ eeding 
period. Probability curves were then plotted for each case 
a!ld the frequency of occurrence of the stand~ra deviations 
Hhich occurred durinc, the seed::.ng per:Lod v-rere co~puted . 

This r~othod ""'ras also used fo~ detern:"!.rli:1g any c_"&nge in 
rainfall C.is tr:!.bu tion resul ti:1g from cloud seeding for the 
per:Lod of IIarcu, .t,:oril, and r-1uy, 19 51 , as c m.1pared Hi th t he 
s ame p eriod f or oo.Gh year fror<l 1911 thro~).[.h 1950 • 
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CHiiPTER III 

RESULTS OF A~{i'l.LYSIS 

The r esults of analysis of t he climatological data for 
t he pe~iod i.l-1a:r'ch 1, 1951 to Jur.e 1, 1951, during the cloud-
sce fi ng operations over north cenur&l Co:o:r'ado are presented 
i n t he followin~ discus sion. 

Precipitation on t ho Tarr;et Area 

I n t he statistical study rif t~o roean depth of precipitation 
·on t he t~rget area t he followir.g results were o tained . I n 
each case the mcnth o r group of months 1.v-as conpared to the 
fo~~ty-year norr1al for t£12 t mo:::1th or e;roup , a::-2d the probability 
o f t hat o ccurror:.ce being equ.aled or E'xce0C.cC. wa calculated 
froT'l the charts so plotted. See Figs. 2-9 , inclusive , and 
Tables 1 13, inclus ive . 

l'lonth Nean Percent of time A!)proximate 
or 40···yoar depth Equaled or Years Sqt1aled 
Gr~u? Nol"'mal 1_951 Exceeded o r Exceeded ·-
l'·1arch 1 o05 0 .49 72d 3 out of ~-, ;o 
April 1 .. 98 1.39 58% 3 out of .-' 

~ 
I·1ay 2.37 2.h7 ~.o 't; 2 out of 5 
!··~ a::."'-I'"~ay :ln.CL 5. 40 L~ . 36 C' 2 out of .3 69;o 

Tt.o t abulation shaHs, for e:x.a."lple J -cnu.t during 1-'Iar ch., 1951, 
0.49 inches of rain fel l , whereas the norma l mean depth o !~ 
pre c ipitation on the t arge t area for March over the p ast 
40 years has been 1. 0.5 i.nches . I t further shoHS t l1at in 
ap:;_J ro:x.ima tely three or'. t of ever~,. four ysars t he Harch rain-
f all has ex ceedee that of March , 1951. Considering t he ~iliole 
March April-May peri od, the 1951 depth of 4.36 inches i s 
l ess t han t he 40-year normal of 5.40 inches . In two out of 
every three years the natural rainfall has exceeded that for 
t he 1951 cloud-seeding pe ri od. TD.e r a i nfal l f or Hay , 1951, 
slightly GJ': ceeded the no:!.~mal, hmve v er t -vJo y0ars out of f:l ve 
are n a t"..lr8.lly t--retter t han Hay , 1951 . 

'j:he forty - and f i fte en year secul ar SGl"le s studies o f 
mean dep th of pre cipitation on t he t arget area reveal e d that 
t he M&rch , Ap r i l , and Nay t renC.s are r e latively insigni f i c an t , 
s ee Figs . 2, 4 and 6; vJhereas , fo r the summa t ion of tl:.e t hree 
months, t he fo:r'ty year· t :;:>eLC. is 0 .0111 inches per year upHard 
and t he fifteen-year trend is 0 w 0611 inches p er year up1rrard . 
Both of these trends ca.n b e considere d significe.nt, see Fig. 8 
and ~L1 a.blcs 14 and 15. The r.1oving t on-year s e cular series 
study for t he summat ion of t he t hroe months , see Fi g . 10 and 
Tabl e 16, r evealed a possib.l. e cycli c trend, "tini ch indicates 
t he presence of a series of Hc t Spring p o:r.iod.s , and a s:lsnifi.cant 
overall upv-rard tr·en d of' 0. Ol3L~ inches p er year . 

5 



. .. 

The mea:1 depth of pre c ipi tat:ion on t he cont1'o l area fo r 
t h e rwnth of r·:arch, 19 51, i·JO. t: found to be 62 perce~t of t ho 
normal mean depth of pre cipitation on tho control area fo r 
the m.onth of }·i:arch ; where 9.s , t::.1e mean depth of p:eocipi t a t ion 
on t ho t e.r ~:; et area for the r:10nth of £brch, 19 51, 1.-Jas found 
to be 52 percent of tho normal moan dep th of precipitation 
on t he t arge t area fo r t he mont~ of l'1ar ch, s ee :t<, .: gs. 11 and 
1 2 and l'&blos 17 and 18. Fir.··~ 13 is an examDl e o f a . ~ 

correlation study bebwen a pr ec:i.pi t a t ::.on s ... ati on in tho 
t arset area and a sta t ion i n the contro l area 

SnO'[.,!fall on Target A1~ 

I n t~e sta ti s tical study of t he mean de?th of snowf all 
oz1 t he t arg0 t area the foll m.ring results t-.tere obtained. 'I'he 
Harch, 1951, mean depth of 1vater content char:.ge on the t arge t 
area was +3 . 8 inches as co;·npared to a t hirteen-year norma.l 
of +3.1 inches , s e e Fig . 14 and Table 19. The April, 1951, 
mean depth of water content chance on t he t arc e t area was 
+ 1.1 i nch es as c ompared to a thi rtoen-ye&r normal of 0 e 0 inc __ es, 
s ee Fig. 15 a:.-1d Tab l e 19 . Lc.stl~r , the summation of i'Iarc 1. 
and April, 1951, moan dep t h of water content chance on t he 
target area Has +L~. 9 i nches ns con pared to a t h :Lrteen-y oe.r 
norma l of' +3.1 i nches , s ee Fig. 16 and Table 19. HoHover , 
t he greater than normal wate~ content c 1anges for March and 
Apr il, 1951 , e.ppar0ntly result fron 0ss than nor ·;lal mo:::1:~hly 
t empera tures , ~ee F'igs . 17 and 18, for the sar.w periods. Hote 
t h2..t t~'lG n~onths l·Jhi.ch hEn'e bclm·J normal t emp el,e.tures are also 
the months of h igl1. 1rJatoP content increases . 

The r.1ean depth of' s now-Ha te r• content chanse on t he con trol 
a1,ea for the period of Harch and April, 1951, vJas 1~.7 per cent 
of t t.e th i rt3en-year non~1al; 11hereas , t he mean depth of water 
content cl':,ange on the t arget area for the same p e riod \·Jas 
158 percent of the thirteen-year normal. A good corre lation 
Hi~ch regard to snoH p acl~ exists b e t1.·:ee.:1. the control are::t 
s elected and the target area, see Figs. 14, 15 and 16. 
Ab.:J.ormally h i.gh s nm·!- po.cl{ increase on both the t arget and 
control ar•ea is attributed to subnor·mal te1-operatures 1r;hich 
reduced the melt dur:I.ng the JVIarchA·~'Iay , 1951~ period. 

Precipitation on __ .. _..__.,. __ 
Fig. 19 reveals, in ter:ns of percent val,iat ion from 

norm~1 prec:i.pitation, hoH the seede d tnrg0t aroa as well as 
otl1.er seeded ares.s co::1pare lvi th unse cded are a s in wes tern 
UD.i ted Stat es . Figures similar to Fig. 19 for the indi vidus.l 
rr:onths of r ~arch, Apr:ll, and ~1a:;r , 19.Sl, r ,.:: veal ed that one 
heavy genera l sto rr.1 , wh i ch f ell in the latter part of Hay on 
t he targst aro2.. and on a l arge area immediately east of the 
t arget area, was respons ible for increasing t he precipitation 
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for the period of larch , April , and lVIay , 1951 , to near 
normal and above normal for many precipitation sto.tions in 
_eastern Colorado and western Kans as and Nebraskae 

Corre ation studies between stations in the seeded areas 
an unseeded areas to ·~he east, see Fig . 20, show that the 
stations in the seeded areas received 'ess orecipitation 
during I''Iafch, April and Eay, 1951 than would norinally be i ndi-
·cated on the bQsis of the corre ationo 

Precioitati££ Patterns 

A v isual compa rison of·the isohyeta patterns on the 
t arget area for March , 1951 , and the normal March , see Figse 
11 and 12 1 r evealed no si gnificant improv~ment in the rain-
fal pattern fo r I''l&rch, 1951> due to cloud seeding •. 

) 

Ti1e analysis in w .. ich the isopercential t .. eory was used 
to dete rmine the changes in patterns and amounts of raj nfall 
due to cloud seeding was not completed because of limited· 
funds. After aravving ::.sohyetals for eight similar storms") 
each of v:hich was caus ed by a synoptic '"' ituation vJhich resulted 
i n a c i.rculat~on from the east over the tar .~et area, an 
abbreviate approach also based on the isopercential theory 
;-vas used., This shorter met~od of analysis cor.sisted of using 
pre ci:pi tat ion stations on several east-1·1est lines from vlestern 
Kansas to the continental divide and drawing profiles of pre-
cipitation depths, see Figso 21 and 22, for the above type of 
storms , which occur red prior to and du~"'ing the cloud~-seeding 
periodo The profiles of precipitation depths fo r storms 
occurring prior to the seeding period did not show any con-
sistency and hence could not be used for comparison with 
profiles for stor~s occurring du ring t~e seeding periodo 
The abbreviated method , therefore, is apparently not suit-
able for determining changes in patterns and amow1ts of 
r a i nfall due to cloud s eedingo 

: ~ -.-, . . . .. , 
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Cl-IAP'J'1ER I·.; 

CO NCLUSIOPS 

The r esults of the ~n&lysis of the cli~atological d~ta 
J -oe. to the conclusion tl: at the re Has no appa:eent increase 
in precipitation as a res tlt of cloud ecdinc over north 
central Colorado for t~e period of Marc~ 1, l951 to 
June 1 1 1951. 

Th3 f',bove conclusio::1 is sup~Jorte d by t he follO'i,-Jinc; 
r~sults of th8 analysis: 

1. 'l'he 111ean depth of precipitation on the t artjot area 
durinc, t he seeding perj.od vJas l ess than n.orrno.l and has been 
equaled or exceeded na tu;r.c.lly every t -v10 ~rears out of' three for 
the past forty years. 

2. The precipitation on the areas to th s east and west 
of the seeded area "tvas al·: ove nor:·i1al durins t :J.o cloud seeding 
p eriod . · A conclusion that t~e natural precipitation on the 
t arGe t area would have been sicnificantly less t~an that 
which actually fell i s held to be unlikely. 

3. The mean depth of precipitation, as a percent of 
normal, on t :l.e co~trol area for lia.rch , 19 51, 1,ra s approxir;la tely 
equa l to t he ~-~wan depth of precipitation, e.s a percent of 
norms.l , on the target are8. for f·'Iarch , 1951. This does not 
i ndicate any increase in pre cipitation o~ t he target area 
due to cloud seeding. The a )proximation of equal.iJcy was 
us ed , al tl:oug!1 the control area was ten percent higher than 
the t a - get area, because a di:::'fe re~'lce of this m.agni tude 
observed for only one period is not considered significant , 
either as to the degree or t~e cause. 

4. The mo an dep t h of snow-wate r content increase , as a 
percent of nor-r:1al, on t he cc1r..tr-ol area for the period of 
Narch and Apri , 19 .)1, was approximately eque.l to the rne an 
depth of sno1.-.r-~;a. t er content increase , &s a percent of noi: .. mal, 
6n the target area for the sane period. This does not 
indicate ar..y sic;nifice.nt incre&se in snm..r paclr: · n the t arget 
arGa clue to cloud seeding. Ac;ain, tho a :::1pro.ximation of 
e q:~lali ty Has u sed , al tho-..J.gh the t arget area 'das e l even p ercent 
higher than the con·t:.rol area , b e cause such a sr:lall difference 
was not considered significant in view of the short period 
c onsic.ered . If such a dj_ ffer·e~1ce we re maintained co~sistently 
over a l ong period o~ y ears under similar t emperature con-
ditions, then the question W0 11ld arise as to the cause. The 
mean depths of snow-w&ter content increase on both the 
control and targe t area v.rere above normal for the period of 
l'Tarch and April , 1951 , but the e;reater than norma l increase 
for both areas was due, i n part at l east, to the below normal 
~onthly t eoperaturos and resulting de creased snow melt for 
t he s~-1-me period . 

8 



. . -

I n spite of its lir:1ited us8 .Ln the above analysis the 
i sopercential theory appears to be a promising method of 
deter:n ining changes in r ainfall pai-, terns and amounts due to 
clc-1ud seeding in oasins which r.. ave pronounced oro graph ic 
effects~ Even the abbreviated method if refined fur ther 
by using an avera8e of precipitation depths for several 
precipitation stations on the srune elevation on approxi -
mate ly a north south line instead of using only prec ipita-
t ion depths for single stations on the east-west line as in 
t his analysis , may prove to be va. uab1e elevation methodQ 

The·report by the Amer ican Institute of Aerologi cal 
Research , Denve r , Colorado , on cloud-seeding ·operations in 
northern Coloradu during the pe riod , Harch l , 1951 to 
June 15 , 1951, cont a ined the follovdng conclusions : 

-- : ··-. 
( . : . 
. . • :. 

"1. In the perio March 1, 1951 to June 1 5, 
1951 generator oper&ti ons for the bene£it 
of no rthern Colorado totaled 1013 hours 
and 17 minutes~ 

2 . Weather c6nditions for cloud s eeding 
operations were genera ly poor with only 
one good s eeding int erva in each of the 
months of !'lay and June. 

3o Precipitation over the project averaged 
s l i ghtly below normal during the period 
of operations • 

4o It is probable that seeding operations 
pr oduced an increase in procipitation of 
bet ween zero and 5 percent over vvhat 
would have .fal len natural lyo" 

•• r , . 
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As a r8sult 
a cloud--seeding 
hnve been made. 
on the specific 
t o any project. 

CHAPTER V 

GEIJERAL OESEJVi.'I'IONS 

of t:1e expe:::>ience gained by this analysis of 
experir.1ent, the following general obsorvatior:.s 
Uhila the fi rst observation h as bearing 

proje ct studied t he remainder mi ht pertain 

1 . Note that the \JRDC'S forecas ts for lfarc1, Apl'il .• 
and then Hay, 1951, pro icted above normal precipitation for 
tl-~ is al'ef'.. The U. S. _,Joather Bureau fo recas ts 1401'0 also of 
the ·same nature. The statis tical trend lines shoHn in the 
re~ort indicate the posaibility of a wet cycle . All of these 
facto~s reinforce the need for more rese arch in the fiold of 
artifi cial nucleation to expl a in the dry spring period under 
seeding. · 

2. The discoveries , experiments , ancl conclusions of 
roany prominent scientists strongly support the op~nion that 
the science of increasing p:::'ecipitation may have great 
possibilities. There is, however , no acreement at all at 
t he present time amons outstandine; meteorologists that 
economically signif:l cant changes can be brought about. 'The 
Civil Engj_noering Section Sts.ff firmly believes the.t much 
more experimentation on a field scale of practical size 
shoul d be cm'ried out for severa l years in orcier to de-:;er::nine 
the pertinent facts and to apply those fact.s to intelligent 
practical use. Eva.lu:1tion should be done by an impal'"'tia.l 
s cientific agency. The staff is convinced, furt~er, that 
t his vJ"ork must be accom.plishod on a strictly scientific 
basis Hith the primary objective of obt8.ininG the necessary 
bas i c information. Th::.s means adequate control areas :i.n the 
v i cinity of targe ~c areas , close cooperation betTJeen operator 
and evaluator , and adequate staff to do the j ob . 

