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Projected Irrigation Water Demand and Price Elasticities
for the Ouachita River Basin

In recent years, the state of Arkansas has experienced an enormous
increase‘in its irrigated agriculture. In 1975, a state irrigation inven-
tory indicated that there were 1,421,000 irrigated acres in the state
(Shglstad, et al.). By 1980, the total irrigated acres had increased to
2;156,000 (USDA, Arkansas Statewide Study), an increase of err 50% in just
five years. Three crops (rice, soybeans and cotton) account for almost the
entire acreage with over 90% of the total irrigated acreage planted in rice
and soybeans alone. AOf these three crops, soybeans had the largest percen-
tage increase, doubling in the five year period. Rice acreage increased
22% while irrigated cotton acreage increased approximately 50%. These
ihcreases in the use of irrigation have helped the state’s farmers adapt to
dynamic broductioh conditions and to maintain the vital contribution the
industry makes to the state’s economy. However, in the future large
increases in agricultural water demand may not be- able to be met without
conflicts arising from competing users.

The purpose of this study is to project the demand for agricultural‘
water in one basin in the state and measure the likely responsiveness of
the démahd to changes in the costs of irrigation. The basin examined is
the Quachita River located in\the'south central -part of the state.

Projections. were made for the year 1990.

The Ouachita River basin contains approximately 8,360,000 acres or

roughly one quarter of the state’s land. Much of the area lies in moun-

tainous or rolling land devoted>to forestry. Major land uses include




forestry (81%), grassland (11%) and cropland (5%). (USDA, RIDS) Cropland
is primarily concentrated on terrace soils in the four delta counties on
the eastern boundary of the basin and on bottomland soils in selected
valleys in other counties. The 1981 state statistics shows that there were

586,946 acres planted to rice, cotton and soybeans (The 1981 Agricultural

Statistics for Arkansas). The 1980 irrigatioh inventory shows slightly

over 50,000 irrigated acres of these crops but a discrepancy between the
two years (and sources) should be pointed out. The state statistics has
115,000 acres of rice while the inventory records only 30,000 acres. A

third source, the Arkansas Geological Commission estimated irrigated

"~ acreage in the basin to be aboﬁt 114,000 acres in 1978 and 145,000 acres in

1980. These estimates appear‘to be more consistent with the state sta-
tistics (Arkansas Geological Commission).

Two recent studies have examined future agricultural water demand at a
state level. Shulstad, et al., in 1978 projected the demand for 1985 and
2020 for severa; basins in the state. Unfortunately, they combined the
Ouachita with the Tensas which lies adjacent but to the east. The latter
basin has a higher proportion of cropland. In 1983, the U.S.D.A. fore-
casted water demand for the state for the year 2030. The forecasts for the

two basins appear in Table 1.

Table 1. A Comparison of Water Demand Projections

Shulstad, et al. U.S.D.A.
1985 2020 2030

Irrigated acres ’ Irrigated acres
Quachita-Tensas 261,815 306,871 1,007,000
Ouachita 575,200




As Shumway has demonstrated, the demand for water is a derived demand
’based upon, ceteris paribus, the marginal value product of the water and.
its marginal factor cost. Comparisons of the two above studies are dif-
ficult since only single points on the demand functions are provided and no
indication of the marginal factor cost of irrigation is readily available.
Shumway illustrates how a derived demand for agricultural water éan be
estimated, displaying the responsiveness to changes in irrigations costs.
In his example from California, the demand elasticities range from ine-
lastic at low costs to very elastic at high costs. A similar procedure

will be followed in this study.

