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Production Economics Paper # 6003 
Purdue University 
September 9, 1960 

P!-ojections of Irrigated h.creage 

and Water Requirements 

for Western Water Resource Regions* 

V. W. Rut tan"'** 
Department of i .. gricultural Economics 

Purdue University 

(Paper presented at the 1960 West ern Resources Conference , University of Colorado, 
Boulder, •• ugust 22-26, 1960) • 

hs a r esult of the ef fort gener ated by the Senate Sel ect Committee on Na-

tional Water Resources the Nation, and the West in particular, i s no longer f aced , 

with even a potential shortage of r egi ohal irrigation acr eage and water r equire- · 

ment projections .11 Whet her by 1980, or by the end of the century, the Nation, or 

the West, will experience a shortage of irrigated l and and/or irrigation water is. 

not obvious in spite of the extremely valuabl.e work completed thus far by the Co~ 

mittee and by the agencies-which have contributed the data and analysis which ap-

pear in the Committee reports . 

In this progress report a.n at~empt i s made t o use aggregate _r egiona.l production 

:functions computed for the water r esource r egi ons identified by the Select Committee 

to provide t entative answers to sever al questions thri.t deserve consideration as 

the Nation proceeds toward the l evel s of development and utilization projected in, 

the Committee r eports . These questi ons include : First, how does the marginal 

productivity of irrigated l and vary among the several Western Wat er Regions undev 

1954 conditions . SAcond, how do these marginal productivities compar e with current 

*Journal paper 1660 of t.ha Purdue '.gricultural Experiment Sta tion . The Re­
search on which this paper i s based was financed by a grant from Resources for the 
Future . The paper also draws upon work conducted under California ;,gricultural 
Experiment Station Project 1841 and r eported in Vernon d. Ruttan, "The Impact of 
Irrigation on Farm Output in California, " Hilgardia, (Journal of t he California 
hgricultural Experiment Station) f orthcoming. 

~The author wishes to expr ess his appreication to J . c. Headley and G. E. 
Schuh for helpful comments and criticism on an earlier draft of this paper and to 
Karl Gertel for making available the data used in pr eparing the r egional cost esti­
mates . 
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and projected costs to farmers and/or to society that will be incurred in bringing 

the projected irrigated land into production. Third, how will the 1954 marginal 

productivities be modified as national and regi onal f arm output expands and addi­

tional irrigated l and is brought into product i on between now and 1980? Finally, 

ther e i s a brief comment on the problem of moving from projections of irrigated 

acreage to pro jec t i ons of irrigation water requirements . 
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I. Output expansi on, technological change and resource utilization in American 

Agriculture. 

Rather than proceed directly to the issues posed by these questions I would 

like to briefly sketch some of the findings regarding the interrelationships a-

mong output expansi on, technological change and resource utilizat ion in Ameri­

can agriculture that have emerged out of recent research.~ This ·should provide 

a common historical perspective on which to base a discussion of the questions 

identifi ed above. 

The contribution of t echnological change to the output explosion in Ameri-

can agri culture during the last decade has attracted increasing attention. The 

dramatic nature of these changes is emphasi zed when one recalls- the discussion ui 

t he early 1950' s which centered around the problem of meeting farm output require~ 

ments during the peri od 1950-75 . We were warnedJ in the report of the President's 

Water Resources Policy Commi ssi onJ/ that the equivalent of 100 million acres of 
• I 

cropland would have to be added t o meet 1975 f arm output r equirements and that• 

two thirds of this increase would have to come from resource development activities 

such as irr i gation, flood protection, drainage and land clearing if we were to 

fill, in the Department of Agriculture 's t e rminology, the "fifth plateult/ result-

ing from populati on growth. By 1958 farm output had risen almost 25 percent above 

the 1950 l evel. When t he 1960 f arm output figures become available they will in-

dicate that we have already filled the 11fifth plate" and are on our way toward 

filling the sixth. 

The changes in r esource combinati ons used t o produce this increase in f arm . 

output have been as ·dramatic as the increase in out put itself o 

- Between 1953 and 1958 crop acreage - mainly wheat, cotton, corn and rice 

acreage - was reduced by almost 30 million acres by the acr eage allotment and 

soil bal'1k pr ograms . Agri culture as a whole was using approximately 5 percent fewer 

l and inputs in 1958 t han in 1950 • .5/ 
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- Labor inputs declined by more than one fourth between 1950 and 1958 . 

- Inputs of capite.l and current operating expenses rose eUfficiently to 

approximately offset the decline in land and labor inputs , thus leaving total 

inputs essentially unchanged. 

The experience ~f the 19501 s i s in sharp contrast to the period prior to 

the mid 19201s. Prior to the mid 1920's most of the year to year increases in 

farm output came from using more inputs . In the period prior to 1899 land and 

l abor accounted for a major share of these increased inputs . Between 1899 and 

the mid 19201 s increased capital inputs accounted for a major share of the out -

put growth in agriculture . Since the mid 1920 1s , however, technology - in the 

form of sld.lled management and more productive capital inputs and current oper-

ating expense items - has been progressively substituted for resource inputs 

until during the decade of the 1950' s , new technology has been substituted for 

resources at a sufficiently rapid rate to account for the entire increase in 

farm output. Y 

Current population and per capita income projections imply a growth in the 

demand for farm products of 40- 50 percent between 1960 and 1980. If 

technological change continues a t the level maintained during the decade of the 

l950 1 s it seems likely that the 1980 farm output will be produced with 40-50 per-

cent less labor; around 25-30 percent more capi tal, a 50-60 percent increase in 

current Qperating expenses, and a further decline in land inputs of 5- 10 percent . 21 

These output and input changes ar e expected to occur with no rise in farm prices 

relative to the general price level . Indeed, there is ample basis for anticipating 

lower real prices of f arm products in 1980 than at present if serious attempts 

are made to eliminate existing sm·pluses ;md shift agricnlt.urc t o a frPe market 

basis ;~ 

I will now proceed to discuss the specific questions which relate to the 

contribution which irrigati on can make to resource utilization and output growth 

i.u t.he environment .outlined above . 
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II. Regional Variations in Factor Marginal Productivities 

As a first st ep in estimating the marginal productivity of irrigated land 

aggregate regional production functions.2/ of the Cobb- Douglas form (X : A i':Xia~ 
0 • 

wer e estimated by ordinary least squares procedures1Q/ from county data for eight 

Western Water Resource Regi ons.111 The r esulting resource productivity coefficients 

(presented i n Table A-1) were then employed to compute marginal productivity esti­

mates [CMPX:i. = (X0/Xi)a~ . for irrigated cropland and other inputs. 

The r esults, computed at both the geometric and arithmetic means and using t he 

product ivity coefficients from both equati ons (2) and (3) are presented in Table l .~ 
Although major interest in this paper is on the productivity of irrigated land mar-

ginal productivity estimates for three other f actor inputs-labor, non-irrigated 

cropland, and current operating expenses - are also presented. 

Several generali zati ons are suggested by the data presented in Table 1. 

1. The marginal productivity estimates for the four factor inputs tend, wit~ 

some important exceptions, to be r easonably similar at both the arithmetic and t he 

geometric means and when estimated f r om the coefficients of either equation (2) or 

(3). Close agreement between the marginal productiviti es estimated at the arith-

metic and geometric means reflects similar factor-factor and f actor-product ratios 

in large and small counties . Close agreement between the estimates based on equa-

tions ( 2) and (3) reflects a lack of major specificati on bias in the productivity 

coefficients as between these two equations . We are par ticularly concerned with 

achi eving close agr eement among the several productivity comparisons for irrigated 

land and current operating expenditures since , at a l ater stage in the analysis, : 

regional output and the inputs of these two factors will be pr ojected from arith-

metic mean l evels and aggregated to form regi onal totals . 

2. The marginal productivity of labor i s r elatively high in the three south­
two 

western (Central Pacific, South Pacific, and Colorado River) and/northern (Pacific 



Table 1. Factor Marginal Productivity Estimates for Western Water Resource Regions, 1954. 

