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COi!Sffi!FTIVE USJ OF . :..TEa. II 
(ProvisionW.) 

by 

Rrrr~· "F.· 3lansy Y 

Wi'ROWCTIOH 

Knowledge concer:t.ng the various phases of the hydrologic cycle is 
incomplete, Consumpti vc use of ;Tater or ava;;>o-trenspiration is one of the 
importan'~ elements in t:.is cycle of water movement from the time it falls 
on t!1e lt.nd as rain or snow until it rec.ches the ocec.n. ':'he subject of 
consumptive use, w·hi ch includes evaporation of lllC'i s·~ure frc•m la:J.d e.nd 
transpiration by vegetatio:J., is .increasingly sigruficant, pe~ticul~rly in 
the irrigated &reF.c.S of the ::e!:t, It involves probler.J.s of ~Jater supply, 
both surface and undorgrcunC., ns ~rell ::.s those of the ma'lat;ement and 
general economics of irrig~tion ~d ~ultiple-0~rncse )rejects. Data on use 
of wc.ter are essentibl in pla.:minc; feder<c.l, state and :;>rivete irrig~:.tion 
projects, The consuml:ti ve-use re·_uirel'!Elnt fo:::- •:;c.ter has become an important 
factor in the arbitrr;tion of controversies over ~lcjor stream systems, such 
as the Rio Grande and t:·,e Col<·:<:.d.o :O:i ver, ::llere the public vel fare of 
valleys_, cities, str:~es, and eve.1 n«.tions is involved (]J (2). Eei'c:>re the 
avo.ilable vrc:.ter resources c.nd c.n ec;.ui t~ble eli visicn of tile use of tl,e waters 

·of c. drainc.ge bc.sin in arid C.;ll1 somi:.riC: regions ca'l be satisfactorily 
ascerteined, ce.ref\:.1 considcrt,tin::. r.:us t be .;i 7en to tha ccnsumpti ve-t•se 
re·uirements for ;rc.t·Jr i;J. vc.ricus sub-bwsins (_?_) (;l). 

In water-su)'')ly C..'1cl irrig<.. ticn inve:;:tig&ti.:-:J.s, e111;i neers are co.lled 
U)u!l to Liake, ·,;i thin c limited time, estiinf.tes of prcbt.ble past, pres eat, 
and future evuport;tim: "-''d evu~,o-trc. .. \1S:Jire.tio:'! losses frcu arc.;;.s !:1 river 
valleys vr"-en few long-pe:'icd hydrolo.;ic records, e:·:cept clinatclo.:;i ct.l 
C.ata, u.reavailaole (~). The results cf reso=.rc£, en eva:oo-transpiration 
provides tho pructicing eiJ3inee:::- d.tii bde.ic dc.ta .:.nd LJathods re:uired to 
as-'\iim.:.i.te consULl._ltivG us.a in t-:.ti:.i~-:aticn cf· nut\;r i!'lv.:.:sti~a ·io'l.s (2,). .~ 
progressive imp!"ovome::lt of rn~t.:J::ds ::..:1.cl r:.;._7ic! e::-.. s~nsion of li t~r&tur•3 on 
the subject sollll.>tiLles mt.:=e it dif1'ic-:1lt c.r~d tedious fer t!1~ enzineer vrho 

First :!_)c.per of c. syrr.posium on Cc-nsumptiva Use cf ''~:.br, to bo pre- · 
senteC. d the Irrigc.ticn 'li vision sessio:1 c~ t!.e .3::>ri~ meatine c:>f the 
::merican Society o•· Gi>il L'1::inee:::-s, ... ,ril2G, 1950, Lc:>s .n.n;;el;,s, 
Culi fc·rnia. 

y !.:ember .of tho .. ..r~ricc.n S·~cic:t;' ~-f Ci 7il :':;1,_;ir.eers anti '::cuicr Irri3ation 
..!!ngir..Ger, iJivisiC":J. c.f Ir~iguticn ..::.--: ··:_";·:!r Co~ser"Thtion, Soil Consc!"
vaticn 3.:.rrtcc;, J.;,s.;;urch, u. :.. :.lC!lJ<:rt:,lont -~f . .!;ricultur.;, r.os ',ngeles, 
Cr;.li: 0rl".i ~<-. · 
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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 h:Ls particular problem. 

The sub,iect of the pap~~·, ass:.~ned the writer ·for thi:J symposium, is 
11 definitions, methcds and !'bSo:>c :rd1 cr. ';o::::mmpt.i ve u:;e> of water" • It is the 
p~rr:ose of this parer to d;_s-:•.!r.s L:~·Ye tcpics bridiy and to outline a pro
cedure developed for cor..putin:~ v-1iJ ~.;' c:onst:.rr.;Jti·lry use from climatolcpical 
·and irrigation data ar d e~r~-r.:.r.e.l'-.1':1 m-~asl.!re;•ents of evapo-transpiration by 
agricultural crops anc "" '"'-''·;;:_ (•1' r.d J·.i ve veR~t.a tion. 

Consumptive use (evapo-trans~irati?n) >.r.cludes combined loss of water 
from soils by evapor&Lon llnd p~.:nt transpiratbn. The process by voh:hch 
water vapor escanes from the :ivi.n<? plant, principally the leaves, and ent~rs 
the a~nosphere is known_as transriratior.. Often transpiration is the larp,est 
component.of evapo-transpiratio!'l. Direct evar-oration from moist soil and 
water and interception by vegetativ·~ cover constitutes the remainder of evapo
transpiration use. t. large portion of irrigation Vlater applied to farm crops 
is used in evaporation and trans;;iration. The rerr.;.~inder is lost by surface 
runoff from the fields and deep rercolation below the root zone. Consid·3red 
from a valley-~.ide standpoint, consunptive use includes all transpiration 
and evaporation losses from lands on wnich thure is_ vegetative gro~:th of any 
kind, whether it be agricultural crops or native plants, plus evaporation 
from bare land and from water surfaces (1) • ' 

In some instar.ces there has been confusion as to the meanin~s of 
terms employed in reports on use of water. Such terms as consumptive use, 
evapo.:.transpiration,. transpiration, total t.vaporation, stream-flow depletion, 
water requirements, irrigation reauirements and duty of wabr have beo:~n in
terchanged. In this paper the terms "consumptive use" and 1bvapo-transpir
ation11 are considered synonymous. They are defined as follov.·s: 

11 Consllf'lptive us? (evapo-transpirat!Qn): The sum of the volumes 
of,water used by the vegetative growth of a given area in trans
piration and building of plant tissue and that evaporated from ~d
jacent soil, sno1", or intercepted precipitation on the area in any 
specified time, divided by tha eiven area. If the unit of time is 
small, the consumptive use is cxpr0sscd in aero-inches per acre or 
depth in inches, 1:hcreas, if the unit of time is large, such as a 
crop growing season or a 12-month period, the consumptive use is 
expressed as acre-feet per acre or depth in feet or inches. n 

The writer has used thu atove·definition in many reports durinp the 
past fifteen years and has found it satisfactory (l) (~) (2), In 1939 it 
was adopted with minor chaniNS by the: Co.mMittocr on Irrig<' tion of the Amer
ican Society of Agricultural Engineers. This definition is now in general 
use by engineers; 

Other intorprcttions 

Although tJvaporPtion and transpiration hav·J b>.H:m studied for more 
than 200 y<>ars, the t;:rm 11 consumptive use 11 probably was not apr-li•.ld to wat•1r 
consumption prior to 1900. 
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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 consumptive N1P., a report of a Comm.ittee of the American 
Society of Civil Engineers in ::.9:10, entitled "Consumptive Use of Wate.r in 
Irrigation" (g) is notev;orthy, 

The Col!ll';ittee rroro:;'"cl ·~~rt<.in definitions for consumptive nse of 
water in a bas.ic se:~se, snd for tt::J farm, the project, and the valley. It 

-also reviewed previous estimates of consL~ptive use for large river systems 
and made citations to 21, articles, published ·and unpublished, dealing ·dth 
net Viater reouirements and consumptive use. One of the definitions sug
gested by this coiM!itteo follow:;: 

"Consumptive Use in a ~.?s:i£.. Sens_£: The consumptive use, 11 U", is 
here defined as the quanti. ty of v:a ter, in acre-feet per cropped acre 
per year, absorbed by a crop and transpired or used directly in the 
building of plant tissue, to?ether vith that evaporated from the 
crop-producing land." 

