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Production Economics Paper # 6003
Purdue University
September 9, 1960

Projections of Irrigated icreage

and Water Requirements

for Western Water Resource Regions¥*

V. W, Ruttani#
Department of .gricultural Economics
Purdue University

(Paper presented at the 1960 Western Resources Conference, University of Colorado,
Boulder, .ugust 22-26, 1960),

As a result of the effort generated by the Senate Select Committee on Na-
tional Water Resources the Nation, and the West in particular, is no longer faced:
with even a potential shortage of regiohal irrigation acreage and water require=- -
ment projections.;/ Whether by 1980, or by the end of the century, the Nation, or
the West, will experience a shortage of irrigated land and/or irrigation water is.
not obvious in spite of the extremely valuable work completed thus far by the Come
mittee and by the agencies which have contributed the data and analysis which ap-
pear in the Committee reports,

In this progress report an attempt is made to use aggregate regional production
functions computed for the water resource regions identified by the Select Committee
to provide tentative answers to several questions th:it deserve consideration as
the Nation proceeds toward the levels of development and utilization projected in-
the Committee reports, These questions include: First, how does the marginal
productivity of irrigated land vary among the several Western Water Regions under

1954 conditions, Second, how do these marginal productivities compare with current

*Journal paper 1440 of the Purdue /gricultural Experiment Station, The Re-
search on which this paper is based was financed by a grant from Resources for the
Future, The paper also draws upon work conducted under California igricultural
Experiment Station Project 1841 and reported in Vernon W/, Ruttan, "The Impact of
Irrigation on Farm Output in California," Hilgardia, (Journal of the California
Agricultural Experiment Station) forthcoming, -

#% The author wishes to express his appreication to J, C, Headley and G, E,
Schuh for helpful comments and criticism on an earlier draft of this paper and teo
Karl Gertel for making available the data used in preparing the regional cost esti=-
mates,




T Central Pacific

\

Pacific
Northwest

| W ks
“*,._1

%-“//w - '™ 1 B i
N Upper
e g Coloradt R:Lve{’ Ar'kdn..:ao - Red
~4 \ Rivers
South L
Paflfl? C“ e

Figure 1

Western Water Resource Regions

.—

|

Upper Rio
Grande an
J

ec .
ivend
0]
U
c+
(0]
e |
=}

P

Vi

w
E )|

Hy



e

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 regional farm output expands and addi-
tional irrigated land is brought into production between now and 19807 Finally,
there is a brief comment on the problem of moving from projections of irrigated

acreage to projections of irrigation water requirements,
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I, Output expansion, 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 expansion, technolegical change and resource utilization in Ameri-
can agriculture that have emerged out of recent research.g/ This 'should provide
a common historical perspective on which to base a discussion of the questions
identified above,

The contribution of technological change to the output explosion in Ameri-
can agriculture during the last decade has attracted increasing attention, The
dramatic nature of these changes is emphasized when one recalls the discussion of
the early 1950's which centered around the problem of meeting farm output require-
ments during the period 1950-75, We were warned, in the report of the President's
Eggggnﬂgggp;peguggligx,Commissiongf that the equivalent of 100 million acres of !
eropland would have to be added to meet 1975 farm output requirements and that’
two thirds of this increase would have to come from resource development activitigs
such as irrigation, flood protection, drainage and land clearing if we were to
fill, in the Department of Agriculture's terminolegy, the "fifth plate"éf result-
ing from population growth, By 1958 farm output had risen almost 25 percent above
the 1950 level, When the 1960 farm output figures become available they will in-
dicate that we have already filled the "fifth plate" and are on our way toward
filling the sixth,

The changes in resource combinations used to produce this increase in farm .
output have been as dramatic as the increase in output itself,

~ Between 1953 and 1958 crop acreage — mainly wheat, cotton, corn and rice
acreage - was reduced by almost 30 million acres by the acreage allotment and
soil bank programs., Agriculture as a whole was using approximately 5 percent fewer

land inputs in 1958 than in 1950.5/
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- Labor inputs declined by more than one fourth between 1950 and 1958,

- Inputs of capitel and current operating expenses rose sufficiently to
approximately offset the decline in land and labor inputs, thus leaving total
inputs essentially unchanged,

The experience of the 1950's is in sharp contrast to the period prior to
the mid 1920's, 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
labor accounted for a major share of these increased inputs, Between 1899 and
the mid 1920's increased capital inputs accounted for a major share of the out-
put growth in agriculture, Since the mid 1920's, however, technology - in the
form of skilled 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,é/

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 at the level maintained during the decade of the
1950's it seems likely that the 1980 farm output will be produced with 40-50 per-
cent less labor; around 25-30 percent more capital, a 50-60 percent increase in
current operating expenses, and a further decline in land inputs of 5-10 percent.Z/
These output and input changes are 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 farm products in 1980 than at present if serious attempts
are made to eliminate existing surpluses and shift agriculture to a free market
basis .'8/

I will now proceed to discuss the specific questions which relate to the
contribution which irrigation can_make to resource utilization and output growth

in the environment outlined above,
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II. Regional Variations in Factor Marginal Productivities

As a first step in estimating the marginal productivity of irrigated land
aggregate regional production functionsg/ of the Cobb-Douglas form (XO = A Z:Xiai)
were estimated by ordinary least squares procedureslg/ from county data for eight
Western Water Resource Regions.l;/ The resulting resource productivity coefficients
(presented in Table A-l) were then employed to compute marginal productivity esti-

mates [KMPXi = (XO/Xi)agl.for irrigated cropland and other imputs.