All farm workers Irrisated land Non-irrigated cropland Current Qperating Expenses 
Region and geometric arithmetic geometric arithmetic geometric arithmetic geometric arithmetic I 

equation mean mean mean mean mean mean mean mean 
(dollars/year) (dollars / acre) (dollars / acre) (dollars / dollars) 

Pacific North-
west (2) 1 , 389. 82 1 , 429 .04 67 . 21 60 . 53 53 .06 31.32 2.52 2. 06 

(3) 1,413.14 1,45.3.02 77. 41 69 . 71 53 .80 .31.76 2.75 2.25 

Central Pacific 
(2) l ,5Z7 .65 1 ,603 . 21 61 .61 49 .10 101 .17 112 .46 3 .77 3 .71 
(3 ) 1 ,593 .48 1 , 672 .29 57 . 23 45 .62 95 .69 106 .37 3 . 56 3 . 50 

SoYth Pacific (2) n.a. 2,259 .45 n.a . 89:43 n.a. * n .a . 1.98 
(3) n .a . 2,287 .73 n.a . 93 . 29 n .a . * n .a . 2.15 

Colorado River(2) n .a . l,658 .6f. n.a . 26 .Zl n .a . * n .a . 4 .38 
(3) n.a. 1,679. 42 n .a . Zl.40 n .a . * n .a . 4.78 

Great Basin ( 2) ~t- * * * ~f- * * * (3) * * 23 .26 J? .03 * * * * 
Upper Rio Grande 

and Pecos (2) 903 .35 9 0 :C. ·.6 54 .57 56 .29 * * 3 .13 3 . 20 
(3 ) 927 .67 '926. )b 51 .42 53 .04 * * 3 .64 3 .71 

Western Gulf (2) 393 .76 308 ·-- ·· 19.3 .?5 117 .81 40 .10 2.3 .62 2. 66 1 .74 
(3) 393 .17 307 .52 193.71 117 .78 40 .09 23 . 62 2.68 1 .75 

Upper Arkansas(2) 793 .90 5 . 22 87 .38 92.24 15 . 24 12 . ~r 3 .82 2.51 
(3) 8Z7 .83 605 .02 87 .20 92.05 15 .09 12.3.,, 3 .43 2. 26 

Upper Missouri(2) * * 60. 26 69 .01 7 .92 4 . 26 * * (3) * * 66 .83 76 . 53 7 .55 4 .06 i.~ * 
n.a . - Marginal productivity estimates at the geometric nean are avai:able only for the combined South Pacific and 

Colorado River regions . A single production function was comp~ted for these twc areas since the limited 
number of counties in the South Pacific region (9) did not pernit separate estimation. 

* - Indicates that the coefficient for this variable was rejected tecause the coefficient (a ) is small relative 
to its standard error, (b) is negative or (c) is clea1ly subject to substantia: specification bias . 
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Northwest and Upper Missouri) water resource r egions and relatively low in the 

three southern (Upper Rio Grande and Pecos, Western Gulf, and Upper Arkansas -

Red) water resource regions. These variati ons are 

gional variations in fann wage rates .12./ 

consistent with re-

3. The marginal productivity of current operating expenses - primarily 

fertilizer and purchased feed - typically exceeds $2 . 00 per dollar spent. Even 

when consideration is given to the incorporation of the specification bias which 

this variable appears to pick up in some areas when the machinery investment vari.-

able is dropped from the equation and some discounting due to weather and price 

uncertainty it appears, in most of the Western Water Resource Regi ons, that the 

possibility exists for substantially increasing output and returns on existing 

acreage by increasing current ~perating inputs. 

4 . The marginal productivity of non-irrigated cropland was negative or 

u.ot. signifj ~aut.ly different from zero in the major desert areas of t ho We9't. (~1t.h 

Pacific, Colorado River , Great Basin, and Upper Rio Grande and Pecos) in 1954. 

This is consistent with water shortages in these regi ons in t he early 1950 's;!l!/ , 

The estimates for the other water resource regions appear reasonable except in 

the Central Pacific Region where the estimated marginal productivity of non-irri~ 

gated cropland appears unreasonably high. 

5. Marginal productivity of irrigated land is highest in the South Pacific , 

Western Gulf and Upper Arkansas-Red water resource regions. It i s lowest in the 

Great Basin, Colorado River, Upper Rio Grande and Pecos regions with the estimat~s 

for the Upper Missouri, Pacific Northwest and South Pacific falling between the 

other two groups. 

The high marginal productivities of irrigated cropland in the Western G~ 

and Upper Arkansas appear t~ be related to the low l abor productivity in these 
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two r egi ons. In these r egi ons, wher e the ratio of l abor to land inputs is rela­

tively high, it is reasonable to expect that irrigated land, which in effect ex­

pands land inputs relative to labor inputs, should have a relatively high mar­

ginal productivityo 
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IIIo Comparison of Irrigati on Cost and Productivity Estimates . 

The marginal productivity estimates for irrigated land, when combined with 

data on the cost of adding additional acr es of irrigated land, provide useful 

gui des for public planning. It seems reasonable to expect that farmers will typi­

cally be willing to contract for the purchase of water and undertake the invest­

ment costs r equired to bring new irrigated l and into production only if the annual 

marginal productivity of irrigated land and associated inputs appr oximates or ex­

ceeds the annual charges incurr ed in bringing the land into product.ion and produc­

ing a crop? It can also be a r gued under certain assumptions that , regardless of 

the charges that a r e made by pubiic agencies for water which they supply f armers 

f or irrigation use, the annual marginal pr oductivity of the i rrigated land should 

approximate the sum of annual costs per acre incur r ed by public and private agen­

cies in bringing the land into producti on and producing a crop . This pr~cedure 

is the r everse of that frequently used in evaluati ng public resource investment 

where the benefit stream is discounted and compared to investment cost . In this 

analysi s investment cost is amortized and the annual cost stream compared to an­

nual benefits .121 

A comparison of annual irrigati on cost and productivity estimates for the 

9 Western Water Resource Regions are presented ih Tabl e 2. The productivity esti­

mates are from Tabl e 1. Two cost estimates are presented . The f irst, identified 

as estimated current annual water char~es _aD:.d_ ~ssociate_d costs . rPPrPc:nu ~ n .<in P!'lt ,-t,. 

mate of average annual water char ges and associa ted costs, exclusive of labor and 

current operating expenses, incurred per acr e of irrigated land in each Western 

Water Resource Region in the mid 1950 1 s u Laber and current operating expenses 

are omitted from the cost side s ince their impact on output is incorpora ted sep­

arately in the production functions . Land costs are ba sed on dry cropland values 
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on the assumption that this represents the opportunity cost of irrigated crop­

l and (See Table A-4 for details) . The second cost estimate , identifi ed as pro­

jected amortization and associated costs on potenti al Federal projects , were ob­

t ained by adjusting the costs upward to account for the higher water costs on 

the potential new projects identified by the Bureau of Reclamation in their r e­

port to the Sel ect Committee (See Table A- 5 f or details) . The substantial dif­

ference between the two estimates are based on lower costs of past than projected 

project and development costs , l ower costs of non- Federal t han Federal projects, 

interest subsidy, the basin account device and others . 

In two regions - the .iestern Gulf and Upper Arkansas and Red - the marginal 

productivity of irrigated land exceeds the pr ojected amoritization 

and associated costs on potential federal projects . In four other s the Upper Rio 

Grande and Pecos , the Great Basin, the Pacific Nor thwest and the Upper Missouri -

it f alls between the two cost estimates . And in thr ee r egions - the Colorado 

River, South Pacific, and Central Pacific the estimated marginal productivity of 

irrigated l and fall s below both cost estimates . It seems likely that , in the im­

mediate future at least, the highest returns on public and private investment in 

irrigation development will typicclly be obtained in the first two regions . 
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Table 2. Comparison of Irrigation Cost and Productivity Estimates for Western 
Water Resource Regions . 

----------- - - -- - -----·- ·- - -··- ··- · E-s-fiiiiat.ed Projected 

Mar ginal produo­
ti vity of ir­
rigated l and 

range y 

current amortization 
annual and associated 

water charges costs on poten­
and associ- tial Federal ~ 
ated costs 2J projects JJ 

{dollars per ac r e) 

Pacific Northwest 60. 53 - 7? .. 41 

Central Pacific 45 . 62 - 61.61 

South Pacific 89 .43 - 93 .29 

Col orado River 26 .27 - 27 .40 

Great Basin 23 . ~ - :n .03 

Upper Rio Grand-Pecos 51.42 - 56 .29 

Western Gulf 117.78 -193.75 

Upper Ar kansas - Red 87 .20 - 92 .24 

Upper Missouri 60.26 - 76.53 

.-- - - --·- ---- -

Source : 

1/ Range of estimates presented in Table 1. 
2/. See Appendix Table A-4. 
JI See Appendix Table A- 5. 