3. A poscibility o ~ obtaining compari son between natural 
and art5.fi cial r esults might be t o pick days a t r andom on 
wh::. ch there ..... rol~ld be no seedir~g, as against days Hhen seeding 
woul d be t ried .. 

~ . To promote mutually beneficial research cooperation 
b etween the operator and the evaluating aaency ( as a repre-
~ entative of the purchaser ) , a staff merilier of t he l atter 
shoul d observe and consult Hith tho ope:::>ators frequently 
during the contract period. 

5. Hhile more seasons of research t-vill u ndoubte l y l ead 
t o b e t ter methods of evaluation and analys i s, t he methods 
u sed i n t his report arc be l ieved to be as good as any no>..r 
available and t hat they are suffic ient ly sensitive t o 
i ndicat e cmy significant changes vJhich may oc cur . \;hen · 
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t he stu y is of a longer duration , the methods would be 
even more sensitiveo If signific a.."lt changes are dete cted 
t hen the ques~ion will arise as to ho w much may be attributed 
t o artificial means~ A distinct i mprovement in analyzing 
cause and effect that definit ely needs to be brought about 
for future evaluat ions is to require the operator to notify 
t he purchase r of details of his operations on the day they 
t ake placec Thi s will assist in eva uation studies as well 
as in checking on the O?e rator's esti mJ.te of a seeding 
oppor unity. It does not appear unreasonable t o request 
ope:;:'ators to 11 call their shotsn as a means of furth e r 
s trengthening an evaluationo 

· 6 eo The purchasers would be spending money wise y to 
cooperatively provicl e adequate staffs t:;o evaluate one or 
more projetts~ During the developmental years in the science 
of artificial nucleation , vvhen all efforts are unproven and 
s ubject to great controvers r, it would appear economi cally 
desirable t o be certain that the results would not have 
occurred natura llyQ 

74 There is need for a more e aborate study , which 
would include tra cking storms to learn in detail what they 
did during ~_,heir complete moven1ent. Th i s vJill serve the 
purpose , among other things, of d.eterminin::s j ust vJhere the 
moisture falls and whether or not precipitation i n one area 
ro bs any other area along the storr;1 path .. 

8~ A f airer type of contract for the purchaser , during 
t he unknO\\TD and uncertain sta ;-ses in the deve l opment of this 
scien ce , would include a per~ormance reC]_uirement. Exe.mples 
of t his t ype of contract are t he ones drav-.n up for the Tri-
County operation in Oregon and the San Luis Valley operation 
in Co l oradoo 

9. Ot her i ndependent evaluation studies have been 
made by t he Oregon St ate College Agri cul tural Exper·iment 
St ation i n collaboration with the u .. S . Soil Conservat ion 
Service., The report s in gene~al state that there was no con-
clus i ve evidence of changes i n precipi tat i on as a result of 
cloud s eeding., 

r '• ' . 
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Table 1 

Pre c:i.pJ t n tir)n Data 

PrecJ.p . St:ltlon - For t Col lins St:1t e- Co lo . Long. 105°05 ' Lat. . 40°35 1 

Dat e ~ l'1 r om l, _: .1· ·:;:.:J.'Y) \) .~ . J ._1- l J •:; )1 Tot al Ln ;years 
- '.Phi o 8 s e~ri.·---Aroa fa c tcn:;-·xl\fon tl-1-Fre c i p ~----

Ye~r Month Area --- ---~--·-- ----·----------·---------s~.:im or 
__ ]-~arc~ _______ li.Dr-i (--11_~ __ Fa~~o ~~--- J1a::-~£1]. __ ___ Ap:ril _____ HaL_ ___ _}_ mos . 

~ 

1951 0 35 1.39 2.59 7.601 30. 187 5' '"'I ? o . c..~ 9 L~. 035 
50 0.36 2.00 3&91 7.818 L1.3 • 1.~3 L~ 84.913 13() .. 165 

49 lc96 · 1.53 2. 91~ 1-t2 .. 565 33.227 63. 81t-8 139 .640 

l-t8 0.68 0. 67 2. 16 lL~c ?68 1Lj.Q550 1~. 6 . 909 76 .227 

47 0.95 1.41 3.62 20.631 30. 621 78 . 616 129. 86 7 

LJ.6 0.78 OoL~3 2.68 16 .939 9.338 58 . 202 Gl-t, L1. 79 

45 0.42 3~0 2 1 .80 9.121 65 . 505 lj.O .828 115 > 534. 

44 2. 01 4 . 10 1 .98 Lf3 . 651 89.039 1~2. 999 17~;. 689 
"'\ L~3 0~71 l.L~5 5. 95 15,1~19 31.489 129. 216 176 . 12L~ 

42 0.30 5.50 2 .,;~ 6 6.515 l19 • L~l -~ 1+ 4.9 . ooo 1'(:) ,039 

LJ.1 1.16 3.,LJ.9 2. 01 25.192 75.792 1.~3. 6_S1 1L~L: .• 635 

l. 83 
1:'-

40 0.72 1.39 r--1 15~636 30.107 39 . 71J.2 85 . 565 1:'-
• 

39 1.60 l .Lj.2 1.56 rl 34. ?4-7 30.838 33.079 99 .. L~64 (\j 

38 1.28 2 .. 1+.7 2.70 27n798 53. 6L~. 1 58.636 14.0.,075 

37 1o)~.8 2.23 1 QL~S 32 o 1Lj.1 1.~8. L1. 29 32 .11.~1 11 2 . 7LL 

36 Oc71 1.16 1.10 15 .~.19 25 1 9") • ..... c:. 23.889 6!.~ . 500 

35 0.21 1. 24 6.71 )_~ .561 26.9?.9 ~ ) r.J 7 "'l -J j_ .j.:;>. '--· . 17?.211 

34 0.71 1n4.1 1 ~ 9?. 15.419 30. 621 q.1. 697 8?.737 
,. 
• 33 o.6o 1.91 LJ .• 56 13 .030 LJ.l. L:.?9 99.030 15J.S39 

32 1.09 o.es 2.14. 23~672 19.111 !t-6. L~ 71~ 89.257 

31 o.L1.1 1 . 07 2.55 8. 901} 23.237 55.378 87 , 519 

30 0~70 0,56 4.08 15~ 202 12.162 88.605 115.969 

29 1.713 ") '1? (.... ~ 1.,08 38.6_56 51.469 23 .1+51~ 113.579 
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Pr e cipitation Da ta 

· Procip . Station - Fort Collins 

·-

1928 . _38 

27 1. 87 

25 0. 58 

2~. 1, 33 

23 2. 71.! 

22 0 . 36 

21 0.13 

20 0 0 lL~ 

19 1o65 

18 

17 

15 

lt,. 

13 

12 

11 

0 , I 
o J..Lj 

0. 99 

0. 31 

l. 73 

0. 87 

o.o5 

2. 69 

2.99 

0.10 

0. 93 

2.18 

2. Go 

1.71 

3 .E,o 

0. 9.5 

3.72 
L22 

0.86 

lj .• 01 

0 .90 

1. 89 

3.35 
0~91 

1.76 

1.13 

3.90 

0.87 

J q~, .. , 

L95 

0.45 

2. 95 

5. 02 

3.85 

3.78 

2.73 

2.09 

3. 36-:~ 

·0.72 

. 
r-1 
(\j 

29 ~ 9(J9 

L~o 611 

33. L1.l~~· 

12.,596 

3(' r(} ') 1. ~·'-

59.505 

7. 818 

2.8 23 

3. Ol j.O 

35.833 
3 . OL~O 

21.1.,.99 

6 .. 732 

37.570 

18. 89 1.~ 

I . 3'..., L~. LU 

1.086 

* Data obta ined fro m corre l ation studlcs . 

13 

21.282 72 .752 124.003 

58. 419 19.762 118. 792 

64.934 38.222 136.600 

2.172 25.626 40.394 

20al97 84.696 144,635 

47.34.3 96.858 203.706 

60.808 18,894 87.520 

37 .136 42.782 82.741 

78.181 42. 348 123.569 

20.197 9Q773 65.803 

18 . 677 

87.085 

70 .11.~6 

32 .358 

19.54.5 

1.~1. 045 

6l~.065 

126.393 

83.610 

82.090 

59 .287 

15.636 

lL~7. 892 

J. 7L~. 38 7 

109.019 

206. 71.~5 

11.~8. 327 

82.090 

131.387 

57.767 



Table 2 

Precipita tion Data 

D ' -;:1 .•. ~-. .J: ,·.· --, . • 1 ~ ... i.~ l · .::< ·ce: i.'rcm ... . .L ., ' . :.· .... ··, - -;../ · · 

-------- ·- ·-------------· - ---- ·-·--~-.._.- -·•-- -·-··--•- . ~.- -.. ·----------·- · .-• - ·w --~ ----- -·----·-·• • Tlnes so n Area f 8. ctor x. T·io T:~h Pro c:Jr>. 
Y e a .. -r J·.·ro~ th Are a -----·----··----··----·----··· · -·-s~1.:·;i · ·-of-- --- ... ·--------··--- --· ... ---___ :_...rc.rc;l ___ .. _Auc:i1..: ___ Lay F a.Q_~o_:r:__ J'1~_9.h .. ~_f.mriL. ____ II.a_y ___ ....... } .. E~-?.?.. .!.-'". 

1951 0.62 

50 0,17 

1 .65 

47 

41~. L 20 

39 

38 

37 

36 

32 

31 

30 

29 

0. _59 

On37 
0~'(8 

1. 33 

0, 97 

o .. 6o 

o. 7~-

o.85 

0.65 
. !. c' 0. Lj-;:l 

0 .L~l 

1.79 

0. 72 

2.36 

3 r'l 
e.)Lj. 

1 .36 

1. 27 

2.98 

o.Go 

0,76 

2.30 

LOL~ 

1. Ol.J. 

Oo90 

2.00 

2.30 

1r.!.~ 7 

_3.91 

2.09 

2e 8~. 

1.06 

2.8 7 

1 o L~7 

1~58 

5.63 

1.93 

3 . 31 

2.27 

'-.[) 
0 
0 
" 0:) 

lL~ 

3 • 2 F);?. 

7. 606 

2.80 2 

2.002 

9.207 

12.889 

10 . 568 

9.607 2b.261 

1' 7'1j, +Q C./.;-

6. 2J.J.S 

9. 207 

32. 71-~1 ~ 

28 .341 

16.012 

18. ~. ll.f. 

~· 1 1R a: .. LJ. '- . 

12.089 

29.302 

3L223 

31 ,.303 

16 . 733 

10 .1~0 8 

32. 66LJ. 

~.0.036 

25.939 

~- 7 . 396 

25.218 

52.119 

1.~5. 23~-

52.439 

4L~. , 994 

10.648 10~888 22.737 ~~.273 

8.566 10.168 8.486 27.220 

7.766 23 .858 22.97 7 54e601 

L~ . BoL1. 6.L~o5 11.769 22.978 

5.921+ 6.of.l5 12. 64.9 2L! .• 658 

1.0Lj.l 20ol 75 45 .. 07l.i- f;6' •. 29',0 
. 

6. 805 8e967 15.452 31 ~224 

3.683 18. 414 26.499 48.596 

5.204 Bo 326 8.646 22.176 

3.60'-) Bc3 26 18o17L!- 30.103 

3.285 7. 205 24.498 34~988 

1tJ .• 331 12. 65o . 11.208 38 .1U9 
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Tab l e 2 (C ontinue d ) 

Pr ecipi t ation Data 

Pr e cip. Stat:i.on Longmont ( 2 ) 

Date : I:'l' om 1911 th:L'"'ou·[:~h 1951 

19 ?8 1.16 

27 1o17 

25 OoJJ 
24. lo 19 

23 1. 2s 

22 0 -.4 . .3 

21 o.2LJ. 

20 0.27 

19 

18 0,?3 

17 l. 23 

_1 6 o ~ LJ}-1 

15 L1C 

lL~ 1.13 

13 0 oL~6 

12 1.,l.l0 

.ll 0. 21 

1.03 

2.05 

l. OJ 

1,66 

3.78 

5 . 20 

1.27 

1.36 

1.31 

L1. o 20 

2.78 

1.5'0 

:::- '75 ~-. 
2.85 

lol_j.6 

2.02 

3. L~6 

1 . 60·:~ 

1.0_0 

'Total l:Jl Years 

-..() 
0 
0 • co 

9. 23 7 

9c527 

10 .000 

0,246 

16.L~1 2 

16 .1_+9 2 

0.3 20 

8. 2Jj.6 

9~687 

13 0 ~~10 

2. 162 4.1. 631 

22 .017 39.550 
10.888 36 . 667 

22. 817 L~n. 356 

11.689 1!.~.651 

27.060 L!4. 833 

24. L;.l8 L!-4-.113 
1.281 18.014 

16.973 4.9.157 

8.807 22.017 

5 e 8L~l+ 2!-J .• 1~ .9 8 16 .l '1 2 1_;.6 . 514 

9a847 10 . 888 37QJ08 50.043 

3.523 10~L~80 21.~.178 38.189 

9.287 33.625 23.778 66,690 

9.447 22.257 2?.701 59.405 

3.683 12.009 12.809 28.501 

11.208 10.089 2L~.418 LJ-5. 714 

1.631 12.009 8 0 006 21,696 

* Data obtained fr Q1 correlation studi es. 
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Table 3 
Pr·ec ipi t a tion Data 

Pre c:ip. Station Greeley State-Colo. Long. 10L1°L! l ' Lnt. 40026 1 

Date: from -, l l 
~ .· . . 'I__; ' ·d~ ' I ' ~ :!1 l'J51 Total L~ 1 ye ars 

-------------------··----- ··---------·-- --··-.. -··--· -----~· -----··-----'1\:-dessen Aroo.. Factor x l'Ionth Proc].p , 
T1onth Area -- ······------··-·--·--- ----S1.~~1-o_.f ___ 

y_c_,~~--J1 .r'.I'_c~-=- :: u r· lJ.- Hay- Factor Hnrc1 Apr1l 
~---------- -- .. ·---- --------· May___ 3 .T!.9 .. ~~---·-

1951 .Og42 ·1~ 29 3 ·~- 3 ' 6 .. 326 19. ~.2C) 51.659 77 .1f,J.lj. 

50 ('\ ....,,.... 
v < c..::J 1.89 2. 32 3.765 23 . 1.~.65 34.91+2 67.172 

~ 0 . / 1~ 39 l o01 2.97 20.9 3L~ 15.21 2 L1.J.~. 7 31 . 80o877 

48 o.r:ll 0.38 1.13 12.199 r: 72" .:;> c .) 17.019 · 3L~. 91.~1 

~- 7 o. 79 L32 2c78 11.898 19. 300 4L.870 73.648 

L!-6 0.,88 0.77 2.05 13. 25L~ 11.600 30.875 55.729 

~-5 0~ 21 J .. 07 3.50 3. 163 } j . 6~237 52. 711.~ 102.111.!. 

