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PB.OORESS DEPORT ON CLOUD 3EEDING IN CENTECAL COLORADO 

INTRODUCnON 

lt •• beon esttma.ted by ~vollma.n (9), t960, la a reporl publl$'bed b7 

the to Solect Co:mmtua. on N ticmal Watei- Resource that E. u-ti~ 

Ji,eld ''" tho Colorado lliver by I eao will ba only sas ot project demands. 

Jt ls cl~ tbAt ~ water shortages can bG e:xl)Mted. lmprov.d watv 

utilb:ailon. motucnn, coa~ of salt water. can be expectff to help aUOP 

1ato ~ shortage• to On11 a Umited extw. Actual Sae~eaaea bl wa.t«r 

supplie• are aeedod and tbe11e cu be obtained from oaq au IIO\IN..--tbe 

·. atnu>spherc. Thor.- appears to be reasonable posaibillt,' tbat Snore&Md watff 

r~e• might be obtamed trom this source. 

The greatest potcmtial for obtsdntng additional predpitaUOQ by artStJ.c1a1 

means is fD. the mountai:aoua &relt.$ wlusro atmoapheric- wat• vapo, iii Jilted to 

cond$%16&Ucn for =-ded periods of tim<t. Thls is fommate ahlc• 1t ls la 

. these a.rcaa tl1At the groatea.t por~ent,;age of preclptta.ttoa gou Joto useole 

wate.r ~ 111 addition~ kL th• cases of the Contt~al DiYkl•• the 11ft 

providod b7 the mounta1ns 18 th final opportumty tor utillzaticm ot atmospheric 

wat# th:at hM beeA tranaporicd S~d from the Pt\cU'ic 0ceao.. Ou deeceat 

east ot tbe 1n0\lntaina,· thtll potontW. ·tor pt"edpit&tioa ot mv- r~maSnba,r 

atcospheric water during cont1m1ed movement eastward acroea tho U. S. b 

l1mf • Wbiltt ¢0m9lete uttUza.Uoa or avatlable ,n.ter 1Z!i11f¥ not baw beoi\ made 

tor-aliftottz .. ooo. a.ooo. orevens,ooo.ttm~taw..iwav. s., 

I 
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s1gnfflcant oro,rapbic lift does not occur a.gain shorl of the Appalaehiaa&. 

The moisture source for the eastern lJ. s. 1a almost enUreq the Cult ot 

Mexico mid the Atlantic Ocean. It behooves Matern water uen to make 

mnSm,;un utilization of moieture pasetng owr the Colorado River Baahl. 
. I 

· VIEW OF PREVIOUS :v E STIOATlONS WHICH CONSIDER 
ARTIFICIAL NtJCLEA TION OF OROORAPBIC CLOUDS 

Bergeron (Z). !049, reviewed the various types ot clouds wbkm 

omt 1n the atmosphere and considered each type with resi-ct to ita 

potem:Sal tor produ~ !ncreased precipitation from artiftdal seediDf.. Be 

concl.uded that oro#«phic clettd.3 provide the best potentlal. 

Ludl.a.m (5), 195!¼,'· eouidored the compos1t1-on and cha.racteristlca 

ot orographic douds and considered. with certain aimpllty1~ aoau=ptioa.t. 

the actual etlacts on these clouds ol seeding using ~ilver iodlda nloaaed 

from a ground aourco. He concluded that subat=tial increuea ahould 'M 

possibl• under certa,bl moisture And temperature condW.ou. 

carried out 1n the Colorado River Be.s!n. Evaluation of these bavct bee 

bandi~pped by the lack of precl.pitailon observations trom the b!gber 

fflVations. 'Ibe Advisory Committee cm Weathm- Control (8), 1958.. d1d 

not attempt the ~ of any or these particular projects for tb1a reason. 

'Dlo ~ Comuuttee coneluded !l-om a study ot othff ~Sa.1 

seeding operaUc:ms that precipitation bad apparentq beea iacreaad la oro­

,rrapbie areas a.a a roault of the aoedlng. 

. ' 



Tho Advisory Committee evaluations were based oza taraet•control 

Nlaticmahip8 e-ctabllshed. from historical data. Thls wu the onq evaluation. 

~~ ponible tor ,eeding projects that bad not kc ~ u naeareh 

The Sa.Q.ta Barbara Proj'ect (e.). 1960. was carried out to eeed oro­

uro.phtc clouds al()AC the Paeili,c Coast on a random basis. Problems with 

storm ~eque.tiey, eeding 1D. adjacent a.rea:1, iaa~easlbWt7 of ihe area affected. 

and the comple-:.ity Qf boUl ;,warm" and rcoldu rain pz-ocea- were eacountered 

ao that finding• have Dot been conclusive.. 

Battm (t). t9GO. la investi,.~J.ns the effect of artW.c1al mtcleatiOD of 

aummert.ima ~pbic clowk with high trce-z.ing 1eve1a at ~ lDaUtld• of 

Atmoaphoric ~ ot the lJnlverai.ty of Arizona.. 