The results, computed at both the geometric and arithmetic means and using the
productivity coefficients from both equations (2) and (3) are presentéd in Table 1.;2/
Although major interest in this paper is on the productivity of irrigated land mar-
ginal productivity estimates for three other factor inputs-—labor, non-irrigated
cropland, and current operating expenses - are also presented.

Several generalizations are suggested by the data presented in Table 1,

1. The marginal productivity estimates for the four factor inputs tend, with‘
some important exceptions, to be reasonably similar at both the arithmetic and the
geometric means and when estimated from the coefficients of either equation (2) or
(3). Close agreement between the marginal productivities estimated at the arith-
metic and geometric means reflects similar factor-factor and factor-product ratios
in large and small counties, C(lose agreement between the estimates based on equa=-
tions (2) and (3) reflects a lack of major specification bias in the productivity
coefficients as between these two equations. We are particularly concerned with |
achieving close agreement among the several productivity comparisons for irrigated
land and current operating expenditures since, at a later stage in the analysis, ;
regional output and the inputs of these two factors will be projected from arith-
metic mean levels and aggregated to form regional totals,

2. The marginal productivity of labor is relatively 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, l

All farm workers Irrigated land Non-irrigated cropland Current Operating Expenses
Region and geometric arithmetic geometric arithmetic geometric arithmetic geometric arithmetic |
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) 1,43.14 1,453.02 77. 11 69.71 53.80 3.76 2,75 2.25
Central Pacific
(2) 1,527.65 1,603.21 61.61 49.10 101.17 112,46 3.7 3.4
(3) 1,593.48 1,672.29 57.23 45,62 95 .69 106.37 3.56 3.50
South Pacific (2) Nn.a, 2,259 .45 N.a. 89.43 N.ae * N.a. 1.98
(3) N, 2,287.73 n.a, 93.29 N.a,. * n.a, 2,15
Colorado River(2) N.2, 1,658,66 n.a. 26,27 N8 * n.a, L.38
(3) Neds 1,679..42 n.a. 27 .40 n.a. * n.a, 4.78

Great Basin (2) 3* * % 3 2 3 3 "

(3) * ¥* 2325 37.03 * * 3* 3

Upper Rio Grande

and Pecos (2)  903.35 G0z -6 54.57 56.29 ¥* * 3.13 3.20 '
(3)  927.67 926. 56 51.42 53404 * * 3.64 3,71
Western Gulf (2) 393.76 308,.. 193,75 117,81 40,10 23.62 2,66 1.9
(3)  393.17 307.52 193.71 117.78 40,09 23,62 2.68 1.75
Upper Arkansas(2) 793 .90 550,22 87.38 92,24 15,2 12, 4 3,82 2.51
(3) 827 .83 605,02 87.20 92,05 15.09 123! 3.43 2.2
Upper Missouri(2) %* * 60,26 69.01 7.92 L. 26 % *
(3) 3 * 66,83 76.53 T.55 4,06 *

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 computed 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 rejectecd tecause the coefficient (a) is small relative
to its standard error, (b) is negative or (c) is cleaily subject to substantia’ specification bias,

-
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Northwest and Upper Missouri) water resource regions and relatively low in the
three southern (Upper Rio Grande and Pecos, Western Gulf, and Upper Arkansas =
Red) water resource regions, These variations are consistent with re-
gional variations in farm wage rates.;i/

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 Regions, that the
possibility exists for substantially increasing output and returns on existing
acreage by increasing current eperating inputs,

4. The marginal productivity of non-irrigated cropland was negative or
not, significantly different from zero in the major desert areas of the West (South
Pacific, Colorado River, Great Basin, and Upper Rio Grande and Pecos) in 1954,
This is consistent with water shortages in these regions in the early 1950'5.;A/
The estimates for the other water resource regions appear reasonable except in
the Central Pacific Region where the estimated marginal productivity of non-irris
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 is lowest in the
Great Basin, Colorado River, Upper Rio Grande and Pecos regions with the estimates
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 Gulf

and Upper Arkansas appear tw be related to the low labor productivity in these



- .
two regions, In these regions, where the ratio of labor 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 productivity.
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III. Comparison of Irrigation Cost and Productivity Estimates,