4Li. 1.56 4.32 1 ~66 23 L1qr' ~ . ;' ...) 65. o6J.1. 2;; .oo1 113.560 
'\ 

43 0.4.5 1o56 L~ ,45 6 . 778 2'2 )1'15 67.021 97. 29~ . .J 0 y~ 

.. h2 0,31 3.19 c~ . 92 4o 669' 4t-l ~ Ol..J.L~ 1.~.3. 9 78 96.691 

41 1.05 3 . OL~ 1.87 --j 15. Ull!- 1+5 . 785 28 .1 6i.~ 89. 7 3.3 -..() 
0 

40 1~00 1.22 1.)1 
,, 

'V\ 
r-l 

1).061 1Co 37L4- 2') 71 2 
L. . ·+ - c' -·· 1 7 ~' ...J O • I 

39 1.17 0 .,56 1.23 17.621 8 .434 18 .525 L1.l~ .• .:;so 

38 0.,55 1. 89 2.84 8. 284. 28. 465 42. 771.~ 79 r:'2"~ • .:;> -.:> 

37 1 ~04 J. ~ 1 ~0 1. 21 15 .. 663 21. 085 18.224 5Lf . 972 

36 0 ~59 0.85 2.92 8. 806 12. 802 L~3 . 978 6_5.666 

35 0. 29 0.92 5. 79 L+. 368 13.856 -3 7.203 10.5. 1.!.27 

34 o. LJ.9 0. 96 1.35 7.380 1L~.459 20. 332 42.171 

33 0.12 L5J 3 .56 1.807 23. OL~3 53.617 78.1.~67 

32 0.83 0.52 1.4.7 12.501 7. 832 22.14.0 42 . 1.:.73 

31 0. _c)5 0.63 1.38 8. 28l+ 9. !.1.88 20.704 38.556 

30 0.3 3 0. ~. 7 2.41 4. 970 7.079 36.29 7 40.346 

29 1.L,.2 3,01 0.75 2153137 45. 331~. 11 . 296 78.017 
l6 



Tetb1 e 3 ( Continued ) 
. Pre ci}Ji t at i on Data . 

·. Pre ci p. Stat i on Gre e ley Stat e:; - Co1o. Long. 10Lj0 L!.1 ' Lat . L1rP26 ' 
• Da t e ~ F'rom 19;tl tln·oH ;::sh 1951 rr ot al 41 year s 

·Th:fe-s sen--Ir·o-a FiB.-6~-G r x_ lfr:mth~1)r.-ec~-T)-:-·- --- -------· 
Nont h ArGa Sum of 

Ye ar I.Bi~~~=.=-E:)~~:cc··--1f.~f_: __ ___!' a ~ to_r_ ___ r-1~·cr~ ____ jl.pr:iJ:__ I'1n.y __]_1}.1.2._~-

1928 0~ 8 3 0. 87 2.87 8.133 13 .103 43.225 'I 1 t b~ ~' l .. Jl 

27 l. 75 2 .3L!. 0.88 26~357 35 0 2~. 3 13 . 25L~ 7Ll-• 854 
26 o. 3 7 1 e03 Ov 97 5.573 15 . 513 1lj .• 609 3!) .695 

25 0 26 o.o6 1$01 3.916 o. 90L1- 15'. 212 20.032 

21-t 1. 115 o. 8L1. 2.59 21. 838 12. 6S1 39 .008 73.l-t9 7 

23 2. 12 Oo 82 2 .11 )- 31. 929 12.350 3?..231 76 . 510 

2"' c. 0,15 1.73 l. 25 2. 259 26 .056 18.826 1~7. J.LI-1 

21 0. 27 1.32 2 . 83 
r-t 

~-· 066 19 . 381 1+2 . 623 66 .570 
-.!) . . . 20 0.03 lj. . ~- 3 1. 42 0 o .I.J-5 2 66 .720 21.307 88 .559 e 
'li\ 

19 0.11l 0. 75 0. 67. r-l 2.109 11 t 296 10.091 23 .1.1-96 

18 0.10 0.76 1.62 1~506 11. 4LJ.6 2lj.. 399 3 7. 351 

17 0.40 0. 9lj.·::- 5. 00~:- 6 0 021!- lLj. c 157 75.305 95 .1+86 

16 o., 3Li- 0.27 3. 28-:~ 5.121 L1. o o66 L1-9 .1~.00 93.58 7 

l_S l'Q 3L!-~:- 3 . 8? 2. LJ-5 20.182 58.286 36.899 115.367 

ll;. 0.61 1 0 31,. 2.92 9. 187 20.132 43.978 73.31!-7 

13 0.45 1.34- 3 . 16 6. 777 20. 182 4-7.593 71!-.552 

12 1. 6L1- 1, 61 2. 86 24 .• ?oo 21, .• 2lj.8 L~ 3. 074 
.1 r ;-

92.022 

1.1 0 . 01 0.8_3 1 .31 0.151 12~501 19. 73 0 32 .382 

·. ~:- Data obtcd. ned fr on cor ro1atJ.on stucl :L es . 

17 
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Precipitation Data 

Procip . Station - Waterdale State Colo . Long . 105°12 1 La t. 40°2S 
'.J.l ota1 Lj.1 y~tlllli:i 

--~---··-----··-~------~L1fiiessen Area F'8~ctcYr". x l"Tonth i)~roc .ip :-----
11onth Area -----------------SrL'11 of 

Year ffii::-ch ---krJr-I1 ___ }1ay Factor March k wi1 Hav 3 rr.os. - ..... - .. ..-. -----------.:--.... ~ -- - ------ ·- -----~- .. ---··~!._. ·--·-·~----·-·---~---· . ·----- ----
·1951 o. 6J. 

50 0.31 

L~9 2.0L1. 

413 L52 

lt-7 10 08 

~.6 o, 6L~ 
45 0,29 

44 3.27 

L~J o. 81+ 

~.2 0. 26 

41 1.,8J 

-39 1 ., 55 
~3 8 1.96 

37 1 .. 38 

:~35 0 ~ 26 

:'jl.(. 0 ,, 90 

~ 33 0.78 

32 0.-.92 

31 0.4L~ 

JO Oo9S 
29 1. 8 1~. 

2.,18 

1~33 

1.91 

2c0J 

Oo78 

3.75 
4.89 

1. 2L~ 

L~. 59 

3.83 

1.72 

1G58 

2.85 
·1.26 

1~32 

1 c49 
·1. ~.6 

J,?2 
0.86 

1.52 
L , OJ 

1c77 

3o L,.o 
3o28 

2.51 

J ell 

2~79 

2.66 

0 .. 71 

L .35 

1.31 

3.35 

1o30 

7 ~56 

2.29 

2. 81 

2. 36 

2.38 
L, .• 20 

0.90 

r-1 
['-
('(\ 
• 

18 

Ll-• l.t.96 1L 278 
2~285 16 . 068 

15, 037 9o80J 

11~201.~ 14~079 

? .961 lli .• 963 

L1 .• 717 5. 71.,.9 

2 .. 138 27. 6l.j.1 

2L~. l03 36oOL~~· 

6 o 19 2 9 • H,.o 

1.916 33.833 

13~490 28o2Jl 

8.698 12 . 678 

11. 425 11. 6)~.6 

lL~o L~l.j.? 21.007 

.10 0 17 2 9 g 28 7 

9.J61 9o730 

1.916 10~983 

. 6.631+ 10 . 762 

. 5r. 7~.9 2"1 ~ 1.~20 

6.781 6.339 

3 ~ 2l1J ll ~ 201-J. 
7,002 ?c592 

13.563 13. Ol.j.7 

17oJ96 33.170 

25.061 L~3.L~llJ. 

2J.f..l 77 1~.9 .. 017 

22~- 9 21.1. L~5. 8Lr.8 

20.565 31.031 

19a607 !1.9.386 

5. 2JJ 65oJ80 

40 o 762 56. 09L~ 

1~.~ 889 50.638 

9.951 51. 672 

13.490 JL~ .866 

9~656 32.727 

24.693 60.147 

10,;098 29.,557 

9 0 582 28. 6 73 

55~ 725 68. 621~. 

- 16~ 879 3L~. 275 
20 ~ 713 .S3 o 882 

17.396 JOc516 

1?"5~.3 J1o990 
30.958 L~5.552 

6. 631!. 3Jo 24~-
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']' able 4 ( contj_nuo d) 

Pre cipitation Data 

Pre c ip. Station Watorda1o State - Colo. Long. 105°12' La te 40°25 1 

Date: from 1911' thr(~.ur;h 1951 rrota l L~1 year s 

-------------------------·i'I1ie-s8-€i11--i~rea -jilac·F'O.Y. x Honth Preci:t). -·-------··- ... - ~ ... Honth Area Sum of 
Yow~f~~~=ch ·--:--A.J2i'JJ:... __ jh~i __ F'u. c tor _____ ~t~.T c'Q__J:p~J~ 1 __ Ha:z _____ ].__p1o~ 

1920 2.05 

2L1. 1. 61 

22 o.JJ.7~:-

21 0. 27-::-

20 0. 29~;. 

19 1, '( 2-::· 

18 

17 

0. 29 ·:~ 

2.oe 
16 0~59 

15 1 . 80-::· 

13 o.6 2 

1 2 1.61 

ll 0.)26 

2 .. 10 

2. 6L~ 

2.-93 

2.59 

~ .• 12 

1:,26 

2 .1 .3 

1c1.!.9 

/.J. c48 

lto 30 

1 . 61 

1.,81 

1 • 16-::- 0 ,, 9 5 

1. 27 1. 87 

3.8J;:-

1.80-::- 2.66 

J. .12-::- 3 . L10-::· 

2.13 0.,76 

15.111 1.~ . 791 

12.826 18.133 

10,.8.35 28 ~157 

2.138 0.7.37 

11 .,867 7. 81.3 

13 . 78!J. 15. L~79 

3 c L1- 6L~ 19 r ~~-59 

1.990 21.,597 

2 •. 138 19.091 

12.678 

2.138 

1"' 332 .:::> 0 -

8.550 
22,629 

14., 299 

9.361 

1Jo268 31.,8}~-J 

LJ." 201 22 "9 2LJ. 

4.570 1.3 &268 

11.867 6. 256 

1.916 1!).700 

-::-nata obtained fr om cor•r>e l ation studios . 

19 

30 • .369 50~271 

9 o 28 '( J;rQ • 2L~6 

15. 700 5L~. 69 2 

10 ., 983 13.858 

.33.022 52.702 

.31 .. 695 60.958: 

1,1. 867 Jh. 790 

1.3. 3lj.2 34. 571 

7e 002 28. 230 

ltlc 200 

4/ 9 c: ~ 0. ./../ ...., / r'8'· t b o ..) LJ. 

13,784 27oLfJ4 

28., 231 73 c 3Li-2 

18. lj.28 1~5~553 

19 o 6 o 7 3 7 v ~-L~5 

2S. 061 l~.S .184 

5~602 23~218 
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TabJ.e 5 
Precipitation Data 

Pre c ip . Sta tion -Es t es Par{ State-Colo . Long. 105°31 1 Lata 40°23 1 

To t al L ~~ years Date : From lc)J. l tl:J.r'c.ue;h.. 1951 

·------rfhics.se-11" _ __ Area Pactor x n<.-inth--Pre.ci'D":·--·----------·------·---·-·----t--- --~----..0-Month Area Sum of 
Y~_al:_ ___ !·fa=r-"-c_E-:_-:_-=.---..~;_.u_rQ __ }·I~j ____ __tg.c __ t~~------ -l1-~r..£h ___ ~.P..!'~~:.. .. -- :r.r~;t _______ l. .. r'los . _._....,.;_ 

1951 0 .1l5 

50 0.28 

L~9 3 .10~~ 

. L~G 1. 52 

L~ 7 1.18 

46 1.46 

45 0.75 

L~l.1 . 2. 20 

qJ 1. 30 

42 0.76 

41 2.03 

1+0 l. 99 

39 0.87 

38 1.80 

37 1.01 
36 1.28 

35 T . 
31} o. L~1 
33 :. 0.15 
32 1.22 

31 0.69 

30 0.90 

29 0. 83 

o. 9L~ 
1.58 

1.54 
1.00 

2.07 

L ~ o J.l) 

~-· 90 
1.30 

5 ·4.3 
2.91 

1.25 

0. 89 

2.28 

2. ?L~ 

1.16 

2.62 

1.57 

3 . 30 
1.,31 

2.00 

1 .12 

2. 10 

1.70 

2. 80 

1. }j.2 

0.68 

2.20 

1 .85 

2 . ~.3 

1.65 

o. 7L~ 
lt. ~-9 

2 .11 

0.87 

0.72 

2.50 
0. 08 0. 26 

0 . 32-::- 1. 9 5·::· 

.--! 
0'\ 
l f\ . 
-.!) ,...., 

20 

7~439 15o539 35.542 58.520 
4.629 26.119 36.203 66._951 

51 . 2L~6 25 . 4.58 ~- 3. 61~2 120 . 3L~6 

25. 127 17 .853 18.514 61.494 

19o507 34o219 57.69,3 111.419 

24.135 26.284 71.414 121. 833 

12.398 71.910 34. 715 119.023 

36 .368 81.00 2 28.103 145. 473 

21. ~.90 29 0 756 46 . 287 97.533 

12 . 564 89.763 23.474 125.801 

33.558 48.105 1L2L~l 92.901~ 

32. 897 20.664 36.368 89.929' 

14.382 14.713 30.582 59.677 

29 . 7~6 37 .691 40.17Q 107.617 

16.696 45o295 27e276 89.267 
21.160 19.17~ 12.233 52c569 
. 0 43.311 74.224 117.5~5 

~~778 25.954 34.880 
2.479 54 ~ 552 14. 382 

20.168 21 e656 11.902 

67.6},2 

71. L~13 

53.126 

11.406 33.062 41 . 328 85.796 

l'L~ .8 78 1.322 1~.298 20.l+98 

13.721 5. 29 0 32 .235 51.246 



.. ... 
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rr a~1o 5 ( continued) 

Precipitation Data 

Procip. Sta t :l. on ·· Estes Park Jo ' o 1 Sta te~· Colo. Long. 105 31 Lat . J.,.O 23 

Da t e : From 1911 t hr6u@1 1951 Total L1.1 years 

---------·- --·- - -------T11le-tjsen- Ar·~·a.J~c tor ~ 1)on_th :Prc_c:.3:J?. . ---=--
Area Sum of 

:t~o_ a~ __ j .~-:.:~' cl~~ --- __ ..A£ r ~g. ___ ... _na ;r. ___ )~ac_~ o t ___ l1~!~ ~J!_·----~---.11<1;~!.... ___ _.1_211_~'3.-~-- _ 

1928 1.90 

2? 1. 71.,. 

26 2.81 

2~ o. 95 

2l,. 2 , 66 

23 3o5? 

