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INTRODICTION

Kncwledge conceraing the verious pheses of the hydrologie eycle is
incomplete. Consumptivc use of water or zvano-trenspirsticn is cne of the
important elements in tl.is eycle of water mcvenent from the time it falls
on the land &s rain or snow until it recches the oceen. The subject of
consumptive use, which includes eveporation of meisture from lend end
trenspiration by vegetation, is inereasingly siguificant, perticulcrly in
the irrigeted aress of the '‘ect. It involves problems of water supply,
both surface &nd underground, as well es those of the nenegement and
general economics of irrigztion end rultiple-nurncse Hrojects. Date on use
of weter are essential ir plaaning feder:l, state and »rivete irrigation
projects. The consumctbive-use re-uirement for water has become an importent
factor in the arbitrction of controversies over mejor streasm éystems, such
as the Rio Grande ani the Cclerzdo Hiver, where the public welfare of
valleys, cities, stutes, and eve: netions is involved (1) {2). Eefore the
eveilable water rescurces &nd con 2quiteble divisica of tie use of the waters
‘of & drainzge besin ip arid cad semicrid regions can bz satisisctorily
ascerteined, cereful considercticn rust bs ziven to the consumpitive-use
re uirements for weler iz vericus sub-buasias (Z2) (3). _

In waler-suy2ly end irrigeticn investigsticons, engineers ere called
upon to meke, within ¢ limited time, esiimstes of prcbeble pzst, preseut,
znd future evaporation «nd evaro-transpiretion leosses fren arecs ia river
valleys viuen few long-pericd nydrologie records, except climatclogicecl
date, areavailavle (2). The resulis c¢f rescsareu on evavo-trunspiration
provides the practieing enginser iiti basie deta tnd nmethods re7uired to
astimate consumrbive use in utilizeticon cf weter investize-ilons (2). Y
progressive improvement eof nmetuods and repid ecponsion of literature on
the subject somctimes mele it diffieult erd tedious fer the enginezr who
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does not specialize in this field to evaluate the data properly and to se-
lect the methods best suited for solving his particular problem,

The subject of the paper, assisned the writer for this svmposium, is
"definitions, methods and resesreh on zonsumptive use of water”. It is the
parrose of this parsr vo dissuss ihes € tepies brizfiy and to outline a pro-
cedure developed for corputin~ vall:¢ consumntive use from climatoloerical
‘and irrigation data ard eVp"**mLﬁ' 2l mees;rﬂﬂpnts of evapo~transpiration by
agricultural crops snc uabuval or native vegetation.

SFINITIONS AFD SO L -THTURPRITATIONS

Consumptive use (evapo-transriratisn) includes combined loss of water
from soils by evaporat.on ond plont 4ranspiration. The process by which
water vapor escares from the lLivine plant, principally the leaves, and entars
the atmosphere is known as transriratior. Often transpiration is the largest
component. .ocf evapo-transpiration. Dirsct evaroration from moist soil and
water and interception by vegetative cover constitutes the remainder of evapo-
transriration use. & large portion of irrigation water applied to farm crops
is used in evaporation and transpiration. The remuinder is lost by surface
runoff from the flelds and deep jsrcolation below the root zons. Considsred
from a valley-wide standpoint, consumptive use includes all transpiration
and evaporation losses from lands on wnich thure is vegetative grouth of any
kind, whether it be agricultural crops or native plants, plus evaporatlon

rom bare land and from water surfaces (1).

In some instances there has been confusion as to the meanines of
terms employed in rcports on use of water. Such terms as consumptive use,
evapo-transpiration, transpiration, total evaporation, stream-flow depletion,
water recuirements, irrigation reaquirements and duty of water have been in-
terchanged. In this paper tne terms “consumptive use" and ‘vapo-transpir-
ation" are considered synonymous. They are defined as follovs:

"Consumptive us= (evapo-transpiration): The sum of the volumes
of ,water uscd by the vegetative growth of a given area in trans-
piration and building of plant tissue and that evaporated from ad-
jacent soil, snov, or intorcepted precipitation on the area in any
specified time, divided by the given area, If the unit of time is
small, the consumptive use is e¢xpresscd in acre-inches per acre or
derth in inches, vhereas, if the unit of time is large, such as a
crop growing scason or a l2-month period, the consumptive use is
expressed as acre-fcet per acre or depth in feet or inches.™

The writer has uscd the atove-definition in many rcports durineg the
past fiftecn years and has found it satisfactory (1) (2) (3). In 1939 it
was adopted with minor chang:s by thu Commlttea on Irrlpatlon of the Amer-
ican Society of Agricultursl Engingers. This definition is now in general
us2 by cngineers.

Other intorprentions

Although evaporstion and transpiration nav: been studied for more
than 200 years, the tzrm "consumptive use® probably was not aprli:d to wator
consumption prioy to 1%00.
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" Many of the writings concerning the consumptive use of water are in
the form of unpublished engineering reports. The term "consumptive use",
"~ as originally applied to irrigation, was defined as a seasonal loss of water
in acre~feet per acre irrigated. Among the first published writings dealing
directly with the consumptlve vee, a report of a Committee of the American
- Society of Civil Engineers in 1930, entitled "Consumptive Use of Water in
' Irrlgatlon“ (4) is notewvorthy.

The Committee rrorosed w=2rtain definitions for consumptive use of
water in a basic sense, &nd for thz2 farm, the rroject, and the valley. It
-also reviewed previous estimates of consumptive use for large river systems
- and made citations to 2/ articles, published 'and unpublished, dealing vith
net water reouirements and consumptive use. One of the definitions sug-
gested by this committec follows:

"Consumptive Use in a basic Sense: The consumptive use, "U", is
here defined as the quantity of water, in acre-feet per cropred acre
per year, absorbed by a crop and transpired or used directly in the
building of plant tissue, together vith that evaporated from the
crop-producing land." )

- Blaney, Taylor and Young (5) in a report in 1930 on rainfall pene-
tration and consumptive use of water, define consumptive use as "the sum of
water used by the vepgetative growth of a given area in transpiration or
building of plant tissue and that evaporated from the area."

In 1934, the committes on Absorption and Transpiration of the Hy-
drology Section, American Geophysical Union, proposed the following defini-
tion (6):

"Consumptive Use: The -cuantity of vwater per annum used by either
cropped or natural vegetation in transpiration or in the building
of plant-tissue, together with water evaporated from the adjacent
soil, snow, or from interceptad pr601p1tat10n. It is sometimes
termud 'cvapoutransplratlon' "

In 1935, the SpGC1al Committce on Irrigation Hydraulics of the Amer-
ican Society of Civil Enginecrs adopted the following dafinitions (7):

"Consumptive use: The guantity of water transplred and evap-
orated from a cropped area."