The marginal productivity estimates for irrigated land, when combined with
data on the cost of adding additional acres of irrigated land, provide useful
guides 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 required to bring new irrigated land into productisn only if the annual
marginal productivity of irrigated land and associated inputs approximates or ex—
ceeds the anmual charges incurred in bringing the land into production and produc—
ing a crop, It can also be argued under certain assumptions that, regardless of
the charges that are made by pubdic agencies for water which they supply farmers
for irrigation use, the annual marginal productivity of the irrigated land should
approximate the sum of annual costs per acre incurred by public and private agen—
cies in bringing the land into production and producing a crop, This prwecedure
is the reverse of that frequently used in evaluating public resource investment
where the benefit stream is discounted and compared to investment cost., In this
analysis investment cost is amortized and the annual cost stream compared to an-
nual benefits,lé/

A comparison of annual irrigation cost and productivity estimates for the
9 Western Water Resource Regions are presented ih Table 2, The productivity esti-

mates are from Table 1. Two cost estimates are presented, The first, identified

mate of average annual water charges and associated costs, exclusive of labor and
current operating expenses, incurred per acre of irrigated land in each Western
Water Resource Region in the mid 1950's. Labor and current operating expenses
are omitted from the cost side since their impact on output is incorporated sep-

arately in the production functions, Land costs are based on dry cropland values
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on the assumption that this represents the opportunity cost of irrigated crop-
land (See Table A-L4 for details). The second cost estimate » ldentified as pro-

Jjected amortization and associated costs on potential Federal projects, were ob-

tained by adjusting the costs upward tc account for the higher water costs on
the potential new projects identified by the Bureau of Reclamation in their re-
port to the Select Committee (See Table A-5 for details), The substantial dif-
ference between the two estimates are based on lower costs of past than projected
project and development costs, lower costs of non-Federal than Federal projects,
interest subsidy, the basin account device and others.

In two regions - the Western Gulf and Upper Arkansas and Red - the marginal
productivity of irrigated land exceeds the projected amoritization
and associated costs on potential federal projects, In four others the Upper Rio
Grande and Pecos, the Great Basin, the Pacific Northwest and the Upper Missouri -
it falls between the two cost estimates. And in three regions - the Colorado
River, South Pacific, and Central Pacific the estimated marginal productivity of
irrigated land falls 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 typically be obtained in the first two regions,




Table 2,

~12~

Marginal produc-
tivity of ir-
rigated land

range 1/

Estimated
current
annual

Pro jected
amortization
and associated

Comparison of Irrigation Cost and Productivity Estimates for Western
Water Resource Regions,

water charges costs on poten-

and assoCie

tial Federal

ated costs 2/ projects 3/

Pacific Northwest
Central Pacific

South Pacific
Colorado River

Great Basin

Upper Rio Grand-Pecos
Western Gulf

Upper Arkansas - Red

Upper Missouri

(dollars per acre)

60,53 = 77.41
45.62 = 61,61
89.43 - 93,29
26,27 - 27.40
B.26 - 37.03
51.42 - 56.29
11778 =193.75
87.20 - 92,24
60,26 - 76,53

Lk .26
67.22
116,11
Lh .59
20 42
40.35
53.02
28.86

21".89

80,56
108.51
275.58
122,09
70.87
82.41
94.98
93.98
89.09

Source:

3/

1/ Range of estimates presented in Table 1,
2/ See Appendix Table A-i,
See Appendix Table A-~5,
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IV, The Demand for Irrigated Land in 1980,

The same technique used to estimate the marginal productivity ef irrigated
cropland in 1954 can be used to estimate the marginal 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 Committee (a 1980 farm
output index ~f 156 with 1954 = lOO)qlé/ 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 regional 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 estimate 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
vertical 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

* The Department of Agriculture projections are identified as follows:
(1) low
(2) medium
(3) 1980 potential
The Bureau of Reclamation projections are identified by (L)
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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) technological change between 1954 and 1980 that is 'neutral" with respect to
the productivity coefficient for irrigated land, The effect of changing these
assumptions will be indicated after first discussing the implications of the sev=

eral regional demand curves on the assumption that the caterus parabus conditions

are approximately met,

In the Pacific Northwest an increase from the 3,32million acres irrigated

in 1954 to 4.65 million acres in 1980 is indicated if the projected amortization
and associated costs on potential 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 level of current annual
water and associated costs to irrigators. The three Department of Agriculture pro-
jections imply 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 from the 4.96 million acres irrie-

gated in 1954 is indicated if charges rise to the potential project cost level.;éﬁ/
An increase to 6.2 million is indicated if acreage is expanded to the point where
the marginal productivity of irrigated cropland falls 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

irrigated in 1954 if 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 ler. Irrigated Land.in Western Water Resource-Regionsy 1980, -
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Figure 2. The Demand for Irrigated Land in Western Water Resource Regions,
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Figure 2, The Demand for Irrigated Land in Westsrn Water Resource Regions, 1980,
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Figure 2.