Conservation practices will certainly influence the derived demand for

water. Chapman argues that conservation may affect the demand curves in
several differént ways. Three of the common effects he discusses are: (1)
a shift in demand maintaining elasticities; (2) a movement along a demand
curve maintaining elasticities and not shifting the curve and; (3) a change
in elasticities{ maintaining the approximate position of the curve but
significantly increasing the responsiveness to both high and low prices.
This study will identify which of the three situations most closely

approximates the derived demand in the Ouachita basin.
The Model

The procedure to identify the derived demand involves three stages:
(1) the solution of a‘profit maximizing linear programming model; (2) some
sensitivity analysis on the irrigation costs and; (3) the econometric deri-
vation of the derived demand. Algebraically, the model can be represented

as:




M- 2 [(P - VC, )*Y, FC - LCqp - FIC; - VICy* (W)ijnﬁ*
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ijklm
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Subject to:
Xijklm acreage,
Xijlkm .64 (1980 Census)
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where JL
P
X
Y
vC

net revenue per acre

output price per unit (bushels, pounds)

acres

expected yield per acre

variable production and harvest cost per acre--excluding
irrigation costs

fixed productlon costs per acre--excluding 1rrlgat10ns costs
land conversion costs include clearing, levelling and
drainage

fixed irrigation costs per acre

variable irrigation costs per acre-inch

supplemental irrigation water in acre-inches.

crops: (1) soybeans; (2) cotton; (3) rice; (4) soybean-wheat
double crop

irrigation method: (1) dry; (2) furrow; (3) center pivot;
and (4) flood

soil type: (1-12)

hydrologic region (1-9)

county region (1-8)

FC
LC

nou

n

Table 2. Model Data

Soybeans Cotton Rice Wheat

Product Price $6.59/bu .714/1b  $4.67/bu $3.39/bu
Dry Yield 15-29/acre 280-550/acre — 18-35/acre
Irrigated Yield 20-35/acre 375-725/acre 85-100/acre ——
Clearing and Levelling

Cost %350/écre %350/écre 3350/écre 3750/écre
Levelling Cost 106/acre 106/acre 106/acre 106/acre
Variable Cost 3.94/bu .510/1b 2.65/bu  $1.809-1.836/bu
Fixed Cost $52.35/acre  $110.55/acre $107.08/acre $36.32/acre




The basic data for the model appear in Table 2. These data were
included in the 1980 validation runs. The product prices were derived from
the five year average seasonal prices for the state cost estimates are from
the Arkansas Crop Budgets produced by the Cooperative ExtensionService and
the Agricultural Experiment Station. Yields were obtained from the SCS
Resource Information Data System (RIDS). VYields were increased by the
OBERS projections for the 1990 runs. Annual yield increases for the four
crops are soybeans: 0.18 bushels; cotton: 6.67 pounds; rice: 1.32
bushelé and wheat: 0.33 bushels. Costs and product'prices are assumed to
increase at the same rate maintaining the profit margin through time.

Water consumption and supplemental irrigation needs were calculated
using the élaney-Criddle method (SCS). Water use efficiencies by irriga-
tion practices were increased by 10% when conservation practices were
implemented; The estimates are presented in Table 3. Rainfall was deter-
mined by using levels equal to the median of county fifteen year monthly

distributions.

Table 3. Water Use Efficiencies

Without Conservation Conservation

Furrow .6 , .7
Flood 4 _ .5
Center Pivot .8 .9

Model Validation

To validate the model, solutions for 1980 were compared with the state

agricultural statistics and the water use estimates of the Arkansas

Geological Commission. These comparisons éppear in Tables 4 and 5.




Validation Comparison to 1980 Census Data

Census Model - (Model/Census) X 100
Acres Acres %

Soybeans 331,200 264,960 ' 80.0

Cotton 140,552 112,441 80.0

Rice 115,194 92,155 80.0

Wheat 87,908 86,314 98.2

It appears that the model is more accurate on projecting water use than on
estimating the cropping pattern. Data were unavailable to validate the
model for 1990. It should also be recognized fhat different product prices

would produce different results. Future runs will test the sensitivity of

results to product price changes.

Table 5. Validation Comparison to Agricultural Water Use (Arkansas

Geological Commission)

' Model A.G.C. (Model/A.G.C.)

(1000 acre feet)

324.2
56.7

380.9




Table 6. Model Results - Irrigated Acreage

Soybeans Cotton
100 acres

Scenario
Marginal Cost of Irrigation - 88.5
(per acre-inch)
1) Flood = $2.51
Furrow = $1.65
Center Pivot = $4.10

2) Flood = $2.47
Furrow = $2.82
Center Pivot = $2.