"Evapo-transriration: Combined loss of water from soils by
evaporation and plant transriration.™

In soma roports, the torm "total cvaporation" is applied to the com-
bined evaporation and transpiration loss ih drainage hasins., Lee (8) states:

"Total evaporstion is the sum of watar lostfrom a given land
area during any spec¢ific time by tr*nSplratlon from vagetation
and building of plant tissue; by cvaporation from watcr surfaces,
moist soil, and snow; and by interception. The term is applied
primarily to stroam drainage basins for the period of the annual
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climatic cycle or subdivision of that period. Total cvapo-
ration is essentially precipitation upon the drainage basin
minus runoff, corrected for change in storage volume within
the basin and for subsurface leakage. It has been variously
termed 'evaporation,' 'evaporation from land areas,! 'evapo-
transpiration,' 'total loss,' lwater losses,' and 'fly-off.!"

The handbook (9) of the Committee on Hydrology of the Hydraulic
' Division of the American Society of Civil Engineers, published in 1949,
states:

"———the terms 'evapo-transpiration! and 'consumptive use'
have receiveéd general acceptance, these terms denote the
quantity of wat:r transpired by plants during their growth
or retained in the plant tissue, plus the moisture evaporated
from the surface of the soil and the vegetation, expressed in
feet or inches depth of water lost or used in a specified
time,—-" :

The definitions of other t.rms which are sometimes confused vith
consumptive use are as follows:

-Duty of water: The quantity of irrigation water applied to
a given area for the purpose of maturing its crop, expressecd as
acre-feet or acre-inches per acre or as depth in feet or inches.

Irrigation reouirement: The quantity of water, exclusive of
preciptation, that is reocuirced for cror production. It includes
surface evaporation and other economically unavoidable wastes.
Usually exprcssed as depth in inches or fect for a given time.

Stream—flow depletion: The amount of water vhich flows into
a valley, or onto a particular land ar=a, minus the amount which
flows out of the valley or off from the particular land area (;).

Transpiration: The guantity of water absorbed by the crop
and transpired end used dircetly in the building of plant tis-
sue, in a spucified time. It does not includc soil evaporztion.
It is expressed as acre~feet or acro-inches per acre or as
depth in fe=t or inches.,

Later reguirement: The quantity of water, regardless of its
source, reocuired by a crop in a given period of time, for its
normal growth under field conditions. It includes surface

"evaporation and other economically unavoidsble vastes, Usually
expressed as depth in inchus or fect for a given time.

RESZARCH STUDITES

Many factors operate singly or in combinction to influence the
amounts of water consumed by plants. Their effects arc not necessarily
constant but mey fluctuate from year to yezr as well as from place to placaz,
Some involve the humen factor, but othurs are related to nztural influences
and the environment.
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The rate of evapo-transpiration depends on climate, soil-moisture
supply, vegetative cover, soils and land m2nagement. The factors included
in climate that particulerly effect consumptive use are precipitation, tem-
perature, humidity, wind movement, and length of growing season. The quan-
tity of water transpired by plents depends upon the amount of water at their
disposal, as well a2s on temperature and drynass of the sir, wind movement,
the intensity of sunlight, th: s%ag: of the development of the plant, the
amount of its foliage, and the naure of its leaf.

The effect of sunshine and heat in stimulating transpiration was
studied as early as 1691, according to a review of the literature by Abbe
(10). Measurements of transpiration of various kinds of plants by Briggs
and Shantz indicate a close corrclation betwcen transpiration and evaporation
from free-water surfaces, a2ir temperature, solar radiation, and wet-bulb de-
pression readings (11). Scientists have made many other studies of the of-
fects of temperature, moisture, and light on plant growth.

In 1911 Briggs and Shantz of th: Bureauof Plant Industry of the
United States Department of Apriculture made extensive determinations of the
relative water efficiency of plant species grown under arid conditions at
Akron, Colorado (12). The results of th2sc studies indicate that the most
efficient crops, from the standpeint of water utilization, used 250 to 300
pounds of water per pound of dry matter formed, vhile less efficient crops
used as much as 1,000 pounds of wat.r for cach pound of dry matter produced.

Research, studies have been made on evaporation from soil and evapo-
transpiration by federal, statc, 2nd other agencies at various times during
‘the pest fifty years in the United States,

One of the first studics (l}) in California of evapo-transpiration
losses of irrigated crops vas made in 1903 by Irrigation Investigations,
Office of Experiment Stations, United States Depertment of Agriculture. At
various times since that date this agency, now known as the Division éf Irri-
gation and Wwater Conservation of Soil Censcrvetion Servicw, has studied and
mcasured consumptive use by diffarent agricultural crops and natural vege-
tation in many sections of thc West, in cooperation with state agricultural
expariment stations, state engincers, and other zgencies, Usually evapo-
ration, temperature, humidity, preeiritation a2nd wind movement vere recorded
at the same time. Thus, data are aveilable in many arcas for correlating
consumptive use measurements vwith temperature and other climatelogical ob-
servations.

Meteorological conditions influcncirg evaporation from water sur-
faces likewise affect evaporation from soils znd trenspiration from vege-
tation. Both evaporation and tronspiration frecly respond to changes in
temperaturc, wind movenment, and humidity, so that evaporetion from water
mzy, under certain conditions, bz used as 2n index of evapo~transpiration
losses for areas in vhich there is ample voter to teke care of evaporation
and transpiration.

The writer first became intorested in tha correlation of evaporation,
temperature, humidity, and wind movement vith evapo-transpirstion in 1919,
while in charge of re¢suarch studies 2t the Irrigztion Ficld Laboratory of
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the United States Department of Agrisulture, located at Denver, Colorado.
These studies included meteorological observations along with measurements
of evaporation from various sized pans, evaporation from soil tanks, and
consumptive use of water by irrigated orops grown in tanks (14).