The Demand for Irrigated Land in Western 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 potential project cost level. Even at the
current practice level little increase above the 1354 level is indicated. The mare
ginal productivity of irrigated land that would result if development is carried
to the levels projected by the Department and the Bureau fall belew current prace—
tice levels,

To the extent that any reliance can be given to the demand curve computed
for the Great Basin a slight decline is indicated from the 1,37 million acres
irrigated in 1954 if marginal productivity is to rezch the potential project cost
level, 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
irrigated to bring the marginal productivity of irrigated land 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 marginel productivity of irrigated land equal to the potential project
cost level with a slight increase in irrigated acrcage from the ,99 million acres
irrigated in 1954. An increase to 2.08 million acres, well above the projections
of the Department and the Bureau would be required to push the marginal produc-
tivity of irrigated land to the present 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 increasss above the 1,32 million acres ire

rigated in 1954 are also implied by both criteria, An increase to 1,88 million
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acres, somewhat above any of the Department projections, would ke required at 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 land to the current
practice level of $28.86,

In the Upper Missouri zn increase from the 3.92 million acres irrigated 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 projections and far
below the acreage required to push the marginal productivity of irrigated land
to the current practice level of $24.89,

Some modification ef the above results can be obtained by relaxing the cat-—

erus parabus . conditions outlined earlier,

More rapid 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 group of regions must be accampanied‘
by a shift to the left in the demand curve in at least one other region,

A change in product prices relative 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 factor prices seems more likely than a rise the
net effect ~f price changes, if any, will probably 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-
nological change that occurs over the next several 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 agriculture as a whole it is possible

(but not necessary) that the demand for irrigated land would shift to the right,
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On the other hand if technological change is on balance "neutral® (leaving the pro-
ductivity coefficients approximately unchanged rslative to each other) the demand
curve for irrigated land will, for any projected level of output, shift to the left.
After the qualifications resulting from the difficulty of attaching precise
probab’ities to potential shifts in the demand-curve for irrigated land are taken
into consideration however, one firm conclusion does emerge, The amount of land
"required" 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.EZ/ If these charges are set at or near the projected amortization
costs, demand for irrigated acreage can be expected to increase less than anti-
cipated by the Department and the Bureau in 6 of the 8 Western Water Resource Re—
gions (all excapt Western Gulf and Upper Arkansas and Red), If, on the other hand,
charges are set near or only slightly above present practice levels, 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 of 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 result in
equatiiy, anmual marginal productivities and annual potential project cost flows
as the optimal level of irrigation development has, however, been carefully avoided,
Definition of an optimal level of irrigated acreage within the restricted frame-
work of modern welfare economics requires, among other conditions, that marginal
productivities and costs be equated for all factor inputs.lé/ The limitations of
the data and measurement techniques employed in this and other empirical studies
is perhaps an even more important factor precluding any such precise balancing of
marginal equalities, In spite of these limitations it is frequently useful to
employ certain limited optimality assumptions to explorc the nature of the pre--
duction surface and the impact of factor substitution on factor productivities at
alternative outrut levels,

In Figures 3,1 and 3.2 the iso- or constant revenue and iso-or constant mar-
ginal value lines are plotted for irrigated land and current operating expenses
on the assumption that inputs of labor and non-land capital are held constant at their
1954 arithmetic mean values (or alternatively, that variations in these two fac-—
tors approximately offset each other as in the recent past), Three iso-marginal
value curves and two iso-reserve curves are plotted, Curve OA indicates all those
combinations of irrigated land and operating expenses for which the marginal pro-
ductivity of operating expenses is equal to $2,00 per dollar spent.lz/ To the left

of OA the marginal productivity of operating expenses will exceed $2,00 and to the
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Figure 3, Ise-Revenue and Iso-Marginal Value Maps for Irrigated Land and Current Operating Expenses,
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right of OA it falls below $2.,00, Curve OB indicates all those combinations for
which the marginal prodvctivity 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 estimated current annual water changes and associ.ted costs.

The marginal productivity of irrigated land and current operating expenses
are simultaneously equated with projected amortization and associated costs on
potential federal projects and the assumed eqilibrium productivity level for ep—
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 anmual water charges and associated costs at current levels.

While recognizing the emotional content that is often attached to such terms,
it is convenicat, and perhaps not too inaccurate, to refer to the OA-OB imtersection
as the social cptimum and the 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 mricing water at below social cost levels, And
the difference between the two iso-reserve curves passing through the intersections
OA-OB and OA-CC represents the discrepancy between the social and private optimum
output levels brought about by pricing water below social cost levels,

In the Pacific Northwest the social optimum output level computed in this
manner, coincides (by 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 approximately coincide, In the Colorado River and Sout?
Pacific regions the projected output level exceeds the social optimum, In two

regions (Western Gulf and Upper Arkansas-Red Rivers) the social optimum level of
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output exceeds the projected level, And in two regions (the Great Basin and Upper
Missouri) the estimated production function does not permit the indicated compari=
sons.