44.26 80.56 

67 . 22 108 . 51 

116.11 275 .58 

44.59 122.09 

20.42 70.87 

40.35 82 .41 

53 .02 94.98 

28 .86 93 .98 

24.89 89 .09 
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rl. The Demand for Irrigated Land in 1980. 

The same technique used to estimate the marginal productivity • f irrigated 

cropland in 1954 can be used to estimate the margi nal productivity of alternative 

levels of irrigation development in the future . Regional farm output estimates 

for 1980 were constructed by applying dampened regional output growth trends in 

major type of farming regions to the medium national farm output projections pre-

pared by Resources for the Future for use by the Select Connnittee (a 1980 farm 

output index ~ f 156 with 1954 = 100).12/ The projections for the type of farming 

regions were then adapted to apply to the water resource regions. 

Using the productivity coefficients for irrig ted land from the 1954 regional 

production functions and the regionaJ output projections; estimates were constructed 

of the margional productivity of irrigated cropland for each of three Department of 

Agriculture irrigated acreage projections - low, medium and 1980 potential - and 

the Bureau of Reclamation P-stimate of irrigated acreage when acreage in potential 

projects is fully developed,. For reference purposes estimates of the acres of ir-

rigated cropland that would be required, at the projected output levels, if the 

marginal productivity of irrigated land was equated to each of the two cost esti-

mates presented in Table 2 were also computed. In Figures 2 .1- 2.9 numbers are 

used to identify the Department and Bureau projections.* Heavy vertical lines are 

used to identify the irrigated acreage at the two refer~nce points . The broken 

verti cal line indicates irrigated acreage in each region in 1954. 

The curve which connects the five points plotted in Figure 2 .1- 2 .9 can be 

referred to technically as the 1980 short-run derived demand curve for irrigated 

.;i- The 
(1) 
(2) 
(3) 
The 

Department of Agriculture projections are identified as follows : 
low 
medium 
1980 potential 

Bureau of Reclamation projections are identified by (4) 
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land. Included in the caterus parabus conditions implicit in this designation 

are: (a) the projected regional output levels , (b) continuation of relative 

prices for farm products and inputs other than irrigated cropland at 1954 levels, 

(c) technol ogical change between 1954 and 1980 that is 11neutral 11 with respect to 

the productivit y coefficient f or irrigated land . The effect of changi ng these 

assumptions will be indicated after first discussing the implications of the sev~ 

eral regi onal demand curves on t he assumption that the caterus parabus conditions 

are approximately met . 

In the Pacific Northwest an increase from the 3 .J2 million acres irrigated 

, 

in 1954 to 4o65 milli on acres in 1980 is indicated if the projected amortization 

and associated costs on potenti al projects is accepted as the appropriate invest~ 

ment criteria and to 8 . -. 7 million acres if acreage is expanded to the point where 

the marginal productivity of irrigated land falls to the l evel of current annual 

water and associated costs to irrigators . The three Department of Agriculture pro­

jections impl y marginal productivities somewhat below the $80 .56 required to cover 

potential project costs while the Bureau projection implies a marginal productivity 

for irrigated land somewhat lower than $44 .26 average under current practice . 

In the Central Pacific an actual decline f r om the 4.96 million acres irri­

gated in 1954 is indicated if charges rise to the potential project cost level.l~a/ 

An increase to 6 .2 million is indicated if acreage is expanded to the point where 

the marginal productivity of irrigated cropland f alls to the current practice level 

of $67.22. The three Department projections imply marginal productivities for ir~ 

rigated land somewhat lower than the current practice levels while the Bureau pro­

jection implies a substantially lower marginal productivity . 

In the South Pacific a decline is also indicated from the .73 million acres 

i rrigated in 1954 i f charges rise to the potential project cost level . However, 

an increase to 1.08 million acres , somewhat above either the Department or Bureau 
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Figure 2. The Demand for Irrigated Land i n Western Water Resource Regi ons, 
1980. 
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Figure 2 . The Demand for Irrigated Land in West.arn Water Resource Regions, 1980. 
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projections is indicated if acreage is expanded to the point where the marginal 

productivity of irrigated cropland falls to the current practice level of $116 .11 . 

In the Colorado River a decline is also indicated from the 2. 28 million acres 

irrigated 1954 if charges rise to the potP.ntial project cost l evel . Even at the 

current practice l evel little increase above the 1954 level lo Uirlicated . The mar-

ginal productivity of irrigated land tha t would r esult if development is carried 

to the l evels projected by the Department and the Bureau fall belew current prac~ 

tice l evels . 

To the extent that any reliance can be gi ven to the demand curve computed 

for the Great Basin a slight decline i s indicated from the 1 .37 million acres 

irr igated in 1954 if marginal productivity is to re~ch the potential project cost 

l evel . Th - Department and Bureau projections which converge at about 2.25 million 

acres are all considerably less than the 3.98 million acres that would have to be 

irrigat ed to bring the mar ginal productivity of irrigat ed l and down to the current 

practice level of $20 .42~ 

In the Upper Rio Grande and Pecos it appears that it will be possible to 

achieve a marginal pr oductivity of irrigated land equal to the potential project 

cost level with a slight increase in irrignted acre~ge from the .99 million acres 

irrigated in 1954. An increase to 2.0a million acres , well above the projections 

of the Department and the Bureau would be r equired to push the marginal produc-

tivity of irrigated l and to the pr esent practice level of $40.35 . 

In the Western Gulf both the potential project cost criteria at $94 .98 and 

present practice criteria at $53 . 02 imply a demand for irrigated land well above 

the 4.25 million acres irrigated in 1954 and the levels projected by either the 

Department or the Bureau . 

In the Upper Arkansas substantial increases above the 1 .32 million acres ir: 

rigat ed in 1954 are also implied by both criteria . An increase to 1 0 88 million 

l 

1 
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acres, somewhat above any of the Department projections, would be r equired ~t the 

potential project cost level of $93 .98 while a rise to over 6 million acres would 

be required to push the marginal productivity of irrigated l and to the current 

practice level of $28 .86 . 

In the Upper Missouri a n increase from the ~ .~2 million acres irrigat ed in 

1954 to 5 .08 million acres is implied by the potential project cost criteria of 

$89 .09 . This is less than any of the Department or Bureau pr ojections and far 

bel ow the acreage required to push t he marginal productivity of irrigated l and 

to the current practice level of $24 .89 . 

Some modification of the above r esults can be obtained by r elaxing the cat­

erus parabus conditions outlined earlier . 

More r apid increase in the demand for national farm output than assumed in 

this paper would shift the demand for irrigated land in most regions to the right . 

For any given level of national output , however, a shift to the right in the de­

mand curve for farm output in any region or gr oup of regions must be accompanied 

by a shift to the left in the demand curve in at least one other region . 

A change in product prices r elative to factor prices may also act to shift 

the demand curve for irrigated cropland . Since the prospects for a decline in 

product prices relative to f actor prices seems more likely than a rise the 

net effect ~f price changes, if any, will pr obably be to shift the demand curve 

for irrigation to the left . 

The demand for irrigated land will also be affected by the pattern of tech­

nologi cal change that occur s over the next sever a l decades . If technological 

change (reflected by a rise in the productivity coefficient for irrigated land re­

lative to other inputs) lowers costs or increases output possibilities for irri­

gated crop production more rapidly than for agricultur e as a whole it is possible 

(but not necessary) that the demand for irrigat ed land would shift t o the right . 
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On the other hand if technological change is on balance "neutral" (leaving the pro­

ductivity coefficients approximately unchanged relative to each other) the demand 

curve for irrigated l and will, for any projected l evel of output, shift to the left. 

After the qualifications resulting from the difficulty of attaching precise 

probab:::.:i;,ies to potential shifts in the demand curve for irrigated l and are taken 

into consideration however, one firm conclusion does emerge . The amount of land 

11r equired 11 to produce the projected 1980 output will depend, to a major extent, 

on the degree to which water charges cover projected amorization costs on poten­

tial projects.17./ If these charges are set at or near the projected aIOOrtization 

costs , demand for irrigated acreage can be expected to increase less than anti­

cipated by the Department and the Bur eau in 6 of t he 8 Western Water Resource Re­

gions (all except \·Jestern Gulf and Upper Arkansas and Red) . If, on the other hand, 

charges are set near or only sli ghtly above present practice l evels, · the demand 

for irrigated acreage will exceed the Department projections in all but 2 regions 

(Central Pacific and Colorado River) and the Bureau projections in all but three 

regions (Central Pacific , Colorado River and Pacific Northwest ) . 
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V. Optimum Acreage t.•f Irrigated Land in 1980. 