The results of these stwdifs ~nd other investigzations in California,
New Mexico, and other areas, “ndicz*: that observed evaporation data may be
used as a means of estimat? Dg evan: wranspiration by vegetation having ac-
cess to an ample water suppiy 2nd vhen the relation of the two is known for
a particuler area (1) (3). As an exemple, for two locations in California,
for tules growing in large tanks within the confines of a swamp area, the
percentage of consumptive use, with reference to evaporation from a nearby
exposed Weather Bureau pan, was 95 percent. The percentage varied from
month to month, increasing during the summer and becoming smaller in the
cooler months, but 95 percent was the average cbtained from a two-year record

From long period records of evaporation, temperature and humidity in
New Mexico and Texas, together with consumptive-use measurements at Carls-
bad, New Mexico, empirical formulae were developed for computing evaporation
and consumptive use where temperature and humidity ere available (3). Con-
sideration of these risults and the factors involved is shown in the follow-
ing expression: u = k t p (1l4-h) = k ¢ where

u = Monthly consumptive use (or
evaporation) in inches 3
k = konthly empirical coefficient
t = Mean monthly temperature, °F
p = bkionthly percent of daytime hours of year
h Average monthly humidity
=tp (114-h) = monthly use index
(climatic factor)

The formula U = K,C = ky ¢y + kg ¢g = annual consumptive use (or
evaporation) in inches, where

Kg = Empirical coefficient for the entire year
C = Use Index for entire year

ky
ks

Empirical ccefficient for winter period

Empirical coefficient for growing seasnn
or frost—free reriod

cw = Use Index for winter scason

cg = Use Index for growing season or frost-
free period

The values of ky and kg may be computed from observed values of con-
sumptive use, temperature, and humidity by the relztion k = % .

"Computed coefficients for winter and summer consumptive use of water
for natural vegetation growing along the Fecos River, based on evapo-
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transpiration, temperature, and humidity measurements at Carlsbad, New
Mexico, for the ycar 1940, are as follews: sacaton, vith water table at
4 feet, ky = 6.0044 and kg = 0.0139; sacaton, with water table at 2 feet,

. kw = 0,0063 and kg = 0.0154; and salt cedar (tamarisk), with water table
at 2 feet, ky = 0.0075 and kg = 0.0216. From observed data in New Maxinn,
the summer seasonal coefficient for zlfalfa growing in areas of high water
table was computed to be kg = 0.03.70, The computed annual coefficient K
for lake-surface cvaporation is 0 C144.

Figure 1 shovs the obssrved and calculated use of water curves for
Weather Bureau psn, sacaton tank and bare soil tank, Carlsbad, New Mexico,
1940.

* An example of results of research studies.of the transpiration use
by orange trees in Los Angecles County, California, is shown in table 1.
Figure 2 illustrates the diffcrence between evapcration from a lake surface
and the use of water by alfalfa and citrus trees in San Fernando Valley,
California (15).

‘Table l.— Use of water]by orange trees, San Fernando Valley,
Los Angelcs, California, Season 1940 (15).

Transpiration use, acre-inches per acre

Perioed H Plot A : Plot B
: : Per : : Per
: Period : 30 days : Period : 30 days
Jan, 1 - Feb. 8 1.50 1.15 1.00 77
Feb, 9 =~ Mar, 1 1.65 2.46 L4 0 1.4
Mar. 2 - Apr. 1 2.37 2.37 1.29 1.29
Apr. 2 - Apr. 25 3.27 4.26 1.33 1.73
Apr. 26 - May 9 2.38 5.08 1.14 2.43
May 10 — June 3 . 2.75 3.46 1.57 1.9A
June 4 —"June 21 - 3.03 5.07 1.73 2.88
* June 22 — June 27 ‘ 1.27 6.37 A 2.10
June 28 - July 14 2.08 3.70 1.A1 2.84
July 15 - -Aug., 10 ‘ 1.83 2.04 ' 2.58 2.88
Aug. 11 — Aug. 28 2.53 L.26 1.72 2.83 -
Aug. 29 - Sept. 23 3.49 4.03 2.08 2.4
Sept.24 — Oct. 25 . 3.2 3.13 2.93 2.82
Oct. 26 — Dec. 31 3.64 — 2.99 —
Total to date 35.00 —_ 23.30 —_

Plot A — All year cover crop of Italian rye grass.
Plot B — %inter cover crop of Meliloffus alba, Clean cultivated during summer,

The results of some measurements by various investigators of con-
sumptive use by agricultural crors and natural vegstation are shown in
tables 2 and 3.respectively.
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Teble 2.- Seascenel comsumptive use ¢f vater by werious irrigeted
crops &s deterrinasd by ficld experiments in several
viestern states.

: : ¢ Con- :
Locetion and-Crep : Year : Crowing ssumptive: Authority
: ¢ seasun or ¢ use of
: . _period veter
Inches
IFiLFA
Bonners Ferry, Idsho 1940-47 5/5 - 9/25 24,0 Marr and Criddle
Carlsbad, ifev kex. 1240 4/18-11/10 38,6 Bleney
Devis, Celifornia 1939 4/1 - 9/30 30.4 Veihmeyer
Fort Stockton,Texas - 1940 4/13-11/11 - 40.5 Eleney &nd Bloodgood
Logzn, Utah 1902-29 5/7 -10/11  25.0 Pittmen ¢nd Steward
Sen Fernando, Celif. -1940 4/1 -10/31 37.4 Bleney end Stockwrell
CORI
Davis, Califcraia -- 6/1 - 9/30 12,0 Velhmeyer
Logen, Utch 1902-2% 6/1 ~ 3/30 25,0 Pittman &nd Stewart
Vernzl, Uteh 1948 6/10~ 9/20 19.4 Criddle end Peterson
COTToM .

_ Rekersfield, Celif, 1927-30 4/1 -10/31 29.2 Beckett and Dunshee
Fort Stockton, Texas 1940 4/13-11/11 28,9 Blancy and Bloodgood
Los Banes, Calif.- 1932 5/1 «11/30 25,5 .dems and Vellreyer
llesa, .rizone 1535 4/1 -10/31  30.9- Tmrris and lawkins

S1I GR.IR , -
Bonners Ferry, Ideho 1930-47 5/5 - 8/5 17.5 iierr and Criddle.
Logan, Utah. 19092-29 5/10- 8/10 17.5 Pittmen and Stewart

Szn Luis Valley, Colc.1936 6/1 - 8/31  14.05 Blaney
Scottsbluff, YMebr.  1932-33 4/20- 7/25  14.72 Bowen

ORCEARD-ORAMGES , :

~ Azusa, Californie 1929 4/1 -10/31 21,8 Blaney end Teylor
Liese, Arizona 1931-34 3/1 -10/3). 32,4 THerris and Xinnison
Tustin, Califeraia 1929 4/1 -10/31 20,9 Beckett and Pillsbury

CRCEARD-TALVUTS
Tustin, California 1928 4/1 - 9/30  26.30 Beckett
Tustin, Celifornia 1929 4/1 - 9/30 27.43 Beckett

