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Consumptive Use of Water in the Irrigated .Areas 
of the Upper Colorado River Basin 

INTRODUCTION 

One of the important elements in the cycle of water movement from 
the time it falls on the land as rain or snow until it reaches the 
ocean, is eva;...o-tr:mspiration or consumptive use of water. This subject 
is increasingly signiflcant, particularly in the irrigated regions of 
the Vle~t. It involves problems of the water supply 1 both surface and 
under,?;~ound, as well as those of the management and general economics 
of irr ~;.a'tic:1 project.s, It has become a highly ir.tportant factor in 
the 2..r::>:r.t:-:-o.t. i.on of co:1~.rcversies over major stream syst~ where the 
public ~·e:Lfa!'t# cf valleys, 3tates, Federal projects, and even nations 
is inv~:v~d. One such stream is the Colorado River, which drains 
parts of sovcn wost~rn states and flows into Lower California, Mexico. 

Before th~ available water resources and an equitable division 
of the usa of the wat~rs of a drainage basin can bo satisfactorily 
asc~rtainad1 carcfnl r::onsi~.-:-atirm :J1ilst be given to tho consumptive­
usc l"S::jt:irc.r.1onts for water il: ·n.~.:dcJl~S s-u.b-basins. At the request of 
tho Upper Colvrado River :C;..~:ir1 Cor:1pact Comm.tssion1 representing the 
states of Arizona, Colorado, New Mexico, Utah and Wyoming and the 
Federal government, a brief study was mado of water consumption in 
tho Upper Colorado River Basin. After a field inspection of tho 
irrigated areas in tho Basin with rcprcsontativos of tho Engineering 
Advisory Committee of the Commission, and numerous conferences with 
local leaders and water users in each area, a preliminary report was 
submitted on consumptive usc of water rates Ci), Information contained 
in this report was used in dr·afting tho compact which has been ratified 
by tho lcgislaturosof tho respcutivo states and the u. s. Congress 
(20). Tho assistance rvndorod by this committee, tho United States 
Bureau of Reclamation, State and other agencies and by individuals 
is hereby gratefully acknowledged. 

From a valley-wide standpoint, consumptive uso includes all 
transpiration and evaporation losses from lands on which there is 
growth of vegetation of any kind, wheth~r agricultural crops or 
native vegetation, plus evaporation from bare land and from water 
surfaces (4) (2}. Tho term "conswnptivo uso" is considered 
synonymous-with-tho torm "evapo-transpiration" and is defined (!) 
as: The sum of tho volumos of wntcr used by tho vegetive growth 
of a given area in transpiration or building of plant tissue and 
that evaporated from adjacent soil, snow, or intercepted precipi­
tation on tho area in any specified timo. If tho unit of time 
is small, such as a week or a month, tho consumptive-usa rate is 
expressed in acro-inch~s por aero or depth in inches; whereas, 
if tho unit of timo is large, such as a crop-growing season or a 
12-month p~riod, tho cons~nptivo usa rate is usually expressed 
as acre-foot per acre or dQpth in feet. The sourc~s of water 
to supply oonsurnptivo usa nro precipitation, surface and ground 
water. 

Tho purpose of this report is to present the results of 
t.ho study of tho rnt.os of wat.cr consumption at sitos nf usa by 
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agricultural crops and natural vegetation in various irrigated areas 
of Arizona, Colorado, New Ucx.ico, Utah and Wyoming in tho Upper Basin. 
The authors were confronted with the problem of determining, within a 
limited time, tho unit normal consumptive usc of water in valley 
areas extending several thousand miles along the Upper Colorado River 
and its tributaries. Procedures developed in the Pecos River Joint 
Investigation (!) and other studies throughout the West were eir.ployed. 
Because of the limited measurements of consumptive usc in the Upper 
Colorado River Basin, estimates of unit c;onsumptive use by various 
agricultural crc•ps and natural vegetation and evaporation from water 
surfaces, arc based primarily on studies in other areas of tho Vlcst, 
transferred to the Upper Colorado River Basin through relationships 
established empirically between measur~d consumptive use and climato­
logical data. (1) (2,). 

aENERAL CHARACTERISTICS OF UPPER COLORADO RIVER BASIN 

The Upper Colorado River Basin is that area tributary to the 
Colorado River above Loe Ferry. This area is larger than New York, 
Pennsylvania and New Jersey combined. It includes parts of five 
Reeky Mountain States (Arizona, Colorado, Now Mexico, Utah and Wyo­
ming), as shown in figure 1. 

Rimmed by some of the highest mountains in America that are 
snowcapped throughout the year, it is. the source of the greater part 
of the water reaching the Colorado River. 

Agriculture 

In the Upper Basin livestock farms predominate. According to 
the Bureau of the Census, in 1939, livestock and livestock products 
accounted for 75 percent of tho total value of tho products sold and 
traded in the Upper Basin. 

Farming without irrigation is generally unsuccessful in most 
areas of the Upper Basin because of the uncertain rainfall. It is 
practiced, however, to soma extent in the Yampa and Vlhite River Basins, 
and favorable climatic conditions in the past few years, together with 
high prices, have encouraged expansion cf dry farming in the Dry Sido 
area of the La Plata River Basin and on the upland mesa between Ccr­
tez, Colorado and MOnticello, Utah. In general, at altitudes where 
rainfall is sufficient during tho summer to grow crops without irri­
gation, the season is too short for crcps to mature. 

According to a report of the Burl3au of Reclamation (.ll) there 
arc 701 696,000 acres or land in tho Upper Colorado River Basin, of 
which 1,325,000 acres are irrigated and 272,000 are farmed without 
irrigation. The crops include alfalfa, wild hay, wheat, barley, 
corn, oats, deciduous fruits, potatoes, sugar beets, and dry ~eans. 
The following tabulation shows the area irrigated in the Upper 
Basin as reported by the Bureau in 1946. 

Division 

Green 
Gt·a.nd 
s~n .lu'\n 

Tot.:ll 

Arizona 
Acres 

6,000 
6,ooo 

Colorado New Mexico 
Acres Acres 

105,870 
564,670 
1_3_Woo _ 

t302, 40 
38!000 
3S,ooo 

Utah Wyoming 
Acres Acres 

229,120 247,.540 
a,ooo 

37.i00 
274,8~0 :::.47,540 



T~e f~ll~ing tabulation shows the average irrigated areas for 
the per1od 1914-45 as determined by representatives of the UFp~r Basin 
:::itatl3se 

t lrrtsatett areas! Upper c~!~r~~ River Basin 
Crops : : I J : 

: Arizona t Co lend~ : New Mexic~ 1 Utah : Wyoming c Total 
Acres Acres Acres Acres Acres Acres - -Alfalfa 180 309,5~2 12,681 107,220 17,320 446,923 

Grass, hay and 
pasture 244;054 6,889 103,430 201;910 556,283 

Grain and beans 620 178,047 7,277 69,234 9,470 264,648 
r.orn and other 
annuo.ls 2,970 33;333 9;521 8,345 54;169 

t'Jrchard. 25,650 2,632 291 --- 28,573 

T~·hl 3, 770 790,606 39,000 288,520. 228,700 ]..350,596 

Th~ irrigated areas as dete~ined bY the states in 1948 ate as fellows: 
Arizona, 9,840 acres, C.,lorado,·790,600 acres; New Mexico, 43,620 acres; 
Utah, 303,977 aeres and wyoming, 2361 675 acres. 

3oils 

The Bureau ~f Reelrunati~n reports {2!) thata 

nThe entire upper basin is underlain with sandstones, limestones, 
and shales composing the parent rock from which the soil fo~ing mater­
ial has been derived. Fnur types of soil aro found: (1) alluvial 
soils mo.de up from strerum-deposited materials; (2) glacial soils in 
the fo~ nf glacial deposits on out-wash plains derived partly fr~m 
granites and other igneous mnterial of tho higher mountains; (3) 
residual soils formed in place by tho wenthcring nf surface r~cks 
but altered in plaeos through deposition from higher residual lnnds; 
~d {4) a.e?lian, or wind deposited scils, appearing in a few plnc~s 
as sand dunes and other f~rmations. 

"In the upper valleys lands suitable tn agricultural dl'lvel"pment 
nre largely eomposed of alluvial soils and are confined to thl'l bott~m 
lnnds, terraces, and ~lley fills. Th~s~ soils ar~ high in organic 
mntter and ar~ inherently fertile. They are generally of sandy loc~ 
to loam in texture. Most of these soils ha.vA good nnturnl drninag~ 
provided by light t~xtured soil ~~r gravelly subsoil nnd a m~d~rate 
sl~pe. With th~ exception cf small localized ar~as the soils in th~ 
upper valleys &r~ fr~e fr~m hnrmful aecumulntions of nlknli. Th~ 
depth of the soil and the amount of roek ~n the surfnce usu~lly deter­
min!'! the suitability ~f the lnnds for agriculture. 

''Mesa.s, platenus, 1"-asin-like deprE-ssions co.used through Prcd:-n, 
n.nd no.rrC'W vn.lleys ·a.long th~ vnriC'us strerunE= ch~ra.:teri:t- the lrwe:­
Ee~ticm~ C'lf thE> un•er 1:-tl.cdn. The 1-r<".:llif'r valli'J'S .'lnd ci.-rres~i~.,:1s th.1t 
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,~ave been covered with alluvial soils are more suitable for culti­
vation wher~ soil is of sufficient depth. Vast areas of residual 
soils m-e too sh~llow or too alkaline for agricultUral development. 
Extensive drainage is often necessary in the lovzcrva.lleys where 
irrigation is practiced. 

"Wind formed soils are not extensive. Some aro found in 
snall areas south of the San Juan River along the northeastern 
sides of ridges or other topographic uplifts which break the winds 
and harbor the deposited materials. The largest areas of arable 
aeolian soil is east of Chaco River on the high benches south of 
Farmington, New Mexico." 

Climate 

Climatologically, the upper Colorado River Basin has the extremes 
of year-round snow cover and heavy precipitation on the high peaks of 
tho Rockies which are snow-capped eight to 10 months a year, and arid 
conditions, with less thnn six inches of annual rainfall, in the southern 
part. 

In general, the basin is arid except in the hiBh altitudes of the 
headwater areas. Rainfall is insufficient in most valley areas for the 
profitable production ot crops without irrigation. 

Extremes of temperatures range from SO~elow zero to 113° above 
zero. The northern portion is characterized by short, warm summers and 
long, cold winters, many mountain areas being blanketed by deep snow 
all winter. The southern portion has hot summers. 

The frost-free period varies from about 60 days in the higher 
elevations of the northern ~ountainous sections to almost 200 days in 
the lower valleys of the upper Basin. 

The annual precipitation on the irrigated areas ranges from above 
six inches at Green River, utah to 24 inches at Pagosa Springs, Colorado 
and the summer precipitation ranges from three inches in the lower 
valleys to nine inches in the high areas. Precipitation and tamperatur.; 
records are available from 8S stations in the araas. (See appendix). 

OTHER INVESTIG~IONS 

Those responsible for planning irrigation projects or administering 
the waters of the Vlest have, for many years, been attempting to define 
more clearly tho amounts of water required to satisfy crop needs. It 
has been recognized that in addition to the water consumed through 
transpiration by th~ plants and evaporation from the water and soil 
surfaces during and after an irrigation, an allow!lnce must be made for 
r~3.sonable and n~ccssary losses incident to irrigation. However, from 
an overall project standpoint or on a complete drainage basin, th:se 
conveyance and application losses may be relatively unimportant be-
cause surf3.Cd wasta and percolation losses can frequently be picked 
up and reused lower down on the project or stream. 

Because of this return flow phenomenon, thoro havo been some 
conc~ntratcd studies to dctermino the amounts of water consumptively 
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used by agricultural crops and the native vegetation frund in the Y:e:::t. 
Additional work is necessary to determine ~ Ue use in the various 
areas taking into consideration climatological, water s'..lpply, soil, 
topographic arxi other data. 

Studies in Other Areas 

Various methods have been used throughout the ~est to detercine 
the amount of water consumed by agricultural crops a."'ld native vege­
tation (~). Regardless or the method, the Jroblems encountered are 
rn.10erous and considerable time is required to make satisfactory 
measurements of consumptive use. The source of water used by plant 
lire, whether fran precipitation alone, irrigation plus raintal.l, 
ground water plus precipitation, or irrigation plus ground water plus 
rainfall, is a factor influencing ~he selection of a method. Unit 
values of conSU!Ilptive use m23 be determined tor different kinds of 
natiw vegetation and agricultural crops by soil m:>isture studies, 
l.ysimeter or tank lllllasurcments, analysis or irrigation data, analysis 
of clir.latological data, and other methods (2). For irrigated crops, 
data on depth of irrigation water applied, nun:bcr or irrigations 
per yaar, irrigation efficiency, watel'-holdil'lg capacity (field cap­
acity) of soU and l>mgth of growing season rmy be used in esti.oating 
unit values of consumptive usa (3). Unit val ws observed in one area 
may be used in estimating co~tivo usc tar other areas having so~ 
what si:ni.lar climatic coni:it ions, provided tcmpera.b.lrc and precipi­
tation rcCQrds arc available tor both areas (l). 

Tha effect of sunshine and heat in stimulating tr<rlspiration was 
studied (8) as early as 1691, according to a reviJw of the literature 
by Abbe Q). l.basuranont s of transpiration of varicus kinds or plants 
by Briggs arx1 Shantz indicate a close correlation between transpiration 
and evaporation from free-water surfaces, air temperature, solar radia­
tion, and wet-bulb depression rea.di.ngs (1,). 

Uany !ozmulas have been developed in the past for detemi.ning 
evaporation .from meteorological observations. Formulas tor estimating 
consumptive use are not. so numerous. A few suggested l!Ethods of 
determining consumptive use, based on climatic !actors, have been found 
to give reasonable results. For many years irrigation engineers have 
used temperature data in estimating annual valley consu.rnptive use of 
water in arid and se.'!li-arid areas of the West (4). Hedke developed 
the effective mat method on the Rio Granda (151. By this .oethod, 
consUil".ptive use is estimated !rom a study or thC boat units available 
to tho crops or a particular valley (14). It assumes thet there is a 
linear relation between the aoount o!water c:ons~od and tho qua.r.tity 
or available hd8.t. From studies or tho Bureau or Rccl"''"'"tion, ·conduc­
ted intermittently from 1937 to 1940 by Lowry and Johnson (16) 1 a 
similar method was suggested which has been 4ldoptod quite generally 
by tho Bureau or Rccl.3.m:ltion in making its cstimtcs of valley con­
surr.ptivc usc. This m;;trod also assumes a direct relationship between 
temperatures end co ns'Ur'..P:, iva usu. It assU'ncs a lir..:.ar relation t-c­
two3cn consumptive usc and accumulated daily maxi..:tu:n tcr..pcr3.turos 
<.bovo 32° Fahrenheit during tho growing scas:m. 

Studios conductc:d by too :Civision o! Irri~tion, Soil Co~serv3.­
tion Service, in 1939-411 in connection with the fccos F...iv'lr .. Toir.t 
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Investigation of the National Resources Planning Board, indicated tr.at 
evaporation, evapo-transpiration, mean roonthly te:=:perature, monthly 
percent of daytime hours, growing season, monthly precipitation and 
efficiency of irrigation data could be used to estimate irrigation 
requirements (_g). Later Blaney and Jlorin (5) developed er.pirical 
formulas from the Pecos River studies for esti.ltating unit annual 
values of evaporation from free-water surfaces and consU!tpti ve use l:y 
native vegetation subsisting on ground water. This method gives con­
sideration to temperature, daytime hours, and humidity records and is 
applicable to those areas in which there is ample water to take care of 
evaporation and transpiration. Blaney and UOrin also show how the 
fonr.ulas might be applied in estimating consumptive use by irrigated 
crops having access to an ample water supply. Various n:ethods of de­
termining consumptive use of water have been described by Blaney (i)• 
In 194.5 Blaney and Criddle simplified the reeos formulas by eliminat­
ing the humidity factor (7). -

Ueper Colorado River Basin Studies 

Studies of consumptive use in the Upper Colorado River area in 
the past have been limited. Soma estimates have been made over the 
years for various purposes, but these estimates have been based lar­
gely on unmeasured observations. HOwever, several careful studies 
have been made on existing irrigation projects or small areas which 
give Nsults applicable to limited portions of the basin. 