In the previous section comparisons were made between the marginal producti-

vity of irrigated land at the levels projected by the Department and the Bureau 

and the levels that would result in a marginal productivity of irrigated land suf-

ficient to cover annual amortization and associated costs on potential Federal 

projects. Identification of the acreage of irrigated land that would r esult in 

equatilt& annual marginal productivities and annual potential project cost flows 

as the optimal level of irrigation development has , however , been care.t'nlly avoided. 

Definition of an optimal level of irrigated acreage within the restricted f r ame-

work of modern welfa re economics requires, among other conditions, that marginal 

productivities and costs be equated for all f actor inputs .l!V' The limitations of 

the data and measurement techniques employed in this and other empirical studies 

i s perhaps an even more important f actor precluding any such precise balancing of 

InA.rginal equalities. In spite of these limitations it is frequently useful to 

employ certain limited optimAlity assumptions to e xplore +.ho nA.t.11rP ttf t.hP. ~-

duction surface and the impact of f actor substitution on f actor productivities at 

alternative out, ut l evelso 

In Figures 3.1 and 3.2 the i so- or constant revenue and iso-or constant mar-

ginal value lines ar e plotted for irrigated l and and current operating expenses 

on the assumption that inputs of l abor and non-land capital are held constant at their 

1954 arithmetic mean values (or alternatively, that variations in these two fac-

tors appr oximately offset each other as in the r ecent past) . Three iso- marginal 

value curves and two j_so-·reserve curves are plotted. Curve OA indicates all those 

combinations of irrigat ed l and and operating expenses for which the marginal pro-

ductivity of oper ating expenses is !2/ equal to $2. 00 per dollar spent . To the l eft 

of OA the marginal productivity of ope1ating expenses will exceed $2 . 00 and to the 
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Figure 3. ls•-Revenue and ! so- Marginal Value Maps for Irrigated Land and Current Oi:;erating Expenses . 
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right of OA it falls below $2 .00 . Curve OB indicates all those combinations for 

whi ch the marginal productivity of irrigated land equals the projected amortiza-

tion and associated costs on potential Federal projects . And line OC indicates 

all of those combinations for which the marginal productivity of irrigated land 

equals the es:.imated current annual water changes and ass::> ci.-ted costs . 

The marginal productivity of irrigated land and current operating expenses 

ar e simultaneously equated with projected amortization and associated costs on 

potential federal projects and the assumed eqiilibrium productivity level for • P-

erating expenses (2.00/dollar spent) at the point where lines OA and OB intersect . 

Intersection of OA and OC would identify the equilibrium combination of irrigated 

land and operating expenses if water charges were adjusted to maintain the sum of 

estimated annual water charges and associated costs at current levels . 

rlhile recognizing the emotional content that is often attached to such terms, 

it is conveni0~t , and perhaps not too inaccurate, to refer to the OA- OB inte~t:Lon 

as the social cptimum and t he OA -OC intersection as the private optimum. The dif-

ference between OB and OC for any given iso-revenue curve indicates the excess de• 

mand for irrigated land created by pricing water at below social cost levels . ArKl 

the difference be~ween the two iso- reserve curves passing through the intersections 

OA- OB and OA- CC represents the discrepancy between the social and pr i vate optimum 

output levels brought about by pricing water below s::icial <X>St levels . 

In the Pacific Northwest the social optimum output level computed in this 

manner, coincides (0y chance) with the output level projected earlier . In two 

other regions (Central Pacific, and Upper Rio Grande and Pecos) the social optimum 

and projected levels also appro.X:mately coincide . In the Colorado River and South 
• 

Pacific regions the projected output level exceeds the social optimum. In two 

regions (Western Gulf and Upper Arkansas- Red Rivers) the social opti.Im..un level of 
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output exceeds the projected level . And in two regions (the Great Basin and Upper 

Missouri) the estimated proriuction function does not permit the indicated compari-

sons. 

In spite of the ~~stri~~cd meaning whi ch can be given to the optimum posi­

tions de!ined ~7 the tech;rique employed above the iso- r eserve and iso-marginal 

productivity curves that have been calculated do indicate that in most Wester n 

Water Resource Regions (except the Great Basin; South Pacific and the Colorado 

River) subsfa ... --it~al p':>ssib;J it.i.P.~ for substitution between irrigated cropland and 

operating expenses a:-e poss:'..tle i.""l meet:i.ng anticipated 1980 output levels . 
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VI . The Demand for Irrigation Water in 1980. 

While the demand for irrigated land i s clearly derived from the demand for 

farm output the demand for irrigation water can be treated either as derived from 

the demand for irrigated land or as derived directly from the demand for farm out­

put . If irrigation water is regarded as a strict complement to irrigated l and 

then it is clearly appropriate to treat the demand for water as derived from the 

demand for irrigated land and, for planning purposes , to project irrigation water 

requirements for specific alternative levels of irrigated acreage . If, on the 

other hand, an independent output response can be obtained for irrigati on water 

while holding land input constant the demand for irrigation water should be derived 

directly from the demand for farm output r ather than from the demand for irrigated 

land and the concept of irrigation water r equirements for specific levels of ir­

rigated acreage looses it validity is a planning tool . 

The calculations on which t he projections prepared for the Select Committee 

are based carry the implicit assumption that irrigation water is a strict comple­

ment to irrigated l and and hence that the demand for irrigation water is derived 

from the demand for irrigated land . Calculations of water use are constructed 

by aggregating estimated water r equirements per acre for individual crops modified 

to account for variations in efficiences of appli cati on and delivery and, in the 

case of the Department ' s projections, anticip~ted improvements in efficiency re­

sulting from technological change~ An assumption that the demand for water is de­

rived from the demand for irrigated land i s also employed in this paper . Water 

was not entered directly into the production function but was treated as a perfect 

complement to irrigated land. 0 And in the cost estimates it is assumed that a con­

stant quantity of water per acre i s used in each regi on . 



A substantial amount of research, based on procedures developed by Blaney 

and Criddle in the West and Thornothwaite in the East has been directed to the 

development of methods for estimating irrigati on water "requirements11 per acre 

for specified crops grown under specified climatic and soil conditions ._gQ/ All 

of this work carries the assumption that the optimum amount of water 11required11 

per acre can be defined in purely physical terms . Experimental data, particularly 

that developed by Veihmeyer and his associates in California, has been interpreted 

as supporting this assumption . Beringer, however , has shown that this experimental 

work, when re- interpreted within the framework of production economics supports 

the hypothesis that crop r esponse to i ncremental water inputs clearly is subject 

to the principal of diminishing marginal pr oductivity .2J:/ Thus , optimum applica-

tion levels cannot be defined on the basis of purely physical criteria . Even at 

the enterprise or firm level an optimum can be defined only on by equating the irF 

cremPnt,A.J cost.s and retur11s associated with the incremental output resulting from 

incremental water inputs . And at the macro or regional level where possibilities 

of substituti on among enterprises and among geographic sub- areas exist the irri-

gation water 11r equirement 11 concept becomes even l ess v-i..lid as a planning tool 

w than at the enterprise or firm level . 

However, attempts to work directly with the demand for irrigation water rather 

than irrigation water Hrequirements 11 for specified irrigated acreage levels have 

been relatively limited. Dawsons work in the Ainsworth, Nebraska ar ea is t he only 

study at the micro level with which I am familiar • .6.J/ Attempts which I have made 

to enter water as a separate variabl e in an aggr egate r egi onal production func-

tion have been unsuccessful. 

It appears therefore that we a r e forced to work with the irr i gati on 11 require-

ment" tool in spite of its limited validity on both conceptual and empirical grounds . 

In using it, however, we should be car eful t o r ecognize that f or any given level 
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cf irrigated acreage the optimal applieation of irrigation water may vary widely 

depending on the incremental cost of water and the incremental return wbtained 

from additional water . Perhaps the most realistic procedure at the present stage 

of our work would be to attach hi gh, medium and low irrigation water pr ojections 

to each (high, medium and low) irrigated acreage pr oject i on . 

No attempt has yet been made in this study to modify or test the specific ir­

rigati on water requirement projections contained in the r eports to the Select Com.­

mittee by the Department and the Bureau . 
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VIIo Some Policy Implci'l.tions 

I would now like to emphasize the implications of three points made earlier 

in this paper which are of particular relevance to irrigation policy . 