In spite of the rcstristed meaning which can be given to the optimum posi-
tions defined »y the technique employed above the iso-reserve and iso-marginal
productivity curves that have been calculated do indicate that in most Western
Water Resource Regions (except the Great Basin, South Pacific and the Colorado
River) substantial possibilities for substitution between irrigated cropland and

operating expenses are possible in meeting anticipated 1980 output levels,

P s
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VI. The Demand for Irrigation Water in 1980,

While the demand for irrigated land is 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 land
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 irrigation water
while holding land input constant the demand for irrigation water should be derived
directly from the demand for farm output rather than from the demand for irrigated
land and the concept of irrigation water requirements for specific levels of ir-
rigated acreage looses it validity is a planning tool,

The caliculations on which the projections prepared for the Select Committee
are based carry the implicit assumption that irrigation water is a strict comple-
ment to irrigated land 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 requirements per acre for individual crops modified
to account for variations in efficiences of application and delivery and, in the
case of the Department!s projections, anticipated improvements in efficiency re-
sulting from technological change. An assumption that the demand for water is de—
rived from the demand for irrigated land is also employed in this paper. Water
was not entered directly into the production function but was treated as a perfect
complement to irrigated land, And in the cost estimates it is assumed that a con=

stant quantity of water per acre is used in each region,
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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 irrigation water "requirements! per acre
for specified crops grown under specified climatic and soil conditions.gg/ All
of this work carries the assumption that the optimum amount of water "required"
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 response to incremental water inputs clearly is subject
to the principal of diminishing marginal productivity.Zl 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 in=
cremental costs and returns associated with the incremental output resulting from
incremental water inputs, And at the macro or regional level where possibilities

of substitution among enterprises and among gecographic sub-areas exist the irri-

gation water 'requirement! concept becomes even less valid as a planning tool
than at the enterprise or firm level.gg/
However, attempts to work directly with the demand for irrigation water rather
than irrigation water '"requirements!" for specified irrigated acreage levels have
been relatively limited. Dawsons work in the Ainsworth, Nebraska area is the only
study at the micro level with which I am familiar.gg/ Attempts which I have made
to enter water as a separate variable in an aggregate regional production func—
tion have been unsuccessful,
It appears therefore that we are forced to work with the dirrigation '"require-

ment! tool in spite of its limited validity on both conceptual and empirical grounds,

In using it, however, we should be careful to recognize that for any given level
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of irrigated acreage the optimal applieation of irrigation water may vary widely
depending on the incremental cost of water and the incremental return ebtained
from additional water, Perhaps the most realistic procedure at the present stage
of our work would be to attach high, medium and low irrigation water projections
to each (high, medium and low) irrigated acreage projection,

No attempt has yet been made in this study to modify or test the specific ire
rigation water requirement projections contained in the reports to the Select Com~-

mittee by the Department and the Bureau,




VII, Some Policy Implcations

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, Current and anticipated rates of growth in demand for farm products and
in technological change in agriculture will apparently 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 financed
investment in irrigation development, Tolley'!s recent studies have indicated that
these interregional adjustments occur quite rapidly and that the South has been
forced to absorb much of the impact of irrigation development in the west.25/
Statements to the effect that crops produced on irrigated land do not contribute
to current farm price and income difficulties because they are not subject to
price supports must be regarded as evidence of lack of analytical skill or as delib=-
erate attempts to mislead,

2, The marginal productivity of irrigated land 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 land, Although, in most areas of the West,the marginal productivity of irri-
gated land exceeds current water charges and associated costs it exceeds projected
amortization costs on potential Federal projects only in the Southern Plains re-
gions,

These observations provide a basis for suggesting that during the immediate

future ~ the next decade or so - Federal resource development, policies should be
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directed to creating a better balance between land and labor resources in the South-
ern Plains by emphasizing rapid irrigation development in this area relative to
other areas and by encouraging movement of labor out of agriculture, In the desert
areas, where limitations of water supply for all purpdses is greatest and where
urban-industrial development is occurring rapidly it would seem desirable to avoid
committing substantial additional water resources to irrigation,

3. The problem of future irrigation development cannot be meaningfully cast
in terms of land and water "requirements".gi/ The possibilities of factor substi-
tution to achieve projected output levels are substantial, even at the farm level,
It is clear from both this study and from the reports prepared for the Select Com~
mittee that at the regional and national levels these substitution possibilities
are immensely magnified, These facts, combined with the extremely rapid rate of
technological change in agriculture that has occurred in the recent past and is
anticipated through at least the next decade reduce the relevant planning horizon
for agricultural resource development to something in the neighborhood of ten
years.