THE COLORADO ST .. TE UNIVERSITY 
ARTIFICIAL SNOW RESEARCH PROGRAM 

The obJe<=UVlt ot the prc,,~am at C-olora.do State Ur.dnrsity la to study 

the orographic cloud proceaS'8a aa described by Bargeroo ,and Ludlam. m the 

higher rang~a ot the Colon&> R~ldca and to 0:ttempt to detGnDine tho pot~ 

and means tor obtalub,r additional wator sn.pplies for theae arou from wu.tba 

modification. 

A f eas.f.bilit7 study was initiated 1n the ~cln.1!7 of Climax. Colorado 

from. 19 FebruarJ to 12 May lSt>O. During th.ts porlod procedure• &Ad equlpm.nt 

were teated ad dowloped. Tb.la pilot study bu been ooattme4 and ecp&lldod 

aomowhat ~ the curNnt wiater • a.a=. 



A. 1\rea -
The Climax area where the study 1a beh1i carried out is located 1D · ,,·.:·. 

Central Colorado in a section of the Rocl:ica here the Contlnenkl .01.ide 

ls orien: cd ea.st-west tor a short distance. 

Threo pusu. Tennessee (t0,424' msl). Fremont (U, 318' msl) and 

Boosietr (ll, 5421 msl) tra~se thls sectiotl ot the Com!nental Divide sepa­

rated by dultauces ot. around eight miles. These passes aro all kept open 

thrOughout the winter so that the area 1a readily a.ccessible for obMJ:Vatiou 

at v;.riows elovaUoaa despite snow accumttlatiOtlS of e-a feet by lAto wintt.W. 

noacts over these passoa are oriented generally north-south. An &ddltf.01'111 

pas$ in the studJt area., Vall (10,603' msl), 1s oriented ,enerally eaat•weat. 

Elevationo in tho study area vary from around s, ooo feet to n-ear t 2,000 feet 

msl with peaka going to ovw t4, ooo feet. Tho ~ea ta cowred b7 comteroua 

fON!:Sts. There axae numerous clearlt1gs in the forested area. 

~ and laboratory facilities are available at the top of hem.oat 

Pasa at the Cllmaz Moqbdenum Coinpa.113 and at the m,u ~ ~ 

of the University of Colorado. 

B. Climatology ' __, 

~ . .· 
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Clim:atol~cal data for Climax, Colorado, for the period November 
through April. based on records from November 1953 to April t9GO 

Average $lUmber ot ~ 1th precipltatitXl 

Medl.aJ:l number or days with precipltatioa 

Maximum observed daily precipitatioQ 

Range ot precf.pitAtion amounts, tor- 80 peJ"CGDt 
olallcases 

Free air velocity: 

10.000 n mat: a~ percent ottimG less than 

2.0.00.0 ft msl: 7$ percent of Ume less than 

ts mph 

40mph 

85 

88 

0.8tinch 

0.04-to 
0.51 inch 

The w:-ge numbel" of days lrUb the rango of prccipita.Uoa wltbla oae ON1ur of 

magnitude is Vflr1 des1rablo tor eitatistical analyses. 

For praatical purpoa-ca all clouds occur at tempei-aturu below tree~ 

and a.re conse~ .tc tho tempe·r.ature range where the "ice proeesau CaA be 

c. Procedure 

The proceduN being followed 1n carrying out the study 1arolwa anowfall 

and tmospheric observaUons and ground-based seediDg ~ -

1. Snowful Observation.a 

Oail1 snowfall observations were made at 33 tdtes ~eed at about oce 

mile intervals aloag Bigb,way 91 from. Leadville ova Fromom Pua to 

Frisco -~ 1ha #prlffi or S 960. DaJl;y obser'ffd1ou an being made 
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At 85 altas ~ Fremont. Rooster and Vail puses durfn, the cun'iUlt 

w1nt seuon. ObservaUon of snmrtall end water content are inado at 

each site daily and • sampl of new snow 1a collected for lr&borator,-

~ia to determine the freeunn point depreasioll ot the •now: er. 

Z. Ice Nuclei Observa.tions 

~e weather moditication operations are based e>n the assumption 

that there is a deficiency o! natural ice nuclei ~ tbe Atmosphere. 

observations of atmospheric ice nuclei trom the upper part of the 

mountain range is an esaenlial part of the project. Ice nuc:lel observa­

tions ( 3• ")* have been made da1l;y at the High A1tUude Obaenatoz"7 -.t 

Sevval°"ena• 

Uoaa are made da1ly. 

3. Local Weather Observations 

Local weather observations -arc obtatned a number or times each 

day at tho m~ Altitude Observe.to.ry and at each of several ailver 

iodide generator aitea. The.so observation& f.Dclwle 1ni'ormatloA of 

wind. tempeniture. and clouds. 

•· Speelal Observ~ona 

Sp(lcial obs~~ :u-a taken periodically when Colorado Stat 

Uiuwrsity peraonnol a.re in the area. Thcae include obeervatioaa. 

both v1sU.a1 And photographic, ot tho cloud forms,. atructuN u.c1 
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movement, AOW crystal structure. Md snowfall characterist1cs. 