1 0 Current and antic~pated r ates of growth in demand for farm products and 

in technological change in agriculture will appar ently result in a decline in land 

inputs used in agriculture to 5-10 percent below current levels by 1980. Calcula-

tions of the social costs and returns to irrigation development should, therefore , 

include the costs of adjustment stemming from more rapid declines in land utili-

zation in other regions than would be required in the absence of publicly financeq 

investment in irrigation development. Tolley' s recent studies have indicated that 

these interregional adjustments occur quite rapidly and t hat the South has been 

forced to absorb nru.ch of the impact of irrig3.tion development in the West .~ 

Statements to the effect that crops produced on irrigated l and do not contribute 

to current farm price and income difficulties because they are not subject to 

price supports must be regarded as evidence of l ack of analytical skill or as delib-

erate attempts to mi:sleado 

2. The marginal productivity of irrigated l and in 1954 tended to be highest 

in the Southern Plains where the ratio of farm workers to land was relatively high 

rather than in the desert areas of the West where water is more limited relative 

to l and. Although; in most areas of the West,the marginal productivity of i r ri-

gated land exceeds current water charges ::tnd associated costs it exceeds projected 

amortization costs on potential Federal projects only in the Southern Plains re- . 

gionso 

These observa~ions provide a basis for suggesting that during the immediate 

future - the next decade or so - Federal r esource develnpmPnt poli~ies should be 
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directed to creating a better balance between land and l abor resources in the South-

ern Plains by emphasizing rapi d irrigation development in this area relative to 

other areas and by encouraging movement of l abor out of agriculture . In the desert 

ar eas, where limitati ons of water supply for all purposes is greatest and where 

urban-industrial development is occurring r api dly i t would seem desirable to avoid 

committing substantial additional water resources to irrigation. 

3. The problem of future irrigation development cannot be meaningfully cast 

in t erms of land and water 11requirements 11 .2:2/ The possibilit i es of f actor substi-

tution to achieve projected output l evels are substantial, even at the farm l evel. 

It i s cl ear from both this study and from the reports prepared for the Select Com-

mittee that ~t the regi onal and national l evels these substitution possibilities 

ar e imnensely magnified. These f acts , combined with the extremely rapid rate of 

t echnol ogical change in agriculture that has occurred in the recent past and is 

anticipated through at least the next decade r educe the r el evant planning horizon 

f or agricultural resource development to something in the neighborhood of ten 

yearso 

Public investment in irrigation development should, therefore, be directed 

to completion of those current and pot~nt1al projects wher e there is a strong 

possibility that the marginal product iVity of irrigated l and will at l east equal 

projected amortization and associated costs in the near future rather than being 

geared to potm1tial 11r equirements 11 in 1980 or at the end of the century. Irri-

gati on develoµnent in the West is clearly a case wher e early decisions may, by 

failing to take advantage of time as a r esource , r esult in substantial wast e of 

alt ernative physical, capital and labor r esources . 



Table A-1-. ·. ilternative Factor ·Product ivity Esti:na:tes. fooi Weste.rn jater Resource Regions,. 1954. 

Jl Ma~~in- X3 X4 X5 x6 R2 K 
a. s 

Constant Non-irri- Current Sum of Cof ficient Standar~ ; 
Region Term (in farm ery in- Li Ye stock Irrigated gated crop- oper ating coef fi- of deter- error of 

ar.d lolno) worke1s vestment investment land land expandes cients minat i on estimate 
Equation (in log10) 

Pacific North-
west (l) .9567 .. 2568 .ae6 .0361 .1779 .1967 . 2901 1 .1762 .7987 0202.3 

( .1653) ( . 2137) ( .llll) ( .0506) ( . 0382) (.0866) 

( 2) 1 . 5070 .3970 .1019 .1713 . 2077 . 2903 1.1681 .7966 . 2024 
(.0981) ( .0914) ( .0500) ( .0372) ( .0866) 

(3) 1 .87 30 . 4037 .1973 . 2104 .3166 1 .12£! 0 .7940 . 2026 
{.0897 ) ( .0 .... 09 ) ( .0308) ( .0782) 

Central Paci-
f ic (1) .8834 .1938 .3361 - ~1401 .1)56 .1346 .5048 1 .1348 .9497 .1513 

( .1522) ~ .1718) ( .1375) ( .0;43 ) ( .0595) (.1420) 

(2) 1 .6876 03375 - .0646 .1536 .1455 c5367 1 .1087 .9435 .1581 
(.1485) ( .1368) ( .,0543) (.0621) ( .1477) 

(3) 1 .4754 .3520 .1427 ,1376 05057 1.1380 09431 . 1561~ 
• ( .1326) (.0415) (.0541) ( .0966) 

South Pacific 
and Coll'rado 
River (1) 1.1150 .3233 .0705 .1412 .089? - .0095 .. 41347 1.0999 .9715 .1259 

( ... 1037~ 11,.43) ( .0803 ) ( .0667) (c0155) ( .0981) 

(2) 1 .3222 .34139 el387 ,11~3 - .. 0058 c4965 1 -090~ ,97J.4 ,125C 
(.0908) (.0794) ( . 04b<J) ( ,0134) ( ,0955) 

(3) 1 .945 5 .3532 .,1171 - .0029 05410 1.0083 .9695 .1Z77 
(.0778) ( .,0471 ) (o0136) ( .0611) 

Great 3asin(l) .7455 .9231 .3016 .5769 - .1387 - .0543 - .3355 l.Z732 .8940 . 2111 
( .2135) ( .3095) ( .Z749) ( . 226) ) ( .0438) ( .1827) 

' (2) 107311 .9985 .5313 - . 054e - .0316 - ·. 2369 1.2065 .890f' . ~ 

(.2083) ( .2676) ( . 2086) ( .0366) ( 01470) 
(3) 3.24.1( .9328 .2?? :. - c0052 - .14138 l .Ot72 .8760 . 2217 

( .1160 r::~· .. (.1309) (.0356) (c1416) 



Table A-1. (C~ntin~ed) 

ao Xl X2 X3 X4 X5 
cJFent 

R2 s 
Ccnstant All Machin- Non- 1.rri- Sum of Cof ficient Standardc 

Region t . term (in farm ery in- Livestock Irrigated gated crop- operating coef fi- of deter- error of 
and - loglO) workers vestment investment land land expenses cients mination estimate 

Equation (in log10) 
Upper Rio Grande 
and Pecos (1) . 4890 .3877 .1239 .1683 .1966 - .0674 .4100 1 . 2192 .9127 .1715 

( .1280) ( .1996) ( .1530) ( .1140) ( .0358) ( .1326) 

(2) . 9094 .4122 .1583 . 2392 - .0601 .4341 1 .1837 .9116 .1698 
( .1230) ( .1503) ( .0936) ( .0330) (.1279) 

(3 ) 1 .5457 .4233 . 2254 - . 0513 .5028 1 .1003 .9084 .1702 
( .0987) ( .0827) ( .0302) ( . 0799) 

Western 

~ Gulf (1) .6710 - .0462 .5509 .0036 . 2922 .1512 .1474 1 .0919 .8859 .1441 
( .1022) ( .1765) ( .0990) ( .0491) (.0550) ( .0936) 

(2) 2 .0309 .1370 .0017 .3556 . 2717 . 2742 1 .0402 .8668 .1546 
(.0942) ( .1061) (.0525) ( .0519} ( .0957) 

(3 ) 2~0368 .1368 .3556 .2717 . 2752 1.0392 .8668 .1535 
( .0911) ( .0298) (.0398) ( .0599) 

Upper Ar-
kansas (1) 102513 .0958 .2940 - .0024 .1190 . 2624 . 2607 1.0294 .9008 .1123 

( .0666) ( .1211) (.0986) (.0284) ( .0446) ( . 0918) 

(2) 2.3738 .1900 - .0562 .1288 .3165 .3565 .9356 .8923 .11~2 
(.0600) ( .0999) ( . 029L.) ( .0445) ( .0905) 

(3) 2 .2044 .1981 .1285 .3135 .3202 .9603 .8920 c1157 
{.0538) ( .0253) (.0250) ( .0484) 

Upper Mis-
souri (1)- .3836 - .1667 .8906 .0307 .0422 .0667 .1812 1 .0447 .8714 .1060 

( .1122) ( .1249) ( .0463) (.0179) (.0211) ( .0390) 

(2) 2. 6113 .6444 .1175 .0912 .1162 .0760 1 .0453 .8081 .1291 
(.0907) (.0558) (.0215) (.0256) (.0419) 

(3) 3 . 2124 .6992 .1011 .1108 .0776 .9887 .8025 .1305 
( .0707) (.0199) ( .0240) ( .0419) 

---- - ----.. . .. - ... - .. -- -- - - ·-
~. 
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Tabl e A- 2. Measures of Total Farm~ Output and Inputs for All Counties in Western Water Resour~e Regions , 1954 • 

Water Resour ce 
Region 

Central Pacific 

Pacific Nor thwest 

South Pacific 

Color ado Ri.ver 

Total* 

Great Basi.n 

Upper Rio Grande and Pecos 

·:Je stern Gulf 

Upper Arkansas - Red Rivers 

Upper Missouri 

\'lest Total 

- ------------- - ... 