CRCEARD-DECIDUOUS ‘
nlbucuerque, i'ew liex. 1936 5/1 - 9/31 19,5 DBleney
Davis, California - 2/1 =11/30 26,4 Veihmeyer
“enatehee, "ash. 1908 4/15-10/22 23,0 Fortier -
ontario, California 1928 4/1 - 9/30 28.4 Blaney and Teylor
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Table 2.~ Seasonsl consumpitive use of water by various irrigated
erops a5 determined by field exderirents in several

western siabes. (Contid.)
: : i Coms- :
Locetion end Crop : Year ;o Coualng cswntive: Authority
PO LTOES
Benners Terry, Idaho 1947  5/8 - /27 22.95 larr and Criddle
Logsn, Utab 1902-2¢ 5/20— 9/15 15,0 Fittman and Stewart
Cnterio, Gragen 16541-42 4/20- §/31 17.5 Sanford =nd ¢riddle
Sar Luis V:lley,Colo. 1936 6/1 - 5/3C 1¢.89  Blaney
SUGAR BINTS
Devig, Colifornie -- 471 ~ 2/30 25,20  Vellmeyer
Le an, Ubel 1900-27 4 15=18/15 25,0 Fittanen and Stewart
Scottshiufi, Lisbr, 193%2-30  4/20-13/15 24,3 Borren
TOLATCES :
tevie, Californis 1937=-35 6/1 -10/31 22.% Vellhmeyar
tercedes, Teies 1918-20 3725~ 5750 17.0 Roclarell
RCH

1.4 3tout
4,6 gtout

Stockten, Celifirnia 1

¢ 5/1 - 9/30 2
Stockton, Californmic 19 2

~0
-28  4/1 -10/31




Table 3.- #nnual or seasonal consummtive use of water as determined bw tanks and soil
moisture studies in vallev areas of several western states.
Tyne of : : Denth to ¢ . : Nymber! Con- ¢
vegetation Locality :  water ¢ Period t  of : sumptive: Authority
: t _table ! Feom Tq ‘monthe L _USE _ ¢
Incheg Inches
Native orass '
San Bernardino, Calif, 1/ Oct. 1922 Sept. 1929 12 10.0 Blaney and Taylor (5)
Ontario, Calif. 1/  Oct. 1927 Sept. 1928 12 13.4 Blaney and Taylor (5)
Anaheim, Calif. 1/ Oct. 1927 Sept. 1928 12 12.6 Blaney and Taylor (5)
Cucamonga, Calif. x/ Oct, 1929 Sept. 19730 12 15.0 Blaney and Taylor (5)
Native brush ' '
San Bernardino, Calif. 1/ QOct. 1927 Sept. 1930 12 21.6 Blaney amd Taylor (5)
‘Muscoy, Calif. 1/ Oct., 1927 -3ept, 1928 12 7.7 EBlacey znd Taylor (5)
Palmer Canyon, Calif. 1/  Oct. 1929 . Sept. 1930 12 19.6 Blaney and Taylor (5)
Salt grass
. Owens Valley, Calif. 18  Jan. 1911 Dee. 1911 12 48,8 Lee (8)
Owens Valley, Cslif. 35 Jan. 1911 Dec, 1911 12 40.2 1Iee (8)
Owens Valley, Calif, 59  Jan. 1911 Dee. 1911 12 13.4 Llee (8)
Santa Ana, Yalif, 12 Yay 1931 ipr. 1932 12 42,8 PBlaney and Taylor (16)
Santa Ana, Calif. 24,  M¥ay 1931  aApr. 1932 12 35.3 Blaney and ‘aylor (16)
Santa ana, Calif. 36 June 1931 4pr. 1932 11 23.8 Blaney and taylor (16)
Santa Ana, Calif. 48  May 1931 Apr. 1932 12 13.4 Blan¢y and ‘ayior (18)
San' Luis Valley, Colo. 14  Apr, 1928 Oct. 1928 7 17.8 Tipton and Hart (1)
San Luis Valley, Colo, I Apr. 1928 Oct. 1928 7 15.6 Tipton and Hart (1)
los Griegos, New Mex, 14 Oct. 1926 Sept.1927 1 33.2 Elder (1)
los Griegos, New ikx. 20  Oct. 1927 Sept.1923 12 22,7 Elder (1) (1)
lcta, Ne: . June ] ey 1 - 1, forin (1
égsilié nglg§f New iex. 12 July l%gg gﬁﬂé 13%; ig %9.3 g%igzg ?i? orin A=
dscalante Valley, Utah 23 Kay 1927 Oct., 1927 6 22.6 Vhite (17)
Escalante Valley, Utah 26 May 1927 Oct. 1927 6 17.9 ‘Vhite (17)

~0T~



Tabie 3.- Annual or seasonal consumptive use of water as determined by tanks and soil
moisture studies in velley areas of several western states (Cont'd.)

Type of : : Denth to : Period ¥ RNumber: Con- ¢
veget:tion : Locality : water : of :sumptive Authority
: : : table : From To ¢ months : use
Inches Inches
Trces ———— . SHChesS
Cottonwood,) :
villcws end)  San Lois Rey,Calif. 48 Apr. 1941 Mar. 1943 12 62.5 Huckel end Blaney
griss ) Safford Valley, #riz. 8L, Oct. 1943 Sept.1944 12 91.7 Gatewood and Robinson(l8)
Tumarisk Safford v=lley, Ariz. 83.6 oOct, 1943 .Scpt.l94k 12 87.8 Gztewood and Robinson(18)
Twmarisk - Safford Villey, #riz. 24 May 1940 Dee. 1940 8 61.1 Turver snd Halpenny
Tamarisk Safford Vallcy, ~risz. L8 ¥er 1940 Dec. 1940 8 57.9 Tuiner and Holpenny
Tamarisk Carlsbad, Mew llex, 36 Jan, 1940  Deec. 1940 12 57.3 BYrawy end Yorin (3)
Mesquite Safford Vailey, #riz. 120 Oct. 1943  Secpt.iS44 12 32.5 Getwaood nd Robinson(is_)
kiscellancous . _ |
Bacchoris Sofford Velley, #riz. 24 May 1940 Dec. 1940 8 52.0 Turnce 2nd Helpenny -
Brecharis Safford y2lley, Ariz. 48 Moy 1940  Dee., 1940 8 39.7 Turner and Halpenny 1
Bacchiaris Safford Velley, Ariz. 72 Oct. 1943 Sent. 1944 12 54.2 Gztewood &nd H-obinson(l_ﬁ}_)
Gresse wood  Bscalante Valley, Utsh 26 ey 1927 Oct. 19527 6 25.2  Uhite (17)
Mcodow srass  Son Luig velley, Colo. 'O June 1936  Nov. 1936 6 36.3 .Blangy end Yorin (3)
Sacaton Curlsbad, Nuw lex. 36 Jan., 1940 Dec. 1940 12 L1,.8 Blzney and Morin (3)
Bermud~ xrass San Burnarcdino, Coiif. 24 May 1929  Apr. 1931 12 3.4 Blaney and Young (16)
Scdgzoe oross Fort Collins, Colo. 6 May 1930 Oct. 1930 6 60.2 Parshall (19)
Sedge grass Fort Collins, Yolo. 18 May 1930 Oet. 1930 6 53.6 Parshall (19)
Sedge grass Isleta, New uex. 3 Junc 1936 Mey 1937 12 76.9 Blaney and torin (1)
Viire rush Santz Zna, Y-~lif. I fug, 1930 July 1931 12 78.9 Blency end Young (16)
Rushes Fort Collins, “olo. - July 1931 Qct. 1931 L 52.6 Parshall (19)
Tules Victorville, Culif. 0  Jen, 1931  Dec. 1932 12 78.5,  Blaney and lcylor (16)
Tules Scn Luis valley, Colo. 0 June 1936 Nov. 1936 6 38.8  Blaney (1)