In connection with water-supply investigations made by tho 
United States Reclamation Service in 192o-21, Conkling (10) estimated 
that future consumption or water for irrigation would var.Y from one 
foot in depth for wild hay in tho higher areas to probably two to 
2 • .5 feet in the warmer climate or the sou them portion or the Upper 
Colorado River Basin. Estimates wero made of duty or water and con­
sumptive use in the Green River, Grand (Colorado) River, Uinta and 
San Juan basins and other areas. The average annual water consurr.p­
tion in the Upper Basin for tho years 1902, 190J and 1904 was esti­
mated as 1.54 acre-toet per acre. This was a period of low run-orr. 

During a four year investigation, l9J8-1941, Erickson (]l) 
measured the consumptive use of water in the Lower Uncompahgre 
Project in the Upper Colorado River Basin by tha inflow-outflow 
oothod <.!), for tho Colorado \7ator Conservation Board. 

Annual consumptive uso was determined by the Bureau of Rccla­
lr.ation by inflow-outflow and tho effective heat methods in N~w Fork 
Val.l~y, Wyoming in tho Upper Colorado River Basin and in the J.lichigan­
Illir.ois area, Colorado (]i) adjacent to tho basin. 

The 1946 report on tho C-olorado River prepared by the Eureau 
of Roclarration presents tho results of a study of p~sent irrigation 
devalo~ents and estimates of stream depletions (~). Consideration 
was given to tho an:ounts of water being used for irrigation in each 
of the irriga.ble areas of the Fasin. This report gives an esti.T.a.t~d 
t.otal present average annual stream depletion or water cons\.:!!:ed in 
tho t'pper Rasiu of 2,016,000 aero-feet. 
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Current Studies in Utah 

In 1948, detailed studies of consumptive use were begun for two 
drainages of the Upper Colorado River area in Utah. This investiga­
tion is being conducted cooperatively by the Utah State Engineer, the 
Utah Agricultural Exporiment Station and the Division of Irrigation 
and Water Conservation, Soil Conservation Service~ Measurements of 
consumptive use are being made by the inflow•outflow and integration 
methods in the Ashlay Valley and in the Ferron Creek Area. Rates 
of consumptive use of water by the more important crops are being 
det~rmined by soil moisture depletion studies and with evapo-trans­
piration tanks. Preliminary data are presented in a 1948 progress 
report of tho studies. (11) -

GENERAL PROCEDURE 

Because of the limited measurements ot co~sumptivo use in the 
Upper Colorado River Basin, estimates or unit usa by the various agri­
cultural crops and native vegetation in this Basin are based largely 
on studies in other areas or the 'lfost, transferred to the Upper Colorado 
~vcr Basin by tho method suggested by Blaney and Criddle (1)• Briefly, 
the procedure is to correlate existing consumptive use data with monthly 
temperature, percent or ~time hours and precipitation for the frost­
free period or irrigation season and for the entire year. The coeffic­
ients so developed for different crops are used to transfer consumptive 
use data from one section to other areas where only climatological data 
are available. 

Neglecting the unmeasured factors, consumptive use varies with 
the temperature and the daytime hours, and available moisture (precipi­
tation, irrigation and/or ground-water). By multiplying the nean 
monthly temperature (t) by the monthly percent of daytime hours of tho 
year (p), there is obtained a monthly consumptive use factor (t). Then 
it is assumed that tho consumptive use varies directly as this factor 
when an ample water supply is available. Expressed mathematically, 
U • KF • sum ot kt where 

U • Consumptive use ot crop (or evaporation) in inches for any period. 
F • Sum or tho monthly consumptive use factors for tho period 

(sum of the products ot mean monthly temperature and monthly 
percent of annual daytime hours) (t x p). 

K • Empirical coefficient (annual or irrigation season). 
t = Mean monthly temperature in degrees Fahrenheit. 
p - Monthly percent or daytime hours or tho year. 
f = t x p • Monthly consumptive use factor. 

100 
k = Monthly coefficiont. 
u = kf = monthly consumptive use in inches. 

By knowing the consumptive requirement of water by a particular 
crop in some loc.:1l ity an astimata of the use by tho same crop in soma 
oth·.'l. nro'\ m.'\y t.o rn:lciA hy :lJ'pli.e:tt.iC'n of t.ho formula U .. KF. 
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Cons~ptive Use Coefficients 

The consumptive use coefficients (K) for the more irr.portent 
irrig~ted crops grown in the Upper Colorado River area and native 
vegetation and evaporation are shov.n in table 1. These coefficients 
were developed from actual n:easurcments of consurr.ptive usc in tc:.r.k 
and soil moisture field studies and inflow-outnow measureffients 
made throughout the ~est over a period of years by the tivision of 
Irrigation and w~tcr Conservation and other agencies. These coaffic­
ients are based on tha assumption that the crops recaive a full water 
supply throughout the growing season or frost-free period (1). If the 
water supply is short during the latter part o! the irrigation period 
some correction should be made. 

Climatological Data 

For many years climatological data, such as temperature, precipi­
tation and frost-free period (growing season) have been kept by the 
U. s. ~1eather Bureau in the Upper Colorado River Basin and other areas 
throughout the United States (12 ). The 1941 "Yearbook of Agriculturet 
Climate and Man" states: -

"The growing season o! crops susceptible to frost damage -the 
so-called warm weather crops - is restricted by the nuober of 
days between the last killing frost in the spring and the 
first in the fall. • 
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Table 1 - Coefficients used in conputir.g consu:1ptive use o! water in 
the UppGr Colorado River Basin. 

Classification Growing season Consl..l.'l".ptivc use 
1/ or coefficient (K) 

period l.rromng pcnod.: N1!1U"-i 

IRRIGATED LAND 

Alfalfa Frost-free period 0.85 
Alfalfa Pre-frost free period .70 
G!"ass, hay and pasture Frost-free period .75 
Grass, hay and pasture Pre-frost free period .60 
Be3.%ls and small grains 3 months .75 
Corn and other annuals 4 months .75 
Orchard (deciduous) Frost-free period .65 

INCIDE:ITAL A.~AS 

Water surfaces5f Frost-free period 0.95 o.85 
Native vegetation Frost-free period 

Very d:msa ]/ " • • 1.35 1.10 
Dense y .. " • 1.20 1.00 

" n " 1.oo .90 
" • • .so .6.5 

lkdium/. 
Light 
Sparse iJ " " • (Precipitation only) 
Seeped areas §/ " • " .90 

1/ K = U = Consumptive use • Consumptive usa coefficient. 
Y Consumptive use factor 

Y. Based on four-y~ar record at Lk>ntrose, Colorado (,!l). 
J/ Largo cottonwood trees, willows and grass. Adequate moisture 

available from high wat~r table (or ground water). 
y '7illows, tam.J.risk, or small cottonwood treas, Adequate moisture 

available from high water table Cor ground water). 
2/ S:n:U.l willows or tamarisk. Jloisturo available from high water 

table (or ground water). 
!/. Salt grass, brush or weeds. ~isture available from ground water. 
J./ Sage brush, grass and weeds. Uoisturc available frc.'!l prccipitJ.ticn 

only. (Rainfall during tho growing season plus .50 percent of 

.7.5 

winter precipitaticn stored in tho root zone, not to exceed 3 inches.) 
Y l.!oist areas ca.uscd by s~pn1;o t'rom c:tn:U.s, over--.1!-.rigation, grcund 

water, or rocr drai.n.'lge. 
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The average annual precipitation, mean annual temperature, and 
frost-free period for various stations in the Upper Colorado River Easin 
are shown in table 2. These data were compiled or estimated from U. s. 
Weather Bureau records by the Engineering Advisory Committee to the 
Upper Colorado River Basin Compact Commission for the period 1914 to 
1945 {~). Mean monthly temperature and precipitation at stations in 
the Upper Basin are shown for the period 1914 to 1945 in the Appendix. 

IRRIGATION PRACTICES 

The discussion thus far has assumed an adequate irrigation water 
supply properly distributed throughout the irrigation season and applied 
under normal irrigation practice$. However, it was realized that these 
conditions do not exist in every irrigated area within the Upper toler­
ado River Basin. A field study was therefore made to determine the 
adequacy or the supply and the irrigation practices in each area before 
the estimates were applied to actual field conditions. 

Some or the factors considered as influencing the rate of conSU!!lp­
tive use and on which data were obtained are: The beginning date and 
leno~h of irrigation season, number of irrigations applied each year, 
amounts of water applied each year, planting and harvesting dates, 
av~r<'-C:3 yields, soil textures and root zone depths, rates at which 
watc:r ~·~rcolates into the soil, and several others considered of lesser 
impo):T.l.."lce. First-hand knowledge was obt~ned on as .many of these 
fa~tors as possible in the limited time allotted to the field investi­
gations. 
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T~blo 2. - Average annual precipitation, mean annual temperature and 
frost-free period at ~1eathor Bureau stations used in 

computing consumptiv~ use in the Upper Colorado 
River Basin. 

(Based on '.Voather Bureau records from 1914-1945, except as noted.) 

Station 

No.I Location 

ARIZONA 
1 Chinle 
4 Kayenta 

COLORADO 

Average 
annual 

precipi-
tat ion 

~ Inch.:s 

9.50 
8.3.5 

5 Aspen 19.11 
7 Collbran 15.90 
8 Cortez 11 13.34 

11 Delta1J 8.4.5 
13 Durango 11 19.70 
New Eagle~ 14.44 
16 Fruita 9.75 
17 Glenwood Sprgs. 18.37 
18 Grand Junction 9.07 
19 Gunnison11 10 • .52 
20 Hayden~ 15.62 
21 Ignacio 1/ 16.36 
2.5 MOntrose 9.76 
27 Norwood 17.94 
28 Pagosa Sprgs. Jj 24.22 
30 Paonia 16. 04 
31 Rifle 1/ lfll• 00 
33 Steamboat Springs 24.07 

liD1 JAEXICO 

37 Bloomfield 
41 Dulce 
47 Shiprock 

UTAH 

50 B1a.1ding 
52 Cast1edalo 
.53 Duchesno 
54 Emo3ry 
55 Esc.llante 
56 Ft. Duchesne 
58 Green River 
1)9 JJ.mksville 

13.46 
8.63 
9.66 
7.61 

12 • .56 
7.01 
6.45 

·.s.l6 

Mean 
annual 
temper-
ature 

VI 

51.3 
.52.9 

39.8 
45.6. 
48.1 
.50.4 
4.5.5 
42.0 
50.9 
47.3 
.52.8 
37.4 
42.2 
45.7 
48.9 
45.2 
41.1 
48.4 
47.7 
38.4 

49.4 
4.5.2 
44.0 
4,5.8 
47.5 
44.3 
52.3. 
,52.4. 

Eleva-
tion 

Feet -
.5,538 
.5,640 

7,913 
6;200 
6~77 
s,ns 
6,554 
6,598 
4,525 
.5,823 
4,668 
7,683 
6,337 
6,42.5 
.5,830 
7,017 
7,108 
6,200 
.5,300 
6,770 

.5,794 
6,767 
4, 94.5 

6,035 
s,soo 
5,520 
6,260 
5,258 
4,941 
4,087 
4,200 

Average frost-free period 

iYears of I From- I 
record 

lo- llotal 

-;::<V 

22 May 16 C'ct. 7 144 
21 Apr.28 $ct.l3 168 

17 June 10 Sep.15 07 
I . 

31 May 26 Sep.29 1~6 
28 Ua,y 26 Sep.29 ~26 

32 :MayS Oct. 6 ~q -· 32 June 1 Sep.26 1:7 
8 June 19 Scp. 6 '"9 

32 May6 Oct.10 1!''" 
30 May 17 Scp.29 13.5 
32 Apr.l3 Oct.26 196 
28 June 18 Sop. 2 '"6 
24 June 11 Scp.l3 C4 
32 June 5 Sep.23 1:.0 
32 May 6 Oct. 6 1"3 
14 June 8 Sep.26 110 
15 June 23 Sep.13 8Z 
31 l.fay 5 Oct.12 HO 
28 May 15 Oct. 3 141 
31 June 27 Aug.25 59 

28 May 7 Oct.ll 157 
26 June 11 Scp.20 1C1 
14 May 3 0ct.15 16.5 

32 Uzy 11 Oct.l3 155 
27 May 22 Sep.27 1:8 
32 llay 26 &lp.23 1:c 
30 Uay 24 Scp.27 1:6 
24 lliy 15 Oct. 1 139 
28 1J.3..y 23 Sep.24 1"'' .... 
31 May 2 Oct. 9 160 
29 l!ay 2 Oct. 4 1.55 
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Table 2 (continued). - Average annual precipitation, mean annual tEr.~erature 
and frost-free ~riod at \'leather Bureau stations used in 

computing consumptive usa in the Upper Colorado River Basin. 
(Based on 1'1eather Bureau records from 1914-1945, except as noted.) 

Average Mean hverage frost-free per~ 
Station annual annual Eleva 

NoJ 
prccipi- temper- tion [Years ofrrom I J.O .,J.otn.;. 

Location tat ion ature record , u· Feet, ~·; -
UT :.H (Cont.) 

61 LaSal 12.82 46.6 6,775 21 J!zy 25 Oct. 1 129 
62 Loa 7.85 43.3 7,000 19 June12 Sep. 9 89 
63 Manila. 10.35 43.5 6,225 15 June13 Sep.14 93 
64 Moab 9.94 54.6 4,000 31 .Apr.18 Oct.l7 182 
67 Myton 6.90 46.2 5,030 28 May 17 Sep.30 136 
68 Price 10.39 48.8 5,500 24 May 18 Oct. 1 136 
71 Tropic 12.69 47.7 6,296 15 May 25 Oct. 6 134 
72 Vernal 8.77 44.3 5,335 25 June 1 Sep.18 109 

~"lYOMIN3-

75 l5iion§' 12.00 41.2 6,359 24 June 4 Sep.ll 99 
76 Ed.m 4 7.34 37.9 . 6,665 27 Junell Sep.11 92 
79 KemrJCrcr )/ 7.94 39.4 6,954 June 7 Sep.15 100 
81 Lyman U.49 40.7 6,800 16 Juhe 9 Sep.l7 100 
82 Pi."ledalo 11.42 35.7 7,180 20 June22 Aug.29 68 
New Big Piney 9.25 34.8 6,820 10 Juna22 Aug.29 68 

l7 Based on some unpublished data. 
1/. ~verage for p~riod of record, 1905-1910 and 1944-45. 
"1/. Year 1932 ewtima.ted from temperature d<lta.. 
'3/. Year 1931 and 1932 estimated from temperature data. 
]/ Estimated 32-ycar average for tho period 1914-1945. 
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Uethod of Obtaining Data~ 

Through the courtesy of the various state representatives of the 
Engineering .Advisory Committee to the Upper Colorado River Basin Com­
pact Commission, interviews were arranged with representative farmers, 
water masters, state river commissioners, United States Bureau of 
Reclamation Engineers, County Extension Agents, Soil Conservation 
Service technicians and others acquainted with water supplies and 
irrigation practices in each area. In addition, information was ob­
tained by the authors from personal observation of the areas and a 
study of various published and unpublished reports. :Jl the data 
obtained through interviews, personal observation, or otherwise 
were systematically recorded. Numerous pictures were taken to record 
conditions found to exist in the basin. Photographs were made of 
natural vegetation as well as agricultural crops and irrigation prac­
tices. Figures 2 to 17 show typical areas inspected by the authors 
in J..{ey 1948. 