Blaney, Taylor and Young (2) in a report in 1930 on rainfall pene
tration and consumptive use of ·water, definlil consumpti"re use as lithe sum of 
water used by the vegetative growth of a ~iven area in transpiration or 
building of plant tissue and that evaporated from the area." 

In 1934, the committe3 on Absorption and Transpiration of the Hy
drology Section, American Geophysical Union, proposed the following dofini
tion (£): 

''Consumptive Use: The ·quantity of water per annum used by either 
cropped or natural vegetation in transpiration or in the building 
of plant-tissue, tog9ther with water evaporat.-.d from the adjacent 
soil, snow, or from intercepted precipitation. It is sometimes 
termed 1 eva po-transpiration 1 • 11 · 

In 1935, the Special Committee on Irrigation Hydraulics of tho Amer
ican Society of Civil Engineers adopted the followine definitions (1): 

11yonsumptiv~e_:, The: q:.~antif.y of water transpired and evap
ora ted from a cropped are;l.. 11 

~~~~transriration: Combined loss of v•at ... r from soils by 
evaporation and plant trans;--iration.'' 

In somJ r0ports, the t•orm "total .::JVaporation" is applied to the com
bined evaporation and transpiration loss ih drainage basins. Lee (g) states: 

"Total evaporation is tho3 sum of wat.3r lostfrom a given land 
area during any specific time by tr~nspiration from V:Jgctation 
and building of plant tissue; by evaporation from wat0r surfaces, 
mo:..st soil, and snov:; and by int~rception. Th~:: term is appl:i,ed 
primarily to str~am drainage basins for tho period of the annual 
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climatic cycle or subdivision of that period, Total evapo
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,' 't:otalloss,' Lmater _losses,' and 'fly-off."' 

The handbook (9) of. t!'le C.J,'Tlmittee on Hydrology of the Hydraulic 
Division of the Ameri.:an Society of Civil Engint.Jers, published in 1949, 
states: 

"---the terms 'evapo-transpiration' and 'consumptive use' 
have received general acceptance, these terms denote the 
quantity of watJr 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 oth.3r t·:rJ!lS which are sometimes confused v·ith 
consumptive usc are as follows: 

D~f water: The quantity of irrigation water applied to 
a given area for the purpose of ma turinP. its crop, expressed as 
acre-feet or acre-inches per acre or as depth in feet or inches. 

Irrigation z:eouiremt.Jnt: The quantity of water, exclusive of 
precipi:.ation, that is reouirod for cror- production. It includ"'s 
surface evaporation and other economically unavoidable wastes. 
Usually expressed as depth in inches or feet for a given time • 

• 
Stream-flov1 depletion: The <:mount of ¥·at'Jr V.'hich flov·s into 

a valley, or onto a particulnr land nr•3a, minus the <'-mount which 
flows out of the valley or off from the particular l::.nd area (]). 

Transpiratjon: The quantity of watur absorbed by th;: crop 
and tr&nspired <~nd used dir.Jctly in the building of plant tis
sue, in a spvcificd time. It does not include soil evaporation. 
It is expressed as acre-feet or aero-inches p~r acre or as 
depth in feet or inches. 

l.at.-.r reauir.-.mcQi: The quantity of water, rag:1rdless of its 
source, reouired by a crop .in a given puriod of time, for its 
normal growth under field conditions. It includes surface 
evaporation and othur economically unavoidable V.'astcs. Usually 
expressed as depth in inchus or feet for a given time. 

ReSEARCH STUDI?S 

1~ny factors operate singly or in combinr.tion to influence the 
amounts of wat.~r consumed by plants. Th·cir effects arc not necessarily 
constant but t:rJEY fluctu<'te from year to y.a;;.r as well as from place to place. 
Some involve the h=n f.o:ctor, but othc:rs are rulated to natural influences 
and the environment. 



The rate of evapo-transpiration depends on climate, soil~oisture 
supply, vegetative cover, soils and land m.?.nagement. The factors included 
in climate that particularly effect consumptive use are pr~cipitation, tem
peratura, humidity, wind movement, and length of growing season. The quan
tity of water transpired by pl~nts depends upon th~ amount of water at their 
dispos%1, as well as on temperat~e and dryness of th~ air, wind movement, 
the intensity of sunlight, thJ s'~1"£1 ef the ddvclopmcnt of the plant, the 
amount of its foliag<;, a!'ld t.hd r.a·;l.l.~e 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 correlation betwuen transpiration and evaporation 
from free-water surfaces, air temperature, solar radiation, and wet-bulb de
pression readings (11). Sci9ntists have made many other studies of the ef
fects of temperature, moisture, and light on plant growth. 

In 19ll Briggs and She.ntz of tho BureiJUof Plant Industry of the . 
United States Department of Apriculture made extensive determinations of the 
relative water efficiency of plant species grcVin under arid conditions at 
Akron, Colorado (12). The rusults of tbsc studies indicate that the most 
efficient crops, from the st1'ndpoint of water utilization, used 250 to 300 
pounds of V'ater per pound of dry matter form_.d, v:hile less efficient crops 
used as much as l,OOC! pounds of v•atJr for each pound of dry matter produced. 

Research studies have oeen mode on evaporation from soil and evapo
transpiration by federal, state, ~nd other ag~nci~s at various times during 
the past fifty y.;ar's in the United Stat~s. 

One of the first studi~s (1J) in C3lifornia of evapo-transpiration 
losses of irrigated crops v.as made in 1903 by Irrigation Investigations, 
Office of Experiment Stations, United States Department of Agriculture. At 
various times sinco that date this agency, now knoVIn as th() Division 6f Irri
gation and ~.at<:lr Conservation of Soil Ccnscrv<ction Servic.::, has studitld and 
moasured consumptivo use by diff.Jrent agricultural croj:s and natural vege
tation in many sections of the \•est, in cooperation with state agricultural 
experiment stations, state engin.;ers, and oth·3r agencies. Usually evapo
ration, temperature, humidity, precipitation and ·wind movement were recorded 
at the same time. Thus, data ere av~ilable in many areas for correlating 
consumptive usc t.Jeasurcmcnts with temperature and other climatological ob
servations. 