22 1.19 

21 1.26 

20 0.37 

19 l. 71 

18 1o06 

17 2. 00 

16 0.?5 

15 2.12 

14 0. 98 

13 0.26 

12 2. 89 

11 0. 85 

2.09 

3 . LJ.3 

L~. 9 2 

0. 22 

1 .81 

1. 83 

2 .80 

5. 72 

1. ~-6 

2. 91 

2.29 

1o65 

LJ .• 08 

1.98 

1.82 

2.28 

0.66 

1.46 

0 .95 

0. 99 

0.67 

1. 21 

1.12 

2.18 

5 .68 

2. 96 

2.77 

2.37 

1. 73 

0.25 

r-1 

~ 
• 

,_!) 
r-1 

28.764 56.?01 

46 0 l.t-52 81 .3.33 

10.910 

21 1 - r: q .• -·- .);:; 

96.375 

151.920 

15. 70L1. 3 .637 15.704 35.0!..!-5 

1.~3. 972 29.921 81.333 155.226 

59.016 30.252 54.222 143.490 

19.672 46.287 16.366 82.325 

20.829 0) --r:~ ;I -~· 5.:J ( 11 .076 

6.116 59. 346 20 .003 85.465 

28.268 24.135 18.515 70.918 

17. 105 ~.8, J. 05 36.038 101o666 

33 t 062 37. 856 9 3, 896 164( 81h 

12.398 27.2 76 ~B.932 88.606 

35oOlt-6 80.671 45e?91 161.508 

16 . 200 32. 731 39 .1?8 88 &109 

4.298 41.658 28.599 74.555 
47.775 30.086 46 . 948 124.809 

11t- .051 37.691 4.133 55.875 
* Data obtained f rom corre l ation studies 
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Table 6 

?recJ. pi tntion Data 
• 

Pre cip. Sta tion Lon;js Pea { St ato-Colo. Long . 105°3/t I Lat . L~0°17 1 

Da.te" From J9J..1 ·chrout?)1 1951 Total 1"1 .I Years 

---------- · ·-·---,rhi e--s·s·e-i.i--=~~f~~?~-~--{8.~~-t -o:r·--x· :J.o I~ch-·_rF..0~.ip-;=-_-:-..= 
Y.s ar flo nth Area SU :';1 of 

1'/f,;-r ch- -·-A :p·Y> {l~~-;;:y·- Facto·" '·•T r c '~-1 -··-.. ----·~ __::-~.·- · - :- .. ·- __ ;:_:-__:. ___ _!l:.::_. __ ·- ·- .. .. ~~-..... _ _ _.; .:S. __ ~:._ ___ .'I. P r ~l. ____ lL ay _____ ) _EQ. s • _ 

1951 0. 50·:r 1 u 26-:~ 2 o60-;~ 3.130 7. 886 16.273 27.289 

50 0. 3 0~ :- 2. 00·:~ 2. 67-::· 1. 878 12 .. 518 16.712 31.108 

L~9 tf. 20·::- 1. 95'·;~ 3 1""'" • :J-..... 26.238 12. 205 1·). 716 5[) . 209 

Lf8 1. 51 l. 31 l ol8 9 .L,.51 8 .199 ?. 386 2~~. 036 

l+ 7 2. ,1)6-::- 2. 62-::- l+. OO·:~ 16.023 16o]99 25.036 57 .l.~5 8 
l+6 1.95·:~ 2&1 oo .. ~ =· l~ ,.9 2~~ 12.20.') 12.518 30. 79L~ 5::; . 517 

4.S 1. 00-l~ 5 < 35~< 2 J ~ 5.)-"· • 4i 1\ 6.259 33. !~86 15.960 55. 705 

Lfl~. 3 .07 L~. 9 3 2 . 66 19 o215 30 J >57 16.649 6S.721 .. .. 
~.3 1.98 1. 8l!. 3 .91 12 .393 11,517 24 .L~ 73 L~G.383 

.. 42 1,34 0 ~17 1..56 8.387 _51,136 9 Q 761+ 69 0 287 

1~.1 2.45 4cl1 2.,04. 15. 335 25; 721.,. 12.768 r· ~ 827 ::; __. . . 

40 2.63 
()"-

1' L '1 10 ~6L10 20 .1.54. 1.~ 7. 255 1~70 3 .22 'L.f\ 
(\j 

__ o . i·o 
• 

39 1~ 7.S 1 ~L~2 2.28 ....0 10 .953 EL. 888 1Lf.271 3L~ .112 

38 ';) , ... r' 
_.Jo:J:.J 3.26 3.58 22. 219 20-J l+oL,_ 22, L~07 6.5.030 

37 1. 3L~ 3.25 2,27 8 .387 20,342 11.~ . 20G 1~ 2 .937 

36 1.63 1. 82 1,64 10~202 11.391 10 ')6 r' $ '-- .,..,) . 31. 85 8 

35 0.75 4 .• 20 L~ . 29 l~. 694 26,200 26.851 '"'7 83';) /' • .:J 

34 1.04 2.38 2.09 6.509 14 .• 896 13.081 31-t . L~86 

33 0. 97 5·.91 3 .ll6 6 .071 36.991 21.656 64.718 

32 2.09 L,85 0.88 13.081 11,579 5.5oC. 30.168 

.:n 3.20 2.50 3.50 20.029 15.648 21.907 57. 584 

30 Oc73 0.28 1. L~.5 l-t. 569 1e753 9 .076 15.398 

29 2.18 0 . J.J.6 2. )_+1 13. 61~5 2 .879 15. o8L1. 31. :)o8 

22 
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'r ab l e 6 (Continued ) 

Prec ipi tation Data 

Precip . Station - Longs Peak State-Colo. Long. 105°34' Lat . 40°17 ' 

'rotal lt-1 Years DJ. te: Frmn 1911 t hr_c"lu"··h 1951 

19 28 2. 02 

27 1.16 

26 2 .59 

25 0.39 

2L1. ). 25 

23 1-t. m1. 
22 l. 59 

21 

20 

2.18 

0.52 

19 2 .l.J-6 

18 0$ 71+ 

17 2.60 

16 2.~.9 

15 4.06 

14 1.!.~.5 

13 0. 72 

12 3. 35 
11 l. 20 

2.20 · 

2.65 

2.LJ.9 

'£ 

2.12 

2.06 

2 .BL~ 

6.99 

7. 85 

2.63 

2 .. 65 

1. 81.~ 

3 .LJ.O 

~- · 78 
3 . 85 

3- 1"'-·~ • /H 

3.04 

3 . 18 

5. 15 

1.,73 

1..83 

6.09 

3.32 
1.,88 
1 07 " J.. • ,, .. 

T 

1. 53 ·: ~ 

0.93 

3.29 

2.97 

0.90 

0,80 

4.L~o 

0. 73 

12.643 13. 770 32.234 58 647 

7. 260 16.586 7.010 30.856 

16. 211 15 o 585 10. 028 L1.2. 621J. 

2.41~.1 o.ooo 11 &/t-54 . 1_3.895 

32.860 13.269 38. 117 84.246 

30.29LJ. 1 2.89 1.~ 20 o780 63.968 

9.952 17o776 11.767 39 .495 

13o6~.5 

3 '")5'"J • c_ ::; 

1~.3 0 750 

1~9 .133 

15.397" 16. 1~.61 

]_~. 632 16 . .586 

6.69 7 

0, 000 

9. 576 L~1 . 43L!. 

5. 8 21 2 ' ( • 0 3 9 

16.273 11.517 20.592 48 ._382 

15. 585 21.281 17.776 54.642 

25./.~12 29 o918 18 .)89 73, 919 

9. 076 2h. 097 5. 633 38. f3o6 

4 ,506 19. 716 5.007 29.229 

20 .968 19 .027 27.540 67.535 

7. 511 19 .904 4.569 31.984 

* Da ta obtained from corre l ation studies. 
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Table 7 
J>recip i tation Dc, t a 

Pre cip. Stat i on Fort Lupton Stnte-Co1 oc Lon £S . 104°43 1 Lc. t ~ ff000 <' 1 L,- / 

n~~. t e : From 191], t hrousb. 1951 ~rot al L1. l Years 
---.. ----- 1l'td.e-s sea _____ Arca-fa.c tor-x-::-tonth ··-Pr~o c j_') .---

Ye&r · He nth Area --·-------.. -- --·----·-----~su:l-ri_o_:f __ 
______ ___li~~~-~h ---~·-:;:fl:fr:f~:.-Ji.~Y ... _ _!__?-C tor _______ l1_~_C:h:_ ___ _A1?_Ti.l_ ___ tiay ___ .1__rlo I?_!. __ ~-

19.51 0.52 1~20 0.9 '1' 1 .591 3.6?2 2.968 8.231 

50 0.31 2.31 2. 00·: ~ 0. 9 1~.9 7. 069 6.120 1~- n J. ~8 

49 1 .92 L 81 7. l16 5. 875 5.5Y'3 22.828 31J .• 21~2 

L!B ,- 0~67 L65 0.92 2 .0_50 5. 01.;.9 2. 81_"5 9 . 914 

~-7 0. 24 1"28 3 . 00 0 . 73~!- 3 .917 9. 180 13 . 831 

lj.6 0. 1~ . 0 1. 27 4 .. 73 1 .221.~ 3. 886 14. 4 7L~ 19.,584 

45 0.11 2- ~ 86 1 ~ 6L1. 0. 33 7 8.7.S2 5 .018 11[ .• 10? 

~.l j. 10 i+ll- 3 .81 leBO 1-t. L1.06 11-)659 ' r:' () 5 . .:.J0u ?~ .573 
.. LJ-3 0 . 68 L, ?6 3 L• C:: 2.081 5oJ86 10,557 18. 024 ·. " t- .... ~ 

!~ 2 0. 19 3 . 91 1 .34 0 .,_581 11 .,96;; 4 . 100 16.646 . -
LJ.l 0.53 2.90 3 ,_08 0 1 .622 8 , 874 9 I " 19 . 921 --.o ... ~25 

0 
40 1 . 72 1.14 2 ~ 01 . _s. 263 3. L1.88 6 . 151 11. ~ . 902 !."'\ 

39 0.50 1o 27 1 .25 L 530 3. 886 3. 825 9 .241 

38 0.51 2.33 4. 17 1.561 7.130 12.760 2L ~ 51 

37 0,51 0.66 1 . 61 L,561 2.020 4. 927 8.503 

36 0, 69 Oc56 1.78 2o1l1 1.714 5. l.j.LJ- 7 9.272 

3.5 0.22 2.3 2 7nJ.3 0.673 7 ooq . /' 21. 818 29 .590 

3LJ- 0.58 0.70 2. 11 1.775 2 .1!~2 6.457 10 . 374 

33 0.33 2. 96 2.?1 1.010 9.058 8. 293 18. 361 

32 0.36 0. 95 1. 1_S 1.102 2.907 3.519 7.528 

31 0.50 1.62 1.91 1 ~ 530 lj- . 957 5. 8L~5 12.332 

30 0. 25 1.10 2.32 0.765 3.366 7.0'}9 11. 230 

29 0. 99 o . o6 2.15 3.029 0 .18~- 6.579 9. 792 

24 
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Table 7 ( Cont:tnued ) 

Prccipitat1on Data 

Frec.;::;p. 3tation Port Ltrpton St t C 1 r 104°"3' J_,a.Ll· e L 0°0 l~ l ;a ·e-· o o. lJong. LJ- _ _ ....-

Do.te : Pron 1 91:,. t lH' <?U.gh 1951 

Yeal' · 

1928 o. 79 

27 0. 91 

26 0.57 
25 0. 29 

2L~. o. 9 3 

23 0.85 
22 0 , 15 

21 0.27 

20 

19 0 0 .31.!-

13 1.14 

17 0. 9!.t 

16 0.16 

;t5 o. 7~-

11~. 0. 7 2 

1.3 o. 2L1 

0.70 

1.12 

1. 23 

0.12 

o, L~8 
0.79 

2.50 

1. 75 

2.50 

0.99 

2. L~ 7 

1.21 

2.83 
2,?2 

0. )_~ 7 

LBO 

L88 

L. 66 lolO 

1 . 29 2. 56 
0.89 3u22 

1.01 2e42 

L~. 58 1 ~ 83 

1. 89 2 .49 

1.3.3 :.3"71 
1. 2L1:>~ 1 ~ 00-:~ 

~-;ot al L1.1 Years 

0 
~ 
0 
• 

r"') 

0.,80'( 

2.846 

2.601 

0.459 

0.826 

0 • .337 

3 0 ~.8 8 

2.876 

0. ~-90 

2.203 

0. 7 3L~ 

. 3~2~.3 

Q.643 

* Do.t e obtaine d frrn~ corre l ation studies . 

2.ll.j.2 

3. L}27 

3. 7 6L~ 

OoJ67 

1 o l~69 

2.1.J.l7 

5.722 

?. 650 

3.029 

3.703 
8.,660 

8 .3 23 

1. 1~.38 

5,753 

12. 209 

9.241 

13. 066 

1.1 0 C:'"'t r • /,...., 

12.975 

13.341 
7.619 

13. 98!-t 

ll.L+L}5 

5.080 3.366 9.486 

2.723 9.053 15.452 

3 , 091 ?,)t05 10o986 

1~ .. 015 ~~ ~oo ~ ,879 

5.783 7. 619 1$.605 

3,335 Bo323 12,392 

~4.070 1~.)53 1~.636 

3.794 3.060 7. 497 



Tal>le 8 

Precipi t ation D8.ta 

rccip. ;:.ita.t ion Gr>o ve r Stnte (;c1o '" Lone .- J Ol.J 0 ' ) r' t . r L:;J Lat, L~0° 5? ~ 

ate~ Fr o:~1 ~ 9 : ... :~ th.r (?"i,tL~n. 1951 Total L·l . l- Years 

---·--··--·----~~-- ---·--··-·-·--- · ~- -· --.... -·-·-· -Tni-e·s-s-e-n--- .. _~-~!~~-i~ .. ~~::Ja-~:f~)j·=~;-~·.:x.~~~:ijh~~;P'l~~~0_l2 .~~= :~~ ---~-

~ear Vont:1 Ar ea 81.::.::: 1 ·:)f ---- ·--------... ·- · --·~·-· ·--· __ .... ______ ... 
_______ ...JYr ct.:2.c::1 .. .. --· _A~!.r.i.l __ .. , ~· JJP.:r. . .. . 2a_(J._t~L.r .. _ ...... J'lllr_c_h ____ _ A.I?_I:_i)-___ .. .. . . ! 1_~:Y . _ ...... _ _3 __ T1..?. s __ ._. _ 

. 951 11 } •. 64 2,79 0,000 11 762 20 ., CJ .~· .o 31 . '7'7':) 
I i--

50 Oe10 0<60 2 . 06 0 ' ' 1 7 < ( ... I "'0':\ ··I • - ..... J L• . I ;. 77~. 19 : 79/_~ 

4.SJ 1,37 Oc 72 )_,_ . 67 1.3,412 50 JJ.' !: 33, i.~ <) 3 52~ 06'-) 

L18 0,.56 0 ,12 3-09 1+, C16 0 .86J. ry·, .. ' 1 
t..C. 0 .L 0 . L ·YJ 0"'8 c.. I • .J 

4 '1 0 ~. 98 o .. 73 3. L~ 7 ? -029 5 ?_36 J t- . 
·>I -~ R~· L !.!oU ( ( "'7 .) . 152 

L~6 ') 3 ,' \... '- _-) o., 2Lj. 2.89 2o5'10 1,721 20o 727 2L~ . :;)3 

45 n T' ~, ~ I 3,65 2.55 5 c2 ·:> r,,) (-_ 26.178 18 ~23S ) 1c1_089 
' T / I 

. . Li-1.1 1 ll ') 2.,00 1,99 10 .. l8L~ 11.~? JL~L! 1!! .• 27 ~~ 3' Q ''0 . - - < ..... ,:_ _ ·J •. '-·~·. . 
Lt-3 0., 514- 1 oi-'.J 5.76 . 3 o8'(3 10,256 LJ.L 311 5~~ l}.i-~.) . . 
42 0.36 2.75 2.57 2. 582 19.?23 18 ~ )_l-32 . ') ~"'? :v-, t _·, 

41 1,17 3.19 0.96 3~391 2 2 ,E379 6.8b) 3El. l55 

40 () / ·) 0. 60 0, 38 (\j 
1 ~. LiLJ.7 ~.303 6.311 ~L 5 ~ U 6~L \ , . :) : _ ('--

r-l ., • 
39 0, .. 51 Oo30 ('-- 8 L " ') 0 !-0_) J,658 2 . 15'2 lL: .• 27 3 

38 o. ).j.2 1.21 ... } 8 ~. ~~ 3 _.012 8.6.78 17.787 29 ; 1(77 

37 Oe5.5 0.02 2.ll 3 > 91-t5 0 : 1L~3 1_5'.133 19 ,. 221 • 

36 0. OL~ 0~65 2 . 94. 0.287 4. 662 21.086 26.035 

35 0.01 1.01 5,05 0 ~ 000 7. 21 ~ 1-t 3' 21 c 0 . -·· ) 43 . 1 ~63 

34 0.13 0.,30 0,28 0. 932 2. J52 2. 008 5.092 

33 o. o5 0.70 3 ~26 0.359 _5.020 23 ..., 1 1 .. • .JU .- 2t'> .760 

32 0.7J 0. 60 1.22 S. 59LJ. 4 • .3 03 8 .750 18,6LJ.7 

31 0.63 Oci.J.O 2" l16 L~ .5H3 2. 869 l 7. 6L~J 25 ,. 030 

30 Q ' O.u5 2.37 I , 
·i-• Ob 6.096 16 . 998 29 . 118 ,S2.212 

29 0.15 3o62 0 ,,t'l3 1 u076 2c' 06J - .. .) 0 / 5.953 32 .,992 
25 



'r able 8 ( Continuad ) 