As indicated in Figures 2 to 4, the begin.''ling of the growing season 
varies widely within the Upper Colorado River Basin. Near Big Piney, 
Wyoming, alfalfa had hardly shown any signs of growth by the middle of 
May 1948. Irrigation had not yet started in that area. At Lake Fork, 
Utah, alfalfa had "greened up" and the new shoots were approximately 
four inches hig.~. Irrigation here was just beginning. At Rogers 
Mesa, Colofado, alfalfa was knee high and the irrigation season was 
'Well advanced. 

Low lying pastures and meadow hay land naturally overflowed be­
cause of swollen rivers are shown in Figures 5, 6, 7 and 9. This 
overflow is an annual occurrence and usually lasts from 4 to 8 weeks. 
After the streams subsid.a, diversion dams are thrown across the channels 
and the lands receive irrigation water almost until haying time when 
they are allowed to dry sufficiently to support the harvesting equip­
ment. Figures 10 to 17 in tha series show river channels, native 
vegetation a11.d irrigated crops at various locations throughout the 
basin. 

General Description of Practices 

In solia studies of water use in areas of the West, the growing 
season has been considered as the time between killing frosts, and the 
irrigation period has generally coincided fairly well with this grow-
ing period. However, for most perennial crops, growth starts as soon 
as the maximum temperature stays well above the freezing point for any 
extended period of days and continues so throughout the season in spite 
of later freezes. Sometimes growth persists even after the first so­
called killing frost. Grasses may mature even though summer temperatures 
drop below freezing repeatedly. 

In the Upper Colorado River Basin it was found that in the higher 
areas irrigation water is applied early in the spring, in sorr~ instan­
ces even before growth begins but certainly before the beginning of 
the frost-frue period. Irrigation water is thus consumed through 
evaporation and some tr-'lnsp:iration ~efore the beginning of the frost­
free pod od. 
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As between states, irrigation practices do not differ materially 
from.p~ace to place under conditions of similar water supply, climatic 
condit1.ons and elevation. Total water supply as well as its distribution 
~hroug~ou~ ~~e irrigation season is probably the major reason for var­
l.ance 1.n arrl.gation practices applying to any one crop. It was found 
quite generally that those areas having the shortest late season water 
supply beg:U; irrigation earliest in the spring in an attompt to supple­
ment the so1.l moisture supply while water is available. 

Following is a general discussion of the irrigation practices in 
each state of the Upper Colorado River Basin: 

Arizona.- A large portion of the Arizona irrigated land within 
the Upper Colorado River Basin is located in the vicinity of Chinle and 
Ka;yenta and is farmed by Indians.. Reports indicate that in recent 
years between 3,800 and 9,800 acres have been irrigated, the area vary­
ing with the seasonal water supply. Some lands have an adequate water 
supply, while other areas are irrigated only when flood waters arc avail­
able. (]!,) The crops consist of corn, small cezeal.s,~ beans, and alfalfa. 
Tha frost-free period varies from about 140 days to over 200 days. 

~orado.- The characteristics of irrigated areas in the Colorado 
River Aroa of Colorado are widely variant. The elevation of the irri­
gated lands ran6es from about 41 600 feet n~ar Grand Junction to almost 
B,ooo feet in areas such as Aspen. The Weather Bureau frost-free per­
iod varies from about 60 days to almost 200 days. The mean annual tcm­
porature varies from about 35 degrees to 53 degrees. ~~ater supplies 
are also extremely variable •. ·Some areas, such as the Florida project 
near Durango, have extremely short water supplies and a medi~long 
growing s~ason. ~~~ic~ture varies from a highly diversified and or­
chard type or farmir;z in the vicinity of Grand Junction to a wild hay 
and pasture typ;, tc:'lard. the head of many of the streams. Some areas 

. which are used for grc•!j ng wild hey are naturally flooded each year 
and the irrigation period extends through only a month or less. See 
figures 6 and 7. This is particularly true on the Upper Yampa River, 
\Vhite River, the Upper Main Colorado, Blue River and the Upper Gunni­
son areas. This natural flooding causes a considerable lowering in the 
irrigation water demand. 

In the Grand Valley, which has a large percentage of its irri­
gated area in orchard, irrigation of alfalfa begins about the middle 
of April and con"':.L.'1ucs until the first pa-:t of October. Orchards are 
irrisatcd appro:dmat.Jly eight t.im~s ce::i.1 -.re.ar, t.hc first irrigation 
occurring aboJ.t. :l.d,;J .5 :;;.nd ~:he last one Ot:t.C.!:><.'r 25. It is tho common 
practice to pl~:r1t gr:Lin as a n':rrso cr:.:"l f~:- aJfalfa in this valley. 
The grain and alfalf;~ -=~r.~i"Ji!"lCc! roc;ui.r·::l five irrif,at.ions or more each 
year and thu i:.~riga':.!.o:l scal'iO'.! .:JX"f.c:!cb f-.:oc!lt about April 5 until well 
toward fall. A le.r. ~:\J ,J.rt c.f tl":...-) i rrir;: .. t.od. area in Colorado depend­
ing upcn the flew of tho main str~aos, seoms to have a full wator 
supply. Howcvc;r, some of the smaller tributa=ics of tha main rivers 
do not furlliRh au adcqu,,to lat..:J-scason water supply for numerous 
slllnll :u-oas. 
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~Nexico.- The greater part of the New Mexico irrigated land 
~ Upper Colorado River Basin is irrigated from the San Juan 
lfid''Animos Rivers and has a water supply adequate to mature crops. 
Elevation of this area is slightly over .5,000 feet and the frost-free 
~rowing period about 160 ~s. Alfalfa is irrigated at least four or 
iive times a year and the hay yields vary between four and five tons 
per acre. Irrigation ordinarily begins by April 10 and continues 
until the middle of September. Small grains receive two or more 
irrigations per year, the first one the middle of 'NJJy and the second 
toward the end of June. Orchards receive five or more irrigations 
each year beginning the middle of ~ and extending pretty well 
through September, with some farmers irrigating even later. The only 
other two areas in New Mexico considered were the La Plata and the 
Dulce 1 in each of which the irrigation supply is extremely short in 
the latter part of tho sununer. This shortage tends to move the begin­
ning date of irrigation ahead and to increase tho amount of water 
applied pur application while tho high flows are still in the rivers. 

~·- Elevations of irrigated areas in the Utah part of the 
Colorado River Basin vary from 4~~00 feet to nearly ?,OOO feet. The 
Weather Bureau frost-free growing period for these areas varies from 
about 90 to 182 days. However, the majority of the irrigated areas 
have a growing season of about 12.5 days. Mean annual temperatures 
vary from 43 to .52 degrees. In most of the irrigated areas alfalfa, 
small gr~ns and grass hay and pasture are the important irrigated 
crops. In a few small local areas, such as Green River and MOab, a 
large proportion of the irrigated land is in orchard, melons, potatoes, 
etc. A considerable acraage of sugar beets is grown in the Price area. 
There is a relatively small percentage of the irrigated land in utah 
that has an adequate water supply for full crop production. However, 
it is believed that for most of the land the shortage is not serious, 
although for some of the smaller areas, such as Blanding, the supplies 
are extremely deficient. In most cases inadequacy applies to late­
seE!oson water. In As.hley Valley, one of the large mntiguoua irrigated 
areas in this Stata, alfalfa is ordinarily irrigated five times, the 
first application being made about the middle of May and the last one 
the latter part of August. Small grains receive two or more irrigations 
each year.between the period May 1.5 and Juno;. In the Blanding area 
there are seldom more than two irrigations each year for alfalfa, the 
first one being about March 1 and tho last later than the middle of 
Jun~. Grains and beans get by with one irrigation. 

Wyoming.- MOst of the irrigated land in the Colorado River Area. of 
1Vyoming is used in growing grass h~ and pasture. The growing season is 
relatively short. Elevation of practically all the land is above 6,000 
feet. According to Vlea.thvr Bureau records, the frost-free period varies 
from about 100 days at the south end to loss than 70 days in the vicinity 
of Pinedale. .MJa.n annual temperatures vary from about 35° to 41 °F. The 
harvesting of tho wild hay usually begins between tho first and 15th of 
August and irrigation water must be taken off the meadows early enough 
to allow harvesting operations. Irrigation begins from May .5 at the lower 
end of the area. to June 1 at tho upper end. The major streams head high 
in -t.hc monnt.tti.n."l, po t.l.Jat the irr.i.g:1t.i em ,reriod corresponds fairly well 
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with the period or high streamflow. As a result, most or the ranchers 
manage fairly well with very little reservoir storage water, especially 
at the upper end of the basin. 

Considerable areasthat are classed as irrigated land receive 
~atu:al overflow water when the rivers and streams are high as shown 
·l.n !J.guro .5. Arter the stream!low drops, these areas receive irri­
gation water until such time as they must be prepared !or harvesting. 
Apparently, these areas have always been naturally flooded, and man 
in his !arming operations has merely lengthened the period during which 
adequate water is available !or good plant growth. The larger areas 
or the naturally overflowed lands are found in the vicinity or f'ine­
d&le and Big Piney and on Ham's Fork and Black's Fork. 

The only major variation from the above described irrigation 
practices and crop distribution is the Eden Valley Irrigation Project 
located approximately 40 miles north or Rock Springs. About one-half 
or the irrigated area of this project is in alfalfa, an additional 
third is in small grains am.d the balance is in pasture and grass hay. 
The farmers on the Eden Project are able to make two cuttings or 
alfalfa each year with average yields or between 1.5 and 2.0 tons 
per acre. An adequate supply or storage water is available and the 
farmers apply an average or four irrigations per year to their alfalfa 
the first application being made between May 2.5 and 31 and the last 
one August 1.5. Small grains are irrigated two to three times, tho 
irrigation period beginning the middle or June and extending through 
July. 

ESTIMATES OF RATES OF CONSUMPTIVE USE 

In computing rates of consumptive use of water, tho Blaney­
Criddle method and formula. U = KF are used (7). The values of coef­
ficient {K) are shown in table 1. A consump~ive use factor (F) !or 
the growing, frost-free or irrigation period is used. Mean monthly 
temperature and precipitation records are shown in the appendix. 

Irrigated Crops 
Rates of consumptive use or water by alfalfa and grass hay are 

established for three types of irrigation practice, which are different 
because of the character or the water supply; tbr .. s ono or m6ro is arplicable 
to each area.. These three types of irri~a.tion practice are: (1) A 
w~tor supply adequate to sa.tist,y the requirements of crops and acreages 
now irrigated. (2) A definitely short late-season irrigation water 
supply, usually found on tho smaller unregulated streams. It is assumed 
that the period of use of irrigation water is from the date of first 
irrigation to the data of last irrigation, plus two weeks for grass hay 
and pasture and three weeks for alfalfa. Thcsa ~riods after th\3 last 
irrigation are added to taka care of residual soil moisture which is 
used by the crops. H~vever, in no case has the period been extended 
beyond the end of the fro$.-free period. (3) Irrigation of crop lands 
normally flooded during the period of high run-orr each year. This 
practice generally applies only to grass hay or past.ure land. After 
t.ho flow in the rivers declines, irrigation water is applied throughout 
t.h<J remainder of tho season. Man-mado consumption of irrigation water 
occ11rs only after the high water recedes and irrigation begins. 

The irrigated aruas, Tlfoather Bureau stations and irrigation 
p..;rlods for A) fA.1 f.1. nnct ~J':lr." hay u~c>d in ('C'rnpltt".iug w.'ltur const;;nrtion 
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rates are shown in table ;. It is assumed that the growing seasons 
for orchard and native vegetation are the same as the frost-free 
periods, that small grains and beans will grow for three months begin­
ning at tho last frost in the spring and that corn and other annuals 
will grow for four months. For an area having a growing season longer 
than that shown as its avorag<"J froat-froe period, it is assumed that 
the crop will not always mature. 

A sample of computations for rates of water consumption by 
irrigated crops in tho Upper Yampa and Elk River ~roas, Colorado is 
shown in tables 4 and 5• The results of similar computations for 
normal w~ter consumption rates for irrigated crops during tho growing 
period for areas in the entire Upper Colorado River Basin arc summar­
izud in table 6. Th~se estimates are based on the assumption that a 
water supply ample to satisfy the water requirement of the plants is 
available from precipitation and irrigation. 

The estimates of rates of consumptive usa shown in table 6 include 
moisture supplied by both irrigation and rainfall. By subtracting the 
growing-period rainfall from the rates of use, the rates of consumption 
at th\3 point of usc, as the result of irrigation, may be obt:1ined 
prov~ded this land was not naturally irri~ated,under-rirgin-eonditions• 
For example, tho consumptiv~ use for alfalfa in the :Montczwna Area, 
Color~do is computed as 24.5 inches during th~ irrigation season with 
a full water supply. Tho normal rainfall during this period is 5.6 
inches. Then 24.5 - 5.6 = 1e.7 inches, or 1.58 feet (acre-feet per 
acre), which is tho consumption of irrigation water at point of use for 
alfalfa land during the irrigation season. Table 7 s~.rizes tho 
results of computations of rates of oonsumptive use minus rainfall dur­
ing the grcwing cr irrigation season. 
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Table 3.- Irrigated areas, Weather Bureau stations, and irrig~tion 
periods utilized in computing consumptive use of irrieation 

water in Arizona, Colorado, New Mexico, Utah and Wyoming 

Unit Weather Bureau Water]/ Frost-free3} Alfalfal/ 

Area station supply period irrigation 
season 

A.1.IZONA 
Chinle Chinle F .5/16 - 10/7 5/1 - 10/7 

s 5/1 - 7/1.5 
Kayenta Kayenta F 4/28 - 10/13 4/10- 10;13 

4/10 - 7/15 

COLORADO 
Upper Yampa and 
Elk River Steamboat Springs F 6/27 - 8/.5 5/10 - 8/2.5 

s 5/10 - 7/31 
N.o. 7/8 - 7/31 

Lower Yampa and 
tributaries Hayden s 6/11 - 9/13 5/5 - 7/31 

Little Snake River Dixon s 6/4 - 9/11 .5/1.5 - 8/20 
White River direct Meeker F 6/10 - 9/11 5/1.5 - 9/11 

N.O. 7/12 - 9/11 
Vlhite River s 6/10 - 9/11 .5/1.5 - 7/20 
tributaries Meeker N.O. 7/12 - 7/13 

Colorado River Green Mt. Dam F 6/1.5 - 9/6 5/20 - 9/6 
above Glenwood 4: Blue Valley 