Meteorological conditions influcncir,g ev~porotion from water sur
faces likewise affect evc.pora tion from soils and transpiration from vege
tation. Both evaporation and tr<:"nspiration freely respond to changes in 
temperature, wind moveJ:llmt, and humidity, so th11t tJvaporetion from water 
may, under certain conditions, b·~ used o s l'.n index of evo po-transpira tion 
losses for areas in v:hich there is ample \';<>tGr to take care of evaporation 
and transpiration. 

The writer first b~car.•e int.Jrcsted in th·'l corrch".tion of evaporation, 
t<::mperature, humidity, and wind movcm,mt v·ith •Jvapo-transpiretion in 1919, 
while in charge of rcs,..:arch studies zt th.., Irrig?tion Field Laboratory of 
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the United States Department of Agrioalture, located at Denver, Colorado. 
These studies included meteorological observations along with measurements 
of evaporation from v~rious sized pans, evaporation from soil tanks, and 
consumptive use of water by irrigated crops grown in tar~s (lk). 

The results of these st•:.dii'>s Pnd other investigations in California, 
New Mexico, and other areas, •.ndL.e<·.o. that observed evaporation data may be 
used as a means of e:Jt-iaat:ng f'V'~Y -oranspiration by vegetation having ac
cess to an ample wate:.· supj:l;; ?.nd \':hen the relation of the two is known for 
a particular area (1) (2). Ad an eAample, for two loc~tions 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 becominr 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 are available (J). Con
siaeration of these r~~ults and the factors involved is shown in tho follow
ing expression: u = k t p (114-h) = k c where 

u = Monthly consumptive use (or 
evaporation) in inches 

k = konthly empirical coefficient 
t = Mean monthly temperature, °F 
p = ~onthly percent of daytime hours of year 
h = Average monthly humidity 
c = t p (ll4~h) ~ monthly use index 

(climatic factor) . 

The formula U = KaC .. kw Cw + ks Cs = annual consumptive use (or 
evaporation) in inches, v1here 

Ka = Empirical coefficient for the entire year 

C = Use IndeA for entire year 

kw = Empirical ccefficient for winter period 

ks = Empirical co~fficiant for growing season 
or frost-free period 

Cw c Use Index for winter season 

cs = Use Index for growing season or frost
free period 

The values of kw and ks may be computed from observed values ~f con
sumptive use, temperature, and humidity by the relation k • ~ • 

·Computed coefficiants for winter and summer consumptive use of water 
for natural vegetation growin~ along the Pecos River, based on evapo-
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transpiration, temperature, and humidity measurements at Carlsbad, New 
Mexico, for the yoar 1940, are as follows: sacaton, ~.ith watur table at 

· 4 feet, k'YJ = 6.0044 and ks = 0.0139; sacaton, with water table at 2 feet, 
kw = 0.0063 and ks = 0.0154; and salt cedar (tamnrisk), with water table 
at 2 feet, kw = 0.0075 and ks ~ 0.0216. From observed data in New MAxi~n, 
the summer seasonal coefficient for alfalfa growing in areas of high water 
table was computed to be ks = O.OJ.70, The computed annual coefficient K 
for lake-surface evaporation is 0 Cl64. 

Figure 1 shaY'S the observed and calculated use of water curves for 
Weather Bureau pan, sacaton tank and bare soil tank, Carlsbad, New Mexico, 
1940. 

' An example of results of research studies.of the transpiration u~e 
by orsnge trees in Los Angeles County, California, is shown in table 1. 
Figure 2 illustrates the difference between evaporation from a lake surface 
and the use of water by alfalfa and citrus trees in San Fernando Valley, 
California (U) • 

' 

'Table·l.-· Use of wabr by or11nge trees, San Fernando Valley, 
Los Angeles, California, Season 1940 (121. 

Period 

Jan, 1 - Feb, 8 
Feb, 9 - Mar, 1 
Mar. 2· - Apr. 1 
Apr. 2 - Apr. 25 
Apr. 26 - May 9 
May 10 - June 3 
June 4 -·June 21 

· June 22 -· June 27 
June 28 - July 14 
July 15 -Aug. 10 
Aug. 11 - Aug. 28 
Aug. 29 - Sept. 23 
Sept.24 - Oct. 25 
Oct, 26 - Dec. 31 
Total to date 

Transpiration use, 
Plot A 

Per 
Period 30 days 

1.50 1.15 
1.65 2.46 
2.37 2.37 
3.27 4.26 
2.38 5.08 
2.75 3.46 ' 
3.03 5.07 
1.27 6.37 
2.08 3.70 
1.83 2.04 
2.53 4.26' 
3;49 4.03 
3.21 3.13 
3.64 

35.00 

acre-inches per acre 
Plot B 

Per 
Period 30 days 

1.00 .77 
.94 1.41 

1.29 1.29 
1.33 1.73 
:)..14 2.43 
1.57 1.9(., 
1.73 2.88 

.41 2.10 
Lf,l 2.84 
2.58 2.88 
1.70 2.83 
2.CJ8 2.4::> 
2.93 2.82 
2.99 

23.30 

Plot A - All year cover cr0p of Italian ~ye gr~ss, 
Plot B - ~;inter cover crop of Meliloitus alba, Clean cultivated during swnmer, 

The results of some rneasuremen~s by various investigators of con
sumptive use by agriculturRl cro,..·s and natural veggtation az:e shown in 
tables 2 and 3.resoectivelv. 
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TE:.ble ·~ ,- Seasonal consumpti YO use cf 1·:utar by 7Elrious irrigated 
crops as date:rminad b:• field a::Qeriments in several 

;rest<orn stat<os. 

Location and • Crop 
• . 

Year 
: Con-

Gro<:iilfi : sumpti ve: 
s~a~~n or : use of 

.' .. u.thori ty 

--------------------~------~--~~~·~~o~d~--~:~w~et~e~r~~-----------------
Inches 

;.LFl..LFA 
Bonners Ferry, Idaho 1940-47 
Carlsbad, 'Herr Eex. 1940 
Davis, California 1939 
Fort Stockton,Texas 1940 
Logan, Utah 1902-29 
San rernando, Calif, ·1940 

CC'Pl·~ 

~avis, California 
Logan, UtcJJ. 
Vernal, Utah 

CO'l''I'O~T 

Bkkersfield, Calif. 
Fort Stoc1cton, Texas 
Los. Banes, Calif.· 
I.:esa, . .rizona 

Si::·rr G':LI:B 

1902-29 
1948 

. 1927-30 
1940 
1932 
1935 

Bonners Ferry, Idaho 1930-47 
Logan, Utah. 19J~-29 

· San Luis Vu.lley", Colc,1936 
Scottsbluff, ~~ebr. 1932-33 

ORCHlL'ID-OR.4:'1G E3 
- Azusa, California 

Liese. Arizona , 
Tustin, California 

ORCL'•."1D-~''A!..1'1UTS 
Tustin, California 
Tustin, California 

O:rtC'J".i\."!D-DECIDUOUS 
"..lbu:;,uerque, I:evr ::e:~. 
Davis, Call.fornia 
~·renatchee, '1::.sh, 
Onto.rio, Call fornia 

1929 
1931-34 
192S' 

1928 
1929 

1936 

1908 
1928 

5/5 - 9/25 
4/18-11/10 
4/1 - 9/30 
4/13-11/11 
5/7 -10/11 
4/1 -10/31 

6/1 - 9/30 
6/l - 9/30 
6/10- 9/20 

4/1 -10/31 
4/13-11/11 
5/l -11/30 
4/1 -10/31 

5/5 - B/5 
5/10- 8/10 
6/1 - 8/31 
4/20- 7/25 

4/1 -10/31 