Preci.p:l.t a.ti on Da·ca 

Prec:i.p . s t~:J.t iun GI' OV 8J.l State-Co l o" LonG • 104°25 1 Lat . 40°52 · 

Date~ Prom 19~ · :;:, t hi'Ol1g.h 19 51 Tota l ~.li Years 

1928 0 -13 0 ,,03 3 ... o8 0.93 2 0 ;· 21 5 22.059 'J"' -: •) 6 
c...) '··-.-

27 0 .6!) oJ}o 0 J 2!~ L· 6r. ') ~ o Jc r.: 7')8 
,...,) C /_,1 J. 70 ') 

/~ 1. 2 , 1')3 

26 O.l CI o.:n 1. 93 1 L 291. _5,C'?2 l~~. 200 2CeSJ3 

2_') 0,15 1 , 00 1.17 1 ~076 7 . :;.7 2 8 3C' l ( . - /. l6 .6J9 
.. , 
CL.~ 0-.95 c.63 o~ 7.S 6o813 lj ... .513 5., 3'19 16, 705 

23 O ~ '(( Oo20 1 . SL~ 5~522 1, ~34. l3 .:t.96 ?0' 1 ~)? 

22 0, 08 -::· 1 •. 27 lo95 0. 574 9"108 13 .,SC5 2J ,.St)? 
(\j ··. 21 0,, 70 L,3B 2.37 !'· 5.020 9J397 16,998 .. , -r :; 
r-1 .J . L ' . _I_ 

• • 
20 0~ 65 2o 8)~ 0 .75 r--- 4 .. 662 20.368 5. "' 79 ~G . ~j. l)~l . ..) ' 

r .. 
19 o.,55 1~35 0.35 3. 9LJ.5 9,682 2,:.;10 J.6 ,1 J7 

18 0~05 3.35 1.1~.6 0.359 21~ ... o;::6 10 , I.((J. .:sL;. ·' 856 

17 1 I 5 Q /.~ 1.70 4.30 10 ,.399 l;~ . 19 2 30, Gl :.O c.;3 ' ---- '1+.) .L 

16 0,18 Oo 82 3 o_t) - . / 1. 291 5. 081 28.320 35 .501 
l_r) 2 .48 3,.1.,.3 L~ . 3l.J. 17.787 21., .. 600 31 . 126 73.513 

14 0.,90 2 Q6.~ 1.26 6.1.J.55 18 .791 9. 037 34.283 

13 Oo 85' Oa75 2, 92 6$096 5 <379 20" 9 L~2 3 2 .1.~1 7 

12 1. 82 1.14~~ lo?3 13.053 8 ,176 12. L~o8 33~637 

11 Oe04 0 .57·:~ 0 ~ 98-::- 0~ 287 ~-· 088 7.029 1L L~O~. 

~:·Data obtained f r0:11 correlati on stucl:Les . 

26 



To.ble 9 
Procip .L tation Do.ta 

're cip, Sto.tion Bou1c1eP Stu tc·~Colo ~ Long. 105°17' Lnt. L~o0 oo ·. 
. )ate: F'rorn 19J)~ tJlrOUQ.-11 1951 'l1otal ~{l Years 

--------~---- ··-··----~-· --·--· ---------------il't1:Le.ssel1 - - ____ ... A ra-a-·-r-a·c to-1:--x- r-{ o ni~h --:f;r·c-c i p-;----- .. __ 
rear No nth Area ----· ---------.. -· ----------Sur~--o·:r·---

______ .J~Ia1:~l~=-=)J.)~·If.:~ .-=)l:~Y=: ... _)~~~~~-o1~-----~1m-:.._c_b_. __ _£~.2F~}_. __ .. 1'-'Iay _______ )_.£~9.§_..? ___ ____ 

~951 2 a1.1.o 2.73 1~ 93 7.774 0. 81~.2 6.251 22.867 

50 0 .~. 1 2.95 3 .J.~9 1.328 9.555 11 Q 301+ 22.187 

49 2 .5L~ 2 .1~( 3. 69 8.227 7.029 11 .952 27.208 

L~ 8 3.32 2.00 1. 21-t 10 7l'J ') Q :;_ 6D4 78 4.016 21.247 

~ ~- 7 2 .66 l. 3~- L~. 35 8.616 4. 3L~O lL~. 089 27. C}J ~ . ·-
!1-6 0~71 o~87 3.55 2.299 2.883 ll.49G l 6.68J 

45 1,07 ~- 0 12 3.86 3. L~6 6 13 . 31-t5 12.503 29.314 

·· . 4LJ. 3. 79 6.D1 1~77 12.276 22 . 058 _c)~ 733 L1.0. C6'1 . 
43 1.19 1 ~36 L, .• B5 3. El5l~ ~-· ~-05 15.709 2') 9t 0 

- .. ) ' J . . . L12 6 . 91{. 0.93 r 1o80 3.012 22.LJ.79 5.830 31., 321 

L1.1 2. 92 4 .08 2 . 07 0' 9 .1.~58 13.215 6.705 29 ._3 78 
C""\ 

L~O 1. 58 2.05 2.57 
(\) 

5.118 6. 6Lj.O 8. 32L~ 20 ' ', Jf2 • 
C""\ 

39 L 68 1. 9L~ 1. 7LJ. 5 .L~42 6 . 28~. 5 ~63 6 17 ,. 362 

3§ ') 59 c. ~ )_ ~ . 1. ~2 L, .• 38 8 . 389 1~ .• 316 11.~. 187 36 .392 

37 o .. 83 2. 01 2 ~ 31 2. 688 6. _51~. 7. ~.82 16 681.~ 

36. 2. 88 1~ 25. 2. 75 9.3 28 L1.01~9 8.907 22' 28Lj. 

3_2 o .1L~ 2.6 0 7. 0~. 
-- c 

0 ol.J.53 9 . 069 22,803 32.325 

3 L~ 1.63 2.82 3 .11 5 .279 9 , 13 ! ~ 10.073 21~. ' 1!.86 

33 1.28 4 .15 3 . 9l+ 4 .146 13 e L1 J.~2 12.762 30.350 

32 l. LJ- 7 2. 01 1 .10 1-+. 761 6. )10 3. 563 lL~ . 03~-

31 1 .. 59 1 .60 3.67 5.150 5. 182 11.887 22 .. 219 

30 o. ss 0.99 2. 1? 2 .. 850 3 .207 7. 029 13 ,, 086 

29 2.)7 1 , 60 1 . 50 8. 321~. 5.182 It- .859 10.365 

27 
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Tabl e 9 ( Continue d) 

Pr e cipita t i on Data 

Pr ec i p . St. 1l t i on bould e r Sta t e-Col o. Long . 105°17' La t . 40°00 1 

Da t e : From 19J). t hrough 1951 

1928 2. 72 

26 2. 69 

25 0.35 

24 1~77 

23 2.99 

22 o . Gl 

21 0~77 

20 0. _58 

19 

18 

17 

16 

15 
14 
13 
12 

11 

1 .68 

1 ., 77 

0. 71 

3. 0)·: ~ 

o ~ 6L~ 

1 o55 

3. LJ.6 

3.05 

..., 30 J. c_ 

4.81 

l+ 8 07 

1.65 

2.98 

2.81 

2.36 

1. 58 

l. 71 

2.68 

3.22 

3. L~ 7 

1a.02 

L.50 
1~61 

0.88 

6.1 7 

3.77 
_3.83 

3.57 
1 . 85 

2 . 82 

0.90 

'l'ot a l L1 l Years 

8. 810 5.020 

8.616 11.207 

8o71J 9.879 

Ll34 Oo809 

5.733 6.L~13 

9.,685 4 .• 178 
2 621 ., 0 '7[-''\ 

• - ~ J_ • . ) . ) 

1o879 . lJ.J.83 

2.332 

5.66(1 

3. JOLt 

5. 41!.2 

5. 733 
2. 299 

9 .8 79 

2.073 

9.652 

9.102 

7.644 

;L4. 4-46 
10"948 

5. 117 

5.539 
8.681 

-: :- Data obtm.ned fror.1 correla tion studies. 

28 

rt. 750 31 o5bO 

5.571 25 . 394 

10 o4.JO 29 o 022 

5.215 ? . 1_58 

11.239 25 .102 

3.304. 16.681 

lj .• 859 22 .. 9_'3 ;.:. 

5.215 2C. 2 T t 

2. 850 

6.5?5 
19.985 

11~563 

5~992 

9 .131!. 

2.915 

34 ~- - -' . I I , 
. • I , · , 

2_3,159 

28 ' 2Lj.~ 

13. !.;.08 

'J ' 5..-'2 eLL , ) 

13 .. 6S0 



Table 10 

Precipitation Data 

- Prc cip. Sta t ion-Che· en:.0.c (Airport ) Statc - \'Jyo. Long . 10Lj.0 L!.9 La to 41°09 

.. 

· Date : From 1911 tD.rou£h 1951 

1951 0.51 

50 0 .89 

L~9 2~ 44 

48 0.41 

47 0 .81 

46 2. 29 

l.t.5 1 . 02 

L!.l.t L, 98 

~3 Oo95 

4 2 1.02 

41 1.37 
4.0 1. 21 

39 1 . 73 

38 1.33 

37 2.09 

36 1.17 

35 0 . 32 

34 0 .,86 

33 0 .88 

32 1. Lho 

31 1 . 16 

30 o.i38 

29 1 .51 

J. 9)~ 

0 ~ 73 

1.55 
O.JS 

3.08 

3.70 

1.36 

1 .,81 

2.11 

2.95 

1,5!~ 

L~ . 79 
J.c,67 

1. 72 

1.19 

4 o 79 

o. 9 2 

2"19 

L~ .. l5 

1 ., 31 

2'. 00 

4- 21 

3o27 
0.68 

1.29 
lo69 

2o31 

1 o66 

3., 44. 
1. L!-7 

1 . 57 

Total J~.l years 

29 

3 . ~.05 12 .9.S1 

5 .. 9)[.2 1 2.084 

16 . 289 10 0 74.8 
2., 737 1. . 873 

5 o403 

6., 810 20.562 

13a210 19.027 

6 . 3lj.2 8.946 

6.810 33.6L1.? 

9 olLj.6 2).j. o 701 

8.078 9.079 

J,1 . 5L~9 1 2v o8L~ 

8. 879 14 ., 086 

lJ .,953 10. 615 
7 • 811 8 ,, 1.~12 

2.136 19 .. 694 

5o 7l.r.1 10Q281 

5. 875 31.,978 

9. 3Lt.6 11.,149 

7. 74~- 11.!1.8 3 

5.,8 7~ 7 , 9L!.l-t 

10.081 31~978 

18.~93 34 .• 81+9 

16.556 3~- . 5F1·c_ 

28 .507 55 . _c;!.J. L!. 

6 ., 1L~2 13. 7~) 2 

14 .620 

27.705 
8 7~.6 

13.352 

30 .376 

J 6oll8 

~-5!)597 

28 .106 43.3')! · 

4 51 0 '.18 1 11 ~ ~ ~- ..J • ..J 'J I 

8.61 2 25 .7(,g 

11 ~ 282 31~ . ,. 9 .J. ~.: 

15. L~22 38 _ 3d ·; 

7.9Lih 3 2<_Sl t-~ 

19 •. '360 35.58 :~ 

39 0 322 61 ., l52 
1L,082 2"! , lOL~ 

22.965 60. 818 

9. 81L~ 30 ;309 

10 .. 481 29 ~ 708 

33. 046 L1.6. 865 

9.747 51.806 



Tabl e 10 ( continu.ed ) 

Precipitation Data 

Pre cip. Sts.t ion- Cheyenne ( Airport ) State -Hyo .. Long. 101~.049 Lat. ~.1 °09 

. Dato: Fr om 1911 t 1N~\t_c;1) 1951 Tota l L~J. ye ap s 

--.. .------··------- Are~_Fac to 1~ x. Jvionth Pl'ecip ~ 
No nth Al'oa Sum of 

Year Nar~~--~-==--J?F~Ir~:-_!l~:v- Factor __ ....1[?-r <:_;~---~r i]. M~y 3 mos r 

1928 1.52 0 .83 2. 67 10 . 148 5 .5L!.l 17 .825 33-514 
2'7 1.93 2.25 2.01 12.885 15. 021 13 .!1 9 L~J.. 325 

26 1. OL~ 1.27 1.75 6 . 9L!.3 8 . L!.79 11 .683 27o105 

25 0 .59 lo23 1 ., 56 3 .939 8.211 J.O . Lj. 5 22. 565 

24 1.71 l o41 3. 58 11.L~16 9. L~13 23 . 900 ~h. 729 
23 1. 1+9 3. 26 2.58 9 . 947 21 o764 17. 224 48o9J:' 
22 0.33 3. 23 2. 00 2o203 21.563 13.352 37.118 

. · . 21 0.39 2.00 2.~.0 2., 60L~ 13.352 16o022 3L.978 . 
20 0.66 3. 97 2"15 4 .. 406 . 26 . 504 lL~ . 353 L~5.26~ 

-.() .. ['-

19 1.52 1.23 0 . 70 -..{) 10 . ~. 8 8.211 4.673 23. 03;:: • 
-.() 

18 0.19 3 .92 2 .. 60 1.268 26.170 17 .358 L~, '(9~ 

17 0.69 1a75 4.65 ~-G 606 11.683 31. OL~3 47 . ':l< . . 
~ " • 

16 0.20 0.~.8 1.93 1 .335 3. 20L~ 12. 885 17.,42Lj. 

15 1c61 3. 29 2. 21 10. 7LI.8 21. 964 1Lj .• 75~- 1 r I ' 6 ~ ( ; <-j.b 

14 0.72 2. 58 2.10 ~- 0 80 7 17 . 24Lt. 14.019 36 .'J70 

13 Oo33 1.35 2.22 2.203 9. 013 14 .821 263 Oj7 

.12 1.33 1.62 1.37 8o879 10.815 9 .1L16 28. 8y.O 
11 0. 16 1.93 0 .33 1.068 12.885 2.203 J.6cl56 

30 



·: . 
.. 

Table 11 ( co n t lnue d ) 

Precipitation Data 

Precip. Station - Larwnie S t e.te ~vyo. Long . 105°3L~'Lat. L~l 0 1 8 1 

Date~ F'rmn 1911 thr'~l\:t _gh 1951 

1928 o .l.~~ · 

27 0. 68 

26 0 .31 

25 o. 1+8 

2/.l. 0 , L1.5 

23 o. 98 

22 0.96 

21 o.l.1.1 

20 0 ~ 1.~8 

19 0.55 
18 0. 85 

17 Oe93 

:, l 6 1.10 

: l) 1-. 70 

~- 14. 0.,37 
5 13 0 .19 

3.i2 o. 72 

_' 11 0. 20 

.. ... , \ 

0 ~58 

1 .30 

2 . 12 

1 .59 

0 . 36 

0. 55 

1.95 

2 . L~O 

L~ .l-i-5 

0 ~85 

1 .. 27 

1.37 

0.30 

1.00 

1.02 

1~88 

0.68 

2.16 

0 . 99 

2~33 

0.75 

1.81 

0. 19 

0.30 

co 
0 
0" 

• _::]· 

Tota l 1.~1 years 

2. 160 2. 81.1.7 

3 ~337 6 ~380 

1 (> 521 10.405 

2.356 7. 801+ 

2 ~209 l o767 

h .810 2.699 

4 ., 712 9 .571 

2 .. 012 11., 779 

2 . 356 21. 8L~1 

2.699 4.172 

4 . 172 

4· 561~. 