3) Flood = $1.49
Furrow = $1.95
Center Pivot = $2.

4) Flood = $1.64
Furrow = $1.65
Center Pivot = $4.

5) Flood = $1.64
Furrow = $2.82
Center Pivot = $2.

6) Flood = $1.30
Furrow = $1.75
Center Pivot = $2.

7) Flood = $4.00
Furrow = $3.10
Center Pivot = $2.

8) Flood = $2.75
Furrow = $1.80
Center Pivot = $4.

9) Flood = $3.15
Furrow = $2.50
Center Pivot = $2.

10) Flood

= %2.15
Furrow = $2.55
Center Pivot = $3.




L.P. Model Results

For the 1990 runs, different irrigafion costs were used to identify the
acreage respbnse to changes in thé marginal factor cqst of water. Ten
different cost scenarios were considered. The irrigated acreages of the
- four crops associated with each scenario are exhibited in Table 6. The
water use of the acreage can vary debending upon soil class, lattitude and
weather pattern in each county region.

When rice goes out of solution, it is generally replaced with irrigated

double crop soybeans on good croplands and with grasslands on the podrer

soils. Obviously, a higher rice or cotton price should increase these
acreages and lower soybean and wheat prices might result in some irrigated
soybeans being forced out of solution. All rice was assumed to be grown in
a one year rice and one year soybean rotation. Other rotations are used

and their inclusion in the model would likely change the results.
Elasticities

The ten irrigation cost scenarios were used to estimate the derived
demand for each of the crops and the total agricultural demand for the
basin. Price elasticities could then be determined for each demand curve

estimated. The estimated demand functions are displayed in Table 7.




Table 7. Esimated Demand Equations

Q : Intercept . Price

1990
No Conservation
Rice A.I. 3,758,308 -822,901 LnP
, (3.778)

Soybean A.I. 18,062,461 -4,112,830 LnP
(9.651)

Total A.I. 12,463,910 -5,924,853 LnP
(4.770)

1990
Conservation ,
Rice A.I. 5,700,088 -2,815,810 LnP 417
(2.800)

Soybean A.I. 10,381,987 -5,311,507 LnP - .865
: (7.143)

Total A.I. 19,679,152 -11,025,567 LnP .799

A.I. = acre-inches; P = irrigated cost per acre-inch. Computed T-values
appear in parenthesis.




The elasticites calculated for the equations are presented in Table 8.
In addition, the elasticities for the conservation scenarioc are included as
well. The general trend uncovered by Shumway can be observed in these
data--the demands are more elastic at high prices and less elastic at low
prices. The curves for soybeans are more responsive than most estimated
for the Western, arid regions; perhaps displaying a more competitive posi-
tion for dryland agriculture in the Arkansas production environment which
has more rainfall.‘ The curves for rice were very inelastic, perhaps indi-
cating that at the prices used, rice will dominate on those lands suitable

for its production.

Table 8. Estimated Price Elasticities
Rice Soybeans Total
P Without* Withi P Without* With** P Without* Withsk
$1.75 -0.25 -0.68 $3.50 -1.41 -1.42 42.50 -0.84 -1.15
2.75 -0.28 -0.99 4.50 -2.19 -2.22 3.50 -1.18 -1.18
3.75 -0.31 ~1.42 5.50 -3.91 -4.00 4.50 -1.66 -3.56
4.50 -0.33  -1.92 6.25 -7.82 -8.19 5.00 -2.02 -5.70

*No Conservation
**Conservation

It appears with the implementation of the conservation practices, both
a shift in demand and an increase in elasticities can be observed rather

than-a simple movement along the same demand curve. The elasticities have.

increased, particularly at higher prices for the conservation demands.

Once again, it should be recognized that product price changes will
shift the demand curves and may alter the elasticities since cross price

elasticities are ignored in the estimation of these equations.
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