3/1 -10/31 
4/1 -10/31 

4/1 - 9/30 
4/1 - 9/30 

5/1 - 9/31 
3/1 -11/30 
4/15-10/22 
4/1 - 9/30 

24.0 
38.6 
30.4 
40.5 
25.0 
37·4 

12.0 
25.0 
19.4 

29.2 
28.9 
25.5 
,30.9 

17.5 
17.5 
14.05 
14.72 

21.8 
32.4 
20.9 

26.30 
27.43 

19.5 
26.4 
23.0 
28.4 

Marr and Criddle 
Blaney 
Veih!aeyer 
Blaney and Bloodgood 
Pitt= <.nd Steward 
Elutey end Stock:l·re11 

Veihmeyer 
Pittman and Stewart 
Criddle and.Peterson 

'Beckett ~d Dunshee 
Blaney and Bloodgood 
• ..dE.."lS and Veilll::eyer 
~:&rri s and I:r.v:ld ns 

W:.rr and Criddle. 
Pittman and Stewart 
Blaney 
Bcmen 

Blaney and Taylor 
Harris and :<"innison 
Beckett and Pillsbu~ 

Beckett 
Beckett 

:Slaney 
Veihmeyer 
Fortier -
Blaney und Taylor 
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Table 2.- Seasone.l consumptive use of ·-·-.rat or 'Jy various irrigated 
crops as dete:mi:1ed by field ex)erir'eilts in several 

;,.;estern sto:Ces. (CoJJ.t"d.) 

Location and Crop 

P01
.;,.

1.i .. rt:OES 
BCnnCrs Ferry, L1aho 

Lo,;sro.L, 'CtaL 
Ont2.rio, Cragon 
Sar: Luis V:olley, Colo. 

SUGA-q B:z=::TS 
--s~vis, c~liforniu 

L.c an, Ute.i:_ 
Scotts~luf:f, l·~ebr. 

To:.:A·rcES 
DcVi.s, Cali furni<J. 
~--~ercede.:~, r_Pe;:c_:_s 

Tl.FCiC 
-Stockt2n, 

Stockton, 
cc.:i f-_.rr:i b. 

C 3.l.i f Jrni 2. 

Year 

1947 
1902-2~"' 

15 ~-l-42 
1936 

l9C=:-2> 
1932-30 

5/8 - 'J/27 
)/20- '9/15 
4/2~-- U/31 
6/1 - 9/30 

19 ;;~- 35 6/1 -10/31 
l9l2-2C' 3/25- S/3C; 

9 h· 
- I )U 

-lC/3'. 

Cor.s- : 

l-.l!.C ~-.•3':3 -----

22-95 
15,0 
17.9 
1~- 89 

2.).20 
25.0 
24.J 

'22,.3 
l/.0 

21.4 
24.6 

Authority 

J.:arr and Criddle 
Fittm8.n and stewart 
Sanford and Criddle 
Blane:,· 

VGil:caeyer 
Fi 1: t.:te.n and Stewart 
Bov•en 

VeJlu':Ieyer 
Roch:~mll 

Stout 
Stout 



Table 3.- Annual or seasonal consu.'l\'1tive use ·or water as determined b~· ta11ks and soil 
moisture studies in valle~· areas of several western states. 

--~------~------------~--~~--~---------------------·-------------------T~e ·of : DeDth to : Number: Con- : 
T_ Period vegetation .uocality water ---,.---~---,,---··= of :surnptive: 

·---·--=----~tt.a.ble · Frc!ll To ·~~e;._...._ ________ _ 
Authority 

NativP. <>rass 

Native br~ 

Salt grass 

San Bernardino, CalH. 
Ontario, Calif. 
Anaheim, Calif. 
Cucamonba, Calif. 

San Bernardino, Calif. 
· A:uscoy, Calif. 
Pabner Canyon, Calif. 

Owens Valley, Calif. 
Owens Valley, Calif. 
Owens Vall,;, Calif. 
Santa Ana, 'alif. 
Santa Ana, Calif. 
Santa Ana, Calif. 
Santa Ana, Calif. 
San · LUis Valley, Colo. 
San Luis V?~ley, Colo, 
Los Griegos, New Max, 
Los Griegos, New ikx. 
Isl.ota, Nex Mex, 
Mesilla VAlley, New Mex. 
~scalante Valley, Utah 
Escalante Valley, Ub.h 

Inches Inches 

J./ 
Y. y 
y 

11 y 
y 
lS 
35 
59 
12 
24 
36 
48 
14 
24 
14 
26 

8 
14 
23 
26 

Oct. 192.~ 
Oct. 1927 
Oct, 1927 
Oct, 1929 

Sept,, 1929 
Sept. 1928 
Sept. 1928 
Sept. 1930 

Oct. 1927 St~pt. 1930 
Oct, 1927 . Sept, 1')28 
Oc't. 1929 . Sept, 1930 

Jan. 1911 
Jan. 19ll 
Jan. 1911 
t'ay 1931 
t.ray 1931 
June 1931 
1:ay 1931 
Apr. 1928 
Apr. 1928 
Oct, 1926 
Oct, 1927 
,Tune 1936 
July 1936 
!Jay 1927 
May 1927 

Dec, 1911 
Dec, 1':111 
Dec, 1911 
Apr. 1932 
Apr, 1932 
Apr, 1932 
J.pr. 1932 
Oct. 1928 
Oct. 1928 
Sept.l927 
Sept.l92d 
ll.P..y 1937 
June 1937 
Oct. 1927 
Oct. 1927 

12 
12 
12 

. 12 

12 
12 
12 

12 
12 
12 
12 
12 
11 
12 
7 
7 

12 
12 
12 
12 

6 
6 

10.0 
13.4 
12.6 
15.0 

21.6 
17.7 
19.6 

48.8 
40.2 
13.4 
42.8 
35.3 
23.8 
13.4 
17.S 
15.6 
33.2 
22.7 
31.5 
39.8 
22.6 
17.9 

Blaney and Taylor (_~) 
Blaney ~nd Taylor (2) 
Blane>y and Taylor (~) 
Blaney and Taylor (2) 

Blaney a:ld Taylor (,2) 
Blar.ey &nd Taylor (2) 
Blaney ~nd Taylor (2) 

Lae (8) 
lee (8) 
Lee (8) 
Blaney and Taylor (16) 
Blaney and l"aylor (Ib) 
Blaney and :taylor (Ib) 
Blan.;y and 1 aJlor (Ib) 
Tipton and Hart (1) 
Tipton and Hart (1) 
Elder (1) -
Elder (I) 
Blaney and J:.orin (1) 
Blan.;;y (1) 
'i'ihite (17? 
Hhite (17) 



Table 3.- Annual or seasonal ~onsumptive use of water as determined by tanks and soil 
moisture studies in vrlley areas of several western states (Cont 1d.) 

Type of . Deoth to t Number: Con- • . Period • 
voget:: tion . l.oclllity water of :sumptive Authority . -table From To . months . use : I . . 

Inches Inches 
Trees 

Cottonwood,) 
1'.'illcws and) San Lois Rey,Calif. 48 Apr. 1941 l'.ar. 1943 12 62.5 Huckel and Blaney 
gr.: .. ss ) Safford Vc.lle-J, t .. riz. 84 Oct. 1943 Sept.l944 12 91.7 Gate1•:ood end Robinson(!§) 
Tt:.I!iat·isk So.ffo rd Vr..ll ey, Ariz. 83.6 Oct. 1943 .Sept.l944 12 87.8 Gcd.ev:ood c.nd Robinson(~) 
Twnarisk Safford Vclley, ""

1riz. 24 May 1940 Dec. 1940 8 61.1 Tu.:.:-tJer and H&lpenny 
Tamcrisk Safford Valley, n.riz. 48 l~.y 1940 Dec. 1940 8 47.9 Tu:.·:1 er and Halpenny 
Tamarisk Carls b:'.d, New Uex. 36 Jc:.n. 1940 Dec. 1940 12 57.3 B1 "''··y and l~orin (2) 
M"squito Safford Veilcy, "'riz. 120 vet. 1943 Scpt.l944 12 32.5 G~.te . .;oc·..i <::nd Robinson(l8) 

:rJ.scdlancous I 
Bacclw.ris Sc.fford V<> lley, "'ri z. 24 M:ay 1940 Dt:.c. 1940 8 52.0 Tt;.rncr ;11;d H.:..lponny ~ 

H~:ccharis Safford V:tilcy, Ariz. 48 Mi'.y 191!0 Dec. 1940 8 39.7 Turner and Halol:lnny 'I 
Baccharis Sllfford V cll<O.j", Ariz. 72 Oct. 19L:3 Sept. 1944 12 54.2 Gatewood Fnd nobinson( 18) 
Grec:se wood Escalant t:l Valluy, Ut;.Jl 26 i.;.c...y 1927 Oct. 1927 6 2,5.2 ;,hite (17) -
Mc1ldo,~~ grass s~n Luh Vc.lle~·, Colo. 0 June 1936 Nov. 1936 6 36.3 .Blan~y Lnd ~orin (3) 
Sncaton Curlsbad, Nt..W t.:e..'C. 36 J.::.n. 1940 Dec. 1940 12 44.8 Blc.ney and Morin (3) 
Burmudr~ ;;ra.ss San Burna rdino, C:.lif. 24 Hay 1929 Apr. 1931 12 34.4 Blaney and Young (16) 
Sedge er:-.ss Fort Collins, Colo. 6 l!cy 1930 Oct. 1930 6 60.2 Pa.rshell (];2) 
Sedgu grass Fort Collins, t:olo. 18 M"'Y 1930 Oct. 1930 6 53.6 Parshall (19) 
sedge !(rass Isleta, ~~~ .... i.-£x. 3 Jun" 1936 }.ie.y 1937 12 76.9 Blaney and"T!orin (]) 
1'/irc rush Sant::. J.na, ".·lif. 24 Aug. 1930 July 1931 12 78.9 Blenuy <nd Young (1§_) 
RushtJs Fort Collins, ~olo. July 1931 Oct. 1931 4 52.6 Parshall (19) 
Tules Victorvill.:, C:..lif. 0 Jc.n. 1931 D.;c. 1932 12 78.4 Blaney e.nd-r<:.ylor (1£) 
T·.:lcs S< n Luis v.~ lley, Colo. 0 June 1936 Nov. 1936 6 3B.8 Blaney (1) 

1 Determint:d b~· soil sampling. No hi.,:;h watur table. 