In future phases of the program these observations w.Ul be mado on 

a routine basis~ It is planned that ob$ervat1ons will klclude etereo­

cloud photograph$ obtained with K•Z4 atereo•camera pain, that have 

been develop~ At Colorado state University, crystal structure, man 

and fall velocltiea obtained from dW'erent mountain elffaUoo.8. 

s. Free-Air Observations 

Limited observations have ~en made of wind, temperature and 

humidity rt-om nearby Quanda.r,Y Peak ( 14, Z52' ms1} which la u 

isolated peak in. the project area. Plans are being made to obtai1l 

routine <>bscrvattona tr'om thia mountain peak 1n future ,-ra. 

G. Arti!iclal Cloud See-dtng 

See.dini ia carried out on a random basia uslng hypodermic nee<lle 

typo silver iodide generators. ~termino.tion or suitable experimental 

days for seeding 1s current13 being made independentq by the u. S. 

Weather Bureau .tn Denver. mvestigations are under'WflT which aro 

deGigned to make thlsdeterminailon completely objective m the-

future. A aJystem of "straight randomuation" (u oppoecd to .. random 

pairs'~ is \1Sed !or obtaining tho random tlectsion to "aeect' or "AC>t saed" 

cm days which have preclpltatton potential. Clear days ar. ot course not 

considered. Snowfo.ll and atmospheric obaervatloDS tor the 0 aff4" 

and "D03eec.f' days are beinz compared. 
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PRELIMINARY FINDINGS 

A. Irurtrumentation and Pr~ for Daily Snow OWcrvaUoDa. 

L Tb~ i-ellabilit;;y ot catch using gages shielded from tho wind and those 

not shielded have been consider d. The dofic1ency of catch 1n an ,;m-

l ded pge.. at Climax, Colorado during the spring,- 1960, projeot 

period, w 30 percent with re3pect to an adjacent shlelded gage. It la 

apparent that gqe- shielding should be considered hi &J\Y treatment ot 

precipitAtton dtltA from tho Upper Colorado River &sin during winter. 

2. The rollabllity Qf catch obudlied with anowband.s from wblcb obs~­

tioaa are taken daily has beeu investigated. Accumulatod snow catch 

<luring the ~ng of 1960 wu 5 percent in ncess Of the catch ot an 

adj~cent shlelded gage. 111!5 is considered to represent good agreement. 

Snowboard data has been evaluated by dditionti techniques wblch have 

included comparison between boards, testing tor representativeness 

of catch tor stU"t9unding areas !or a J.a.r6e number of eas s, tests of 

radiational haatln;t effects on snowboard of different colora, and 

inva.stigations ot the patterns of snowfall resulting from snowboard 

observations. A.ddiUonal studi~s have cona1dered the attes at wtdch 

snowboards are located. 

All evidence indicates thAt reliable observations of daily aowfall 

can be o~d with tbe use of snow~ U care ia tuea in 'the 

selection of obse1"'VSJ\ti aiw. 

•• • ' . ., • ~ • ,. !' 
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· B. Snow Obs~ou. 1 

1. P ttern.s of ,nowfall with respect to elevation and exposuro have 

be obtained i'ol" a number of storm.a which are suitable tor ~eie 

of snowfnll pattenw tor the re-spective weather sitmationa. 

2. Accum.ula.ted nowfall during the spring of 1960 tncreo.sed rather 

uniformly with elevation up to the max:lmum elevattou whore i:aeu~ 

ment.s wen made at t t. 300' Jnfll. 

l. For corresponding elcva.tlona actual snowt:i.11 waa considenblo 

greater, elevation for elevation. on the north slope ot Fremont Pa.ss. 

C. lco Nuelc1 Observations. 

L Concentrations of tee nuclei during unseeded periods have us~ 

beon of the order or t•Z per liter. in close ap-oemetat with obse"1lt:loDa 

during e•ded periods ad.nee 1954. 

2. COillcentratlOIJ on a number ot seeded days have been t O to over 

i o-o ti.mes greater thN1 observed 011 unseeded days. ?Jlcrea-see !a lee 

nuclei have clear~ resul'ted !rom the release of ailvw iodide at upwind 

sites. 

D. Random Cloud Seeding. 

Twenty eight teat days, 12 seeded '1nd 15 unseeded. wero observed during 

1he aprillg of 15>60. This so.mplo is too small for reach!~ conclusions as 

to tile cf! ct of aeedin, on snowfall. Snowfall waa considerably ,reater. 

however-. on the aeed-4 days. This trend ofcons[deralie ~tor anowtall 
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021 seeded ~ bas contkra d at about the same level.at tho CUmu 

Obaonutoey for 23 additional days, (11 seeded and 12 unaeeded.) du.zi.nl 

tho current season. Data from most 0110wboard $!tea have not bea. 

analyzed !or the current season. As of 5 April t9GS. 60 test day 

(28 :.eeded and 32 uaseeded) havo bce:i accumulated. About 10 additional 

days can. bo ~ted during tho remainder of J?ril so that a total sample 

or U'OWld 70 8bould l>4t .-.1a1lable at th.t cm.cl ot the seuon. 
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