Ranch 
Muddy Troublesome Green Mt. Dam s 6/1.5 - 9/6 5/10 - 8/10 

a: Blue Valley N.o. 7/18 - 8/3 
Ranch 

Blue River Green Mt. Dam 
a: Blue Valley Ranch F 6/1.5 - 9/6 .5/20 - 9/6 

N.o. 7/18 - 9/6 
Eagle River and 

Upper Eagle 
6/19- 9/6 5/5 - 9/6 River Eagle F 

N.o. 7/18 - 9/6 
Gypsum Creek Eagle s .5/1 - 7/21 
Roari.l'lg Fork Aspen F 6/10 - 9/1.5 6/1 - 9/15 

aboV\3 Basalt s 6/1 - 9/1 
Roaring Fork -
Glenwood Sprgs. to 
Basalt Glenwcod Sprgs. F .5/17 - 9/29 .5/10 - 9/29 

s .5/10 - 8/1.5 
Rifle (Silt to 

.5/1.5 - 10/3 Glenwood Spr:ine~ Rifle s .5/25 - 8/1 
PL ... tn.'ln ~~1~ok ~ollhran s 5/26 - 9/29 s/1 - 7/1 r 
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Table ~ (cont•d).- Irrigatad areas, ~eather Bureau stations, and irrigation 
periods utilized in computing consumptive use of irrigation 

water in Arizona, Colorado; New Mexico 1 Utah and ~·Tyoming 

2.! 
Unit Weather Bureau '1ater 1f Frost-freey Alfalfa 

).1 Area station supply period irrigation 
season 

COLORADO (cont'd) 
13 Grand Valley Fruita and Grand F 4/24 - 10/18 4/15 - 10/18 

Jum:tion 
14 Upper Gunnison Gunnison F 6/18 - 9/2 5/20 - 9/2 

N.o. 7/1 - 9/2 
15 Tomichi and 

Cochatopa Gunnison s 6/18 - 9/2 5/20 - 8/10 
N.o. 7/.1 - 7/26 

16 North Fork GurJdson Paonia s 5/5 - 1/{12 4/20 - 7/15 
17 Upper Uncompahgre Montrose and F 5/28 - 9 19 5/15 - 9/20 

Cimarron and Gunnison 
Dallas 

18 Uncompahgre Project .Montrose and 
Delta F 5/5 - 10/6 5/1 - 10/6 

19 Little Dolores Grand Junction s 4/1~ - 10/26 4/15 - 9/1 
19a Lcmer Dolores Fruita and Grand 

Junction F 4/24 - 10/18 4/15 - 10/18 
20 Dolores River Cortez s 5/26 - 9/29 6/10 - 9/1 
21 San Miquel, Tilly 

lands, 
6/8 - 9/26 5/8 - 8/1 Disappointmont Norwood s 

22 Montezuma Area Cortez F 5/26 - 9/29 5/5 - 9/29 
23 Upper San Juan 

5/15 - 9/13 Valley Pagosa Springs F 6/23- 9/13 
24 Pine Ri vcr and 

Pedra Area Ignacio F 6/5 - 9/23 5/5 - 9/23 
25 .Animas River Durango F 6/1 - 9/26 5/1 - 9/26 
26 Florida Area Durango s 6/1 - 9/26 5/1 - 7/21 
27 La Plata (Colorado Cortez and 

5/30 - 9/26 5/15 - 8/8 Area) Lewis s 
28 Mancos Area Cortez s 5/26 - 9/29 5/1 - 7/21 

NE''l 'MEXICO· 
1 DUlce - Upper 

Navajo Dulce s 6/11 - 9/20 5/15 - 9/13 
2 La Plata Ft. Lewis and 

Bloomfield s 5/21 - 10/l 5/15 - 8/8 
3 Bloomfield - Bloomfield and 

Shiprock Shiprock F 5/5 - 10/13 t./10 - 10/13 
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Tablo 3 (con~'d).- Ir:igat~d areas, 'feather Bureau stations, and irrigation 

per1ods uti11zcd 1n computing consumptive use of irrigation 
water in Arizona, Colorado, Now Maxico, Utah and Wy;ming 

1 Unit Woather Bureau l7atcr!/ Frost-fr~e.Y illalK 

~ ' Area station supply period Irrigation 
season 

UTAH 
1 --,rc;-ney' s Fork Manila s 6/i-3 - 9/l4 5/15.-8/20 2 Ashley Valley and 

Brush Creek Vernal F 6/1 - 9/18 5/10 - 9/18 
3 Our83 Jeyton s 5/17 - 9/30 4/10 - ?/21 4 Valley lands -

Uinta Basin Mfton) 
Ft. Dushesne) s 5/20 - 9/27 4/15 - 9/15 

5 Bench lands -
Uinta Basin Duchesne) s 5/26 - 9/23 4/20 - 9/15 

6 Price River Price F 5/18 - 10/1 5/1 - 10/1 
7 Green River Green River F 5/2 - 10/9 4/10 - 1;;9 
8 Moab lbab s 4/18 - 10/17 4/1 - 8 31 
9 La Sal La Sal s 5/25 - 10/1 4/15 - 7/25 

10 .Monticallo La Sal s 5/25 - 10/1 4/15 - 7/31 
ll Huntington, Castle 

Dale, Ferron Castle Dale s 5/22 - 9/27 4/15 - 8/31 
12 Emery - Hanksville Emery s 5/24 - 9/27 4/15 - 8/31 
13 Loa .Loa s 6/12 - 9/9 5/1 - 8/15 
14 Escalante Escalante s 5/15 - 10/l 4/15 - 8/15 
15 Blanding Blanding s 5/11 - 10/13 4/15 - 7/31 
16 Paria River Tropic s 5/25 - 10/6 4/15 - 8/15 

TfiYOl.ITIJG 
1 Eden Valley Eden F 6/U- 9/11 5/25 - 9/11 
2 Pinedale Pinedale F 6/22- 8/29 5/20 - 8/29 

N.o. 6/22- 8/29 
3 Big Piney Big Piney s 6/22 - 8/29 5/10 - 8/15 

N.o. 6/22 - 8/15 
4 Ham's Fork Kemmerer F 6/7 - 9/15 5/15 - 9/15 

N.o. 6/20- 9/15 
5 Black's Fork Lyman s 6/9 - 9/17 5/10- 8/15 

N.c. 6/20 - 8/15 
6 Lit t1e Snake Dixon s 6/4 - 9/ll 5/5 - 8/15 
7 Henry's Fork Manilla s 6/13 - 9/14 5/15 - B/20 

Jl F • Full water supply tor all crops. _ 
. S • Short water supply tor alfalfa, grass hay and pasture. 

• N.O.= Natural overflow on grass hay meadows and pasture during flood stage 
of river or stream provides moisture before irrigation begins. 

Y. From u. s. ·leather Bureau records. 
JV From interviews with farmers, county agents, water masters, river 

commissioners, ~nd others. Tho end ot the irrigation season is 
assum~d to b& th.J end of the frost-free period in areas of full 
water supply. i'lhere the wator supply is short it is assumed that 
alfalfa would continue to use residual moisture in the soil for 
three weeks aft~r the last irrigation. Grass hay and pasture are 
asst~ed to us~ residual irrig3tion water from tho soil two weeks 
after tho last 1.rr1r.ation. 
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Table 4.- Example of observed monthly temperatures, precipitation, percent 
of daytime hours and calculated consumptive use factor in th3 
Upper Yampa and Elk River areas of the Upper Colorado River 

Basin. 

~'{. B. Station Steamboat Springs County _ __...R...;o_u_t t __ state._......;C;.:o.:;;l.=.or;.,;a;.,;d;.:o __ _ 

Sta. No._.3_3~-...:Elevation 6,770 Ft. Latitude __ 4o_0 ___ ~30 __ 'N. 

or 
Paiod 

January 13.9. 6.72 0.93 2.31 
February 18.6 6.71 1.2.5 2.43 
March 26.2 8.33 2.18 2.39 
April 38.2 8.96 3.42 2.27 
May 48.2 1,0.0.5 4.84 2.23 3.23 1.49 3.23 
June .5,5.2 10.1.5 .5.60 1.38 - - ~ - -.~ - s.6o 

1-27 ------------- ,5.04 
28-30 ------------- o.s6 

July 61.6 10.26 6.32 1 • .58 6.32 
August .59.4 9 • .56 ,5.68 1.76 4 • .58 
Scptembr;.r .52.1 8.38 4.37 1.78 
October 41.7 7.73 3.22 1.99 
November 28.7 6.71 1.93 1.69 
December 16.9 6.48 1.10 2.26 

Total 38.4 100.00 40.84 24.07 ---
.5/10-6/27 - - - - - - - - - - - - 8.27 
6/28-8/2.5 - - - - - - - - - - - - 11.46 

t = Mean monthly temperature in degrees. 
p = Monthly percent of daytime hours. 
f = t x p = Monthly consumptive use !actor 

100 . 
R = Precipitation in inches. 
1/Full water supply for all crops. 

1.24 
0.14 
1 • .58 6.32 
1.42 

- - -1.5.1.5 
2.73 
3.14 

1.49 
1.38 

1.58 4.74 1.18 

4.4.5 4.74 1.18 

}VShort water supply for alfalfa, grass hay, and pasture. 
l/Natural overflow on grass hay, l'!Cadows and pasture during flood stage of 

river or streams. 



Table 5.- Example of computations of rates of cons~~tive usc of water in the 
Upper Yampa and Elk River areas of the Upper Colorado River Basin. 

-assification liat<Jr 
K supply 

Irri~atcd croes 

Alfalfa FullJ} 0.70 
FullJ} o.85 

Alfal!a ShprtJ o.B5 
Grass hay Fulll o.6o 

FullJ} 0.75 
Short 3/. 0.75 
N. O. }/ 0.75 

Incidental areas 

'.'later surfaces 0.95 
Native vegetation 
Very dense 1.}5 
Dense 1.20 
:lkdiwn 1.oo 
Light o.8o 
Sparse 

Seeped areas 0.90 

F u R 
(total f) 

Inches Inches 

8.27 5.79 2.73) 
ll.46 9.74 3.14) 
15.15 12.88 4.45 
8.27 4.96 2.73) 

ll.46 8.60 3.14) 
15.15 ll.36 4.45 
4.74 3.56 . 1.18 

ll.46 10.89 3.14 

ll.46 15.47 3.14 
11.46 13.75 3.14 
11.46 ll.46 3,14 
ll.46 9.16 3.14 

(Precipitation only) 
ll.46 10.31 3.14 

U minus R 

Inches 

9;66 
8.43 

7~69 

6,91 
2.38 

7.75 

12.33 
10.61' 
8.32 
6,02 

K = ~ ~ Empirical consumptive use coefficient determined ~xperimentally 
F = Sum of tho monthly consumptive use ·factors for the peried. 
U = KF = consumptive use, in inches. 
R = Precipitation, in inches. 

J!. Full water supply for all crops. 
2/ Short watu:- supply for alfalfa, grass hay, and pasture. 
lJ Natural overflow on grass hay, meadows and pasture during flood stage 

of river or streams, 
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Tabl~ 6.- Summary of estimates of normal unit consumptive use of water rates 
for irrigated crops during the irrigat. ion period for areas in the 

Upper Colorado River Basin. 

Normal rate consumntive use lL 
Unit Gras~ IJorn 

Water Alfalfa Hay Grains and Crchard 

No.I 
suppl~ and and other 

Area past ur~ beans annuals 
_!rr ~ !; -:Qes Inc_Q_es .lnc_!1_es .:!:.nches ,., •.~ AR.LO• .. A -----·-

1 Cl"~;.nle F 28.3 24.2 15.4 20.1 
Ch.tr~e s 13.9 10.8 15.4 20.1 

2 Kr.ysnta F 32.5 28.7 15.2 20.5 
Kay:uta s 16.9 13.5 15.2 20.5 

COLC'rl J!DO 
1 -tfip~r-Yampa and Elk River F 15.5 13.6 8.6 8.6 

Ufp~r Yampa and Elk River s 12.9 1L4 8.6 8.6 
Uppdr Yampa and Elk River N.c. 3.6 

2 Lower Yampa and Tributaries s 14.6 11.7 14.0 
3 Little Snake River s 16.9 13.8 13.9 

Little Snake River N.c. 4.9 
4 ~'lhite River, direct F 18.9 13.9 13.8 

''lhite River, direct N.c. 8.9 
5 Vfuite River tributaries s 11.2 8.9 

~lhite River tributaries N.o. o.o 
6 Colorado River above Glenwood F 16.3 14.3 11.7 

.6a Kremmling, MJ.ddy, Troublesome s 14.4 ll.6 11.7 ll.7 
Kremmling, Muddy, Troublesome N.O. 2.4 

7 Blue River F 16.3 14.3 ll.7 
Blue River N.o. 7.0 

8 Eagle River and Upper Eagle R. F 18.5 16.2 ll.6 11.6 
Eagle River and Upper Eagle R. N 7.1 

9 Gypsum Creek s 12.7 10.4 ll.6 11.6 
10 Roaring Fork, above Ba.Salt. F 16.3 14.4 12.7 13.3 

Roaring Fork, above Basalt s 14.7 13.0 12.7 13.3 
11 Roaring Fork Glenwood Springs F 24.2 21.4 14.6 19.0 17.8 

to Basalt s 17.5 14.2 14.6 19.0 17.8 
12 Rifle-Silt to Glenwo<Xl Springs S 12.8 9.9 15.0 19.4 18.7 
l2a Plateau Creek s 12.8 11.3 14.5 18.5 16.3 
13 Grand Valley F 32.4 28.6 15.2 20.6 24.0 
14 U~p:; r Gunnison (excluding F 15.8 13.8 10.9 10.9 

omichi and Cochetopa) N.o. 9.2 
15 Tomichi and Cochetopa s 13.0 9.9 10.9 10.9 

Tomichi and Cochetopa N.o. 3.9 
16 North Fork Gunnison s 14.5 ll.5 14.6 19 • .3 20 • .5 
17 Upper Uncompahgre, Cimarron F 21.2 18.7 14.9 19.7 20.2 

and Dallas 
18 Uncompahgr~ Project F 27.9 24.6 15.2 20.0 20.6 
19 Little Dolores s 26 • .3 21.8 14.6 20 • .3 26.2 
l9a Lower Dolores r 32.4 28.6 15.2 20.6 24.0 
20 Dolores River s 1!>.1 11.9 14.8 18.9 16.7 
21. Il.:1n Miguel, Lilylands, 

Disappointment s y .3 ll.l 14.1 
22 Montezuma Ar\Ja F 24.5 21.5 14.8 13.9 16.7 
2} Upper San Juan Valley F 17.8 15.6 
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Table 6 (cont'd}.- Summary of estimates of normal unit consu~ptive use of 
water rates for irrigated crops d.lring the irrigation period for 

areas in the Upper Colorado River Basin. 

Unit 
lJor.-:-:11 r2.te 

No.I fl.re a 

COLOP~O (Continued) 
24 Pine River c.nd Piedra Area 
2.5 Aniii,Q.3 :l.iver 
26 Florid0 Are2. 
27 La Plate. (Colorado portion) 
28 Mo.ncos Area 

2 La Hc..ta 
3 Bloc :nfield-.Shiprock 

UTAH 

1flater 
supply 

F 
F 
s 
s 
s 

s 
s 
F 

l Henry' s Fork S 
2 Ashley Valley and Brush Creek F 
3 Ourc.y 
4 Benchlands - Uinta Basin 
5 Valleylands - Uinta Basin 
6 Price Hiver 

s 
s 
s 
F 
F 
s 

7 
8 

Green River 
Moab 

9 La Sal 
10 l.1onticello 
ll Huntington, Castle 
12 Emery-Hanksville 
13 Loa 
14 Escalante 
15 
16 

Blanding 
Paria River 

''JYOMIUG 

s 
Dale FerronS 

s 
s 
s 
s 
s 

1 Pinedale F 
Pinedale N.O. 

2 Big Piney S 
Big Piney H.o. 

3 Eden Valley F 
4 Ham's Fork F 

Han's Fork N.o. 
.5 Black's Fork S 

Black's Fork N.O. 
6 Henry' s Fork S 
7 Little Snake S 

Little Snake N.O. 