Public investment in irrigation development should, therefore, be directed
to completion of those current and potentlal projects where there is a strong
possibility that the marginal productivity of irrigated land will at least equal ,
projected amortization and associated costs in the near future rather than being
geared to pot~ntial "requirements!" in 1980 or at the end of the century, Irri-
gation development in the West is clearly a case where early decisions may, by
failing to take advantage of time as a resource, result in substantial waste of

alternative physical, capital and labor resources,




Table A-l,- Alternative Factor-Productivity Estimates for Western Water Resource Regions, 1954y

ag X X %) X, X X4 i2 3
Constant Ali Macgin— Non=irri- Current Sum of Cofficient Standard:
Regicon Term (in farm ery in- Livestock Irrigated gated crop- operating coeffi- of deter- error of
ard logyg) workels vestment investment land land expandes cients mination estimate
Equation (in 10810)'
Pacific Nortn-
West = (1) .9567 02568 . m 86 o036l 11779 -1967 . 2901 l 01762 07987 02023
(.1653) (.237) (,1111) (.0506) (.0382) (,0866)
(2) 1.5070 3970 1019 1713 « 2077 «2903 1.1681 7966 «2024
(.0981) (.0914) (+0500) (.0372) (.0866)
(3) 1.8730 4037 - - 1973 «2104 3166 11,1280 7940 .2026
(.0897) - - (.0409) (.0308) (.0782)
Central Paci-
fie (1) .8834 1938  .3361 - 1401 1256 1346 5048  1,1348 9497 1513
(.1522) {(.1718) (1375)  (.8543) (.0595) (.1420)
(2) 1.6876 oI35 - - 0646 1536 1455 5367 1.1087 9435 .1581
(.1485) - (.1368)  (.0543) (.0621) (1477)
(3) 1.4754 23520 - - 1427 1376 25057  1.,1380 9431 1564
(.1326) - - (.0113) (.0541) (.0966)
South Pacific
and Colerado
River (1) 1.1150 3233  .0705 JA412 .0897 - ,0095 LBLT 1.0999 9715 1259
: (<2037, -1443) (.0803)  (.0667) (.0155) (.0981)
(.0908) - (.0794)  (.0489) (.0134) (.0955)
(3) l -911-5 5 03532 - e elll:l e -0029 nslllo l 00083 09695 01277
(.0778) - - (.0471) (.0136) (,0611)
Great Basin(l)  .7455 9231 .3016 5769 - 1387 - 0543 - 3355 1.2732 8940 211
(.2135) (.3095) (.2749)  (.2263) (.0438) (.1827)
(2) 1.3 .9985 - 5313 - 0548 - 0316 - 2369  1,2065 .890¢
(.2083) (.2676)  (,2086) (.0366) (:1470)
3. 82015 ... 38 . .~ - 298, - 0052 - 1488 1.0792 8760 +2217
(J1160)€ - (.1309) (.0356) (1416)




Table A-1, (Continued)

—_——
- s

‘ap X1 X2 X3 X), x; _ R2 5
Ccnstant  All Machin- Non=irri- Curtent Sum of Cofficient Standard:
Region .term (in farm ery in- Livestock Irrigated gated crop- operating coeffi- of deter- error of
and ¢ o loglo) workers vestment  investment land land expenses cients mination estimate
Equation (in 10810j
Upper Ric Grande
and Pecos (1)  .4890 3877 .1239 .1683 1966 - 0674 4100 1,2192 9127 1715
(.1280) (.1996) (.1530) (.1140) (.0358) (.1326)
(2)  .9094 L4122 - 1583 .2392 - 0601 L3101 1,1837 9116 .1698
(.1230) - (.1503) (.0936) (.0330) (.1279)
(3) 1.5457 4233 - - 2251, - 0513 .5028 11,1003 9084 1702
(.0987) - - (.0827) (.0302) (.0799)
Western
Culf (1) .6710 - 0462 5509 - 0036 .2922 1512 L4TL 1,0919 .8859 J440
(.1022) (.1765) (.0990) (.0491) (.0550) (.0936)
(2) 2.0309 .1370 - 0017 3556 «2717 2742  1,0402 8668 JA546
| (.o942) - (.1061)  (.0525)  (.059)  (.0957)
(3) 2.0368  .1368 . " .3556 2717 2752 1.0392 8668 1535
(.0911) - - (,0298) (.0398) (.0599)
Upper Ar-
kansas (1) 1.2513 0958 . 2940 - 0024 1190 02624, .2607  1.,0294 9008 1123
(.0666) (.1211) (.0986) (.0284) (OL446) (.0918)
(2) 2.3738 1900 - - 0562 1288 3165 .3565 9356 8923 JA152
(,0600) B (.0999) (.029L) (.0445) (.0905)
(3) 2.2044 1981 - - 1285 3135 3202 9603 8920 1157
(.0538) - - (.0253) (.0250) (.on84)
Upper Mis-
souri (1)- .3836 - 1667 .8906 .0307 L0422 L0667 1812  1.0447 8714 1060
(J122) (.1249) (.0463) (.0179) (.0211) (.0390)
(2) 2.6113 NIINA - 1175 0912 J162 0760  1,0453 8081 1291
(.0907) - (.0558)  (.0215) (.0256) (.0419)
(3) 3.2124 6992 - - .1011 ,1108 0776 9887 .8025 1305