Number 
• f 

counties 

43 

125 

7 

52 

59 

41 

46 

199 

153 

361 

Farm 
Sales 

(000, 000' s $) 

1, 585 .9 

1,173.4 

579.4 

533 .8 

1,113.2 

170.4 

232.7 

1, 406 .6 

948.3 

2,964.0 

9,594.5 

All farm 
wor kers 
(000 ' s of 
persons) 

333 .8 

326 .0 

89 .5 

112.3 

201.8 

53.4 

106 .. 3 

625 .7 

310.5 

7CJ.3 

Irrigated 
Land 

(OOO' s of 
acres) 

4, 961 .7 

3,320 .5 

7'Z7 .3 

2, 281 .1 

3, 008.4 

1,372 .5 

988 .8 

4, 246.3 

1,323 .8 

3,915c4 

Non- irri­
ga ted crop 
land (000 1 s 
of acres) 

2, 052.2 

7, 776.8 

369 .3 

395.2 

764,5 

671 .6 

396 .5 

16,176.5 

24,08703 

80,890.2 

23 ,137.4 132,815.6 

Operating 
Expenses 

(000, 000 1 s 
of $) 

228.6 

165 .. 3 

145 .4 

60.4 

205 .8 

29 .8 

3L6 

221 .6 

134.5 

389.9 

1,407.1 

Source: U. So Bureau of the Census, United States Census of Agriculture : 1954 (Washington, USGPO, 1956, Vol. I 
Counties and State Economic Areas) , 

* Total for South Pacific and Colcrado River . 



'lrable A- .3 . Measures of Arithmetic and Geomet:ric Average Farm Gut.put and Inputs for Co\.Ulties in.:Western -\'later 
Resource Regions , 1954. 

Non Irri-
Number Farm All Farrr. Irrigated gated Crop Operating 

Water Resource of Sales Wor kers Land Land (OOO t s Expenses 
Region Counties (0001 s of $) (persons) (acres) of acres) (000 1s of $) 

Central ?acific A 43 36, 880.4 7,762 115,388 470? 5,31506 
G 42 18 , ~.65 .o 4, 035 45 , 548 26.3 2, 598 .2 

Pacific Northwest A 125 9,386 .9 2,608 26,564 62 .2 1,322.5 
G 106 6,?Jo.o 1, 914 17,074 26 .2 773 .8 

South Pacific A 7 82, 772 .. 7 12, 779 103,894 52.8 '2D, 778.5 
Colorado River A 52 10, 265 .1 2,158 43 ,867 7 .. 6 1,162.4 

Total rl 59 18,867.8 3, 4'2D 50, 989 lJ .O 3,488.1 
G 56 4, 048.5 1, 228 27 ,423 0.1 453 . 

Great Basin A 41 4,155.3 1,303 33,476 16.4 727 .5 
G 39 2, 64204 759 33,902 1.0 45804 

Upper Rio Grande and Pecos · 'A 46 5,05802 2,3ll 21, 496 8.6 68509 
·G 38 3,313.4 1,512 14,524 1 01 457,.7 

r:festern Gulf .ti. 199 7, 06803 3,144 Z!.,338 81,,J 1,11308 
G '15 7,70807 2, 682 14,150 52.2 793.3 

Upper Arkansas - Red Rivers ·A 153 6,19707 2~02" 8,652 157.,4 87809 
G 82 4,99806 .l,19[ ?,366 103~8 466~6 

Upper Missouri .I\ 3ol 8,210.,c 2, 0'2D 10:1846 224.1 1;080 0 0 
G 161 6,723~8 1,418 10,171 98.? 69.3 a7 

iiest Total A 1,027 9 ,342.J 2,616 22,529 1'29e3 1,370.,.2 
- ----·-· 

A - arithmetic mean for all counties 
G - geometric mean for r:a.jor irrigation counties 
Source: U,. s. Bureau of f.hc ·census, United States Census of agriculture : 1954 (Washington, USGPO,, 1956, Volo I 0 

(Counties and Stcte Econonic Ar eas) . 



Table A- 4. 11.verage iiater and Other nssociated Costs.#' to lr!'igators Por .A.ere of Ir­
rigated Land, Western Water Resource Regions . 

WaterY Other.21 Total 

Pacific Northwest 3.3W 40 .90 44 .26 

Central Pacific 8 .82!21' 58 .40 67 .22 

South Pacific 18 .4.l.Y 97 .70 ll6 .ll 

Colorado River 7 .c:J1g/ 37 .50 44.59 

Great Basin 2.02Y 18 .40 20 .42 

Upper Rio- Grande Pecos 2.85i/ 37 .50 40.35 

Upper Missouri i .99d 22 .90 24.89 

Upper Arkansas and Red 2 .52.h/ 26 .34* 28 .86il-

Western Gulf 7 .82.Y 45 . 20 53 .02 

- . ---

* Estimated from data for the Upper Missour i and Western Gulf . 
1/ Exclusive of l abor; fertilizer or purchased feed . These estimates are c•mputed 
with the objective of comparison with marginal productivity estimates for irrigated 
l and computed from an equation in which labor and current wperating expenses are 
held constant at the mean. 
2,1 From U. s. Bureau of the Census, U. S. Census of Agriculture; 1950, Vol . III, 
Irrigation of i~gricultural Lands. USGPO; Washington, 1952, Summary Table 55, p . 88 . 
Total costs in areas listed below: 

y North Pacific 
§I Central Valley, total 
~ Santa Maria River and Basins, South 
Y. Gulf of California, total 
2J. Great Basin, total 
I/ Rio Grande above Fort Quitman, Texas 
£/. Missouri River, total 
li/ Missouri River, total 
JI Rio Grande below Fort Quitman, Texas 

Ji Nathaniel Wollma.n and Karl Gertel , 11Pricing and 1 ssessment Guides to Water Al­
location11, Journal of Farming Economics, forthcomillg, December 1960. The authors 
have emphasized that the estimates prese11re<i. above should be regarded as approxi-

IWl. t.inn.c: . 



Table A- 5 . Estimated Costs JJ.located to Irrigati on for Potential Projects in 
\·Jest ern Water Resource Regions . 

1.ssociated 
Estimated costs Eer acre Total 
annual Operati on a.Jl'Orti&a-

anortization and main- tion and 
Irrigation cost per tenance associ-

Water Resource cost per equivalent of irriga- Other ated costs 
Region equivalent acre 2/ t i on fa~- y per acre 

acre 1/ lities3 
(dollar s per acre) 

Federal Projects 

Pacific Northwest 64h 35.53 4 .13 40 .90 80 . 56 
Central Pacific 681 37 .46 12.65 58 .40 lOS .51 
South Pacific 2,780 152.90 24.98 97 .70 275 .58 
Colorado River 1,374 75 .57 9 .02 37 . 50 122. 09 
Great Basin 906 49 .83 2.64 18 .40 70 .87 
Upper Rio Grande and 

Pecos 750 41 . 25 3 .66 37 .50 82 .41 
Upper Missour i 1 , 160 63 .80 2.3<; 22 .90 89 .09 
Upper rlrkansas and Red 1 , 167 64 .19 3 . 45 26 .34-ii- 93 .98 
Western Gulf 730 40 .15 9 .63 45 . 20 94.98 

Average 921 50 .65 

Non Federal Pro.jects 

Pacific Northwest 484 26 .62 4 .13 40 .90 71 .65 
Central Pacific 384 21 .12 12.65 58 .40 92.17 
South Pacific 425 23 .38 24.98 97 .70 146. 06 
Colorado River 140 7.70 9 .02 37 .50 54.22 
Great Basin 251 13 .80 2 .64 18 .40 34.84 
Upper Rio Grande and 

Pecos na na 3 .66 37 .50 
Upper Missouri 200 11 .00 2 .39 22.90 36 .~ 
Upper ~rkansas and Red 207 11 .39 3 .45 26 .34* 41.18 
Western Gulf 659 36 . 25 9 .63 45 .20 91 .08 

Average 313 17 .22 

*E"st:Unated from dat-a f or the Upper Missouri and Western Gulf . 
~onrces : 

±) Bureau of Reclamat i on, United States Department f Interi or, Reclamation in the 
West, Present and Future , and its Effect on Water Supplies, u. s. Senate Select Com­
mittee on National Water Resources , 80th Congress 2nd Session, Committee Print No . 
14, USGPO, Washington 25, October 1959 , Tabl e 11 . 