Alfalfa 

Inches 

22.4 
22.9 
13.2 
14.4 
14 .o 

20.1 
15.0 
32.1 

16.8 
21.8 
17.1 
23.4 
25.0 
26.7 
32.5 
28 ,8 
16.4 
17.6 
23.1 
22.5 
17.7 
2('. 3 
12.2 
20.1 

14.8 

14.7 

17.2 
18.6 

16.2 

16.8 
16.9 

Includes irrigation water plus precipitation. 
= Full water supply for all crops. 

Gr::tss 
hJ.y 
and 

pa.sture 
Inc'1es 

19.6 
20.1 
10.8 
ll.6 
11.5 

16.8 
12.0 
28 .4 

14.0 
19.2 
14.2 
2 o.6 
22.1 
23.5 
28.6 
24.2 
13.3 
14.3 
19.3 
18.8 
14.5 
16.8 
14.8 
16.6 

13.0 
9.8 

11.9 
6.8 

15 .1 
16.3 
12.2 
13.0 

7.5 
14.0 
13.8 
4.9 

cons1rtptl ve use _y_ 
liorn 

Grain:: and jOrcha.rC 
and other 

beans annualE 
Inches Inches Inche 

14.2 
14.0 
14 .o 
14.2 
14.8 

13.8 
12.0 
15.3 

14 .o 
14.9 

14.6 
15.1 
15.4 
16.2 
15.3 
14.7 
l4. 7 
l4 .6 
14.2 
13.3 
14.4 
14.8 
14 ·5 

13.4 
13.2 

13.6 

14 .o 
13.9 

18.6 
17.1 
17.1 
17.2 
18.9 

20.4 

18.2 
19.3 
19.9 
21.7 
20.9 
18.7 
18.7 
18.7 
18.2 

18.7 
19.4 
18.5 

14.2 
14.8 
14.8 
1.5.1 
16.7 

21.~ 

15. ~ 
17.£ 
18.' 
23.' 
25.: 
16. 1 

16.! 
16. 
18. 

17. 
20. 
17. 

S = Short water supply for al fa1fo., grass hay, and pasture. 
N.O.=Natural over-flow on grass hay, meadows and pasture during flood stage 

of river or strearJs, provides moisture for crops bt:fore irrigation 
period begins consumptive use rate is for irrigation JBriod only. 
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Tabla 7.- Summary of estimates of normal unit consumptive use of water rates 
minus precipitation by irrigated crops through the irrigation period 

for ar~as in the Upper Colorado River Basin 

Unit 
Normal rate consum_Q_tive: usc lj 

Grass Corn Orchard 
~·rater Alfalfa hay Grains and 

No.I 
supply and and other 

Area pasture beans annuals 
J.nCl113S J.ncncs J.ncn.:s lncr.cs .mcncs 

ARIZONA 
1 Chinle F 23.0 19.2 12.5 15.8 

Chinle s 12.3 9.7 12.5 15.8 
2 Kayenta F 27.5 23.6 13.3 17.0 

Keyenta s 15.3 12.2 13.3 17.0 

··coLOltADO 
1 Upper Yampa and Elk River F 9.7 7.7 5.5 5 • .5 

Upper Y~~a and Elk River s 8.4 6.9 5.5 .5.5 
Upper Yampa and Elk River N.o. 2.4 

2 Lower Yampa and Tributaries s 11.0 8.4 10.1 
3 Little Snake River s r~.8 10.9 10.7 
4 White River - Direct F 13.2 10.9 9.2 7.4 

White River - Direct N.o. 5.6 
.5 White River Tributaries s 8.4 6.4 9.2 7.4 
6 Colorado River above GlenwoodF 11.8 9.8 8.1 
6a Kremmling, lfu.ddy 1 Trouble someS 10.6 8.2 8.1 8.1 

Kremmling 1 Muddy 1 Trouble so meN. o. 1.7 
7 Bluo River F 11.8 9.8 8.1 

Blue River N.o. 4.7 
8 Eagle River and Upper Eagle~ 13.3 11.0 8.2 8.2 

Eagle River an t.pper ~ R. N.o. 4.8 
9 Gypsum Creek s 9.4 7.3 8.2 8.2 

10 Roaring Fork above Basalt F 11.5 9.6 8.5 a.; 
Roaring Fork above Basalt s 10.7 9.0 8.5 

11 Roaring Fork Glenwood Springs 
to Basalt F 17.1 14.3 10.4 12.9 . 11.1. 
Roaring Fork Glenwood Springs 
to Basalt s 13.0 10.1 10.4 10.4 

12 Rifle-Silt to Glenwood Spr ~ S 11.0 8.4 12.4 15.7 14.3 
12a Plateau Crook s 10.0 8.5 11.1 13.4 11.0 
13 Grand Valley F 28.3 24.5 13.2 17.6 19.2 
14 Upper Gunnison (excluding F 11.7 9.7 7.5 7·5 

Tomichi and Cochetopa) N.o~ 6.1 
15 Tornichi and Cochctopa s 10.1 7.4 7.5 

Tornichi and Cochetopa N.o. 2.6 
16 North Fork Gunnison s 11.3 8.5 11.4 14.8 14.2 
17 Upper Compahgre Cimarron F 16.8 14.3 12.5 16.0 1.5 .5 

<md Dallas 
18 Uncomp~hgre Project F 23.2 20.0 13.0 16.6 16.2 
19 Little Dolores s 22.8 18.6 12.6 17.5 21.0 
19~ Lower Dolores F 28.3 24 • .5 13.2 17.6 19.2 
20 Dolores River s ll.9 9.2 ll.6 13.9 11.6 
21 Sa."l Miguel - Lily L:mds -

Disappointment s 10 • .5 8.0 8.8 
22 Montezuma Arc3. F 18.9 16.0 11.6 13.9 11.6 
23 Upper San Ju~ Valley F n.o 8.8 
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Table 7 (cont'd).- Summary of estimates of normal unit cons1..1r.1ptive use of water 
rates minus precipitation by irrigated crops through the irrigation period 

for areas in the Upper Colorado River Basin 

Unit 
Normal rate c ons'U!l':pt ivc 

No.I 

24 
25 
26 
27 
28 

1 
2 
3 

i'later 

Area 
supply 

COLORADO (Continued) 
Pine Rivor and Piedra Area F 
Animas River F 
Flo~ida Area s 
La ~lata - (Colorado Portion) S 
Mancos Area S 

NE'IT MEXICO 
Dulce 
La Plata 
Bloomfield Shiorock 

UTAH . 

s 
s 
F 

1 Henry's Fork S 
2 Ashley Valley and Brush Creek F 
3 Ouray S 
4 Eenchlands-Uinta Basin S 
5 V3l.leylands-Uinta Basin S 
6 Price River F 
7 Gr~en River F 
8 ll.oab S 
9 La Sal S 

10 MOnticello S 
11 Huntington-Castle Dale-Ferron S 
12 Emery-Hanksville S 
13 Loa S 
14 Escalanto S 
15 Blanding S 
16 Paria River S 

WYO!ITNG 
1 "t-i."lodale 

2 

3 
4 

5 

6 
7 

·Pinedale 
Big Piney 
Big Piney 
Eden Valley 
Hrun• s Fork 
Ham's Fork 
l3l.:J.ck' s Fork 
Black' s Fork 
Henry's Fork 
Little Snake 

F 
N.o. 
s 

N.o. 
F 
F 

~~.o. 
s 

N.c. 
s 
s 

Lit.tlc t:1nkc N.o. 

Alfalfa 

Inches 

15 • .5 
14.9 

7.8 
11.2 
12.0 

1-'.9 
18.7 
1.5.1 
19.0 
21.9 
21.7 
28.8 
24.8 
13.0 
13.7 
19.6 
19.1 
1.5.0 
16.3 
1.5.4 
16.4 

ll.4 

ll.9 

12.9 

]jo::-l..,...,In;.-c-I':'"S~;rig.~tion w:-.tor only (consumptive 
F = Full wa-c.-:r supp~v for ~11 crops, 

Grass 
hay Grains 
and and 

lpn.stur~ beans 
Inches Inches 

12.7 
12.1 
7.8 
8.8 
9.7 

10.3 
9.3 

23.2 

11.3 
16.1 
12.3 
1.5. 7 
18.9 
18 • .5 
25.0 
20.4 
10.3 
11.0 
16.1 
15.6 
12.9 
13.3 
12.2 
13.3 

7.6 
7.5 9., 
5.7 

7.3 
8~8 
8.8 
9.9 

11.6 

7.9 
10 • .5 
13.4 

11.3 
13.1 
13.2 
11.6 
13.2 
12.7 
14~7 
13.1 
11.1 
11.1 
12.1 
11.8 
10.3 
11.0 
12.3 
11.1 

12.4 11.1 
1, .. 4 11.0 
10.2 

9.9 10.9 
.5.8 

10.9 11.3 
10 • .5 10.7 

3.8 

Corn 
and 

other 
tmnuals 

Inches 

12.6 
10.2 
10.2 
ll.4 
13.9 

14.2 
16 .. ~ 
15.8 
19.3 
17.8 

15.1 
14.7 

13.6 
15.6 
13.5 

uso minus rdni'aii) 

use 1/ 

Crchard 

Inches -

11.7 
1.! .6 
14.1 
19.7 
20.3 

13.0 
14.2 

12.1 
1.! .8 
12.0 

S = Short w~tor supply for alfalfa, grass h~y and pasture 
N.O. = N:::.tural over-flow on grn.ss h:ly, m::ado·.vs and pasture during flood st~gc of 

river or str0 . .ms. 
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Native Vegetation and Incidental Areas 

Native or natural vegaation generally has first use of the water 
of a region. The consumption of water b~' native vegetation thus be­
comes of increasing importance as greater land areas are irrigated, 
and during periods of drought. Careful consideration must be given 
to the consumptive water requirements of native vegetation before a 
complete L~ventory can be made of the water resources of the Upper 
Colorado River Basin (!)• 

Consumptive use of water by native vegetation varies according 
to the quantity of moisture available (19). Plants adapted to an 
extreme economy of water do not continu~the same low rate of use 
during p~riods of more abundant supply. Precipitation, varyine widely 
from year to year, produces a more vigorous growth that has a greater 
consumptive use in wet years than in dry. Drought periods are seldom 
so severo that there is a widespread destruction of vegetation from 
lack of moisture. 

Adaptation of plants to natural moisture conditions has distri­
buted vegetation in more or less dominant communities which may be · 
roughly classified as drought-resistant.planta, ground-wator plants, and 
plants that grow with roots sUbmerged. deither group is confined to 
any particular geographical area but is governed·by local conditions. 
There arc no fixed boundary lines bctwoen groups, for as ground-water 
conditions changa with increased or decreased precipitation, the dom­
inant communities advance or recede according to moisture available 
in the soU. 

Much of tha arid region has ground water only at depths beyond 
reach of plant roots, and in these areas plants depend entirely upon 
the scanty rainfall and the moisture that is held in the upper soil 
horizon. Desert sage, sage brush, creosote bush, desert grass, and 
cacti are a f~w desert growths which subsist upon a meager rainfall. 
(Soe figures 10 and 11). 

Ground-water plants aro those sending their roots to the water 
tabla or into the adjoining region of capillary moisture. Thus they 
ere a middlu group between desert growth that has no connection with 
ground water and plants that grow with their roots submerged. These 
comprise a great variety, rtlnging from small ground plants to large 
trees. Salt grass, seepweed, salt bush and some spucies of sacaton 
arc in this group. 

Riparian or river-bottom growths, such as salt cedars (tamarisk), 
willows, and cottonwoods, consume more water per given area than irripted 
crops. (Sea fieures 12 to 17). 

Plants growing in water, such as tulos, cattails, and sodgcs, arc 
users of largo qu~tities of water. 

Meteorological conditions influencing evaporation from water 
surfaces likowisc affect transpiration from vegetation and evaporation 
from soils. Both evaporation and transpiration frcoly respond to 
tompor.:l.turo, wind movement, and humidity (!)• 
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Seeped lands are moist are~s within irrigation projects. These· 
are~s are the result of high ground water due to seepag3 fro~ canals, 

~ver-irrigation, or both, and poor drainage. Seeped lands arc generally 
~ groas~wood, rabbit-brush, willows, and tulos depending on tho degree 
of moisture present. In some areas, where alkali is concentrated, no 
ve~etation grows. 

Evaporation and meteorological observations made from April 1939 
to March 1943 at MOntrose, Colorado (13) are shown in the appendix. 
These are used to establish coofficiclrt;s applicable in estimating 
evaporation rates from free water surfaces in the Upper Colorado 
River Basin. 

The results of computations of normal water consumption rates 
for native vegetation, seeped land and water surface during the frost­
free period are summarized in table 8. The estimates for native vege­
tation are based on the assumption that a water supply ample to satisfy 
the water requirements of the plants is available. 

The estimates of rates of consumptive use shown in table 8 include 
moisture supplied from all sources. By subtracting the frost-free period 
precipit~tion from these rates of use, the rates of consumption of ground 
water at point of use may be estL~ted. Table 9 summarizes the results 
of computations of normal unit consumptive use of water rates minus 
precipitation for native vegetation and areas receiving water incidentally 
to irrigation in the Upper Colorado River Basin during the frost-free 
period. 

APPLICATION OF COHStn.n>TIVE USE RATES 

Consumptive use rates shown in this report may be used in esti­
mating the amounts of water consumed in an entire valley, on an irri­
gation project, or on an individual farm, when the acreage of different 
crops is known. By making allowances for application and conveyance 
losses, the water that must bo delivered to the farm headgate adequately 
to irrigate a farm or tract or land may also be estimated from consump­
tive use rates tll• Methods of application of the rates to valley areas 
and individual farms are presented here. 

Valley Areas 

The unit consumptive use rates shown in tables 6, 7, 8 and 9, rr~y 
be applied to large valley areas by the integration method (1) (l) to 
compute tho total amount of water normally consumed for a given area in 
acre-feet. Briefly stated, consumptive use for a specified time, as 
determined by the integration method, is the summation of the products 
of consumptive use for each crop times its area, plus the consumptive 
use of native vegetation times its area, plus water surface evaporation 
times water surface area, plus evaporation from land times its area. 
Before this method can be used it is necessary to know the areas of 
agricultural crops, native vegetation, water surfaces and other classi­
fications, as well as the unit consumptive use for each classification. 
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Table B.- Summary of estimates of normal unit consumptive use of water 
ratesfbr native vegGtation and areas receiving water 
incidentally to irrigation in the Upper Colorado River Basin. 