5.399 1 . 472 

_-. 8. 3!. 1-~- 6. h79 

1 ~ 816 4.908 

. 0 .93,3 2 ., 012 

··So 53LI. 7-. 509 

o'. ·L~82 - 5. oo6 
~~ Data ob tained from coPrel o. tion studies. 

32 

3 c337 1_3 . 054 

10.610 22,5?6 

LJ .• 859 1.5 ~ 019 

11. 1.~36 15.1.;.12 

3 .681 11.,1.90 

6.1 8L~ 20.467 

5 ., 939 19~7,30 

8.147 32 • .344 

1. 080 7.951 

3 e63 2 l}-f.o037 

12. 908 2~ . • 196 

~ .• 417 ll. 288 
: .... 9-~ 37L~ - -2~ . • 197 

8-- 88? 1 r~. 60,..,' ( • ) _.) _., 

0.933 J .878 

. L!··~-i 7 . 15.460 

· 1 .. i~7 2 7 . L~6o 



Table 12 . . 
J:-fe an Depth of Precipitat~lon on rrarget Area 

.. 
· ------·-:--------~~·.=·.=~=~}!<?Il t~-~r~ecjj)i ta 0~.J:_n :t: ~~!.S~ s ......_--:-=~==~= 

Sum of 
Year March ~?):.-_____ H 8.Y._ _____ ~ ______ ) ___ SQQ.!_ -------.---·--·--------
1951 0. !~95 1 . 391~. 2. !i-69 L~. 358 
. 50 0 ~ 2 ( "_, _o lo?G8 2.710 4.8 25 

lj.9 2. 203 1 . !~32 3 ~273 6 .908 

} ~8 0. 961.~ 0 ~913 1~599 3"1-J-77 

47 1.072 1.619 3oJll 6.002 

1~.6 1. 021.,. 0.81~.7 3., 191 5.062 

Lc; ~, o. 56lj. 3.388 2 ~ L1Jl 6.383 

l.~l.j. 2.010 4o OL~O 1.725 7~775 

L!-3 00 8~.9 L~-95 4 .. L~05 6., 7L~9 . ·. . 
}~.2 Oo507 4~ n,.o 2.161 7 0 ~.08 

.. 41 1 .411 3~37 1 1. !.~60 6o242 

l ~O 10 2_51.{. 1,309 1 :.89~- L~ . 458 

39 1.282 1.166 1 c44.9 3 .. 897 

38 1., 354 2.386 2 .. 826 6~567 
-, 
--' 3;7 1.163 lo822 1o589 h~5;15 

- -. - - . . - --, ' -' .. -- I "j6 - . 
0 ~935 1 0 097 1o696 3.729 

' 

35 0.237 1o939 5 . 726 77902. 
"\ -. 

34 Oe 65~. 1 ~ 351-t. 
. . 

1 o 75!~ 3o?62 
l(_ 

. -
I L-. ( L .~i . I J :_, ' ;. ~ : '; I ' . 

' ' 
.. ~~· ~· _')_ -·~ ''\' 

'' I 
--I o .L~63 2o661 3"08Lj. 6.,20? 33 

'32 1.,098 :1,.090 1('1.,.65 3 ~ 653 

31 0., 791+ 1. 289 2o 2~.7 !4 ... 330 

30 Or. 693 Oo 728 2~ 790 !t-f) 210 

33 



Table 12 ( colltinued ) 

Mean Depth of Precipitation on Tar get Area 

·---~-- Mo nth Pro c:i.. p itation in Inches -·-·---.. ---·--·----. ----·----------Sum of 
Yea:e Nar c}l ____ .A-J?!' :i. L ___ _ l'-1ay ) roos ~ ----·--
1929 1~485 2 .. 037 1.368 L~~ 8<)1 

28 l e310 1~ r.' :.:> 3.340 5;;765 

27 L.575 2o LJ-33 Oo98J 4 a990 

26 1. L1.18 2.,596 1 ~808 5,.822 

25 o~t~88 0 e 3 21 lo232 2cOl.!.2 

. 2L1. 1o 80[3 lo15'7 3o616 6g661 

23 2o371 1 .. 60,5 3.,139 ?. 115 

22 Oo572 2c 1t-OLi. 1 ., 73 L~ . 1L1.8 

21 0.582 ,3o 05L!. l o 8~.7 5 c; J~.83 

. . 20 0 308 4 .. 01L1. 1;~42.2 5~ 71~-3 . . 
19 1o200 1:.233 Oc.782 3 .. 215 .. 
18 Oll463 2o 7L!.1 2 ~106 5o310 

17 L,302 1c576 5 . 051 7. 929 

16 Oo595 1.121~ 3., 029 1., . ., 7~.9 

J.5 l:.854 i}o 02<) 3Q086 8o969 

ll+ 0 ~880 2 ... 500 2.,~.53 5o8J}.j. 

13 o ~L~04 1c640 2~100 4--1~.5 

12 1.939 1. L~ 73 2e86;J 6o277 

11 0" 31L1- le733 0. 7LI-4 26 719 

Summs.tion L~J./306 79.262 9~- · 932 216o OOO 

Nol,ma1 1.05 1.98 2~37 5oh0 

34 
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Table 13 

Frequency nalysis 

Me an Depth of Precipitation on Targe t Area 

--------------·-·--~-----·--- ~-·--' Percent of Occu~r~~ 
Suli1rnation of Part~~c ":..l.lar Precip . 
___ ,LllL____ or Higher -:_:· __ 

Range of 
R.._er~£.<1.-.-- PI:~ .. ~=1I? .. =1 te.t_ion 

March 
1911 1950 0 .'30- 0. 50 

0.50 0.70 

0 .70- 0.90 

0.90-1.10 

1.10-1Q30 

1. 30- 1.50 

1.50- 1.70 

1.70 1.90 

1.90-·2 .10 

2.10 ... 2.30 

2.30-2 50 

April 
1911-· 19~;0 . 0 .30~· 0.50 

0.50-0. 70 
0.70 0~90 

0.90-1.10 

1.10- lc30 

1.30··1.50 

1.50- 1.70 

1.70-1.90 

1.90-2oJ.O 

2.10-2.30 

2.30-2 .50 

Prequency of 
O ccurl'en~?..l, 

8 

7 

3 

5 
4 
6 

1 

2 

2 

1 

l 

J. 

0 

2 

3 
6 

5 
l-t-

3 
2 

0 

3 
35 

4.0 90.00 

32 71.25 

25 58e 75 
22 4f3. 75 

17 37 .50 
13 25.00 

7 16 .25 

6 12.50 

L~ 7.50 
2 3 . 75 
1 1.25 

40 98~75 

39 9? .50 
39 95,00 

37 88.75 

34. 77.50 
28 63.75 

23 52 ~ 50 

19 L~3 , 75 
16 · 37. 5o 
14 35.00 

14 31.25 



Table 13 ( con ·inued ) 

Frequency Analys is 

Mean Dept} of Precipitation on Target Area 

-- ----~-- Percent of Occurrence 
Hanee of F're quency of Summation of Particular Pr•ocip. 

Per ~. od Pre c i pita t ~-2.!l. ___ Q..9.9_~r:e n c Q_(J;.L__(~1) _or Jiifl?:ey __ -::· ··----

April ( cont ) 
1911··19 50 2 .50 ... 2.70 3 11 23.75 

2". 70 2.90 1 8 1£3.75 

2.90- 3.10 1 7 16~ 25 

3 . 10- 3.30 0 6 15.00 

3.30-3.50 2 6 12 .50 

3 . 50-·3. 70 0 }.j. 10.00 

3 . 70 ·-3 .,90 0 J.~ 10 .00 

3 .90-4.10 3 1. ~ 6 .25 

. 4 .10-4.,30 0 1 2. 50 
• • . 

4· 30 - !~.50 0 1 2o50 
.. 

l.J-. 50 -L1 .• 70 0 1 2.50 
L1 .. 70 - L~ . 90 1 1 1 .25 

Hay . 
1911-1950 0.70 0.90 2 40 97 .50 

0 .90- 1. 10 1 38 93.75 

i.l0-1. 30 2 37 9o .·oo 

1.30 1.50 5 35 81 . 25 

i.5o- ic70 3 30 71.25 

1 ~ 7 0 1 .90 c :;) 27 61 .~ 25 
i .9o ... 2.10 0 22 55.00 
2.10- 2.30 J.~ 22 5o.oo 
2 . 30- 2.50 2 18 4 2. 50 

2.50 2.70 0 16 4.0. 00 

36 
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Table 1i ( continued ) 

Frequency Analysis 

Mean Depth of Precipitation on Targe t Area 

- - - ·- ··-----------·---- - ··- ---p·e-rcento f oc-curronce 
Range of Frequency of Summation of Part:tcular Pl"'e cip. 

g_~:i. C?..<i~---.Kte c ~~:.:t'~.:~.t-~ ~J_Cl.~ __ o c c~~::r._enc ~-Lsl __ (..;'!] _ _____ . ___ . ___ C2E_]IJ__ghe r ._, - ·--

Hay ( cont ) 
1911-1')50 

Sum of three 

2.70-2.90 

2. 90- 3 .10 

3.10 3.30 

3. 30-3.50 

3 .50-3. 70 

3o70-3o90 
3 . 90-L~ .lO 

4 .10- 4.30 

4o 30- ~ .• 50 

4.50 Lj..?O 

L~ . 70 1+. 90 

4.90- 5.10 

5.10-5.30 
5.30- .S.5o 

5.50 5 . 70 

5.?0- 5,90 

Months 2.00- 2~20 

2. 20 2. ~.0 

2.40-2.60 

2.60 - 2~80 

2. G0- 3.00 

3.00- 3.20 

L~ 

3 
L~ 

1 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 
6 

1 

1 

0 

0 

0 

1 
0 

37 

1.6 35.00 

12 26.25 

9 17 .)0 

5 11.25 

4 8.75 

3 7. 50 

3 ?.50 

3 7.50 

.3 6.25 
2 5. 00 
2 5.00 
2 3.75 
1 2.50 

1 2o50 

1 2 .50 

1 1~ 25 

40 98.75 

39 97.50 

39 97.50 

39 97.50 

39 96-.25 

38 9 _r:;. 00 



Table 13 ( continued ) 

Fre~1ency Analysi s 

Mean Dep t h of Precipitation on Target Are a 

----- -··-- ..... ·--· .... ~- .. -~- .... -----· .. -·--·-··----·--~ ... - .. -·----~ --- Per c e n t-0-fc) .. C cUl~i.;-Ci1CO 

Range o f Frequency o f Sur:unat i on of Part icular Pr-e cip . 
_Pe pJ ~~~------Y_:r_C::.?_i p ~ t~2 t_:iu n_ _____ 0 ~5I~·:?'_e..:~~-~-( _c;)_ __ _ _ll]_) _____ --·-~-C2! H ~gh e ~2-·----· _ 
Sum of three 
l'1ont hs ( con t \ ? '"> ' J-':~ lj O -- J ~ • '- \. • ••• 1 38 93 .75 

3.40- 3.60 1 37 9 1~25 

3~60-3~ 80 3 36 86.25 

3. 80 -l.~.oo 1 33 81o25 

~- · 00-4.20 2 32 77. 50 

L~.20 -4.40 2 30 72.50 

4-40- lj., 60 2 28 67 .50 
. 4 .• 60- 4.80 1 26 63 .75 . • . 

~- · 80-5.00 3 25 5D. 75 .. 
5 .00- 5. 20 1 22 52. 50 

5. 20- 5. L~O 1 21 5L.25 

5 .40-5.60 1 20 ~.8.75 

5.60-!) cSO 2 19 L~5. oo 
5. 80~6 .00 2 17 40 ~00 

6.00- 6.20 1 15 36 c25 

6. 2o -6.L~o L~ 14 30. 00 

6$ Lj.0.,6. 60 1 10 23.?5 

6.60--6,80 2 9 20.00 

6. 80- 7. 00 1 7 16.,25 

'(. 00 ?. 20 l 6 13 .?5 

? .20 ? -40 0 5 12.50 

7. LJ.0 - 7. 60 1 5 11 .25 

?. 60-7.80 1 ~- 8.?5 

38 
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Table 13 ( cont.l.nued ) 

Fre quency Analysis 

Mean Depth of Precip1 t ation on Target Area 

--·--------------·--·-·--·------
Range of Frequenc ~r of Su.r.rr.mtion 

Pe i' io~L_J.l'e ~=!;:J2.~-~-~t:l_C2!_'l:_ ____ Q_~-~~l~:r:.E3.!29_~_(_g_ )_ . _ ( n ) 

Sum of t h r ee 
:r-·Ion t hs ( cont ) ( .80-8 oOO 2 3 

8 .00- 8.20 0 1 

8. 2o ... s. L~o 0 1 

8 . 40 - 8 . 60 0 1 

s .bo-B .So 0 1 

8. 80 - 9 . 00 l l 

Percent o[ Oc currence 
of Par t i cu l ar Pre c ip. 

or Eiuher -::-
--~-- - !i,.!. -·------··- · - --

2.50 

·:~ Percen t of Occurrence of PaP t :Lcul ar rre cipi t a t i on or 
n - 0. 5g 

Hi gher · ::; . 100 x ~- ~40~ 

39 
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Table 14 

Secular Tr>end Exhibited by J'.1ean Depth of 

Precipitat ion on Tareet Are a 1911-1950 

-- -----···--=----·------··----------·-···-------· p T 
X~ ar _ ___ }'.~-e c .~J?...!-~~- N 

.. 1950 

1~9 

~.8 

l.j. 7 

L~6 

45 

4L~ 

~-3 

4. 825 

6.908 

3 . 1.~ 77 

6., 002 

5 .062 

6 . 383 

7.775 

6. 7~.9 

L~2 . 7 .L~o 8 

4.1 6. 21~-3 

1+0 4 . 1~.58 

39 J .89 7 

38 6. 567 

37 4 . 575 

36 3.729 

35 7.995 
34 3.762 

33 6e207 

32 3. 653 

31 4·330 
30 LJ.e 210 

29 L~ .. 891 
28 5.696 

/19~5 

118.5 

/ 17.5 

/16.5 

llL, .. 5 

/-13.5 
/ 12.5 

/ 11.5 

f 10o5 

/ 9. 5 

I 8.5 
;. 7.5 

I 6.5 

f 5o5 
;. l+.5 
I 3. 5 

I 2.5 
I 1.5 
;. 0.5 

0.5 
1 5 

- 2.5 

_______ _!P ______________ _B_~_ ·-___ ~r ?.me_ _____ c_ _______ __'I'l ___ __ _ 

/9L, . ., o875 380.25 39 1521 1 88~1 7 :5 

/ 127., 79 80 3~2.25 38 1L~4L~ 262.5Cl ll 

f6o .8L~75 306.25 37 1369 128.6LJ.9 

/ 99.0330 272.25 36 1296 216 .072 

/78 .1610 240.25 35 1225 177. 170 

f92 c5535 210e25 J4 1156 217.022 

/104 .9625 182.25 33 1089 256.575 

/84.3625 156o25 32 1024 215.968 

/85.1920 

/65.5515 

/-42 . 3510 

/ 33 .. 1245 

~~-9 . 2525 
/ 29.7375 

/ 20.5095 

,~35. 9775 
/ 1).1670 

/ 15. 5175 

/5. LJ.?95 
/2.1650 
-:2 .1050 

.. ]_1~ . 2400 

~.0 

132.25 

110 .25 

90 .25 

72.,25 

56 25 

42 .25 

30 .25 

20 .25 

12 . 25 

6.25 

2.25 
0.25 
0.25 
2.25 
6.,25 

31 

30 

29 
28 

27 
26 

25 
2l+ 

23 
22 

21 

20 

19 

J. 8 

17 

961 

900 

8~.1 

784 

729 
676 

625 

576 

529 

484 

4L~1 

1.~00 

361 

3 2L~ 

289 

229. 6~.8 

187.290 

129 .282 

109 .. 116 

1 Tf .,309 

118\1950 

93.225 

191.880 

86 526 

136.551.1 

76., 7 3 
86 ., 600 

79 990 

88 .. 038 

96 .. 832 



.. 