_.’_L/ Determined by soil samplinz. No hizh water table.
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METHODS OF DETERMINING WATER USE

Scientists have tried various ways to determine the amount of water
transpired by plants (8). One of the earliest methods consists of weighin
freshly cut leaves, twigs, or stalks of pgrowing plants immediately after cu
ting and at short intervals thereafter, during a period of hours or days,
or until wilting commences. Liperisznters heve grown thousands of individ-
ual plants in small pots. weipndng tnem periodicaliy to determine the
transpiration or evapo--tiranspirziion losses. wost of these methods are
artificial, and it is guestionable vhether the results can be extended to
field conditions.

Various methods have been used by enpincers to determine consump-
tive use by agricultural crops and naturcl vegetation under field condi-
tions (20). Repgardless of the method, the problems encountered are numer-
ous. The source of water used by plant life, whethor from precipitation
alone, irrigrtion plus rainfall, or ground water plus precipitction, is a
factor in selecting a method. Those most widely used in engineering in-
vestig:tions zre: (a) soil-moisture studies on plots, (b} tank or lysimeter
experiments, (¢) ground-vater fluctuations, (d) inflow-outflow measurements
(e) integration, (f) effective heat, (g) correlation of water use, climato-
logical and other data, and (h) analysis of irrig.tion and precipitetion
records. :

Soil-moisture Studics on Flots

This method is usuclly employed for irrigated field plots where the
soil is fairly uniform and the depth to ground vater is such that it will
not influence the soil-moisture fluctuations within the root zone. Soil
samples are taken by means of a stendard soil tube before and after cach
irrigation, with some samplzs betwecen irrigrtions in 6-~inch sections for
the first foot. and thereafter in one-foot scctions in the major root zone.
Usually a great number of soil samples must be taken.

Standard laboratory practices ¢re used in determining the moisture
content of the soil samples. the samples are weighed and driéd in an
electric oven at 110° C. and the dry veights determined. The water content
of a sample is expressed as percentage of the oven-dry weight of the soil.
From the moisture percentage thus obtezined, the auantity of water in acre-
inches per acre (inches) removad by evaporation angvgranspiration from each
foot of soil is computed by using the formula D = o0 where P represents
the moisture percentage by weight, V the apparent specific gravity (or
volume weight) of the soil, d the depth of scil in inches, and D the equiv-—
alent depth of water lost by the soil in inches (acre-inches per acre),

The total number of zcre-inches of water extracted by evapo-
transpiration from the soil is computed for each period and later reduced
to.ecuivalent losses in acre-inches or inches for a thirty-day period.

The thirty—-day period losses may then be plotted and a use~of-water curve
for the season obtained. The average use of water for each month is taken
direct from the curve. (See figure 1).
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In 1925 this method was improved by Backett and Blaney, and it is
described in detail in a report on irrigation water requirement studies
in San Diego County, California (21). Leter the method was used to measure
monthly use of water by a2lfalfa, cctton and other crops by Blaney (5),
Harris (22), and other investigztors. Examples of monthly consumptive use
of water determination made by this method are shcwn in table 4 for several
Crops.

Table 4.- Monthly consﬁnptive use by orange trees, peach trees,
alfalfa, coti.n, beets, and potatoes, as determined
by soil moisture studies.

Consumntive usa of vater,in inches
Peaches : Alfalfa Cotton Beets : Potatoes

Month  : Oranges

1 2/ 1y 3 u/ 5/: 3/
April 2.2 1.0 3.3 - 0.8 1l.1
lay 2.2 3.5 6.7 4.0 1.1 2.2 1.9
June 3.1 6.7 5.4 7.0 3.3 3.6 3.3 —
July 3.4 8.0 7.8 7.1 5.6 6.0 5.2 3.4
August 3.7 6.5 4.2 6.4 7.7 8.8 6.9 5.8
September 3.1 2.7 5.6 - 6.4 7.2 5.8 Lok
October 2.9 1.4 L4 3.6 2.9 1.1

Total

for Season 20.6 29.8 37.4 — 28.5 31.8 24.2 —
1/ Los Angeles, Calif. (15); 2/ Ontario, Calif. (5); 3/ Scottsbluff, Neb.;

4/ Bakersfield, Calif.; Lesa, Ariz. (22).

Tank and Lysimeter Exreriments

One of the more common methods of determining use of water by in-
dividual agricultural crops and natural vegetation is to grow the plants in
tanks or lysimeters and measure the guantity of water necessery to maintain
the growth setisfactorily. Tanks as large as 10 feet in diameter and 10
feet deep have been tried. However, in most consumptive-use studies, the
tanks are about two ts three feet in diameter and six feet deep (5) (19).

The practicability of determining consumptive use by means of tanks
or lysimetars is dependent on reproduction of natural conditions. In addi-
tion to environment, artificial conditions are caused by the limitations of
soil, size of tank, or regulation of water supply.

Veighing is the precise mcans of determining the consumptive use
from tanks. This method was used by the Division of Irrigetion, United
States Department of Agriculture as early as 1903 in cooperation with the
University of California (13). However, conditions and facilities will net
always permit the weighing of tanks.

Tanks should be placed in surroundings of naturzl growth of the same
species — that is, in their natural environment — so that consumptive use
of water will presumzbly be the same as for similar growth outside the tank.



14—

It has been found that all tank vegztation must be protected from the
elements by surrounding growth of the samc species.

Soil tanks ecuipped with liarictte supply tanks have been used
successfully in evapo-trenspiresticn measurcments from water tables at var—
.ious depths. - This eouipment waz recommended by the National Resources
Committee. Tanks best adapted are tl.e double type with an annular space
between the irner and outer shielis {%).

The Mariotte supply system Zfixnishnad weter as nceded to maintain a
fixed water level in the annular space in the soil tank.. The amount of
water withdrawn is determined by differences in daily or weekly rcadings of
the glass gage attached to the supply tank (5) (19).