Normal rate consumptive use 1/ 
Unit Water Native vegetation ~ 

No.I 
sur- Very I 

1
1Medi-, \ Seeped 

12/land Area .face dense Dense um Light Sparse 

Inches Inches Inches Inches Inches Inches Inc her 
ARIZONA 

1 Chinle 28.7 40.8 }6.2 }0.2 24.2 7.2 27.2 
2 Kayenta 33 • .5 47.6 42.3 35.2 28.2 6.6 31.7 

COLORADO 
1 Upper Yampa and Elk Riverl0.9 15 • .5 13.8 11 • .5 9.2 6.1 10.3 
2 Lower Yampa and tributa.r-

ies lB.o 2.5.5 22.7 18.9 15.1 7.0 17.0 
3 Little Snake River 18.6 26.4 23 • .5 19.6 15.6 6.4 17.6 
4 White River Direct 17.6 2.5.0 22.2 18 • .5 14.8 7.6 16.6 
5 White River tributaries 17.6 25.0 22.2 18 • .5 14.8 7.6 16.6 
6 Colo.River above Glenmxd 14.9 21.1 18.8 15.6 12.5 14.1 
6a Kremmling, Muddy 1 and 

Troublesome 14.9 21.1 18.8 1.5.6 12.5 14.1 
7 Blue River 14.9 21.1 18.8 1.5.6 12 • .5 14.1 
8 Eagle River and Upper 

Eagle River 14.7 20.9 18 • .5 15.4 12.4 6.4 13.9 
9 Gypsum 14.7 20.9 18 • .5 15.4 12.4 6.4 13.9 

10 Rooring River above lhsal.t 16.8 23.9 21.3 17.7 14.2 7.5 1.5.9 
11 Roaring Fork-GlemJood 

Springs to Basalt 26.0 ,6.9 32.8 27.3 21.9 9.7 24.6 
12 Rifle-Silt to Glenwood 

Springs 27.3 38.8 34.5 28.8 23.0 7.4 25.9 
13 Grand Valley 3.5.0 49.8 44.2 36.9 29.5 7.3 33.2 
14 Upper Gunnison 13.8 19.7 17 • .5 14.6 11.7 6.4 13.1 
1.5 Tomichi and Cochetopa 13.8 19.7 17 • .5 14.6 11.7 6.4 13.1 
16 North Fork Gunnison 30.0 42.6 37.9 31.6 25.2 9.3 28.4 
17 Upper Uncompahgre 1 Ci.mmar-

ron and Dallas 21.7 ,o.8 27.4 22.8 18.3 6.8 20.6 
18 Uncompahgre Project 30.2 42.9 38.1 31.8 25.4 6~8 28.6 
19 Little Dolores ,8.4 .54.5 48.4 40.4 32.3 7.7 36.3 
20 Dolores River 24.4 34.6 30.8 25.6 20.5 8.1 23.1 
21 San Miguel, Lilylands, 

Disappointment 20.6 29.3 26.0 21.7 17.4 9.4 19 • .5 

22 Montezuma Area 24.4 34.6 ,o.8 25.6 20.5 8.1 23.1 
23 Upper San Juan Valley 14.7 20.9 18.7 15.5 12.4 a.s 13.9 
24 Pino River and Piedra 

Area 20.8 29.6 26.3 21.9 17.5 9.0 19.7 
25 Animas Ri vcr 21.6 30.7 27.3 22.7 18.2 9.9 20.~ 

26 Florida Area 21.6 30.7 27.3 22.7 18.2 9.9 20.~ 

27 La Plata (Colorado Aroa) 22.1 31.4 27.9 23.2 18.6 8.8 20.~ 

28 M.wcos Aroa. 24.4 34.6 30.8 25.6 20.5 8.1 23.1 



No. 
• 

1 
2 
3 

1 
2 

3 
4 
.5 

6 
7 
8 
9 

10 
ll 

12 
13 
14 
15 
16 

1 
2 
3 
4 
5 
6 
7 
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Table 8 (cont'd).- Summary of estimates or n~mal unit consurr~tive use of 
water rates for native vegetation and areas receiving water 
incidentally to irrigation in the Upper Colorado River Basin. 

· No~l rate consumptive use 1/ 
Unit Water Native ve1 etation 21._ 

sur- Very Mcd- Seeped 
Area raca dense Dense ium Light Sparse].. land 

Inches Inches Inches Inches Inches Inches Inches 

NE"T MEXICO 
DUlce 18.8 26.7 23.8 19.8 15.8 9.5 17.8 
La Plata Area 25.3 35.9 31.9 ~.6 21.3 8.3 24.0 
Bloomfield Shiprock 31.9 45.3 40.3 33.6 26.9 6.5 30.2 

UTAH 
Henry's Fork 17.8 25.4 22.6 18.8 15.0 5.7 16.9 
Ashley Valley and Brush 

Creek 21.5 30.6 27.2 22.7 18.1 5.5 20.4 
Ouray Area 27.3 38.8 34 • .5 28.7 23.0 5.1 25.9 
Benchlands, Uinta Basin23.0 32.7 29.0 24.2 19.4 6.8 21.8 
Valley lands, Uinta 

Basin 25.7 36.5 32.4 27.0 21.6 5.0 24.3 
Price River 27.3 38.8 34.4 28.7 23.0 7.5 25.8 
Green River :n.s 47.7 42.4 35.3 28.2 4.9 31.8 
Moab 36.9 .52 • .5 46.6 38.9 31.1 7.5 35.0 
La Sal 23.7 33.6 29.9 24.9 19.9 8.3 22.4 
Monticello 23.7 33.6 29,9 24.9 19.9 8.3 22.4 
Huntington Castledale 

Ferron 24.4 34.7 30.9 25.7 20.6 6.2 23.2 
Emery-Hanksville 27.1 38.6 34.3 28.6 22.9 6.0 25.7 
Loa 16.9 24.0 21.3 17.8 14.2 5.4 16.0 
Escalante 26.1 37.1 33.0 27.5 22.0 8.8 24.8 
Blanding 29.3 41.7 37.1 30.9 24.7 8.2 27.8 
Paria River 24.9 35.3 31.4 26.2 20.9 8.4 23.6 

WYOMING 
Pinedale 12.4 17.6 15.6 13.0 10.4 5.2 11.7 
Big Piney 12.4 17.6 15.6 13.0 10.4 5.0 11.7 
Eden Valley 17.0 24.1 21.4 17.8 14.3 4.8 16.1 
Ham's Fork 17.8 25.3 22.5 18.8 15.0 5.2 16.9 
Black' s Fork 18.4 26.1 23.2 19.4 15 • .5 6.0 17.4 
Henry's Fork 18.6 26.4 23.5 19.6 15.6 5.7 17.6 
Little Snake 17.8 25.4 22.6 18.8 15.0 6.4 16.9 

1 For frost free period only. eludes precipitation. 
~ See table 1 for types of native vegetation. 
JJ Precipitation during the frost free peri. od plus 50 percent or winter 

precipitation not to exceed 3 inches. 
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Table ~. - Summary of estimates of normal unit consumptive use of water rate~ 

minus precipitation for native vegetation ar.d areas receiving 
water incidentally to irrigation in the Upper Colorado River Basin 

Nonnal rate consumptive use 1/ 
Unit Native vegetat1on 2/ 

No. I 11ater Very:-, ! I I Seeped 
Area surfacE Dense Dense t~dium Light land 

Inches Inches Inches Inches Inches Inches 
ARIZONA 

1 Chinle 2J.7 )5.7 )1.2 25.2 19.1 22.2 
2 Kayente 28.7 42.8 37.5 30.5 23.4 27.0 

COLORADO 
1 Upper Yampa and Elk River 7.7 12.3 10.6 8.3 6.0 7.2 
2 Lower Yampa and Tributariesl4.0 21.6 18.7 15.0 11.2 13.1 
3 Little Snake River 15.2 23.0 20.0 16.1 12.2 14.2 
4 White River Direct 13.0 20.4 17.6 13.9 10.2 12.0 
5 White River Tributaries 13.0 20.4 17.6 13.9 10.2 12.0 
6 Colo. River above Glenwood 11.2 17.5 15.1 12.0 8.9 10.4 
6a Kremmling, M.lddy 1 Trouble-

some 11.2 17.5 15.1 12.0 8.9 10.4 
7 Blue River ll.2 17 • .5 15.1 12.0 8.9 10.4 
8 Eagle River and Upper 

Eagle River n.3 17.4 1.5.1 12.0 8.9 10.5 
9 Gypsum 11.3 17.4 15.1 12,0 8.9 10.5 

10 Roaring River above Basalt 12.3 19.4 16.8 13.2 9.7 11.4 
11 Roaring Fork - Glenwood 

Springs 19.3 30.2 26.1 20.6 1.5.2 17.9 
12 Riflo-Silt to Glenwood 

Springs 22.9 34.4 30.1 24.4 18.6 21.5 
13 Grand Valley 30.2 45.0 )9.4 32.1 24.7 28.4 
14 Upper Gunnison 10.5 16.3 14.1 11.2 8.3 9.7 
1.5 Tomichi and Cochatopa 10 • .5 16.3 14.1 11.2 8.3 9.7 
16 North Fork Gummison 2).7 36.3 31.6 25.3 19.0 22.1 
17 Uppor Uncompah~, Cimarron 

and Dallas 17.7 26.8 23.4 18.8 14.2 16.5 
18 Uncompahgre Project 25.7 38.4 )3.7 27.3 21.0 24.1 
19 Little Dolores )3.1 49.2 43.2 ;sa 27.0 31.0 
20 Dolores River 19.3 89 • .5 25.7 20;5 15.4 18.0 
21 San Miguel, Lilylands, 

Disappointment 14.2 22.9 19.7 15.3 11.0 13.1 
22 Montezuma Area 19.3 29 • .5 25.7 20.5 1.5.4 18.0 
23 UppJr San Juan Valley 9.2 15.4 13.1 10.0 6.9 8.4 
24 Pina River and Piedra Area 24.8 23.6 20.3 15.9 11.6 13.7 
2.5 .Animas River 14.7 23.8 2),4 15.9 11.3 13.6 
26 Florida Area 14.7 23.8 20.4 1.5.9 ll.3 13.6 
27 La Plata - (Colorado Area) 21.2 24.5 21.0 16.3 11.7 14.0 
28 Mancos Aroa 19.3 29 • .5 2.5.7 20 • .5 15.4 18.0 

NEX UEXICO 
1 DUlcv 12.3 20.3 17.) 13.) 9.4 ll.4 
2 La Plata Area 19.6 30.2 26.2 20.9 15.6 18.3 

3 Bloomfi~ld Shiprock 27.4 40.8 3.5.8 29.0 22.) 25.7 
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Table 9 (cont•d).- Summary of estimates of normal unit consumptive usc of 
water rates minus precipitation for native vegetation and areas 
receiving water incidentally to irrigation in the Upper Colorado 

River Basin 

Normal rate consumptive use 17 
Unit NatJ.ve vcgetatl.on 2/ 

No.I 
Water ~:~e,Denscl Medium' Light Area surface 

Inches Inches Inches Inches Inches 
UTAH 

1 li0riry 1 s Fork 15.1 22.6 19.8 16.1 12.3 
2 Ashley Valley and Brush Creek 19.0 28.1 24.7 20.2 1,5.6 
3 Ouray Area 24.0 34.5 31.2 2.5.4 19.7 
4 Ben: hlands 1 Uintah Basin 19.0 28.7 2.5.0 20.2 1,5.4 
5 Valley lands, Uinta Basin 22.7 33.5 29.4 24.0 18.6 
6 Prica River 22.7 34.2 29.8 24.1 18.4 
7 Greenriver 30.3 44.4 39.1 32.0 2.5.0 
8 Moab 31.9 47.5 41.6 33.9 26.1 
9 La Sal 18.4 28.4 24.6 19.6 14.6 

10 Monticello 18.4 28.4 24.6 19.6 14.6 
11 Huntington Castle-Dale Ferron 20,7 31.0 27.2 22.0 16.9 
12 Emery-Hanksville 22.8 34.2 30.0 24.2 18 • .5 
13 Loa 13.9 21.0 18.3 14.8 11.2 
14 Escalante 20.3 :n.3 27.2 21.7 16.2 
1.5 Blanding 24.1 36.4 31.8 25.6 19 • .5 
16 Paria River 19.4 30.0 a; .o 20.8 15.5 

Wyom.i.n~ 
10.8 8.2 1 t'ined:iile 10.1 15.3 13.4 

2 Big Piney 10.4 1.5.6 13.6 11.0 8.4 
3 Edin Valley 14.6 21.8 19.1 J5 • .5 12.0 
4 Ham•s Fork 15.4 23.0 20.1 16.4 12.6 

.5 Black's Fork 15.4 23.1 ro.2 16.4 12.5 
6 llenry • s Fork 15.2 23.0 20.0 16.1 12.2 

7 Little Snake 15.1 22.6 19.8 16.1 12.3 

]j For frost-free or growing season. Does not include preeipitat ion. 
]! See table 1 for types of native vegetation. 

Seeped 
land 

Inches 

14.2 
17.9 
22 • .5 
17.8 
21.3 
21.2 
28 • .5 
30.0 
17.1 
17.1 
19.4 
21.4 
n.o 
18.9 
22.6 
18.1 

9.5 
9.7 

13.8 
14.5 
14.4 
14.2 
14.2 



.After acreages of irrigated crops and other water-consuming areas 
have b~en determined by members of the Engineering Advisory Corr~ttee 
to the Upper Colorado River Basin Compact Commission, the normal valley 
consumptive·use for the areas shown in table 3 may be computed from 
these acreages and the unit rates of usa shown in table 6, 7, 8 and 9. 
Again it is emphasized that not all use of water by native vegetation 
is the result o! man's activities in the Upper Basin and only those 
areas using water because of man should be considered in dctennining 
the men-made consumptive use. 

Erickson in a !our-year 0..938-41) study of consumptive usa of 
irrigation water in the Lower Uncompahgre Valley, made a survey of 
water-using areas for the Colorado ~!Tater Conservation Board and by 
inflow and outflow measurements calculated the average consumptive 
usa, exclusive of precipitation at 1951 200 acre-feet (13). The average 
rates or consumptive use minus precipitation determined !or the period 
1938-41 by the methods described in this report were applied to the 
same area. Tho use or water thus determined was 2021 187 acre-feet, 
as shown in table 10, or 3.6 percent greater than Erickson measured 
by tho inflow-outflow mothod. Similar comparisons were made in other 
areas with like results. These comparisons serve to validate the 
rates or use computed herein. 

Farm Irrigation Requirements 

Tho amounts or water required tully to irrigate a !arm in the 
Upper Colorado River Basin may be estimated from tho consumptive use 
rates established in this report. The irrigation water required]/ 
to satisfy the consumptive use for each crop growing or to be grown 
on a farm in the area is obtained from tabla 71 and rates !or native 
vegetation are drawn !rom table 9. The net consu~tivc requirement 
of tho crop divided by the farm irrigation efficiency gives the annual 
amount of water required at the farm hoadgate for each acre of the 
crop. (7). 

The summation of the headgate requirements !or each crop times 
its acreage plus othor water consumad incidental to tho !arming 
operations produces tha total amount of water that must be delivered 
to thG !arm h~adgate !or satisfactory crop production. This method 
o! analysis is illustrated !or two typical !arms in tables 11 and 12. 

~Consumptive use minus effective rainfall. 
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Table 10.- Average consumptive use of water in the Lower Uncompahgre 
Valle;y, Colorado, 1?38-41, C9filPuted by the integration method 

Classification )/ 
Consumptive use 

Area Consumptive use minus _precipitation 
Unit I Qu.antl.ty Unit l Quantity 
rate rate 

Percent Acres Feet Acre teet Feet Acre feet -
Irrigated crops y 
Alfalfa }0 21,704 2.60 56,430 2.12 46,012 

Hay and pasture 1.5 10,8.52 2.29 24,8.51 1.81 19,642 

Small grain and beans30 21,703 1.21 26,261 1.07 2.3,222 

Corn 10 7,2}4 1.6,5 ll,936 1.44 10,417 

Potatoes .5 3,617 1.6.5 .5, 968 1.44 5,208 

Sugar beets 3 2,170 1.6.5 3,.580 1.44 3,12.5 

Orchard and truck 7 .5,06.5 1.93 9,77.5 1.46 7,39.5 

Total or weighted 
average 100 72,}4.5 1.92 1.38,801 1 • .59 115,021 

Incirlental areas 

Cropped land 
(saeped) y 38 • .5 14,180 2.67 37,861 2.20 .31,196 

Seepad land and 
moist y 43.0 1.5,81.5 2.67 42,226 2.20 34,79.3 

River bottom and 
willows]/ 14.0 .5,060 4.40 22,264 3 • .53 17,862 

Towns }j 3.0 1,020 1.92 1,9.58 1.59 1,622 

Stream surfaces ]/ 1 • .5 .590 3.74 2,207 2.87 1,693 

Total or weighted 
106,.516 2.38 87,166 average 100.0 36,66.5 2.91 

Total 109,010 2.25 24.5,317 1.8.5 202,187 

-----
1/ Th~ area docs not include .5 1 87.5 acres of arable non-cropped land 

15,980 acres of non-arablo, non-cropped land and 38 ,135 <J.crcs of 
dry land. Survoy by Erickson (12). 