• 

1927 4o990 
26 5 .822 

25 2.,04.2 

24. 6. 661 

23 7.115 

22 l+.lL1.8 

21 5 483 

20 5 .743 

19 3e215 

18 5o310 
17 '(. 929 

16 4· 749 
15 8.969 

1L~ 5. 83L~ 
13 4.14.5 
12 6 •. 277 
11 2, 816 

Summation 
216 ~050 

Taplo 14. ( coi1tJ.nue d) 

Secul ar Trend EY.hibi ted by Nean Dep th of 

Precipi tat ion on Target .Area 1911··1950 

- 4. 5 
- 5.5 

65 
7e5 

8.5 

9.5 
10 .5 

11~5 

-12.5 

15.5 
.,16.5 

17 .. 5 
18Q5 

... 19o5 

""17 o1.!.650 12o25 

26~1990 20.25 

11o2)10 30 .25 

43 o 2965 L~2. 25 
53 .3625 56.25 

- 35.2580 72~25 

52.0885 90.25 

~60 3015 10o25 

36 9725 132 ~ 25 

66~3 750 156.25 

107 .0h15 182.25 

68.8605 210.25 

-139.0195 2L~o.25 

- 96 .2610 27 2.25 

72. 5375 306a25 

-116o 12L~5 3L~2. 25 

-54. 9120 380.25 

/1140.1305 
-1080.9875 5330.00 

16 

15 
lL,. 

13 
12 

11 

10 

9 

8 

7 
6 

5 
4 
:3 
2 

1 

0 

~:- Prccipi tat·' on for perio of March , April and Ha 

N~q:rm o. Precip i ta.tion for LlO year period ... 5 . 40 inches 

Trend in inches per year·= ( Sum ~Hp 
-- ·~ 

{ Surrl. )'1';-

•.! 

41 

256 

2~5 

196 

169 

11+4 
121 

100 

81 

64 

49 
36 

25 

16 

9 

4 
1 

0 

79 0 84.0 

87.330 

28 0 5.83 

86~593 

85. 330 

1~.5. 620 

54. 830 

51.687 

25.720 

3? .170 

23. 7L~5 
35 .876 

17.502 

8 .290 

6.277 

0 
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Table 14 ( continued ) 

Secular Trend Exhibited by f.Tean Dep·uh of 

Precipitation on Target rea 1911-1950 

·---·---·- ·------··--~-· ···--- · --· ---- ·--··---·-··--- -----·-·~-------· 

( con 1 t) 
J;i'rom oqs~ ! 

Solve~ 

Therefore: 

. 
( ~ .. ' 

'I ') 
--

. ~· 

.l. 

( Sum) P Na f b ( Su:n ) 'l' = L~Oa f 780 b 216Q o5o 

( Sum ) TP a ( Sum )rr fb(Sum) •r 2 780a I 205L~Ob- L~272.1l8 

b 

p 

J 0.0111 a 

5~185 I O.OlllT T No. or ·Years from 1911 

/}. ~:.!. • • r • 
I ' ' • . • • l -.:. ,._ : , - -

r 

t 'l = Period of Investiga. tion in 
years 

r 

' ' r 

s ~= · ... : . '7,.. . 
j • 

- . ~-. ... . . . . · -
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r:eabl e 15 

Secular 'l1 rond Exhibited b r He a n Depth of 

Pre cip i tation on Targe t Area 1936-1950 

--·-·--p --- ---·-·-·-- ··-------·· -··T··--·· ---------------··-·--·-··-. 
Ye.~.:t:'_..P :r:.~-~ip ._·:_::...._ N --- ---- ---~? ________ _E2 

__________ J.~mo . . _ .f~-------··J.~~--- ·----
1950 4.825 

L1.9 6. 908 

48 3 .l.j. 77 
47 6.002 
46 5.062 

45 6.383 
41+ 7. 775 
l.jJ 6. 7h9 

1.~2 7. L~08 

41 6. 21~.3 

L~O 4 .1.~58 

39 3. 897 
38 6.567 

37 4.575 
36 3. 729 

Summation 

/7 
/ 6 
/ 5 
14 
t3 
/2 
/1 

0 

1 

-·2 

- 3 
L1. 

5 
6 

7 

/33.775 
. /1+1 . 41.~8 

/17 .385 
/2L~ . 008 

/15 .186 
/1 2.766 

I 7. 775 
0 

7. L~o8 

-1 2,486 

-13.374 
15.588 

27 . L~5o 
26 .103 

L~9 

36 

25 
16 

9 

L~ 

l 

0 

1 

4 
9 

16 

25 
36 

~.9 

280 

13 
12 

11 
10 

9 

8 

7 
6 

5 
4 
3 
2 

1 

0 

105 
·::· :?r..:-:e:l. ,;itaticn fo r per·iod of Harch , Ap r il and Ma 

1'10J.?.~il, Pre cipi t a tion for 15 ye ar p e riod 5 ~ 60 inches 

196 

169 

14L~ 

121 
100 

81 

6~. 

L~9 

36 

25 
16 

9 

4 
1 

0 

1015 

67.550 
89 . 80! j. 

L~l. 721i. 
66.0 22 

50.620 

57 .hL~ 7 
6 2~200 

L~ 7. 243 
44c 4~.8 
31.215 
17.832 
11 c691 

13. 13L~ 

0 

Trend in in. per yre : ('Sum) NP 
(~~ ) N2 

+ 1_5 2 !.)J±;;::.3_...:;;1) 5 !..?..YJ± - 1 7 . O<z2. - 0 , 0 611 
280 280 

Requir e d oq.: P ~a 4 bT 
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Table 15 ~ continued ) 

Secular Trend Exhibited by Hean Dep th of 

Precipitation on Targe t Area 1936-1950 

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

F'rom- c;qs.: . ·: (Sum)P-l'·'ia I b ( Sum)T ~ 15a / 105b - 8L~ . 058 

Solve~ 

Therefore~ 

· •• ~ , j ·. '·' t . _l_ .-. ... 

. \ . ~ 

( Sum )'l1P -~ a ( Sum)T f b (Sum) r:e2 : 105a ,L l015b- 605.505 
+ 

b - 17Q099 : Oo06ll 
- -· 28-

p : 5ol76 J Oo06llT 

r • ..... .-·'-. 

/ ~ . . 

I ' 

'. . . 

a·· 5~1 76 

T - No . of Years f rom 1936 
M = Per iod of Investigation 

in Years • 



Tablo 16 
Hoving rren-Yoar Secular Tro :nd Exl1:lbi t ed 

b y Me an Depth of Precipitation on Targe t rea 

1911- 19.50 

-·----· _ ...... -----... ------·-·---·---~--.. .. ··-------... ... ~~··· ··--' p ~~ ----·-

Yea_r s -~!' e_0Y-!. ____ lQOOP ------~£.--·--·--· NP ___ . ..-2.'f:._T__ 1,2 r:f'P 
--- ~-·- -·-- . .,.,._ 

L1.1-50 6c 08J 6083 .. 14.8 1.5 /-91. 21.~5 225 30 900 182, ) 90 . 

L~0 - 49 6 . 0Lj.6 6oL~6. 398 lL~ /84~64h 196 29 841 175., 334. 

39 48 5 o 7LI.5 5 7LkS o260 13 / 74.685 169 28 784 .160 .860 

38 - 47 6 . 051.,. 6054. 25L~ 12 17 2. 61.~8 14-4 27 729 163 cl.J-58 

37- 46 5 .912 • ~ 1 5911 " :;>2 -~ 11 ./65 e 032 1 21 26 676 153 ~ 712 

36- l-t5 $~778 .S778. 228 10 / 5 7. 780 100 25 625 1L!-4-· LJ.50 

35- 4.1.~ 5 . 939 5939 .4.1.~0 9 I53. L~5l 81 21.~ 5 76 lLj.2 . 536 

3L~-4J 54538 5538~118 8 tLI-4· JOL~ 64 23 529 1 27. 374. 
• • • 33 4 2 5. 48L~ 5483)Q914 7 /38 c388 ll-9 22 L~84 120 . 6L~8 

·. 32 ... ! 1 5.108 5108. L.!.52 6 / 30.(.4.8 36 21 4.1.).1 107 . 268 

31-·L!.O 4 .91 7 1.~9 1 7. 211 5 / 24 •. S85 25 20 LJ.OO 98p 340 

30-:- 39 4 .• 892 4[)92 . 483 4 /19 . 568 16 19 361 92. 91.{.8 

29-· 38 4 . 992 1+991q 884 3 I1L~ o9 7 6 9 18 324 89 e856 

25- 37 !J. ~ 905 4904 .• 852 2 I 9. 81o 4 17 289 83.38.S 

27 ··36 L, .• 911.6 !~.946 .. 330 1 f 4o 9Lj.6 1 16 256 79 . 136 

26 - 35 5. 156 51,£)5 .651 0 0 0 15 22~~ . 77 .. 34.0 

25·~ 34. 4 .• 560 L~560 . 3 23 - 1 - !1 .• .560 1 14 196 63~ 8~1- 0 

21.~-33 L~. 850 4.850. 208 -2 - 9.700 LJ. 13 169 63 ~ 050 

23 32 4 . 941 1.~9 l.j. O. 990 - 3 - Ht- . 823 9 12 11+4 59. 292 

22- 31 t~. 991 1.!.990 •. S25 L~ 19. 961.~ 16 11 121 51!·• 901 

21- 30 5e106 5105 o 8/.1.0 --5 25 . 530 25 10 100 51.060 

20- 29 5. 259 .52.59 • ll.j.8 - 6 . - 31. 554 . 36 9 81 1. ~ 7. 331 

19- 28 5.092 5091.601 7 - 35.64.4 L1.CJ 8 61.~ 40 o736 

L!.5 
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Table 16 ( conti nue d ) 

Hoving Ten Ye ar Secular 'l1r end Exhibited 

by Mean Depth of Preci itation on Targe Area 

l9llnl950 

~----_.,... .. _4 __ , 
p .. 

~~· N2 Years Precip. lOOOP N NP T ·--
18- 27 5 053 5052,999 f3 40 L~24 64 7 
17~26 5 c 3~. 7 531!.6o864 9 ·48 c 123 81 6 

16- 25 5. 240 5239 o560 1,0 52c400 100 5 
S.5-2L!- 5. 932 5932 o266 11 65. 252 121 4 
lL~ 23 5. 850 5849 .,5L~4 12 70.200 1L1.L~ 3 

13- 22 5.553 5552.583 13 72 . 189 169 2 

12-21 5.765 5765o443 14 80.710 196 1 

11·:20 5e499 5Li.98~ 726 15 82oLJ.85 225 0 

J686. 710 Surnm.a. t ion 
166~533 65J o558 2~80 465 

* Precipitation for period of March , pril and May 

JJorro.o pre c:tpi ta tion for L~O year period 5 3 7 inches 
(Sum)NP 686 . 710 653 o558 Trend in inches per year ~ Sum -112 --~~-

HequirETd·'e·qo ~p _ 
,..l •. ~ ,• 

Froni ~sum ) P 
eqs~ .., -

- .. { Sum ) TP 

a /- bT 
Ha I b { Sum)T :: 31 ~ f. 4.65b 166 .. 533 
a. ( Su.m)T: ib( Su~ )T2 L~65a ;~ 9455b 

Solve: b - ,t. O o013L~ 

·----·-
']_12 'l'P 

49 y: ') '(] ;) . .,.) ·-

36 32 . 082 

25 26 200 

16 23.,7?.8 

9 17. 550 

4 11..1.06 

1 5.765 

0 0 

9455 2531.147 

33 .152 ~ ' 0 0134 
248'o" 

253 1.11~7 

2:. ·.,_ a. ... 166. 5)_3 _ _ 4§5 X 0 . 913TI .. ).60Q316 0 5 .. 171 
31 31 

"): ). ; ~') .. : -
Therefore: .. : ·p ·• 5 .1?1 /- Oo013L/i 

. . ... 
T No . of Ten-Yr . Pe~iods from 1911 

~ - No~10f m~n~Yv~tP0riods ~of~ 
Jnvostigation 
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Table 17 

~.tiean Depth of Procipi tation Using Isohycta1 Uethod on 'I'are;et and 
Contro l Areas fo r 1Tor::1al Honth of Narch 

Average D:L ff. x Pvc1·r:.c· 
.-l:1~i ~-~-a-~- _ ·- F'i!]a_l_ ----· __ pi f f e_x:_ ~.::! t ~_al _______ --~.££ c :iJ?_ it a_!;_~ o~----PE_~~~]?_:i:_!;_o. t.J._()~'-- _ . 

'(. 630 7.728 0. Olj.8 1~17 0.056 

7.72G 8~810 1.002 1 .25 1~3 53 

9.301 9 . L~ 70 0.169 1.15 0.19 1.~ 

9.470 9.539 0.069 1.97 0. on,. 

9. 016 10. 01.~6 0.230 1.35 0.350 
r 

0. 0)~.6 0.113 0.067 1. L~5 o. 097 

0.116 0.173 0. 057 1. 55 Oa088 

-0.173 0.208 Oo035 1.65 0.058 

0.189 0.237 0.048 1.75 o. o8 L~ 

o. 237 o. 28 7 0.050 1.85 0.0!)3 
0. 239 0.295 0.056 1. 95 0.109 

. o. 295 0.326 0.031 2.05 0.064 

0.278 0.305 0,027 2.15 0.058 

0.305 0. 325 0.020 2.25 0.045 

. .... 0. 282 '- OQ300 0.018 2.35 0 . OL~2 
- J ,_•,: . . .. ' -. --·' 

' ' o.3oo O.o 309 I 0.009 / 2.!.1.5 . 0. 022 

~ 
0. 284 O~ 290 0, 006 2.55 0.015 

0.290 0,30Q 0.010 ·- 2.65 0. 027 
v. ·-· .· ( -

c• . Q o 26L~ o. 2_80 :0.016 .2.~ · 7 5 . o. OL~~-
- r ,_ - ' • • • 

0.280 0. 285 o.oo5 2.85 0. 01L~ 

3. 901+ L~. 203 0 ~299 
'·. 1.15 o. 3LJ.l.l. 

L~ . 203 L~. L.J-63 0.260 1.05 . 0.273 

5.003 5.215 0.212 0 .95 0. 201 

5 .215 5.583 0.)68 o.S5 0 .313 

6~018 7. 056 1 ,038 0. 75 0 . 778 
4? •.. 
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Table 17 ( Cont inued ) 

Mean Depth of Precipitati on Using I sohye tul Method on Target and 
ContPo l Areas for Normal Ironth of Narch 

Average Diff., x A- ·e r 0.1;E 
Proci-e_i ta tJ . o~__.f_rc g :i.pJ. t[~~j.oi~~ . 

