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Abetrlct 

A dynamic optimi zation model which introduces an 
intertemporal nitrate-nitrogen residual function is used 
to derive and evaluate nitrogen fertilizer and irrigation 
water optimal dec ision rul es for cotton production in the 
Southern High Plains of Texas . The results indicate that 
optimal nitrogen applications critically depend on 
initial nitrate-nitrogen levels and nitrogen prices. 
Also, the results indicate that the optimal levels of 
irrigation water are critically dependent on its price. 
Duality theory is used to derive irrigation water and 
nitrogen demand functions and a cotton supply function. 

Introduction 

The agricultural sector's economic and political 
environment coupled with producers' inability to 
influence either output or input prices highlights the 
importance of input use efficiency in production as a key 
component for profitability and survival. In this study, 
cotton production efficiency stemming from optimal 
nitrogen fertilizer and irrigation water applications is 
addressed. The primary objective of this study is to 
empirically derive and evaluate nitrogen fertilizer and 
irrigation water optimal decision rules in cotton 
production in the Southern High Plains of Texas (SHPT). 
In particular, a dynamic optimization model which 
introduces an intertemporal nitrate-nitrogen carry-over 
function in the optimization procedure is presented. 

The SHPT is a semi-arid region located in the western 
part of the state, encompassing some 22 million acres. 
Three major soil resource areas can be identified in the 
SKPT: hardlands, composed of fine-textured clays and clay 
loams, comprising 54 percent of the area; lIixedlands, 
cOllposed primarily of medium-textured loams and loamy 
sands, representing 23 percent of the area; and 
sandylands, composed of coarse-textured sands, also 
representing 23 percent ot the area (Lee). 

The major crops produced in the area are cotton, wheat, 
and grain sorghum. cotton's relative importance 
increased from 35 percent of the planted acreage during 
the 1971-82 period to 59 percent in 1985 (Texas 
Agricultural statistics service). Cotton being the most 
important crop in the SHPT coupled with evidence of 
declining profit margins (Ethridge and Bowman) and 
declining underground water supplies, stimUlated this 
study to focus on optimization of nitrogen fertilizer and 
irrigation water applicati ons in cotton production. 

The OptiaizatioD "Pdol 

contemporary studies addressing the impacts of nitrogen 
fertilizer applications and nitrate-nitrogen residual on 
crop yields (Carter et 81.; Hooker et al.: Onken and 
Sunderman; Onken et al.; and Roberts et al.) have found 
that residual nitrate-nitrogen affects crop yields. That 
is, total nitrogen available to the plants at a given 
point in time is a function of applied nitrogen and 
residual nitrate-nitrogen at that time. However, 
residual nitrate-nitrogen at a particular point in time 
is, in turn, a function of previous nitrogen applications 
and previous levels of residual nitrate-nitrogen. 
Therefore, in deriving optimal decision rules for 
nitrogen fertilizer applications, a dynamic model which 
accounts for such relationships must be used. Previous 
studies addressing optiaal fertilization decision rules 
which introduce carry-over functions include the works of 
Godden and Halyer , Kennedy (1980, 1986a, 1986b), Kennedy 
et al., Stauber et al., and Taylor. 

The deterministic specifica tion of the empirical dynamic 
optiaization model formulated in this study follows that 
of Kennedy et al . : 

Max Z .. 
IN .... ) , . . 
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subject to: 

NT" - NA" + NR" , 

NA", NR., ] , 

NR" - NRIO). 

and N~, NR." W", NT" ~ _ 0 for all t, 

( 2 ) 

( 3) 

(4 ) 

where: Z - per acre present value of returns to land, 
overhead, risk, and ma nagement from cotton production 
($); n - length of the planning horizon, in years, of the 
decision maker (the fermer in this case); Pt "" cotton 
price in year t ($ / lb.): Yt - cotton yield f unction in 
year t (lbs. / ecre): NTt "'" nitrogen available to the 
cotton plants in year t ( lbs. j acre); CN t .. price of 
nitrogen in year t ($ / lb.); CWt = price of irrigation 
water in year t ($ / inch/ acre): N~ ~ nitrogen applied in 
year t (lbs. / acre); r the discount rate; wt 

irrigation water applied in year t (inches/ acre): and ~ 
., nitrate-nitrogen residual in year t (lbs. / acre). 

Equation (1) represents the objective function of the 
optlaization model. Equation (2) is an equality 
constraint which adds up the applied nitrogen and 
nitrate-nitrogen residual at time t, and is used as a 
variable in equation (1) to compute the current cotton 
yield. Equation (3) is the equation of motion of the 
model which updates the nitrate-nitrogen residual 
necessary for equation (2). Equation ( 4) is an initial 
condition on nitrate-nitrogen residual. Finally, the 
non-negativity constraints on the decision and state 
variables of the model are specified. 