. Lee employed tanks to measurce .the use of watef by natural vegetation
in Owens Valley, California, in 1911 (8). Since 1919 the writer has em—
ployed this method in California, Colorado, and New Mexico (1) (3) (5).

Ground—water Fluctuations

Evapo-transpiration losses are indicated by daily rise and fall of
the water table. Diurnal measurements of ground-water table fluctuations
provide a basis for computing consumptive use of water by overlying vege—
tation. It has been successfully used by the U, S, Geological Survey in
Escalante Valley, Utah; Santa Ana Valley, California; Gila Valley, Arizona,
and other areas (17)(16) (18). The procedure is to install observation
wells eouipped with water—stage registers at representative locations in
the area under consideration and obtain graphie records of the ground-water
fluctuations. The specific yield of the soil is determined by standard
methods. The diurnal cycle, as indicated by the ground-water table, repre~
sents a curve showing the relation of consumptive use to ground-water dis-
charge or recharge. White (17), in his report on Escalante Valley, Utah,
described briefly the method of determining the ground water discharged by
plants as follows: ‘

", + « The records obteined from observation wells show that
during the growing season there is a marked daily fluctuation
of the water table nearly everywhere in the fields of ground-
water plants. ..: The maximum daily drawdown observed during
the investigation amounted to about 12 inches in greasewood and
shad scale, 2% inches in alfalfe, 3-3/4 inches in salt grass,
and 43 inches in sedges and associated marsh grasses. The
fluctuations do not occur in plowed fieclds, cleared lands,
tracts of sagebrush, and tracts where the water table is far be-
low the surface. In general they begin with the appearance of
foliage in the spring and cease aftzar killing frosts., They
cease or are materially reduced after the plants are cut., The
water table rises sharply almost immediately after a rain in
fields of ground-water plants during the growing season, even
though the rain is light and affords no ground-water recharge.
There is little or no rise of the water toble after rains in
clear lands at any time or in fields of ground-water plants

- when plant life is dormant. '
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" . . .Cylinders were driven near nbservation wells so as
to inclose columns of undisturbed soil in the zone in which
the fluctuations take place, and the rise and fall of the
water table in the inclosed columns after the addition or

subtraction of measured amounts of water were carefully noted.
From these experiments thc specific yield of the soils was -
determined., The amcunt of g;oxrd water discharged dall!

the plants was then compu+nd by the formula q = y (2r & s{

in which q is the depth uf grcond water withdrawn, in inches,
¥ is the specific yield of the soil in which the daily fluc-~
tuation of the water table takes place, r is the hourly rate
of rise cf the water table, in inches, from midnight to 4 a.m.,
(when it was determined that transpiration and evaporation were
practically nil) and s is the net fall or rise of the water
during the 24-hour period in inches. In field experiments the
gquantities on the right-hand side of the formula except the
specific yield can be readily determined from the automatic
records of water-table fluctuations . . . .U

ITnflow—-OQutflecw Measurementg

_ Consumptive use of water by cottonwnods, villows, tules, and other
_riparian vegetation common to small strcams may be determined by measuring

the inflow to and the outflow from a sclected area by means of flow re-
corders located on bed-rock controls (5) (16).

In the Upper Rio Grande (1), the Fecos River (3), and other (23)
investigations, engineers have used the inflow-outflow method to determine
the valley consumptive use in irrigeted vall-eys containing as much as
400,000 acres,

In the Upper Rio Grande investigation the inflow-outflow method was
considered to be the measurement of the amount of water flowing into and
out of a given area, including preciritation, and change in ground-water
storage. Thus, valley consumptive use {U) is eoual to the amount of water
that flows into the valley during a 12-month year (I), plus the yearly pre-
cipitation on the valley floor (P), plus the water in ground storage at the
beginning of the year (Gg), minus the amount of watcr in ground storapgc at
the end of the year (Gy), minus the yearly outflow (0); all amounts measured’
in acre-feet., This relatlon may be exprsssed by the equation U= (I + P) +
(Gg — Gg) — 0. The difference betwcen the storage of capillary water at the
beginning ¢f the year and at the end of the year is considered negligible,
It is also assumed that stream measurements are made on bed-rock controls
and that there is no sub--surface flow or that it is relatively small. The
quantity (Gg — G.) is considered as a unit so thet absolute evaluation of
either Gg or G, 1s unnecessary ~— the difference only being needed. This is
the product of the difference in the average depth of water table in January
of onc year to January of the follawing yeer, mcasured in feet and multiplied
by thce specific yield of the soil and area of the vallcy floor. The quantity
P is obtained by multiplying the average annual precipitation in feet by the
area of the valley floor in acres. The unit consumptive use of the entire
- valley in acre—feet per acre is obtained by dividing the toual consumptive
use by the area of the valley floor. Results of inflow—outflew measurcment
in seperal areas are given in table 5, :



~16-

Table 5.- Z=Zxamples of valléy consumptive us: of water
determinetions by inflow-outflow mcthod.

: Annual :
Area :_consumptive use Authority
:__Total :iverage:

Location Year

a4 aw AB
e an 48

Acres Acre~feet Feet

San Luis Valley,Colo. 1925-33 4NC,000 664,900 1.66 Blaney-Rohwer (1)
San Luis Valley,Colo. 1936 400,000 685,423 1.71 Blanay-Rohwer (1)
San Luis Valley,Colo. 1930-32 17,300 26,215 1.52 Tipton-Hart (1)
Isleta-Belen,N.kiex.- 1636 17,500 38,700 2.28 Blangy-Merin (1)
Lesilla Valley, N.hex. 1519-35 109,000 297,756 2.73 Blaney-Israelsen (1)
kesille Valley, N.lex. 1936 110,418 303,683 2.75 Blancy-Israelsen (1)

Carlsbad, N. Mex. 1921-39 51,700 129,752 2.51 Blaney—lbrin-Crid?li

3
Carlsbad, N. Liex. 1940 51,700 119,898 2.33 Blaney—Mbrin—Crid?l?
Kev Fork, Wyo. 1939-40 . 25,000 —_— 1,59 Lowry-Johnson (2}%
liichigan-I1linois-Colo.1938-40 43,000 - 1.50 Lowry-Johnson (23

Uncompahgre, Colo. 1938-40 . 137,700 _— 2,28 Lowry-Johnson (23)

Integration Method

Briefly stated, the integration sethod is the summation of the pro-
ducts of consumptive use for'euach crop times its area, plus the consumptive
use of natural veget-tion tim:s its area, plus water surface evaporation
times water surface area, plus evaroration from hare land times its area.
This method was used in the Uprer Rio Grande Pasin (1) and the Pecos River
(3) investigation to determine valley consumptive use.