7o771 0 . 715 0 .65 0. 1~.65 

_ I.!.k7) __ __ _ 7_._5_~_1 _____ o .o5~--------- o.~·:J"""'c:9;__ _ _ 
Tot al 5o003 ( lo 06 ) 

~ ._29~_ .. Me an Dep t h of Preclpitat ion on Target Are a ~ / - 1.06 i nches - 5. 003 
f or Normal :!'Ionth of March. 
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Table 17 ( Continued ) 

Control Area 

Average Diff. x Average 
J n i t=L a! -~- _ };]_ naJ:. __ _12 i .f f ~r~_p t i ~l-____ ~.!:_e c j_ E2:.~ at i C?E ___ P ~ ~' c i 1-?_ j_ t c::~_i \'.0 __ _ 

1. 611 

l. ~-59 

0.550 

1.076 

1. 219 

1.206 

1.231 

9.535 

o .L~l4 
9.397 

8. ~41.+ 

3. 899 

8. !,9 L!-

13.590 

6.978 

l. 611 

1. 682 

1.383 

o. 927 

1o251 

1.219 

1.311 

1. 231 

1.307 

10.4H~ 

0. 952 

9 .L,-31 

8.899 

8.964 

8 .590 

8.936 

7.002 

2.213 

2.620 

0.008 

0.071 

Oo076 

0.377 

0.3 24 

0.173 

0,112 

0.02.:;; 

0.076 

0.879 

0.538 

0.034 

0. LJ.55 

0.065 

0.096 

6.346 

o. 02L+ 

1.767 

0.99 

1.05 

1.15 

1.25 

1.35 

lo~-5 

1.55 

1.65 

1. 73 

1.15 

1.05 

-1.21 

1.05 

o. 95 

0~85 

0.75 

0.69 

0.95 

0.85 

0.008 

0.075 

O.OG7 

0,207 

0.174 

0. OL~1 

0.131 

1.010 

0.565 

0.041 

0.478 
0.062 

0.082 

o. 259 
. 0. 017 

1,679 

0.346 
~!_68 7 _____ . .l.~_Q9.) __ _____ Q!_;n£_ _____ ~--- ___ __ _ Q..J.2_ ________ .... 9_._?37. _______ _ 

Total 6,139 6.407 
6. ~-.07 - 4 Mean Depth of Pre cipitati on on Control Are a - 6 •139 1~0 inches 

for ),;ormal I··ronth of Harch . 
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Tab l e 18 

~ ·1e an Dep t h o f Prccipi tation lTsi ng I sohyetal ~ 'Ie thod on Target and 
Con tro l Areas for ;·lonth of !'larch , 19.51 

Initial 

8.667 

) 3. 676 

8.71.5 

8.730 

8.76.5 

8.?83 

8. 937 

s. 969 

9. ~-13 

9. LJ . .51 

9 • .530 

9. 577 

9. 6.59 

9~709 

0~332 

0.'382 

0.'432 

o:462 

s i-5.50 
2. 03.5 

3. 869 

7 • .546 
7. 981 

Fina l 

8.676 

8G 703 
8.730 

8.783 
8.806 

8.969 

3.996 

9. LJ-.51 
9 . _soo 
9 • .577 
9.620 

9.709 

9.760 
0,382 

o. LJ39 

o ~ L~39 

o:.s.so 
2':oy-; 
2.0~.3 

4 .220 

.5.056 

7.981 

8 .4L1-l.1. 

Diff erential 

0.009 

0.0 27 

0.01.5 

0. 022 

0.018 

0.023 

0.032 

0, 027 

0. 038 

0. 0~.9 

0. OL~ '( 

0.043 

0. 050 

0.0.51 

--o. o57 

0,007 

0, 088 

o.oo8 
0.3.51 
0, 836 

0.43.5 
o. L~63 

50 

2.33 
2.2.5 

2. 1.5 

2.0.5 

1. 9.5 

1 .8.5 

1.7.5 

1.6.5 

1 • .55 

1.4.5 

1.3.5 

1.1.5 

1.0.5 

0~ 9.5 
' 6,8.5 

0. 8.5 

·a. 7.5 

o • .59 

0 • . 5.5 

o.~J 

0.35 
0. 2.5 

0.021 
0,061 

0.032 

o. ot1..5 
0.035 
o. 0LJ.3 

Oo0.56 

0. 01~.5 

0.0.59 

0. 071 

0. 063 

o. 05LJ. 

0. 0.58 

o.o5L+ 
o. OL~B 

. . 0. 01~.8 

o.oo6 

. 0.066 

· · ··· 0. 966 

0.193 

0.3.59 
0. 1.52 



Table 18 · ( Continued } 

Me an Dep th of Precipi tati on Using Isohyetal Method on Target and 
Control Areas for ITonth of March, 195;1 

Target Area 

Average Diff . x Avera ·e 
Init lal --· .. ---. ~- ~ · 

.. _F' 1na :J.:.._._ __ Differ_£ n! :L _1?:1 _ __ _ __ :?r._e c ~i. T?_.i tat ion_ Pr_£ c i :ej._ ta:t i £9_ 

9.652 0.628 

~~J?..~2 __ -. - _9__.811 -- -2~1_:29 ________ . - -

Total 5.019 

Mean Dep th of Precipitati on on Target Area 
for ~1onth of Narch, 1951 

0.55 52('1 Percent of norma l - T:C5'b = .-;o . 

·, ' 

51 

0 .15 

0 . 07 

0.094 

0.011 

2.761 
2 • 7 61 0 c'5 . 1. 5 .. 0l9 &J •/ 1nC1l8S 

' .. 

. ' 



Table 18 (Continued ) 

Contro l Area. 

Average Diff. X AveragG 
_Ipi t_la_l _________ F_i_n_a_l ___ __ Diffei.:~1.l.~ia1_ ·-- -·-- ____ _P_J._:ec~:h_t_~~J-_~n-.J.:.~.ecJ:.P.i t a ti.2!.L.. 

6. 4-79 6. L~83 o. ool1- 0.28 0,001 

6 . L~8 3 6.530 0.057 0.35 0.0 20 
' 6. 4.70 6. 5L1-l 0. 071 0 .45 0.032 

6.541 6. 6~.7 0.106 0. 55 0.038 
6 . 609 7. 160 0.551 0 .65 0.358 
1.728 2.250 0.522 0 .75 0.392 
2.250 2.965 0 0 '115 0 .85 o .6o8 

3. 691 3. 79Li- 0.103 0.73 0.075 
L~. 681 5 -4-37 o.7S6 0 .93 0.713 

5.LJ37 5.779 o. 3L~2 1.05 0.359 
. 6 . 372 6.921 0. 549 l .H1 . 0.625 

~ . 

6.612 6.995 0.383 0. 55 0.211 
·. 

7. 28 7 '( . 583 o. 296 0 .45 0.133 

5.953 6. 34.2 0.3 tl9 0.35 0. 136 

6. 3L+2 6.901 0.559 0. 25 0 .11-J.O 

6 .197 6c 83)+ 0.637 0.15 0. 096 

6' 8 31.~ 6.913 0.079 0 .09 0. 001 
Total b-~119 3. 958 

Mean Depth of Precigitat ion on Cont ro l Area 3.958 0.64 j_nches - b . ll9 -~ 

f or Month of Mar c , 1951~ 

Percent of i'forrn.a1 o. 6L~ 62 '1 
r:oij: - fD• 

.. 
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Table 19 ( Cont]_nued) 

Sriow-Wati~ ~ontent Data for Target and Control Areas 

Target Area 
. . ,': . ';' Years 

' ~ > I ( ' " 

Snow Course '38 '39 '40 ' 41 r LJ.2 '43 '44 'L~5 '46 '47 .rh8 
' '49 '.5G . 38-50 1 .5 

(Snow- tJa ter ·Gontent in In.ches on Hay l) Norrna1 

Big South 0 ' 0 0 0.3 1.7 0 2.4 0.6 0 2.1 0.3 0.1 1.1 0.7 l. 

Cameron ?ass r 31 o-6 26.4 22:4 22.3 22.0 18.0 17.4 24.1 20.5 2.5.9 21. 4 2L~ .5 24 .2 23.7 23. 

Chamber 1 s Lake .5.-6 J . l 1 . 9' 3 . h li ..., - , • I 0.6 5-3 .5 .7 0 .. 4 8.0 4 -9 2 .. 5 3.9 3.8 10. 

Dead-nan Hill 20.5 16 . 5 12 . 3 l Lf . 2 --- --- 19.6 18 . 8 11~6 20.7 16.0 18.9 17.4 17.0 22. 

'v"l. Lal-::e Irene 31~4 23.6 20.5 23.5 22.6 20.9 21 !, 26.8 15.2 27.1 24.2 26.1 2lo0 23. 4 34. -'-•4-
_p-

:-~our Glas s Lake 6.9 6 . 8 4 -1 6 . 7 10.2 10 . 9 --- --- ::.~0 8 .1 6.6 llc.5 7.0 7.3 14. 

~-lild 5asin 12. 8' . 12.6 10o2 ,-12 ... ~ 1~--.5 14 . 6 17.1 19 . 0 L~. 7 15.6 12 ~ 2 16.2 1~ .• .5 13.6 22. 

l':Tean Depth of 
SnoH- water Co!1- .. 

. I 

tent Chai.1;e, 
Nar 1 - April 1 + 4 ... 0 +3 . 3 +2.3 +2 . 4 +2 .1 +2 .5 +4 . 8 +2 . 8 +2.5 +3.8 +2.9 +3 . 2 +3.4 +3.1 +3. 

1f 

April 1 - Nay 1 +0 . 8 - 0.2 - 0 . 6 +3 . 0 +2 . 1 - 4.8 +4.1 +3.1 - 3 . 6 +l.l - 1.3 - 3 . 1 - 0 .3 0.0+1. - ' 

II 

' : 
?1ar . 1 - r-~ay 1 +4 . 8 +3 . 1 +L.-7 +.5.4 +~ .• 2 - 2.3 +8 .9 +.5.9 - 1 . 1 +4.9 +1.6 +0.1 +3.1 +3 . 1 +4.< 
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Table 19 (Continued) 

"·Snow-\·Jab~'r ( bontent Data for Target.:_and Control Areas 

Control Area 

Ye ars 

. . 

Snow Course '38 : ' 39 '40 ' ' '41 '42 '43 '44 :45 ' 4 6 '47 48 49 50 38- 50 '51 
Nor::."'la1 (Snow- 1,Jater ·co'ntcnt in Iriches on .~T.arch 1) 

Bo.ttle Creek 13 .2 13 . "7 8 . 3 7.0 9.1 12.0 6 .3 10o 8 8 . 8 10.2 9.1 18.4 14 .. 9 10.9 10. 8 

Webber Spr i ng 13 . 8 . · 16 . 0 11 .3 9 .3 12.7 1_5.6 9 .3 13 . 8 11.8 15. 4 13. 4 23 . 6 17 .3 14o1 15~5 

Old Bc. tt1e 

lJ . French Cr . 

24 . L~ _., 27.5 21 . 6 19 .0 2~_ . 8 26 .0 17.9 21~2 21.3 32.7 22.9 36 . 1 30 .5 25.1 25.7 

30 . 4 • · 25 . 6 25.9- 17.0 18 .3 29 .4 12.2 22 n4 23. 9 21.0 20.0 28 .7 2la3 22. 8 25.9 

I·J . Barrett Cr ., 19 . 9 ·1' 10.0 1[:. . 2- 12.2 12.3 16 .4 7 . 7 12. 9 13 . 9 11.{ .. 2 13 .0 20.1 12. 4 14.7 15 . 6 
\Jl. 
\Jl.Ryan J ark 11.3 - 11.4 11.2 7. 3 8 . 3 7. 3 3. 9 7. 6 7. 0 7. 3 8 . 2 13. 6 7. 2 o. 6 8 . 9 

(Snow -Water Content in Inches on April l) 

Bcttle Creek 15.7 13.0 9 . 8 0 . 8 10.6 14.9 10.4 16.9 10.6 11.0 14 . 8 19 . 7 18.8 13.5 13.9 
·.Jebber Spring 20.8 17.5 14.1 12.2 14.1 20 .5 14 . 9 21.2 15.2 1 7.4 17 .. 3 29.9 24 .3 18 . 4 19.0 

Old Eatt1e 31. 9 29 . 5 24 . 7 23 . 0 27.6 34 -9 26.6 35 . 4 26 . 7 33.2 30.6 47-7 37.0 31.4 33-3 

~~ . FrEnch Cr . 35.1 . 33·. 9 · 29.2- 22 . 4 25.7 39 . 4 20~6 33.1 _30 . 7 28.2 24 .7 34.6 31.0 29 . 9 34.2 

N. Ber r et t Cr . 26 . 2 23.7 21.6 15. 8 15 . 1 21.9 13.6 22 .2 19.1 18 .0 17.5 25 .3 20 . 5 20 .0 16 . 8 
Ryan Park • 14 ~6 . 1: 10 . ~ 12~3- I 8 .1 11.5· 10.0 8 .0 14 .0 10.5 10.6 10 . 4 16.7 10.6 12.7 10 .3 
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Table 19 (Continued) 

.. 
·.) 

.·.·.:·i:· •. 
'<" 

Snow- \rJate r :·Conten t Data for Target. and Contorl Areas 

Control Area 

Year s 

Sn.ow -- Course '38 '.39' t 40 · 1 
t 41 1 42 '·43 ' 44 '45 46 '47 48. '49 t 50 38 - 50 't 5J. 

(Snow-Wate r Co ntent in Inches on May 1) Nor:::rw.l 

BOttle Creek 9.5 ~ .. 1 · 4 .. 3 - . 8 .1 7. 0 2.,0 6.6 16 . 7 1.0 10.8 11.7 6.8 lL~ . 9 7. 95 12 .. 8 

Webbe r Spring 19 . 8 15~8 · 12.3 · 15.3 13.4 12.1 15.8 20.2 7.6 16 .1 16.0 16.0 19.6 15.4 17 .. 1 

Old Battl e 32.5 35 . 0 · 26.9 -' 29.7 31 . 5 29 .. 8 28 . 9 39.3 2LJ- .9 36 . 1 34 . 9 36.9 37.7 32.6 34.9 

N. Prench Cr .. 37.'1 31+.'6 · 35 . 2 - ·31.9 32.0 32 . 0 26 . 3 35.5 29.4 36 . 1 27.5 33.2 35.1 32.8 38 .3 

N. Barrett Cr. 25 . 1 22.8 25.4 · 24 .6 17.3 14.6 17.4 27 . 5 13.9 25.2 18.7 23.6 22.1 . 21.4 21.7 

Ryan park 9 " 3 3 • 1 . 9 • 9 -· . 12 .. l L~ • 9 0 ~ 0 6 e 8 13 . 4 0 • 0 12 e 3 7 • 0 B • 2 2 . 5 7 . 3 5 8 .. 4 

Mean Depth of 
Snow-~ater Con-
tent Change, 

l 

Mar 1 - Apr.l +4.7 +2~6 +2 . 5 . +3 . 1 +2.9 +5 . 8 +6.1 +9 .0 +4.4 +2.9 +4 . 1 +5.6 +5 . 7 +4.6 +4 . 5 
I • • 

!f If 

Ap r . 1- riay 1 - 1 . 9 - 2 . 1" +0 . 4· 1 +5.,2 +0.3 - 8 . 5 +1 .. 3 +1 . 6 - 6 . 0 +3.1 - 0.1 - 8 .2 - 0.7 - l . l +0.6 
tt II 

Mar 1- May l +2. 8 +0 .5 +2.9 +8.3· +3 .2 - 2.7 +7. 4 +10.0 - 1.6 ~6 . 0 +4.0 - 2.6 - 5 .0 +3 . 5 +5.1 
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