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METHODS OF DETERMINING WATER USE 

Scientists have tried various ways to determine the amount of water 
transpired by plants(~). One of the earliest methods consists of weighin! 
freshly cut leaves, twigs, or stalkR of p.rowing plants immediately after Cl 

ting and at short intervals there·~fti'!r .• during a period of hours or days, 
or until wilting corJmences, E.q•eri;;anters have grown thousands of individ
ual plants in small pot::;, W';:.,.,,~bg -tnem periodiclllly to dete::-m.ine the 
transpiration or evapo--tra;J:;;}•L·zt·:.on losses. ;,.ost of these methods are 
artificial, ~>.nd it is qu<3Stioa"ble v•heth<Jr the results can be extended to 
field conditions. 

Various methods have been used by enrinears to determine consump
tive use by agricultural crops nnd natur~l vegetation under field condi
tions (20). Regardless of the method, the problems encountered are numer
ous. The source of water used by plant lifo, wheth:.1r from precipitation 
alone, irrigrtion plus rainfall, or gro.und water plus precipitction, is a 
factor in selecting a method, Those most widely used in cngineerL~g in
vestig1,tions e-re: (a) soil-moisture studies on plots, (b) tank or lysimeter 
experiments, (c) ground-v:ater 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 precipitation 
records, 

Soil-moisture Studies on Plots 

This method is usu~lly employed for irrigated field plots where the 
soil is f11irly uniform and the depth to ground v:atcr is such that it will 
not influence the soil-moisture fluctuations within the root zone. Soil 
samples are taken by means of a standard soil tube before and after each 
irrigation, with some sampl3s between irrigrtions in 6-inch sections for 
the first foot. and thereafter in one-foot sections in the major root zone. 
Usually a great number of soil samples must be taken. 

Standard laboratory practices rre used in determining the moisture 
content of the soil samples. the samples are weighed and dried in an 
electric oven at 110° C. and the dry v·eights determined. The water content 
of a sample is expressed as percentage of tha oven-dry weight of the soil. 
From the moisture percentage thus obtained, the auantity of water in acre
inches per acre (inches) removed by evaporation an~~ranspiration from each 
foot of soil is computed by usinP, the formula D = !Tin where P represents 
the moisture percentage by weight, V the apparent specific gravity (or 
volume weight) of the soil, d the depth of soil in inches, and D the equiv
alent depth of water lost by the soil in inches (acre-inches per acre). 

The total number of acre-inches of water extracted by evapo
transpiration from the soil is computed for each period and later reduced 
to. eauivalent 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 Beckett and Blaney, and it is 
described in detail in a report on irrigation water requirement studies 
in San Diego County, California ( 21). Later the method was used to measure 
monthly.use of water by alf&lfa, cotton and. other crops by Blaney (2), 
Harris (22), and other investigators. ExamP.les of monthly consumptive use 
of water determination made by this method are shewn in table 4 for several 
crops. 

Table 4.- Monthly con~unt~i•rs uae by orange trees, peach trees, 
alfalfa, cott·m, l:eets, and potatoes, as determined 
by soil moisture studies. 

. Consumntive us.J . 
Month Oranges Peaches Alfalfa . : 

11 y 

April 2.2 1.0 
1ay 2.2 3.5 
June 3.1 6.7 
July 3.4 8.0 
August 3.7 6.5 
September 3.1 2.7 
October 2.9 1.4 
Total 

for Season 20.6 29.8 
1 Los Angeles, Calif. 
~Bakersfield, Calif.; 

11 21 

3-3 
6.7 4.0 
5.4 7.0 
7.8 7.1 
4.2 6.4 
5;6 
4.4 

. 

of \'a ter, in inches 
Cotton Beets Potatoes w 2.1 21 21 

0.8 1.1 
1.1 2.2 1.9 
3-3 3.6 3.3 
5.6 6.0 5.2 3.4 

7.7 8.8 6.9 5.8 
6.4 7.2 5.8 4.4 
).6 2.9 1.1 

31.8 24.2 
(2); jJ Scottsbluff, Neb.; 

Tank and Lysimeter Exneriments 

One of the more common methods of determining use of water by in
dividual agricultural crops and natural v.Jgetation is to grow the plants in 
tanks or lysimeters c.nd measure the quantity of 'l''ater necessrry to maintain 
the growth satisfactorily, 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 to;; three feat in diameter and six feet deep (2) (],2), 

The practicability of det~rmining consumptive usc by means of tanks 
or lysimeters 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 re~ulation of water supply. 

v:eighing is the precise moc>.ns of do:Jtsrmining the consumptive use 
from tanks. This method was used by the Division of Irrigation, United 
Statrys Department of Agriculture as early as 1903 in cooporation with the 
Univ•Jrsity of California (!,2). However, conditions and facilities 'l"ill nc.t· 
always permit the weighing of tanks. 

Tanks should be placed in surroundings of natural growth of the same 
species -- that is, in their n?.tural environment -- so that consumptive use 
of water will presumably be the same as for similar growth outside the tank. 
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It has been found that all tank veg3tation must be protected from the 
elements by surrounding 'growth of the sama species, 

. Soil tanks eouipped with 1.tariotto supply ta~s have been used 
successfully in evapo-tr~spirc.tion measuruments from water tables at var
,ious depths.- This eouipment wa:~ :·•Jr.ommended by the NDtional Resources 
Committe.e, Tanks best· adapted J.!:"' U.e. double type with an annular space 
between the irmer and outer :;;ltol>: (_;;). 

The Mariette supply system i'urnish:,d w~ter as needed 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 readings of 
the glass gage attached to tho supply tank (2) (£2). · 

Lee employed tanks to measure .tho use of water by natural 'vegetation 
in Owens Valley, California, in 19ll (~). Since 1919 the writer has em
ployed this method in California~ Colorado, and Now Mexico (1,) (.2) (2), 

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 successfuny used by the U, S. Geological Survey in 
Escalante Valley, Utah; Santa Ana Valley, California; Gila Valley, Arizona, 
and other areas (11)(16) (~). The procedure is to install observation 
wells equipped with water-stage registers· at representative locations in 