(.0707) " - (.0199) (.0240)

i S e S

(.0419)




Table A-2,- -Measures of Total Farm-Output-and Inputs for All Counties in Wesbern Water Resource Regions, . 1954,

All farm Irrigated Non-irri- Operating

Number Farm workers Land gated crop Expenses

Water Resource of Sales (000's of (000's of land (000's (000,000's
Region counties (000,000's $) persons) acres) of acres) of §)
Central Pacific 43 1,585,9 333.8 4,961 .7 2,052,2 228.6
Pacific Northwest 125 L1755k 326,0 3,320,5 7,776.8 165.3
South Pacific 7 579 4 89.5 727.3 369.3 145 .4
Coloradoe River ’ 52 533.8 o eI 2,281.1 395.2 60 .4
Total® 59 1,113.2 201.8 3‘,00801F 7645 05,8
Great Basin AL 170.4 53.4 1,372.5 671.6 29.8
Upper Rio Grande and Pecos L6 232.7 106.3 988.8 396.5 31.6
Western Gulf 199 1,406,6 625.7 L,246.,3 16,176.5 221 .6
Upper Arkansas — Red Rivers 153 948.3 310.5 1;323-8 24,0873 134.5
Upper Missouri 361 2,964.,0 729.3 3,915.4 80,890.2 389.9
West Total 1,027 9,594.5 2,686,8 23,137.4 132,815.6 1,407,1

SRS \

Source: U, S. 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,




Table A-3, Measures of Arithmetie and Geometric Average Farm Output and Inputs.for Counties.in:Western {jater

Resource Regions, 1954,

1,027 9,342.1 2,616 22,529 129.3

Non Irri-
Number Farm All Farm Irrigated gated Crop Operating
Water Resource of Sales Workers Land Land (000's Expenses
Region Counties (000ts of $) (persons) (acres) of acres) (000's of §)

Central Pacific A L3 36,880 .4 7,762 115,388 47.7 5,315,6
G L2 18,265.,0 4,035 45,548 26,3 2,598.2
Pacific Northwest A 125 9,386.9 2,608 26,56, 62,2 1,323.5
G 106 6,730,0 1,914 17,074 26.2 773.8
South Pacific A 7 82,772.7 12,779 103,894 52.8 20,778.5
Colorado River A 52 10,265.1 2,158 43,867 7.6 1,162.4
Total A 59 18,867.8 3,420 50,989 13.0 3,488,.1
G 56 4,0L8 5 1,228 27 5423 0.1 45340
Great Basin A 41 b3155.3 1,303 33,476 16.4 727.5
G 39 2,642,4 759 33,902 1.0 458 .4
Upper Rio Grande and Pecos -- A Lb 5,058,2 2,311 21,496 8.6 685 .9
G 38 3,313 4 1,512 14,524 Ll L57.7
Western Gulf i 199 7,068,3 3,144 21,338 81,3 1,113.8
G 75 7,708,7 2,682 14,150 bde2 19533
Upper Arkansas — Red Rivers . A 153 6,197.7 2,029 8,652 57 Ay 878.9
G 82 4,998,6  1,19¢ 7,366 03,8 4666
Upper Missouri A 361 8,210,6 2,020 10,846 2241 1.080.,0
G 161 5,723.8 1,418 10,171 98.7 693.7
wWest Total A 1,370.0

A ~ arithmetic mean for all counties

G - geometric mean for rizjor irrigation counties

Source: U. S, Burcau of the Census, United States Census of aigriculture: 1954 (Washington, USGPO, 1956, Vol. I.
(Counties and State Economic Areas).




Table A-4. Average Water and Other Asscciated 005t5$/ to Irrigators Per Acre of Ir-
rigated Land, Western Water Resource Regions,

Water2/ Otherd/ Total
Pacific Northwest 3.368/ 40,90 Lk 26
Central Pacific 8.82b/ 58,40 67.22
South Pacific 18,418/ 97.70 116,11
Colorade River 7.094/ 37.50 LL59
Great Basin 2.02¢/ 18.40 20,42
Upper Rio-Grande Pecos 2,85L/ 37.50 40.35
Upper Missouri 1.998/ 22,90 24,89
Upper Arkansas and Red 2.520/ 26 3l 28 ,86%
Western Gulf 7,821/ 45,20 53,02