~ Consumptive usc for irrig~tion soason only. 
l/ Consumptivo usa for ontiro year. 
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Table 11.- Application of results of cons'l.l.Mptive use calculations to a 
determination of water requirement of a typical farm, Grand 

Junction Area, Colorado 

Irrigation • Fa~ni · I 

Headgate Total 
Crop Growing Area required for irrigatio~ water .2 

eriod. donsum tive use efficienc reouired 
Act'es Ac. ft.Lac. Per cent Ac. ft. 

Irrigated 
Alfalfa 4/15-1~18 50 2.,6 60 3.64 182 
Small gra:i.n4/24-7 24 20 1.10 55 2.00 40 
Pasture 4/15-1~18 25 2.04 60 3.40 85 
Potatoes 4/24-8 24 15 1.47 50 2.95 44 
Orchard 4/24-10/18 40 1.60 60 2.67 107 

Incidental land use 
Roads and lanes c:/ 8 · . o.oo 0 
Dense native vegetati 2 3.28 3.28 7 

Total or Average 160 1.72 61 2.90 465 

1/ Considered reasonable efficiencies for irrigation in this area. 

1V Amount of water that must be delivered at the farm headgate to 
satisfy the crop needs. 

l/ Total water rrlquircd at far.m headgate during normal irrigation 
season. 

y Receives water incidental to irrigation such as low land that 
receives surface runoff or seepage. 
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Table 12.- Application of results of consumptive use calculations to a 
determination of water requirement of a typical r~ch 

Pinedale Area, Wyoming 

Crop 
Irrigation Farm Total 

Growing Area required for irrigation water 3 
oriod cons tive use efficienc 1 required 

Acres Ac. ft. ac. Per cent ac Ac. ft. 

Irri~ated: 
Alfalfa 5/20-8/29 40 0.95 40 2.38 95 
Wild hay 5/2o-8/29 450 o.ao 25 3.20 1440 

Incidental land usc 
Roads, lanes, ya~ 35 o.oo 0 
Native vegetatio. 4 

l~dium dense 20 0.90 18 
Light. 35 o.68 24 
Sparse 80 o.oo 0 

Total or Average 660 2.39 1577 

l/ Considered reasonable efficiencies for irrigation in this ~rea. 

11 Amount of water that must be delivered at tho farm headgate to 
satist,y the crop needs. 

lf Total water required at farm headgate during normal irrigation 
season. 

y Receives water incidental to irrigation such as low land that 
receives surface runoff or seepage. 
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Table A- Consumptive use coefficients for alfalfa based on measured 
consumptive use and temperature records, and percent of 

daytime hours and growing season in ~estern States 

Growing Consump- Consumptive 
Location Year season or tive use use factor Coefficient 

Ecriod (U) 
Inches 

(F) (K) 

Alfalfa 

Carlsbad, New Mexico 1940 4/18 - 11/10 38.6 43.59 o.885 

Carlsbad, New Mexico Normal 3/28 - 11/3 36.8 47.39 .778 

Fort Stockton, Texas 1940 4/13- 11/11 40.; 46.28 .875 

Fort Stockton, Texas Normal '/31 - 11/12 39.7 48.97 .811 

San Fernando, Calif. 1939 .5/26 - 9/9 19., 23.3.5 .827 

San Fernando 1 Calif. 1940 4/1 - 10/31 3'].4 43.73 .855 

Bonnars Forry, Idaho 1940-44 5/4 - 9/19 22.8 27.18 .839 

Scotteblutt, Nebr. 1932-35 5/11 - 9/26 26.7 29.70 .899 

Bozeman, Montana - S/24 - 9/16 18.9 22.60 .836 

Prosser, Washjngton 1940-41 4/28 - 10/14 29.65 35.24 .841 

Logan, Utah 1902-11 5/12 - 10/9 26.9 )1.66 .85o 

Vale, Oregon 1941-42 5/17 - 9/18 24.0 26.82 .895 

Vernal, Utah 1948 S/17 - 10/6 23.6 27.42 .86 

Ferron, Utah 1948 5/9 - 10/6 24.2 28.70 .84 



Table B. -Examples of consumptive use coefficients for native vegetation and evaporation based on measured 
consU!:lptive use and temperature records, and percent of dayUme hours and growing season 

I De!)th Consump- Consump- Cocffi-
to Growing tive use tive use cient Annual 

Location Classification Year water season factor (U) (K) 
I . table - or (F) growing F u K 

' period i I season 
t· e he Inc s 

Carlsbad, Hew U:::xico SJ.lt Cedar 1940 2 .ADril to Sept. 40.72 48.61 1.19 63.75 62.9 0.99 

carlsbad, u .. w l..cxico Salt Cedar 1940 3 April to Sept. 40.72 43.95 1.08 63.75 57.2 .90 

Carlsbad, New l.;exico Sacaton 1940 2 April to Sept. 40.72 37.98 .93 63.75 48.1 .75 

c.:.rlsbad, Nuw 1~exico Sacaton 1940 4 Aprll to :.->ept. 40.72 32.32 .81 63.75 41.4 .65 

San Luis Ruy, Calif. Cotton an:l willows 1940-43 4 April to Sept. 36.27 48.99 1.35 61.38 62.5 1.02 

San Luis r.ey, Cc:lif. Tules 1940-43 Q. April to Sept. 41.89 47.03 1.12 62.16 58.9 .95 

~!ontros e, Color~do y~·ater surface 1939-43 0 Apr. 23 to Oct. 
15 34.93 33.26 .95 52.23 43.7 .84 

I 
~ 

'I 
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Table C -Average monthly evaporation and meteorological data, 

Mean 
Me nth temper-

ature 
f'O 

January 26.8 

February )2.2 

lr.arch .39.5 

April 48.8 

~y 59 • .3 

June 67.1 

July 7.3.1.. 

August 71.0 

September 62.5 

October 50.6 

November )8.2 

December )0.7 

Annual 50.0 

K • U 
F' = 

K = U 
F' = 

Uontrose, Colorado 1939 to 1943 (U,) 

Percent. 
daytime 
hours 

Percent 

6.84 

6.78 

8.)4 

8.92 

9.94 

9.98 

10.1) 

9.49 

8.)8 

7.78 

6.80 

6.62 

100.00 

~ 
52.)) 

~ 
34.9.3 

Eva122ration Ccefficient 
Consumptive Reservoir 
use factor Fan Reservoir evaporation 

(F) (U) (K) 
Inches Inches 

1.8) 1.30 0.86 0.47 

2.18 1.37 .95 .44 

).29 ).)2 2.)9 .7) 

4 • .35 4.95 ).46 .so 

5.89 7.8) 5.64 .96 

6.70 10.29 7.51 1.12 

7.44 10.41 7.60 1.02 

6.74 8.55 6.24 .9) 

5.24 5.64 4.23 .81 

).94 3.53 2.54 .64 

2.60 1.84 1.)8 .5) 

2.03 1.23 .86 .42 

52.23 60.26 4.3.66 0.84 

• 0.84, annual coefficient. 

• 0.95, gr~wing season coefficient. 



No. Station 

1 Chinle 
4 Kayenta 

lJew Lees Ferry 

5 Aspen 
7 Collbran 
8 

1
Cortez 

10 !Crested Butte 
11 ;Delta 
12 jDillon 
13 !Durango 
Hew !Eagle 
15 Fraser 
16 ,Fruita 
17 'Glenwood Springs 
13 ·Grand Junction 
19 ·Gunnison 
20 ;Mayden 
21 1Ignacio 
25 I! l!.ontrose 
27 r:orwood 
28 ·Pagosa ~prings 
29 : Palisad-= 
JO I P.:..onia 
31 Rifle 
32 .Sapincro 
33 stcar..boat. Springs 

Table D. - }.:ean monthly temperatures in degrees Fahrenheit at stations 
in the Upper Colorado River Basin, recorded or estimated 

Jan. 

28.4 
27.9 
35.0 

18.4 
21.8 
26.5 
13.1 
24.6 
13.3 
24.3 
19.5 
11.7 
23.4 
23.9 
25.3 
7.9 

16.9 

1

22.2 
24.6 
22.5 

1 11.s 
26.5 ' 
25.0 i 

22.4 ' 
17.0 I 

I 13.9 , 

from \ieather Bureau records for the period 1914 to 1945. 

I j 
Feb. 1 Mar.: 

34.4 
37.6 
42.8 

I I 

I 41.9 I 

1 i 
! 44. 
152.0 ! 

22.0 l 28.5 ! 
27.6 1 36.1 : 
31.5 t 38.5 ! 
16.5 r 22.7 
32.6 : u.s : 
16.0 21.0 
29.5 I 36.8 
25.1 ' 34.4 
15.2 ; 21.3 i 

32.3 . 42.4 . 
29.2 )8.1 . 
33.9 ; 42.9 
13.9 ! 26.0 
21.4 ; 29.7 . 
28.6 . 36.6 
31.7 
27.7 
22.5 
34.8 
31.7 
30.1 
20.8 
16.6 

! 39.8 
I 35.3 

31.0 
: 43.2 
. )8.6 

33.8 
28.1 
26.2 

J.pr.' 
I j 

May !June , 
' I 

July Aug. 

ARIZOI~A 

49.5 : 58.9 69.0 I 74.6 I 72.6 
51.9: 61.5 70.9 76.3 I 73.5 
60.2: 70.1 79.4 I 86.2 I 83.7 

COLORADOI I 
38.8 46.9 .54.8 60.8 59.5 
45.6' 53.7 :6~.4 68.4 :66.5 
46.1. 55.0 j6~.o 10.1 68.4 
32.8: 43.5 151.9 57.0 55.6 
51.0: 59.9 j68.4 ! 74.5 72.3 
31.7; 41.7 :49.1 ,. 54.8 53.4 
44.5 1 51.9 ;60.1 66.1 65.0 
41.9: 49.1 j56.3 l 63.5 162.6 
32.0 40.9 :49.1 1 54.1 .

1

52.6 
51.4· 60.5 !69.4 1 76.3 74.0 
47.1; 56.2 i63.1; 69.5 68.1 
52.3: 62.2 172.1 i 78.5 175.6 
39.7 48.0 !56.0! 61.8 60.3 
42.0 51.2 j 59.9 I 66.6 i64.9 
44.7 53.0 jl-1.5~ 67.6 166.3 
48o4 57o3 166.5 1 72.2 :69.8 
43.7 52.5 ; 61.7 ' 67.4 165.3 
41.4 48.4 156.7 ; 63.2 ; 61.7 
53.2· 62.4 i 71.8 : 73.0 r75.5 
47.4 56.0 I 64.8 : 11.0 169 .o 
48.5 57.0 : 65.4 ! 72.0 67.6 
3 7.1 1.,6. 0 I 54 o 6 59 • 9 ~~58 • 6 
)3.2 48.2 55.2 61.6 59.4 

i Sept. I Oct. I Nov. Dec. 
1 

i 

64.3 ! 52.3 39.6 ,' 30.1 
66.0 1 54.2 40.7 30.2 I 75.5 I 61.5 46.8 37.0 

. I i 52.8 I 42.6 29.8 
1
22.6 

58.5 47.2 ,35.2 ,24.1 
1 60.1 j 49.9 37.6 

1
2s.1 

. 47.9 : 37.5 25.0 115.3 
; 63.5 5lo5 37o9 r26.7 , 
• 46.8 : 36.3 

1

. 24.0 :15.2 : 
57.8 i 47.5 36.2 :26.3. 

. 55.0 : 44.0 132.2 :20.8 : 
45o9 : 35,6 i 23.0 I 1) o5 ; 

: 64.6 : 51.7 138.2 !26.7: 
60.3 . 49.6 '36.4 26.3 
66. 8 . 54. 3 ·,· l~O. 0 . 2 9 .1 • . I 
52.6 41.7 :27.9 :13.0 ! 

55.9 ; 1.5.8 l31.7 i 20.5 i 

58.8 47.8 i35.8 :26.3 l 
62 o 0 i 50 o Q • 3 7 o 6 126 o 8 I 

58.1 · 47.8 134.9 125.6 ; 
. 54.3 43.5 '31.3 21.6 i 

67.0 ' 54.5 :41.4 j30.6 
60.9 ; 50.6 iJ8.6 127.3 i 

' 60.8 : 49.0 37.1 :26.2 . 
51.7 41.4 29.;3 '19.41 
52.1 41.? ·28.? ;16.9 ' 

~lean 

annual 

51.3 
52.9 
60.9 

39.8 
45.6 
48.1 
34.9 
50.4 
33.6 
45.5 
42.0 
32.9 
50.9 
47.3 
52.8 
3?.4 
42.2 
45.7 
43.9 
45.2 
41.1 
53.2 
48.4 
47.9 
3:3.7 
38.4 

~ 
"" I 



Table D. (cont'd.) - 1.~ean monthly terrperatures in degrees Fahrenheit at stations 
in the Upper Colorado River Basin, recorded or estimated 
from weather Bureau records for the period 1914 to 1945. 

Uo. station 

37 Bloomfield 
41 Dulce 
47 I Shiproclt: 

50 Blanding 
52 Castledale 
53 Duchesne 
54 Emer-J 
55 Escalante 
56 Ft. Vuchesne 
5g Green .niver 
59 Hanksville 

61 I La Sal 
62 Loa 
63 

1

. lianila 
64 J.:oab 
67 1 J.:yton 
68 I Price 
71 ~ Tropic 
72 : Ve:rna1 

' 

74 i Big Piney 
75 ; Dixon 

7 ~ I 
1a 1 
79 I 
81 
C2 

Eden 
Green River 
K .... m:,Jcrcr 
Lym.~n 

Pine:r:!::1c. 

Jan. Feb. r.rar. Apr. 