the area under consideration and obtain graphic records of the ground-water 
fluctuations, The specific yield of tho soil is determined by standard 
methods. The diurnal cycle, as indicat.ad by the ground-water table, repre
sents a curve showing the relation of consumptive use to ground-water dis
charge or recharge. 'White (11),· in his report on Escalante Valley, Utah, 
described briefly the method of determining the ground water discharged by 
plants as follows: 

11 • , , The records obtained 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·obsorved during 
tho investigation amounted to about 1~ inches in greasewood and 
shad scale, 2! inches in alfalfa, 3-3/4 inches in salt grass, 
and 4~ inches in sedges and associated marsh grasses. The 
fluctua tiona do not occur in plov1ed fields, 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 aft.;r killing frosts, They 
cec:se or are materially reduced aft·;r the plants are cut, The 
water table rises sharply almost immediately after a rain in 
fields of ground-water plants during tho growing season, oven 
though the rain is light and affords no ground-water recharge. 
There is little or no rise of the water _table after rains in 
clear lands at any time or in fields of ground-water plants 
when plant life is dormant, · 
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11 • • .Cylinders were driven near nbservation wells so as 
to inclose columns of undisturbed soil in the zone in which 
the fluctuations take place, and thd rise and fall of the 
water table in the inclosed columns aft<lr the addition or 
subtraction of measured amou.1ts of water were carefully noted. 
From these <lxperiments th•; spt"cific yield of the soils was · 
determined. The amount of g•o·h~d water discharged daill br 
the plants was then comJJ<!ted by the formula q = y (2ltr - s), 
in which q is the dep'.:.h <Jt g~·(·c•nd water withdrawn, in inches, 
y is the specific yield <Jf tho soil in which the daily fluc
tuation of the water table takes place, r is the hourly rate 
of rise of th~ water table, in inches, from midnight to 4 a.m., 
(when it was determined that transpiration and evaporati~n were 
practically nil) and s is the net fall or rise of the water 
during the 2lt-hour period in inches. In field experiments the 
quantities on the right-hand side of the formula except the 
specific yield can be readily determined from the automatic 
records of water-table f'luctua tions • • • • n 

Inflow-Outflow Measurements 

Consumptive· use of water by cottonwoods, v·illows, tules, and other 
. riparian vegetation common to small streams may be determined by measuring 

the inflow to and the outflow from a selected area by means of flow re
corders located on bed-rock controls (2) (16). 

In the Upper Rio Grande OJ, the Feces River (2), and other <n) 
investigations, <:Jngineers have ueed the ini"low-outflow method to dutermine 
the valley consumptive use in irrigated vall~ys containing as much as 
400,000 acres, 

In the Upper Rio Grandu 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 precipitation, 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 watc1r in ground storage at the 
beginning of the year (Gs), minus the amount of Ytatr:r in ground storapc at 
the end of the year (G6 ), minus the yearly outflow (0); all amounts measured· 
in acre-feet, This relation may be expressed by the equation U = (I + P) + 
(Gs -:- Ge) - 0. The difference between the storage of capillary water at the 
beginning of 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 (Gs - G~) is considered as a unit so that absolute evaluation of 
eithur G5 or Ge ~s unnecessary -- the difference only being needed. This is 
the product of the difference in the average depth of water table in January 
of one year to January of the foll~wing year, measured in feet and multiplied 
by tho specific yield of the soil and area of the valley 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 total consumptive 
use by the area of the valley floor. Results of inflow-outflcw measurement 
in seEeral areas are given in table 5. 
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Table 5.- E-xamples of valby consumptiv" usr~ of water 
determinations by inflol·:-outflov; muthod. 

·------------·------- Annual ---------------------
Location 

San Luis Valley,yolo. 
San Luis Valley,Colo. 
San Luis Valley,Colo. 
Isleta-Belen,N .i,;ex.
~csilla Valley, N.~x. 
:lesille. Valley, N .1Idx. 
Carlsbad, N. llex. 

Carlsbad, N. " .b~X. 

Year 

1925-3j 
1936 
1930-32 
1936 
1919-35 
1936 
1921-39 

1940 

l~ev: Fork, Wyo. 1939-40 
1uchigan-Illinois-Colo.l938-40 
Uncompahgre, Colo. 1938-40 _ 

hrea consumptive use : Authority 
T.Q.tal :~~~----------------

Acres Acre-feet Feet 

4')0,000 
400,000 
17,300 
17,500 

109,000 
ll0,418 

51,700 

51,700 

' 25 ,ooo 
43,000 

137,700 

664,900 
685,423 

26,215 
38,700 

297,756 
303,683 
129,752 

ll9,898 

-
1.66 
1.71 
1.52 
2.28 
2.73 
2.75 
2.51 

2.33 

1,59 
1.50 
2.28 

Blaney-Rohwer (1) 
Blaney-Rohwer (l) 
Tipton-Hart (l) 
Blancy-hlorL~ (l) 
Blanay-Israelsen (!) 
Blaney-Israelson (!) 
Blaney-!.rorin-Criddle 

(,l) 
Blaney-f;:Orin-Criddle 

Lowry-Johnson 
Lowry-Johnson 
Lowry-Johnson 

(1) 
(,gz) 
(,£1) 
(_ll) 

Integration !.:ethod 

Briefly stated, the integration ffiethod is th~ summation of the pro
ducts of consumptive use for· each crop t~es its area, plus the consumptive 
use of natural veBet:·tion tim-Js its area, plus ~-:atar surface evaporation 
t~es 'l"ater surface area, plus evaporation from bare land times its area. 
This method v:as used in the Uprer Rio Grande nasin (!) and the Pecos River 
(1) 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 VJater and 
the areas-of various classes of agricultural crops, natural vep,etation, ~are 
land, and water surfaces. Unit values of the evapo-tr~nsriration can be ob
tained by soil-moisture, tank, or socre 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 computod {!) (1). 

Bffective Heat 

1any formulas have been developed in the past for determining 
evaporation from meteorological observations. Fonnulas for estimating 
consumptive use are not so numerous. A few methods for determining con
sumptive use, based on climatic factors, have been suge,ested and have been 