# Estimated from data for the Upper Missouri and Western Gulf,
;/ Exclusive of labor, fertilizer or purchased feed, These estimates are cemputed
with the objective of comparison with marginal productivity estimates for irrigated
land computed from an equation in which labor and current wperating expenses are
held constant at the mean,
2/ From U, S, Bureau of the Census, U, S. Census of Agriculture; 1950, Vol, III,
Irrigation of igricultural Lands. USGPO; Washington, 1952, Summary Table 55, p. 88,
Total costs in areas listed below:

a/ North Pacific

Central Valley, total

¢/ Santa Maria River and Basins, South
Gulf of California, total
Great Basin, total
Rio Grande above Fort Quitman, Texas
Missouri River, total
Missouri River, total

i/ Rio Grande below Fort Quitman, Texas
2/ Nathaniel Wollman and Karl Gertel, "Pricing and Assessment Guides to Water Al=
location", Journal of Farming Economics, forthcoming, December 1960, The authors
have emphasized that the estimates preseunted above should be regarded as approxi-

mations.,
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Table A-5., Estimated Costs Allocated to Irrigation for Potential Projects in
Western Water Resource Regions,

hssoclated
Estimated costs per acre Total

annual Operation arortisa-

anortization and main- tion and

Irrigation cost per tenance associ-
Water Resource cost per equivalent of irriga- Other ated costs

Region equivalent acre 2/ tion faci- L/ per acre

acre 1/ 1itiesé7

(dollars per acre)
Federal Projects

Pacific Northwest 646 35.53 4,13 40,90 80,56
Central Pacific 681 37.46 12,65 58.40 108.51
South Pacific 2,780 152,90 24,98 97.70 275.58
Colorado River 1,374 7557 9.02 37.50 122,09
Great Basin 906 49 .83 2.64 18.40 70,87
Upper Rio Grande and

Pecos 750 11,25 3.66 37.50 82,41
Upper Missouri 1,160 63.80 2.3¢ 22,90 89.09
Upper arkansas and Red 1,167 64,19 3.45 26 343 93,98
Western Gulf 730 40,15 9.63 45,20 94.98

Average 921 50,65

Non Federal Projects

Pacific Northwest L8l 26,62 4,13 40,90 71.65
Central Pacific 384 21,12 12,65 58 40 92,17
South Pacific 4,25 23.38 24,98 97.70 146,06
Coloradec River 1,0 T.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 36.29
Upper Arkansas and Red 207 11,39 3.45 26 34% 41.18
Western Gulf 659 36,25 9.63 L5 .20 91,08

Average 313 17.22

% Bstimated from data for the Upper Missouri and Western Gulf,
Sources:

1/ Bureau of Reclamation, United States Department of Interior, 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, Table 11,

2/ Computed from Irrigation Cost per Equivalent acre assuming an interest rate
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 AL for source. .The
reported data were adjusted upward by 50 percent to more closely approximate current
costs,

L/ Nathaniel Wollman and Karl Gertel, "Pricing and Assessment Guides to Water il-
location" Journal of Farm Economics, (forthcoming, December 1960),
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Table i-6, Comparison ef Bureau ef Reclamation and Department of Aghiculture Irrigated Acreage Projections for
wWestern Water Resources: Region, :

Department
of Agri- Bureau of Reclamation . Department of .igricultural
culture Bureau of Pro‘tect ions ' ' Projections =
1957 Irri- Reclamation New 1980 1980 Esti- oo .
1954 gated Acre- 1958 Irri- acreage in Projected Low' Medium- mated Estimated
Irrigatien age Esti- pgated icre—~ Petentia. Irrigated Pre-= Projaec- 1980 Po— 2,000
Acreage mate age Estimates  Projects hAcreage  Jection tion  tential Potential
- (1) (2) (3) (4) (5) ) (7) (8) (9)
(in thousand of acres)
Pacific Northwest 4,352 5,057 4,600 L4685 9,285 5,022 5,261 5,9CL 7,730
Central Pacific 6,067 7,044 7,100 6,465 13,565 6,875 6,869 7,335 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 Ric Grande
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 55022 5;126 5,512 7,071
Upper Arkansas-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 6,287 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 Census of agriculture 1954 (Washington: Gov't,.Print,
Off., 1956), Vol, 1 (County and State Economic ireas),

(2) U, S. Department of .griculture, Land and Water Potsntials and Future Requirements for Water (Committee Print
No, 12, Select Committee on National Water Resources, U, S, Senate, 86th Congress, lst session) USGFO, Wash—
ington, 1960’ Pe 32 (Ta.ble ]_1).

(3 & 4) U, S. Bureau of Reclemation, Reclamation in the Jest, Present and Future, and Its Effect on Water Supplies, p.3 and
p. 11 and Table 6,
Allocation of California water plan acreage based on data in California Water Resources Board, Water Utilization’
and Requirements of California Sacramento, June 1955, Vol, 1 (California Water Resources Board, Bulletin No, 2). . .
Substantially larger irrigated acreages are projected for the South Pacific in the California Water Plan, The
projections in Bulletin No, 2 indicate an ultimate irrigated acreage of 1,500 acres in the South Pacific area
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