Before the integration method can be successfully used, it is
necessary to know unit evapo-transpiration or consumptive use of water and
the areas.of various classes of agricultural crops, natural vegetation, bare
land, and water surfaces. Unit values of the evepo-trenspiration can be ob-
tained by soil-moisture, tank, or some of the other methods previously de-
scribed. By using aerial maps and field surveys, the areas of the various
types of vegetative cover and of the land and water surfaces can be deter-
mined, and the valley consumptive use computed (1) (3).

iffective Heat

kany formulas have been doveloped in the past for determining
evaporation from meteoroclogical observations. Formulas for estimating
consumptive use are not so pumerous. A few methods for determining con-
sumptive use, based on climatic factors, have been suggested and have been
found to give reasonable results. For many years irrigation engineers have
used temperature data in estimating valley consumptive use of water in areas
of the V:est (4). Hedke doveloped the effective heat method on the Rio Grande
(4). By this method consumptive use is estimated from a study of the heat
units available to the crops of a particular valley. It assumes that there
is a linear relation between the amount of water consumed and the quantity
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of available heat. From studies of the United Stotes Bureau of Reclamation,
Lowry and Johnson (23) in 1941 dUVLloped a somevhat similar mcthod, which

- has been employed by the Bureau in makihg its estimates of consumptive use.
This method assumes 2 linear relation hztwz2en consumptive use and accumu-
lated daily maximum temperaturis zbove 32° Fahrenheit during the growing
season.

In 1940 in conriection with the Pecos River Joint Investigation (j),
Blaney and korin of the Soil Joagnivation Service develored a method of
estimating consumptive use by neatural ground-water vegetation end by irri-
gated crops having access to an ampl: water supply, by correlating the re-
iationship between evapo-transpiration, evaporztion, temperature, percent
of daytime hours, length of growing season ond humidity (24). In 1945 this
method was ,nodifizd so that estimates of consumptive use may be made for
arvas where hamidity records arc not availabls (25). This method has been
used by the Soil Cons:rvation Serviece and other agencies in estlmating
rates of- water consumption in meny areas.

e b a5 n

Actual measurements of consumptive use under each of the various
physical and :elimctical conditions of r~ny large area are expensive and
" time consuming. Therefore, s~ne rzpid method of transferring the results
of careful measurements made in sevaral arezs to other areas of similar con-
ditions is needed. Sevaral yvears c¢go the Soil Conservation Service de-
veloped such a method to estimate rates of water consumption (26) (27).
Briefly, the procedure is to correlate existing consumptive-use data with
monthly temperature, percent of daytime hours, precipitation, frost-free
(growing) period, or irrigation season. -The coafficients so developed for
different crops are.used to translocate or transpose consumptive-use data
from one section to other areas where only climatological date are available.

Although it is recognized that consumptive use of water is affected
by numerous independent and related variables, records of temperatures and
rrecipitation are by far the most universally available throughout the
V.estern States. Research studies indicate that of 211 the climatic factors,
these elements, together with daylight, undoubtedly have the greatest in-
fluence on rlant growth.

Disregarding the unmeasured factors, consumptive use varies vith
"the temperature and the daytime hours, and with available moisture (pre-
cipitation, irrigation and/or ground water). By multiplying the mean
- monthly temperature (t) by the monthly percent of daytime hours of the year
(p), there is obtained a monthly consumptive use factor (f). Then it is
assumed that the consumptlve use varies directly as this factor when an
ample water supply is available, =Zxgpressed mathematlcally, U= KF = sum
of kf where .

U = Consumptive use of crop (or eveporation) in inches for any period.
F = Sum of the monthly consumptive use factors for the period
(sum of the products of mean monthly temperature and monthly
percent of annual daytime hours)
K = Empirical consumptive use coefficient (1rr1gat10n season or

growing period),
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konthly consumptive use coefficient.
kf = monthly consuaptive use in inches.

t = lean monthly temperature in degrees Fanhrenheit.
p = kionthly percent of daytime hours of the year.
f =1 x p= monthly consumptive use factor.
100
k
u

The consumptive-use factor (F) for any period may be computed for
areas where monthly tcmperatvre racords are available. Then by knowing the
consumptive use coefficient (K) fur a particular crop in some locality, an
estimate of the use by the same cror in some other area may be made by
application of the formula U = KF.

The consumptive-use coefficients (K) for the more important irri-
gated crops grown under norm2l conditions in the West and natural vegetation
are shown in table 6. These coefficients were developed from actual measure-
ments of consumptive use in tank and soil moisture field studies and inflow-
outflow measurements made throughout the Viest over a period of years by the
Division of Irrigation and Viater Conservation and other agencies. These
coefficients are based on the assumption that the plants or trees receive a
full water supply throughout the groving sesson or frost-free period,

Figure 3 shows the relation of consumptive use (U), consumptive use factor
(F), and coefficient (K) for various kinds of natural vegetation and agri-
cultural crops in the Viest. lonthly percent of annual daytime hours
compyted from Sunshine tables (28) are shown in table 7 and figure 4.

Table 6.- Tentative normal consumptive-use coefficients for
the more important irrigated crops and natural
vegetation of the Vest

: Length of s ,
Crop : growing season @ Consumptive use
: : or period : coefficient (K)

Irrigated Land

Alfalfa : Frost-free 0.85

Beans 3 months .65

Corn 4 months 75
Cotton 7 months .62
Citrus orchard 7 months 55
Deciduous orchard Frost-free .65
Pasture, grass Frost~free .75
Potatoes 3 months + 70

Small grains 3 months .75
Sorghum 5 months . .70

Sugar beets 5% months .70
Natural Vegetation l/ ‘ :

Very dense Frost-free 1.3C

Dense Frost—free : 1,20
Medium Frost-free 1,00

Light Frost—free : .80

1/ Ample moisture available from ground water or water table.
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Table 7.- lonthly percent of daytime hours of the year for latitudes 2h to 50 degrees north of