found to give reasonable results. For ~nny years irrigation engineers have 
used temperature data in \.lStimating valley consumptive use of water in areas 
of the \·,est (~). Hedke developed the effective heat method on the Rio Grande 
(~). 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 bctv:een the aoount of l'later consumed and the quantity 
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of available heat. From studies of the United St~tes Bureou of Reclamation, 
Lowry and Johnson (£l) in 19L.l dcvuloped a som.:v:hat similar method, which 
has been employed by the Bureau in ~~kihg its estimates of consumptive use. 
This. method assumes a linear relation betlr;en consumptive use end accumu;.. 
lated daily r.taximum tcmp•3ratur.Js above .32° Fahrenheit during the growing 
season. 

In 19L,O in conr:ectio!'l v1ith the Pecos River Joint Investigation (,2), 
Blaney and r,:orin of t~·J Soil (!,,,1~~···J?.tion Service develoj:cd a r.:ethod of 
estimating consur.ll:'tiv·J use by natural grounri-wntar ver,etr.tion t.nd b.'' irri
gated crops having access to an anpl_; water supply, by correlating the re
lationship between ev~po-transpiration, evapor~tion, tcnperatare, percent 
of daytim<J hours, length of growing season .::nd humidity (.~) • In 19L, 5 this 
method wcs .nodifLld so that estir.Jntcs of consumptive usc nay be made for 
aNas where humidity r"'cords aru not avaihbb (£2). This .rr.ethod has been 
used by the Soil Cons~rv~tion Service and other agencies in estimating 
rates of·water consumption in many areas. 

Actual measurements of consumptive use under each of the various 
physical and • cli.mi:tical cbr;dit:.ons of r·ny large area are expensive and 

·time consuming. Therefore, s-:ne rar;id method of transferring the results 
of careful measurements made in sev3ral arercs to other areas of similar con
ditions is needed. Several years ego the Soil Conservation Service de-· 
veloped such a method to estimat(3 rates of water consumption (26) (~.Z). 
Briefly, the procedure is to correlate existing consumptive-use data with 
monthly temperature, percent of daytime hours, precipitation, frost-free 
(growing) period, or irriga~ion season •. The coefficients so developed for 
different crops are. used .to translccate or transpose consumptive-use data 
from on., section to oth<Jr areas whc.re only climatological data are available. 

Although it is r.:Jcognized 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 throurhout the 
v.estern States. Research studies indicate that of all the climatic factors, 
these elements, together with daylight, undoubtedly have the greatest in
fluence on plant growth. 

Disregardinf the unmeasured factors, consUJl1ptive use vnries v·ith 
'the temperature and the daytb.e 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 obtaine~ a monthly consumptive use factor (f). Then it is 
assumed that the consumptive use vnries directly as this factor when an 
ample water supply is available, Exrressed mathematically, U = KF = sum 
of kf where 

U = Consumptive use of crop (or evapor,.>.tion) 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 daytirr~ hours) 

K = Empirical consamptive use coefficient (irrigation season or 
growing period). 
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t = Mean monthly temperature in degrees Fahrenheit. 
p = hlonthly percent of daytime hours of the year. 
£ = t x p = monthly consumptive use factor. 

100 
k = konthly consumptive ~se coefficient. 
u = kf = monthly cons~ptivc use in inches. 

The consumptiv"'!-use ~acbr (F) for any period may be computed for 
areas where monthly t;::n;peratL•re ncords are available. Then by knowing the 
consumptive use co~fficient lK) fvr a particular crop in some locality, an 
estimate of the use by the same cro~ 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 normal conditions in the liest 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 ov·~r a period of years by the 
Division of Irrigation and v;a ter Conservation and other agencies. These 
coefficients are based on the assumption that the plants or trees receive a 
full water supply throughout the grov·inp, season 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
cqltLH'a+ crops in the Viest. 1!onthly percent of annual daytime hours 
cqmpq~~d from Sunshine tables (28) are shown in table 7 and figure ~. 

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

vegetation of the West 

Length of . • 
Crop : growing season : Consumptive use 

~--------------------~~---o~r~p~e~riod --~:~--~co~e~f~f~i~c~i~e~nt~(~K~.) ________ _ 

Irrigated Land 
Alfalfa 
Beans 
Corn 
Cotton 
Citrus orchard 
Deciduous orchard 
Pasture, grass 
Potatoes 
Small grains 
Sorghum 
Sugar beets 

. 1' 
Natural Vegetation =t 

Frost-free 
3 months 
I. months 
7 months 
7 months 
Frost-free 
Frost-free 
3 months 
3 months 
5 months 
5?! months 

Very dense Frost-free 
Dense Frost-free 
Medium Frost-free 
Light Frost-free 

11::--rAm-:-p-il::'e'"'. "'. m~o::.,i,.-s~t-u_r_e-:-av-a-::-;-il:;"·a~b;-:1;-e--;;from ground water or water 

0.85 
.65 
.75 
.62 
-55 
.65 
.75 
.70 
.75 
.70 
.70 

1.30 
1.20 
1.00 

.80 
table. 
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Table 7.- Monthly percent of daytime hours of the year for latitudes 24 to 50 degrees north of 
the equator. (28) ]} 

Month 
. . 
---------------'La:::·~t-"'it~l:::;ldc:;:e.::!.s--*!if!. de.~rees north of eq_uato:.!.r-----:----------

24 26 28 30 32 34 36 38 40" 42 44 46 48 50 
Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Poorc<:nt Percent Percent Perc, · 

Januory 7.58 7.49 

FebrU<lry 7.17 

March 

April 

8.40 

8.60 

May 9.30 

June 9.20 

July 9.41 

/.ugust 9,05 

Sept <>mbcr 8. 31 

7.12 

8.40 

8.64 

9.38 

9.30 

9.49 

9.10 

8.31 

. ---- --- . ' 

7.40 7.30 7.20 7.10' 6.99 6.87 6.76 6.62 6.49 6.33 6.17 5.98 

7.07 7.03 6.97 6.91 6.86 

8.39 8.38 8.37 8.36 8.35 

8.68 8.72 8.75 8,80 8.85 

6. 79 6. 73 

8.34 

8.90 

8.33 

8.95 

6.65 

8.31 

9.00 

6.58 

8.)0 

9.05 

6.50 

8.29 

9.12 

6.42 . 6.32 

8.27 8.25 

9.13 9.25 

10.53 10.69 9.46 9.53 9.63 9.72 9.81 9.92 10,02 10,14 10.26 10.39 

9.38 9.49 9.60 9.70 9.83 9.95 10.08 10.21 10.38 10,54 

9.58 9.67 9.77 9.88 9.99 10.10 10.22 10.35 10,1~9 10.£,4 

10.71 10.93 ' 
1-' 

10.80 10.99 