26.0 
17.8 
28.6 

26.6 
18.5 
15.6 
24.0 
25.5 
13.2 
21.8 
23.9 

l 
24.7 
21.8 
21.3 
29.0 
15.4 
~3.8 
28.2 
16.6 

l 8.8 
1 16.5 
i 9.? 
I 18.3 

17.2 
17.0 
11.7 

)4.1 41.1 
25.7 34.5 
35.4 44.7 

49.6 
43.7 
5).1 

32.5 39.7 47.8 
26.2 36.9 45.3 
23.4 35.3 45.2 
29.0 36.7 44.5 
31.3 38.8 46.2 
20.5 35.3 46.6 
32.6 43.2 53.2 
34.0 44.1 53.2 
29.3 I 35.7 •

1 

45.2 
26.1 )).6 41.9 
25.8 33.6 1 41.6 
36.') ~ h6.? l 55.6 
2l~.!~ I ';,7 .o I h7 .6 
)0.0 39.1 ,. 47.7 
31.2 )3.8 45.9 
2).0 34.9 ! 46.4 

' I 1o.9 I 22.1 · 
21.6 I 29.4 I 

I ! 15.6 '26.7 . 
23.3! )?.2 

I 
1C . /• i 27. 1 
~l.? I 26.9 

i 15.3: 23.0 
1 

36.6 
40.9 
38.4 
42.8 
39.1 
38.1 
35.0 

June 

N'BJ; HEXICO 
58.9 : 63.2 
51.S 160.7 
61.7 i 69.6 

; 

UTJill 
55.9 65.8 
54.3 63.3 
54.0 61.7 
53.1 61.2 
54.4 6).5 
55.1 6).7 
62.9 72.0 
62.3 71.9 
53.9 63.1 
51.2 5? .a 

I ~1.1 59.7 
6~.6 ?2.<3 
57.2 I 65.5 
57.4 66.8 
53.7 I 62.6 
54-5 63.3 

I l."Yo1:n:a 
. 1~4· 5 51.7 
I 50.2 53.2 
I 
• 4o.l 56.9 
1 52.9 bl.7 
! 4:; .1 55.1 
: 49.7 53.7 
! 44.9 5.3.2 

Jul;r Aug. ~ept. Oct. Nov. Lice. 
Li.;;an 

annual 

74.9 
66.6 
76.3 

72.6 ~4.6 52.2 
64.6 ~7-2 45.6 
74.4 p7.0 55.0 

38.9 29.0 50.9 
33.4 21.5 43.6 
41.2 30.2 53.1 

71.9 70.3 
G9.2 67.1 
68,9 66.d 
67.3 65.6 
69.1 67.2 
70.3 68.2 
79.3 76.9 
78.1 74-7 
69.4 67.i3 
66.5 i 6\.0 
67.4 . 64.8 
79.0 I 76.3 
12.2 1 10.4 
73.0 71.2 
68.7 66.5 
69.4 67.1 

59.9 I 
65.4 

i 
64 .o 
69.9 
62.4 
65.3 
60.8 

I 
I 

I 

55.9 
63.3 
61.7 
67.2 
60.6 
62.2 
57.9 

62.1 
5G.3 
57.8 
57.7 
59.2 
59.4 
67.0 
65.5 
15q, 5 
155.0 
56.3 

I 

67.5 
61.5 
62.1 
59.3 
57.7 

i :47.4 
!54.4 
i52.1 

1

57.1 
51.8 

'52.4 
,49.3 

51.1~ 
46.C 
46.5 
47.5 
49.1 
46.7 
53.1 
5J.l 
48.3 
43.8 
46.4 
54.0 
49.4 
51.2 
49.2 
45.6 

37.9 
44.0 

39.1 
J4.9 
32.5 
36.5 
37.5 
32.8 
38.1 
39.4 
36.8 
32.7 
33.5 
41.6 
33.6 
37.2 
3::3.7 
33.9 

29.1 
22.0 
20.6 
26.8 
27.9 
19.4 
27.4 
25.5 
25.3 
22.3 
l<).J 
31.3 
20.9 
26.4 
)0.0 
18.2 

49.4 
45.2 
44.0 
45.8 
47.5 
44.3 
52.3 

1

52.4 
46.6 

1
43.3 
43.5 

1

54.6 
46.2 
'4.3.8 
147.7 
!44·3 

23.0 15.0 34.5 
30.4 19.7 41.2 

I 

41.~ 27.0 112.8 :37.9 
45.) 32.2 .20.9 :43.7 
42.5 28.5 122.1 39.4 
43.1 29.4 22.2 40.7 
39.0. 23.3 114.5 35.7 



Table E. - Jwi.;an monthly preci Jitation, in inches, at stations in the 
Upper Colorado River Basin, recorded or estimated from 
Weather Bureau records,for the ~::e riod 1914 to 1945. 

I I 

pune 
: 

' I 

j Mar. I Apr. !May 
0 

Sept. ; 
l 

Nov.! r;o. Station Jan •. Feb. July 1 Aug. oct. 1 Dec. Total 
I 

I ! j I j I 

I ;· I ARIZONA I 1 I I 0.58 l o.67 :o.60 1.55 : 1.60 
: 

1 i Chinle 0.57 j0.40 :0.38 1.11 : o.86 i o.45 1 o.73 9.50 
0.58 1 0.10 , 0.47 

I 

4 ; Kayenta 0.44 ;0.39 .0.32 1.27 : 1.60 o.8J ; o.11 : o.52 I o.46 8.35 
Hew ! Lees Ferry 0.30 o.57 I o.J6 , o.44 !0· 37 I 0.16 I 0.68 l 1.17 0.52 . 0.54 l 0.43 0.47 6.01 

! I I I 
: COLORADq : I ! 

11.41 5 Asoen 1.96 1.99 1.91 ' 1.89 j 1.64 j 0.96 ! 1.44 ! 1.61 1.63 1.40 l 1.27 19.11 
7 Collbran 1.2:> 1.18 1.54 1.78 1.47 I o. 78 I 1.15 ; 1.59 1.58 1.51 : 1.05 ~ 1.07 15.90 
8 Cortez 0.93 1.23 1.23 1.11 6 I I . 1.47 1.77 1.36 I 0.70 J1.01 13.34 iO. 710.40 : 1.41 I 

10 Crested Butte 2.09 2.11 1.85 1.57 !1.46 1.36. 2.21 I 2.42 ° 2.23 1.12 : 1.2) ; 1.72 21.34 
11 Delta 0.59 0.49 0.56 0.71 10.94 0.44 : o.63 · 1.12 ! 1.03 0.89 : 0.55 I 0.50 8.45 
12 Dillon 1.23 1.45 2.02 2.19 11.64 : 0.99 : 1.80 ! 1.83 ; 1.38 : 1.39 ; 1.03 ! 1.26 18.26 I 

' I ""' 13 Durango 1.61 1.60 ' 1.79 1.59 11.14 ~ 0. 87 . 2. 08 1 2.19 . 2.02 l 1.86 I 1.24 ; 1.71 19.70 VI 

N~w 1 Ea;le 1.27 0.87 : 1.11 1.56 :1.47 10.95 1.21! 1.57 i 1.45 ' 1.27 : 0.74 : 0.97 14.44 
I 

15 I Fraser 1.55 1.75 . 1.87 2.17 ;1.91 ;1.24. 2.11. 1o 75 I 1.29 . 1.35 : 1.12 . 1.29 19.40 
16 Fruita 0.88 0.64 0.89 ; 0.82 :o· 7.3 : o.49 1 o. 74 ; 1.00 ; 1.17 : 0.99 i 0.68 : o. 72 9. 75 
17 Glenwood Springs 1.64 1.77 : 1.69 1.72 ·1.58 · 1.04; 1.48 I 1.83 1.64 1.43 . 1.18 1.32 18.37 
18 Grand Junction 0.62 0.60 : 0.62 . o.so :o.72 0.43 0.75 1.19 ; 1.03 0.86 l 0.57 : 0.68 9.07 
19 Gunnlson 0.84 0.80 0.69 0.70 0.39 ; 0.72 1.60 1.43 0.97 0.70 0.50 ' 0.68 10.52 
20 Hayden 1.24 l.A> 1. 34 . 1.42 0 1.60 ; 1.03 1.25 1.34 : 1.63 1.47 0.89 1.21 15.62 

0.95 :o.9o 1.92 I 
I 1.4) . 16.36 21 0 IGnacio 1.21 1.27 i 1.44 1.27 1.99 11.72 1.01 1.25 

I : 0.79 0.96 0.60 : 0.69 9.76 25 LontrCise 0.55 0.47 . 0.76 1.00 ·1.05 i 0.47 1.31 i 1.11 
27 I ~!or.·.ood 1.10 1.45 : 1.67; 1.82 ;1.26 l 0.83 2.02 2.18 :l.d4 1.50 0.98 1.29 17.92 
2G Pacosa oSprings 2.85 2.51 2.71: 1.73 ;o.94 1.10: 2.13 2.39 I 1.66 2.70 1.16 . 2.29 24.22 
29 Palisade 0.63 0.62 0.87 1.15 :0.91 0.53 0.77 1.08 ; 1.23 1.16 0.72 0.67 10.39 
30 Paonia 1.3? 1.38 1.46 1.73 jl.41 0.73 1.01 1.38 i 1.36 1.57 1.22 1.40 16.04 
31 nifle: 0.91 0.67 ' 0.91. 1.05 !1.03 0.49 I 1.08 1.06 : 1.13 ' 1.14 0.74 i 0.79 11.00 
32 $[.1pinero 2.0S 2.15 2.51 2.28 :1.75 0.96. 1.62 2.17 : 1.75 1.50 1.46 . 1.95 22.13 
3) I .Jtea.:rlbo<Jt Springs 2.31 2.43 2.39 2.27 2.23 1.3C; 1.5c3 1.76 i 1.78 1.99 1.69 2.26 24.07 



I!o. Station 

37 Bloomfield 
41 Dulce 
47 Shiprock 

50 Blanding 
52 j Cast1edale 
53 Duchesne 
54 E'Tlery 
55 Escalante 
56 Ft. Duchesne 
58 Green River 
59 Hanksville 
61 La Sal 
62 loa 
63 lSanila 
64 
67 
6S 
71 
72 

Moab 
ltfton 
Price 
Tropic 
Vt:rna1 

74 Bis Piney 
75 Dixon 
76 DJ(;;n 
73 Grt:L.Il Riv ... r 
7r) Ke:r11r.1cr<..;r 
81 Lym.::.n 
~2 Pir11.:.:.!.U.c 

Table E ( cont 'd.) - Mean monthly precipitation, in inches, at stn.tic,ns in the 
U~per Colorado River Basin, recorded or est~ated from 
\leather Bureau records for the period 1914 to 1945. 

Jan. Feb. 
1 

Mar. Apr. :May June :July Aug.; 
1 

Sept.l
1 

Oct. I !Jov. .iJec. 
! i 

. 0.55 o. 72 
1.40 1.58 
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0.98 0.75 ;0.46 1.15 ! 1.23 · 1.35 1 1.39 0.97 1.40 
0.55 0.53 10.52 10.95 ~ 1.23' 0.95 ; 0.84 0.50 0.62 
o.76 1o.s1 0.70 :1.05 i 1.30 1.07 I 0.95 0.48 0.52 
0.49 0.62 0.46 ;0.95 i 1.16 0.96 I 0.76 0.24 0.45 
0.66 0.56 10.49 1.57 : 2.06 1.38 1.12 0.60 1.01 
0.72 0.70 0.51 0.53 ,. 0.65 ·. 1.01 i 0.83 0.38 I 0.37 
0.54 0.39 0.55 0.60 0.78 I 0.75 l 0.76 0.35 I 0.44 
o.;2 o.;8 0.33 lo.69 , 0.73 0.56 : 0.53 0.24 I o.J8 
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1.81,1.40' 0.57! 1.35 I 0.79 o.so I 1.26 '0.80 ; 0.65 
0.94; 1.21: 1.13 ~ 1.04 0.95. 1.06 1.04; 0.71 ! 0.36 
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Table F. Daytime hours in mean solar time, (Sunrise to Sunse;) wit.~ percentages 'fe-r each 
month of the year for latitudes within the Upper Colorado River Basin1/ . 

: • Latitude in de~ees north of Esuator 
llont.h . 34 3r; 3B 40 42 44 . 

Percent: : Hoqrs :Percent: Hours :Percent: Hours :Pezcer~: gours :Percent: Hours Roti.rs 15ercent 

January 31.5.? 7.10 310.9 6.99 30.5.~ 6.87 300.9 6.?6 29.5.3 6.62 289.4 6.49 

Februa.I7 307.4 6.91 30.5.0 6.86 302.2 6.79 299.? 6-.?3 296.6 6.6.5 293.6 6 • .58 

March 371.4 8.36 3?1.3 8.3..5 .3'11.2 8.34 3?1.0 8.33 370.6 8.31 370.2 8.30 

April 391.4 8.80 393.7 8.85 396.1 8.90 398.6 8.95 401.1 9.oo 404.0 9.0.5 

lla.y 432.1 9.72 436.6 9 .. 81 441.4 9.92 446.2 10.02 451.8 10.14 4.57.7 10.26 

June. 431.3 9.70 43?.2 9.83 443.0 9.95" 448.9 lO.oB 4.55.1 10.21 463.0 10.38 J.. 
July 439.2 9.88 444..-4 9.99 449.8 10.10 4..5.5.2 10.22 461.4 10.3..5 468.2 

1 
10.49 

August 414.,'1 '-3J 4"18.2 9.40 421.7 ,.4? 42.5.1 9.54 428.? 9.62 432.9 9.70 

Septenber 371.4 8..36 372.0 8.36 372.9 8.38 373.5 8.38 374.3 8.40 37.5.0 8.41 

October 3..51.3 '/...90 349.2 ?.8; 34?.3 ?.80 345.2 7.7.5 343.1 ?.?0 340.6 7.63 

November 311.9 ? .. 02 308.o 6.92 303.? .,. 
6.82 299.4 6.?2 294.9 6.62 289.4 6.49 

December 307.8 6..92 302.1 6.?9 296.3 6.66 290.6 6 • .52 284.5 6.38 277.5 6.22 

Total. 444,5.8 100.00 4448.6 100.00 4451 • ..5 100.00 44.54.3 100.00 4457.4 1oo.oo 4461.; 1oo.oo 
1/From "Sunshine Tables" u. s. Weather Bureau Bulletin No. 805, Edition of 190..5. 

For leap7ear·to above percentages add 0.2 percent tor February and 
subtract 0...1 percent from March and from April. 

Total for 
leap :year 44.57.3 4460.0 4469.2 446.5.6 4468.6 4472.7 
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UPPER CCU)RADO RIVER BASIN COlr!PACT 

On October 11, 19481 at Santa Fe, New Mexic"'• following prelim­

inary meetings at other points in the Upper Colorado River Basin, a 

compact among the five states having territory in the Upper Basin was 

executed. These are the four "upper division" States or Colorado, 

New Mexico, Utah, and V~omin~, plus Arizona, which has a small area 

in the Upper Basin, although it is a "lClwer division'' State• 

Article I of the Compact states: 

"(a) The major purposes of this c~mpact are to provide 
for the equitable division and apportionment of the use or 
the waters or the Colorado River System, the use or which 
was app~rtioned in perpetuity to the Upper Basin by the 
Colorado River CompactJ to establish the obligati~ns or 
each State of the Upper Division with respect t~ the 
deliveries or water required to be made at Lee Ferry by 
the Colorado River CompactJ to promote interestate comityJ 
to remove causes of present and future controversiesJ tn 
secure the expeditious agricultural and industrial develop• 
ment or the Upper Basin, the storage of water and to protect 
life and property from floods. 

"(b) It is recognized that the Colorado River Compact is 
in full force and effect and all or the provisions hereof are 
subject theret~." 

Comprising 21 articles in all, the document is written ar~d 

an apportionment made in Article III thereof, as followsa 

"(a) Subject to the provisions and limitations contained in 
the Colorado River Compact and in this Compact, there is here­
by apportioned from the Upper Colorado River System in perpetuity 
to the States of Arizona, Cohro.do, New J~exicn, Utah and Wyoming, 
respectively, the consumptive use of water as follcwsc 

(1) To th~ State of Ariz~no. the consumptive use 
of 501 000 ncre•feet of wnter per annum. 

(2) To the States of Colorado, New Mexico, Utah nnd 
wyoming, respectively, the consumptive use per 
annum or the quantities resulting from the applica­
tion or the following percentages to the tot~l 
quantity Clf CClnsumptive use per annum apportioned 
in perpetuity to nnd nvnilnble for use e~ch ycnr 
ry Uppor Basin under the Colorado River Comp1ct 
and remaining nfter the deduction cf tho us~, 
not to exceed 501 000 nero-feet per nnnum, mnd~ 
in tho Stato of Arizonne 
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State of Colorado ----------------------------- 51.75 p8rcent, 
State of Now Mexic~ --------------------------- 11.25 percent, 
State of Utah --------------------------------- 23.00 percent, 
State of wyoming----------------~---------- 14.00 percent.' 

The Upper C~lorado River Basin Compact was approved by the legis-

lnturcs of oneh of the signatory States and by Congress early in 1949. 