2) Computed from Irrigation Cost per Equivalent ,~ere assuming an interest r ate 
of 5.5 percent per year . For justification of this assumption see J . v. Krutilla 
and Otto Eckstein, Multiple Purpose River Development, Johns Hopkins, Baltimore, 
1958, pp . 78- 130 . 

2/ Operation and maintenance costs only . See footnote 2, Table A4 fo r source . The 
r eported data were adjusted upward by 50 percent to more closely appr oximate current 
costs . 

!:±/ Nathaniel Wollman and Karl Gertel , 11Pricing and Assessment Guides to Water tl­
loc~tion" Journal of Farm Economics , (forthcoming , December 1960) . 
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Table A.- 6. Compe.rison • f Bureau • f Reclamation and Department of hgl"iculture Irrigated Acreage Projections for 
:·Jestern Water Resources Region. 

Department 
• f Agri- Bureau of Reclamation · _ Department of ;.gricul tural 
culture Bureau of Pro'ect io1.s ' ' · ·Projections .. 

1957 Irri- Reclamation New 198t . 1980 Es ti-
l9S4 gated Acre- 1958 Irri- ~creage :.n Projected 19w Medium . mated Estimated 

Irrigati• n age Esti- gated ,.ere- Petentia.:. Irrigated Pr•- Projac- 1980 Po- 2, 000 
Acreage mate age Estimate• Proj ect::: h.creage jection tion t ential Potential 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
• (in thousand of acres) 

Pacific Northwest 4, 352 5,057 4, 600 4, 685 9 , 285 5, 022 5, 261 5, 9CJ+ 7, 730 
Central Pacific 6, 067 7,044 7 ,100 6,465 13, 565 6, 8?5 6, 869 ? , 335 7, 889 

South Pacific 789 917 800 200 1 , 000 827 816 953 999 
Colorado River 2, 818 3 , 268 2, 900 1 , 090 3, 990 3 , 283 3, .280 3 ,300 3, 500 
Great Basin 1 , 926 2,249 1,950 295 2,245 2, 242 2, 257 2,300 2, 400 
Upper Rio Gr~nde 

and Pecos 1 , 133 1 ,315 1 , 650 35 1 , 685 1 , 400 1 , 416 1 , 464 1 , 649 
Western Gulf 4,430 5,148 3,100 1,970 5, 070 5, 022 5,126 5, 51-7 7, 071 
Upper ~rkansas-Red 1,410 1 , 637 1 , 600 970 2, 570 1 , 625 1 , 681 1 , 823 2, 202 
Upper Missouri 4, 623 5,369 6, 800 4, 000 10,800 5, 500 6, '2B7 8, 147 9, 779 

West Total 27 , 548 32, 004 30, 500 19,710 50, 210 31, 797 32,993 36, 743 43 , 218 

Source : 
(1) Tabulated from u. S. Bureau of the Census , United 3tates Censu::: of .n.griculture 1954 (i'ia::hington: Gov 1t .Print . 

Off . , 1956) , Vol . 1 (County and State Economic .i1.r eas) . 
(2) u. s. Department of :· .. griculture , Land and Water Potentials and Fu-:.ure Requirements for \·later (Committee Print 

No . 12, Select Committee on Nati onal Water Resources , U. S, Sena:.e , 86th Congress, 1st session) USGPO, Wash­
ington, 1960, p . 32 (Table 11) . 

• • 

(3 & 4) U. s. Bureau of Reclc.mation, Reclamation in the test , Presen~ and Future , and Its Effect on ' later Supplies, p .3 and 
p. 11 and Tabl e 6. 
,,Jlocation of California water plan acreL>.ge based on data in California \tater Resources Board, tfater Utilizati on · 
and Requirements of California Sacramento, June 1955, Vol , 1 (California ·later Resources Board, Bulletin No . 2) •• 
Substantially l arger irrigated acreages are projected f or the South Pacific in the California vfat er Plan. The 
projections in Bulletin No . 2 indicate an ultimate irrigated acreage of 1 , 500 acres in the South Pacific area 
excluding lands having right in and to waters of the Colorado River (p . 223 ). 

(5) Sum of (3) and (4) 
(6) u. s. Department of rtgricultur e, ! p .cit ., p. 71, (Table 4/J . 
(7) u. s. Department of ~griculture , op . cit . , p . 72 (Table 45 ) ~ 
(8 & 9) U. S.- .Department of ;,gricul.ture, op .. cit . , p . 3,2 __ ('.;r~ble_ 11) . 



li'oot; · . .:rte s 

1/ Tho projections of irrig,"tcd acr .... age and irrigation wat er r 1.oquiremonts are pre-

sented primarily in two r eports to the Committee : 

(a ) U. S . Department of .-.griculturc , J..~d and ·1ater Potentials and Future Re-

quircmontL_.(or \·1~ter, (Unitc:d Stc:.+._:s Scn~.te Sr,l ect Committee on National Water Re-

sources ?6th Cong·'oss _, ls+, flPSs~ o:-i,. C::ommittee Print No . 13 ) , USGPO, ~'iashington, 

1960, 

(b ) U. s. Bure-._u of Rcclei.mn.tion, Re~!~tion in th.£ :-~.hProsent and Future , 

and its Effect on Wa_t.er Supj>li~: (TJrri t 1..:d Sktcs Senate Sel ect Committee on National 

Water Resources , 86th Congruss, 2nd Sessi on, Committee Print No . 14) , U3GPO, Fash-

ington, 1960 . 

y This s ection r elies heavily on m.'.1teriv. presented in gr unte r detail in V . \II . 

Ruttnn, 11The Contribution of Technological Progress t o F .rm Output; 1950-75 11 , 

the .Re1f.i:ew _g.f_Ecof!.omics and St~tistics , Vol . 37, /fl , Febru~ry 1956, pp . 61-69 ; 

T . T. Stout and V. W. Rutten, 11Rcgional Patterns • f Technologictl Change in tt.mer i-

can hgriculture 11 , Journal c;if Funn Economics , Vol . 40, No . 2, May 1958, pp . 196-207; 

V. H. Ruttan, 110ur Growing F'lnn Output Potent.:i~1 .11 , Economic and Mark ..... ting Informa. ... 

t i on for Indiana Fa rmers , January 1960, pp . 2- 4 ; and V. W. Ruttan and J . c. Call a-

ha.n, "Resource Inputs and Output Growth : The Contrast Between ..1.gricultur e and 

Forestry11 (forthcoming) . See also, Donald D. Durost and Glenn T. Barton, Changing 

Sources of Fe.rm Output , United Ste..tos Department of ..:..griculture, ~iashington, Febru-
• 

ary 1956, (Production Research Report No . 36) and J . T. Bonnen , 11.Jnerica.n i.gri cul tur e 

in 196511 i n Joint Economi c Committee , Policy for Conunercial ;.griculture, USGPO, 

Washington, November 1957 . 

JI Preside nt ' s \"lat e r Resources Policy Commission, :~ Wat e r Policy for the American 

Peopl e , Vol . I , Usr.FO, Washington, 1952, pp . 156- 159 . 



. . !/ The Fifth Plate, U. S. Department of :.griculture , Washingtion, December 1951 • 

2/ Current discussion in agricultural policy circl es implies that an additional 

30 million acres would have to be withdrawn from production to r educe agricultural 

surpluses to managable proportions . My own estimates, bases on the possibilities 

of input substitutions implicit in recent production function estimates is that 

something over 100 million acres would have to be withdrawn. 

Y See V. ~J . Ruttan, 110ur Growing Farm Output Potential" , op. cit . 

'1J Baaed on a r evision and extension to 1980 of the projections presented in v. w. 

Ruttan, "The Contribution of Technological Progress to Farm Output: 1950-75 11 , 

op. cit . 