9.16 9.22 9.28 9.33 9.40 9.47 9.54 9.62 9.70 9.79 9.89 10.00 

8.32 8.34 5.34 8.36 8.36 8.38 8.38 8.40 8.41 3.42 8.44. 8.44 

'f 

October 8.09 8,06 8.02 7.99 7.93 7.90 7.65 7.80 7.75 7.70 7.63 7;58 7.51 7.43 

Novumbur 7.43 7,36 7.27 7.19 7.11 7.02 6.92 6.82 6.72 6.62 6.49 6.36 6.22 6.07 

Dec~~r_7~-~4~6-~7~·~3~5-~7~-~27~~7~-~14~~7~.0~5~~6~.o~,2~~6~.7~9~~6~.6~6~~6~.5~2~~6~.3~8~~6~.2~2~~6~.0~4~~5~.8~6~~5~.o~'5~ 

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 

]} Comouted from "Sunshin.> Tabhs", U. S. lf~c.thur Bureau Bulletin No. 805, Edition of 1905. 
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Examples of rates of consumptive use in the Upper Colorado River 
Basin (a) computed by the above method are shown in table 8. 

Table 8.- Estimates of normal ~~it consum~tive use rates for 
irrigated crops during the irrigation ~eriod for several 
localities in the Upper Colorado River Basin (2). !/ 

No.L:rrtai- rate cOn;u_:nptive use, in inches 
Location : Alfalfa Pastur.e Grains : Corn 

Chinle, Arizona 28.3 24.2 15.4 20.1 
Eagle, Colorado 18.5 16.2 11.6 11,6 
Cortez, Colorado 24.5 21.5 14.6 18.9 
Durango,Colorado 22.9 20.1 14.0 17.1 
Farmington, New Mexico 32.1 28.4 15.3 20.4 
Green River, Utah 32.5 28.6 16.2 21.7 
Price, Utah 26.7 23.5 15.4 19,9 
Eden, V~yoming . 17.2 15.1 13.4 
Pinedale, i·1yomihg 14.8 13.0 

!/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 6 are for average 
conditions in the semi-arid areal! of the ~;est. Studies are now being made 
to develop correction factors for humid conditions in eastern states. It 
is antic~pated that humidity or solar radiation records can be used for this 
purpose until measured consumptive use data are available. Basic solar 
radiation data are now available at many stations throughout the United 
States. 

Analysis of Irrigation and Precipitation Records 

In the consumptive-use studies conducted by the Division of Irrigation, 
Soil Conserv3tion 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 (l), This method has been successfully employed in several. 
areas in California in cooper~tion ~ith the State Enpineer (26). It con
sists of est!mqting evaporation and transpiration losses during the irriga
tion season and \"inter period based ol'l data available as to the number of 
irrigations and depth of water applied, farm duty of water, and efficiency 
of irrigation water application 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 through 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 
irrigatjon water supplied to various crops, both for the growing season and 
the winter period, Precipitation, irrigation and other rec~rds were col
lected and estimated.made of the efficiency of irrigation for various crops 
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in the different areas. The latter data were supplemented by water
application efficiency studies made on typical farms by measuring the 
quantity of water appli~d and taking soil samples before and aft~r irri
gation to det~rmine the proportion of ·soil moisture available tor crop 
transpiration use within the root zone. These d&.ta l'lere analyzed and the 
unit rate of water consumpt~on fo~ each crop computed. The total consump
tive use in acre-feet mt:.y be -;o:r:put .. ,.i by multiplying unit values of con
sumptive use for each crop l:-y ita 'l.i"aa, An example of results of normal 
valley consumptive use :;.n Sal::..1:ls 'ialley, California, estimated by this 
method is given in table 9. · 



Table 9.- EstimatGd normal vall(;;y consumptive use of VJ,:)_ter in the For(;;bay Area, 
· Salinas Valley, California (26) 

Classification Area t";inter consumption Y: Summer conswnption ~: l.nnual conswnption . . !1it IQtal llnit IQti!.l u~1lt IQ:t.,jl 
j,cres Feet Acre-feet Feet Acra.,.feet Feet Acre-feet 

IR.t'1IG,TED CROPS ----
Alfalfa 5,208 0.63 3,281 2.57 13,385 3.20 16,666 
lcttuca 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 ).0,961 
Scans 5 ,21,7 .63 3,305 1.14 5,932 1.'77 9,287 
Be..;ts . 1,563 .83 1,297 1.17 1,329 .. 2,00 3,126 
Guayul~ 3,102 .63 1, 951+ 1.13 3,505 1~76 5,459 
Orchard 710 .63 447 1.34 951 1.97 1,398 
Grain 109 .63 f:.c .71 7'7 1. Jlt 1.1.6 - _l)-.2·J_i ____ ---'-1. 

Sub-total 23 636 35,999 .... "'1(':-1 
- __ d_ :.J.:."': ~;-_ 

.IE!..RIG;\!31~~ DRY F ,,ld :,ND GRJ,SS 4,182 o.1.o 1 67< ' -· O.J5 1,464 0.75 3,1'3? 
I ·--·-------- ------- -· ---- 1\) 

NATin VliD'm,Timrt Valle;z floor) tJ 
I 

s~.amp 91 0.91 t3J 3.74 340 4.65 423 
Densu tre .. s-brush-grass 850 -76 646 4.24 3,604 5.00 4,250 
Medium brush-trees-grass 2,820 .92 2,594 1.93 5,443 2.85 8,037 
Sparse brush-grass 2,610 .63 1,644 1.04 ?.._714 1.67 ~358 
Sub-total 6,'371 9 -~ 12,101 1' o(): 4, bt ( ! 

MISCELL Jr.;o US 
Wato;r surface 202 0.69 139 3.C7 620 3.76 759 
Rivlilr channel 3,335 .46 1,534 . 1.32 4,402 1,78 5,936 
llastG land 326 .25 81 .15 49 .40 130 
Town and farmlots 1060 ' .50 530 1.50 1,590 2.00 2,120 
Heads and railroads 1,2H .22 315 .• 15 189 .40 ';OJ, 

Sub-total G 184 2. 'i99 6-aso ~ ~1,9 

TOTAlS 40,373 24,441 56,414 80,855 

y NovelllQer 1 to J.iarch 31. y Irrig;:.ticn se<>son, AJril 1 to October 31. 
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.IDII_,., .~lul.l.e'tbl No. JiJ¥. CalU'omi'- St.at.er :Divi~$9t1 or \1ater 
~- 1'42;. 

ftltlJ) ~-··OF ~1!'1 (n!Sl/U"tiVE ~i ($ 'Wl>'tBR, 'b;r 'Harty l'. 
Blanet•· .l).f'tiriQn or Irri'irc!t1,on~ If,, $. D~pt.,. 9~ #,<,gr~ 1938 • 
. (la,meol"phed) -. . 

nm!GI.'nlli· .r A'al REt")tt:;:.JENT ST!rof:::S oF :tr'PRUS :w::o I<Voc.JXJ 'l.'IJ,EES 
:m $hN .D~ coum"t. c..ur:oru-'r.;., 1926 ,t.nd 192~ .. 'b:f a. a. ~erettt 
Ha:try! F. jjl.!_l!l~y, 'Jnll c: ;w. 'l'.::.ylor.- UiltV'. "' caur.,. Collep e.f 
;.gr.?. ... gr, ~ .• Sta,, I'o!ll. ~1'9. 19)(). 

;[.RR]:Oh'l'ION S'l'UD:ms JN ~Ol~, l!l:v Ker1 K~rri.«• Divt.s!oa ·of' lrtigtrU.o.:. 
~!liJl:atei' Con~~ervatfon~, SoU C()nsenat,ieft. ~errlce-t u. S. 'tlept.. 'g,t 
.. gd~tqre.. '(lfn~oli$bed) · 

toNSUW"t~ -~~ OF t: .. t.P.:a FCR AGIUCUL~. f:tt io~t'~ L. i.OWJ'y, .1·r~ 
il.nd ~,pta~ F. Johneoit.. lrll.!l!!•cti.$J'\$' ot .. ~.. S.oc;, Civ'-. .,i!npt. 
Vt.>l .• 101~ l:9t..a. · · 

:$\'A!'O&.'t!ON ~$ tlOlis!JiiPTtv;S; tiSE- QF l<i>T"~ ~"PllttQ.J. FP~-.. b$ 
liarl"f r. Blaney .aoo Karl V, liorilt,. f'ai-t .:r. Tranaacti~ll! ~
.O.o:.. Umqp. ).9~2-. 