the equator, (28) 1/

Month @ Latitudes in desrees rmorth of equator

: 2 26 28 30 32 34 36 38 40° 4,2 L 46 L8 50

Percg:nt Percent, Percs_ant} Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Pere, -
January 7.58 7.49 7.40  7.20 7.20 7.10°  6.99 6.87 6.76 6.62 6.&9. 6.33 6.17 5.98
Pebrury 7.17 7.2 7.07 .03 6.97 691  6.86 679 673 665 658 6.50 6,42 6.32
March  8.40  8.40  8.39 8.3 837 8.3 8.3 8.3, 8.33 831 8.30  8.29  8.27 8.25
April 8.60 8.6, 8.68 8.72 8.75 8.80 8.5 8,90 8.95 9,00 9.05  9.12 s9.13 9.25
May 9.30  9.38  9.46  9.53  9.63  9.72  9.81  9.92 10,02 10,14 10.26 10.39 10.53 10.69
June 9.20 9,30 9.38  9.49  9.60  9.70 9.83  9.95 10,08 10.21 10.38 10.54 10.71 10.93 &;
July 9.41  9.49  9.58  9.67  9.77 9.88  9.99 10.10 10.22 10.35 10.49 10.64 10.80 10.99 !
fugust 9.05  9.10 9.16- 9,22 9.28 9.33 9.0  9.47 954 9.62  9.70 7 9.79  9.89 10,00
September 8.31 8,31  8.32 8.3k 8.3h4 8.36 8,36 8.3 8.33 8.40 8.4  3.42  8.447 8.4
October  8.09  8.06  8.02 7.99 7.93 7.90 7.85 7.80 7.75 7.70  7.63  7.58  7.51  7.43
November 7.43  7.36 7.27 7.19 7.11  7.02 6.92 6.82  6.72  6.62 649 6,36 6.22 6.07
December 7.46  7.35  7.27 7.4  7.05  6.92  6.79 6.6 _6.52 6,38 6,22 6.0, 5.86 5.65
Total  100.00 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 _

1/ Comouted from "Sunshine Tables", U. S. Weather Surcau Bulletin No. 805, Edition of 1905.
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Examples of rates of consumptive use in the Upper Colorado River
Basin (2) computed by the above method 2re shown in table 8.

Table 8.- Estimates of normal unit consumntive use rates for
: irrigated crops during the irrigation period for several
localities in the Upper Colorado River Basin (2). 1

Normai rate consumpiive use, in inches

Location *  Alfalfa ' Pasture °  Grains °  Corn
Chinle, Arizona 28.3 2.2 15.4 20,1
Eagle, Colorado 18.5 16, 11.6 11.6
Cortez, Colorado 24.5 21.5 14.6 18.9
Durango,Colerado 22.9 20,1 14.0 17.1
Farmington, New Mexico 32.1 28.4 15.3 20.4
Green Hiver, Utah 32.5 28.6 16.2 21.7
Price, Utah 26,7 23.5 15.4 19,9
Eden, Wyoming 17.2 15.1 13.4 -
Pinedale, Wyomihg 14.8 13.0 — —

1/ Values used in the formula U = KF are as follows:
Alfalfa, 0.85; pasture, 0.75; grain, 0,75; and, corn, 0.75.

The consumptive-use coefficients shown in table é are for average
conditions in the semi-arid areas of the West. Studies are now being made
to develop correction factors for humid conditions in eastern states. It
is anticipated that humidity or solar radiation records con be used for this
purpose until measured consumptive use data are evailable. Basic solar
radiation data are now available 2t many stations throughout the United
States.

Analysis of Irripgation and Precipitation Records.

: In the consumptive-use studies conducted by the Division of Irrigation,
Soil Conservation Service, in cooperation with the National Resources Plan-
ning Board on the Pecos River in 1940, the writer developed a method of de-~
termining unit consumptive use for verious agricultural crops from irrigation
and precipitation (3). This method has been successfully employed in several .
areas in Califernia in cooper:tion with the State Engineer (26). It con-
sists of estimrting evaporaticn and transpiration losses during the irriga-
tion season and winter period based on data available as to the number of
irrigations and depth of water applied, farm duty of water, and efficiency

of irripation water aprlication for various crops and soils; and precipitation
and evaporation from free water surface. Precipitation may be a large factor
in winter consumptive use. .

, A field survey of conditions throuch the valley area was made, Water
superintendents of irrigation district and water companies, engineers, county
farm advisors, and farmers were interviewed to ascertain the ouantity of
irrigation water supplied to various crops, both for the growing season and
the winter period, Precipitation, irrigation and other recsrds were col-
lected and estimated. made of the efficiency of irrigation for various crops
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in the different areas. The latter dzta were supplemented by water-
application efficiency studies made on typical farms by measuring the
quantity of water applied and taking soil samples before and after irri-
gation to determine the proportion of 'scil moisture available for crop
transpiration use within the roct zone. These data were analyzed and the
unit rate of water consumption for each crop computed. The total consump-
tive use in acre-feet mey be compniat by multiplying unit values of con-—
sumptive use for each crup by iis area. 4n example of results of normal
valley consumptive use in Saizazs Yalley, California, estimated by this
method is given in table 9. '



Table 9.- Estimated normal valley consumptive use of water in the Forebay Arca,
: Salinas Valley, California (26)

Classification : Area : Winter consumption 1/: Summer conswmption 2/: innual consumotion
: i Unit 3 Total * lnit : Tctal :  Uait : Totead
Lheres Feet Acre-feet Feet Eera-feet Feet Acere—feet
IRRIGLTLD CROPS - . - _—— e e
Alfalfa 5,208 0.63 3,231 2.57 . 13,385 3,20 16,666
Lettuce 2,551 .63 1,607 1,00 2,551 1.63 4,158
Truck 5,146 .63 3,242 1.50 7,719 2.13 10,961
Seans 5,247 .63 3,305 114 5,982 1.77 9,287
Beats .1,563 .83 - 1,297 1.17 1,829 . 2.00 3,126
Guayuie 3,102 .63 1,954 1.13 3,505 1.76 5,459
Orchard . 710 .63 L7 1.34 951 1.97 1,398
Grain : 1c9 63 o Ta 77 1.3 b
Sub-total - 23,836 15,202 35,699 : A
ISRIGABLE DRY Falcf AND GRASS 4,182 0.40 1,673 0.35 l,héh 0.75 3137
NATTIVS VIGHTATION(Valley floor)
St.amp Gl 0.91 83 3.74 340 L.65 22
Densu trees-brush-grass 850 +76 6L6 L. 24 3,604 5.00 4,250
Medium brush-trees-grass 2,820 .92 2,554 1.93 - 5,443 2.85 8,037
Sparse brush-grass 25610 .63 1,6k 1.0k 2,714 1,67 . L,358
Sub-total 6,371 "~ L,907 12,101 17,063
MISCELL.MNZ0US
Water surface 202 0.09 139° 3.C07 620 3.76 759
River channel 3,335 - L6 1,534 1.32 4,402 1,78 5,936
Waste land 326 25 81 .15 L9 40 130
Tovnn and farmlots 1,060 .50 : 530 1.50 ~ 1,590 2.00 2,120
Koads and raiiroads 1,261 .25 - 315 W15 _ 189 .40 504
Sub-total £,184 2.599 ‘ 6,850 .9, 449
TOTALS 40,373 24,441 56,414 80,855

1/ Novembar 1 to ifarch 31, 2/ Irrigaticn sesson, April 1 to October 31.
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