§/ For the prospects for the next several years see , U. s. Senate Committee on ~gri­

culture and Forestry, Farm Price and Income Projecti ons , 1960-65, Under Conditions 

;lpproxi.mating Free Production and Marketing of :.griculturtl Commodities , (.~Report 

from the United States Department of hgricult ure and a statement from the Land 

Grant Colleges IRM-1 ndvisory Committee) , Senate Document No . 77, 86th Congress 

2nd Session, USGPO, Washington 1960. 

2/ No attempt is ma.de her e to r eview the extensive liter ature on the aggregation 

problem. See, however , the two articles , L. R. Klei n, 11Ma.cro- economics and the 

Theory of Rcttional Behavior" Econometrica, Vol. 14, No . 2, ~pril 1946, pp . 93-108; 

and Yehuda Grenfeld and Zvi Griliches , 11I s .. ggregn.tion Necessarily Bad? " The Review 

of Economics and Statistics, Vol . 42, February 1960, pp . 1-13 . 



.. 19./ The limitations involved in (a ) use of tha Cobb- Douglas function, (b) the par-

ticular econometric model of production used to generate the marginal productivity 

esti.m9.tas , and (c) the stati stical estime.tion procedures employed ar e discussed 

and evaluat ed in great er det ail in previous r eports . See V. W. Ruttan, "The Im-

pact of Irrigation on Farm Output in California , 11 Hilgardia, (Journal of the Cal­

ifornia ~gricultural Experiment Sation) , forthcoming ; and J . c. Headley and V. W. 

Ruttan, 11Regional Differ ences in the Impact of Irrig-.. tion on Fa rm Output" , Proceed-

ings of the 1960 ~nnUD.l Meeting of the Western Regional Committae on the Economics 
I 

of Water Resources, Berkel ey, California, (forthcoming) . 

11/ Ther e are actually 9 west ern wat e r r esource r egi ons . Because of the small num-

ber of counties in the South Pacific r egion it was combined with the Colorado River 

region, a production func t ion wa s constructed for the combined r egion and a pro-

duction. 

~ The marginal productivity estirnP.tes presented in this r eport differ in several 

major r espects from the esti.m.::l.t es pr esented by Headley and Ruttan in 11Regional 

Differences""''"" - - - - " · op .cit . (1) the es t imates presented in "Regional Dif-

f erences • . . . . . 
of f arming r egions . For this r eport the production functi ons have been re-computed 

f er water resource r egions . (2) On the ba sis of analysis presented in "Regional 

Differeces ••••••• "a decision wa s ca.de t o base the production function esti-

mates on dat a for major irrig~tion counties only . In t he West, major irrigati on 

counties a r e defined to include only those counties with 1 , 000 acres or mor e of 

irrigated cropland harvested in 1954. (3 ) In 11Regional Differences • • •• . . II 

irrigated cropland harvested and irrigated pasture wer e entered as separate vari-

ables in the production functions for the western r egions . In this study the two 
a 

variables a r e combined into/singl e variable , irrigat ed l and . ;1.s a r esult the pro-

ductivity coefficients and marginal productivity estimates pr8sented in thi s paper 



.. 
f~r all irrigated l and will be lower than the estimates for irrigated cropland ortiy 

pr esented in 11Regi onal Differ ences • II . . . . 

12/ S. T. Maitland and D . .. . Fisher, i.rea Variations in the Wages of ;,gricultur~ 

Labor in the United Stat es , U. S. Department of agriculture Technical Bulletin No , 

1177, Washi ngton, March 1958. 

1l±J This shortage was appar ontly r esponsible for substantial declines i n irrigate4 

l and between 1949 and 1954 in parts of Nevada , Utah, Colorado , New Mexico and Wyo!p.­

ing. See for excmple , the map on page XIII of u. s. Burc~u of the Census , U. s. 

Census of .. gricultur0 : 1954_, Vol . III, Special Reports , Part 6, Irrigation in 

Humid ;.reas , USGPO, Washington, 1956. 

12/ No attempt is made to provide an exhaustive discussion of t he i ssues involved 

in evaluating public r esource investment . For a discussion of these issues see the 

Inter-11.gency Commi ttee on Wat er Resources Subcommittee in Evaluation Standards", 

Proposed Practices for Economic ,.nalysi_~ of River Basin Projects , Washington, 

May 1958 (The Green Book); S. V. Ciriacy-Wantrup, Resource Conservation Economics 

and Pol icv, University of California Press, Berkeley, 1952, pp . 230-267; Otto Eck­

stein, \later - Resource Development , Harvard University Pross, Cambr idge, 1958, pp . 

19-109, 192- 236; J . V. Krutilla and Otto Eckstein, Multiple Purpose River Devel op­

ment , Johns Hopkins Press, Baltimore , 1957, pp. 15- 75 ; G. s. Tolley, ",.nalytical 

Techniques in Relation to Watershed Development" Journal of Fa.rm Economics , Vol . 

40, No . 3, nugust 1958, pp . 653-665; J . S . Bain, 11Criteria for Undertaking Wa.ter­

Resource Development", ;.merican Economic Review, Vol . 50, No . 2, May 1960, pp . 

310-.3~ . 



.. 
1f1/ The regional projections procedure employs the assumption that the annual 

change in each regions share of national farm output between 1925-29 and 1953-57 

will decline linearly to zero by 1975- 80 . For those who are interested in a de­

tailed statement of the methods used to construct the regional output projections 

a working paper 11National and Regional Output Projections for United States Agri­

culture , 198011 is available from the author . 

16a) . Because of the fixed cost component in e.x:i.sting projects it is not anticipated, 

of course , that prices will actually rise sufficiently, to result in a decline in 

irrigated acreage except in areas where irrigation is based on declining ground 

water supplies which cannot be economically recharged . 

11/ Demand will also vary with the institutional arrangements used to cover any 

given level of total 11charges 11 • For any level of charges, the higher the propor­

tion of total "charges" met by assessment procedures and the smaller met through 

payments based on the q.iantity of water used the higher will be the demand f er irri­

gated land . 

1!!/ In addition to the references identified in footnote 15 see J . V. Krutilla, 

11Some Thoughts on the .Velfare Basis of Cost-Benefit Analysis" (Mimeo , May 18, 1960) . 

J::i/ According to D. B. Ibach and R. C. Lindberg, The Economic Position of Fertil­

izer Use in the United Stdtes , u. s . Department of ilgri.culture , Information Bul­

letin No . 202, "The l ast dollar spent for fertilizer at the 1954 average r ates of 

applic. tion on all crops and pasture returned $2 .93 •••• The comparable marginal 

return was $3 .40 for intertilled crops and ~ .96 for close growing crops and hay 

and pasture 11 , p . 7 . 
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. . 

212/rl No attempt is made to review the extensive literature in this field . The basic 

documents are, Harry F . Blaney and Wayne D. Criddle, 11A Method of Estim.:.ting Water 

Requirements in Irrigated Areas from Climatological Data, 11 U. s . Department of A§ri­

culture , Soil Conserv .. tion Service , vlashington 1947 (Revised edition, 1950); C. W. 

Thornthwaite , 11An Approach Toward a Rational Classific .tion of Climate" Geographical 

Review, Vol . 38, 1948, pp . 55- 94 . 

2d/ Christoph Beringer, 11Some Conceptual Problems Encountered in Determing the 

Production Function for Water 11 The West in a Growing Economy (Proceedings of the 

32nd Annual Meeting of the Western Fa.rm Economic Association, Logan, Utah, July 

14- 17, 1959, pp . 58- 70 . 

W George R. Tolley and U. s . Hastings, 110ptima.l Water Application : The North 

Plate River" ;uarterly Journal of Economics , Vol . 64, No . 2, May 1960, pp. Z79-

295 . 

W John A, Dawson, 11The Productivity of Water in Agriculture" , Journal of Farm 

Economics, Vol , 34, No . 5, December 1957, pp . 1244-1252. 

2:lz/ G. S. Tolley, 11Reclamation, Influence on the Rest of Agriculture" Land Economics, 

Vol . 35, No , 2, May 1959, pp . 176-180. Also , G. s . Tolley and L. M. Hartman, 

"Inter- Area Relations in Agricultural Supply" Journal of Farm Economics~ Vo.l. 42, 

No . 2J (May 1960, pJ>.., 4 ~q..../+73) • 

~For discussion wf this p• int f r om a somewhat different perspective see, s. v. 
Ciriacy-Wantrup, Cenceptual Problems in Projection The Demand for Land and Water,, 

Giannini Foundation Paper No . 176, University of California Agricultural Experi­

ment Station, Berkeley, May 1959 . To be published in H. Ha.lcrow (ed) Modern Land 

Economics , (forthcoming 1960). 