The yield response function, Yt in equation (1), and the 
nitrate-nitrogen residual function, equation ( 3 ) , were 
estimated using data from three experimental sites in the 
SHPT over a three year period (Sunderman: Sunderman et 
al.). Additional data on rainfall, temperature, residual 
nitrogen, and soil moisture conditions were obtained from 
experimental records at the Texas Agricultural Experiment 
Station at Lubbock, Texas and the National OCeanic and 
Atmospheric Administration (U. S. Department of 
Commerce) . 

variables influencing irrigated cotton yields which are 
directly under the farmer's control include the level of 
fertilization, level of irrigation, row spacing, seed 
variety, and planting date. Other factors influencing 
irrigated cotton yields not directly under the farmer's 
control include soil type, level of rainfall, and 
temperature. Alternative model specifications and 
explanatory variables, using logarithmic, Mitscherlich
S~illman~ and quadratic functional forms to capture 
dlminishlng marginal returns, of the yield response 
fUnction were estimated using linear and non-linear 
regression techniques. The best function obtained in the 
process was: 

Yt - 177.84+ 15.03 [ Ln(NTt *HU t )]+ 38.15[Ln{Wt *HUt )]+ 
10.69) (2.64) (1.61) 

18.33 RWSP+ 39.10 VAR- 51.28 MDEFt -
13.70) (3.61) (-8.29) 

203.48 ST1- 32.89 ST2 
1-12.27) ( -2.14) R3 = 0.367, (5 ) 

where: Yt l NTt and Wt are as defined previously: HUt ., 
accumulated daily heat units received during the cotton 
growing season in year t in degrees F. Daily heat units 
are computed as ( daily high temperature + daily low 
temperature )/ 2 ] - 60; RWSP E number of rows per 40 inch 
bed: VAR = a dummy variable to indicate cotton variety, 
VAR - 0 for Paymaster Dwarf and VAR = 1 for Dunn 56-C: 
HDEP t "'" the cumulative soil moisture deficienc y measured 
as i n inc hes of water needed to fill the soil profile 
dur i ng the cotton growi ng season in year t: STI and ST2 

dummy variables to indicate soil resource area where 
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ST1 = ST2 = 0 indicates mixedlands, ST1 = 1 indicates 
hardlands, and ST2 ... 1 indicates sandy lands ; and Ln 
denotes the natural logarithm of the variable. 

The values in parenthesis below the estimated parameters 
in equation (5) are their associated t values. All the 
coefficients were significant at the .05 level with the 
exception of two: the intercept, which was significant at 
the .20 level, and the coefficient of the Ln(W~*HU~) 
variable, which was significant at the .10 level. 

Based on prior information with respect to the 
specification of the adequate functional form of the 
residual nitrate-nitrogen carry-over function for 
irrigated cotton production in the top six inches of the 
soil profile for the mixedlands soil resource area by 
Sunderman, and Sunderman et al., the estimated carry-over 
function was: 

NR~'l = -2.167 + 0.0199 NAt. + 0.9922 NT4. 
(-2.12) (6.07) (14.77) R:r _ 0.86, (6) 

where the variables are defined as before and parameter 
t-values are reported as before. Estimated parameters in 
equation (6) were significant at the 0.01 level except 
for the intercept, which was significant at the 0.05 
level. 

In deriving optimal decision rules with respect to 
irrigation water and nitrogen applications, experts were 
consulted to specify representative appropriate levels of 
all variables in equation (5) except for the nitrogen and 
the irrigation water variables (Lyle, onken, and Supak). 
That is, representative levels for HU, RWSP and MDEF in 
equation (5) for irrigated cotton production were 
substituted to derive six cotton yield functions, 
corresponding to two cotton varieties and the three 
alternative soil resource areas for the SHPT. Values 
substituted in equation (5) were: MDEFt = 4.30; RWSPt = 
1; and HU~ = 2271. These substitutions, and appropriate 
substi tution of the dummy variables in equation (5) 
provided the following general functional form of the 
cotton yield function: 

y~ ". ra" + 15.03 Ln(NTt ) + 38.15 Ln(W~), (7 ) 

where r " corresponds to the intercept of the yield 
tunction for a given soil resource area and cotton 
variety combination. In particular, the intercepts were: 
for the Dunn variety grown in the hardlands 222.25 
pounds, and for the Paymaster variety grown in the 
hardlands 183.15 pounds; for the Dunn variety grown in 
the mixedlands 425.73 pounds, and for the Paymaster 
variety grown in the mixedlands 386.63 pounds; and for 
the Dunn variety grown in the sandylands 392.84 pounds, 
and for the paymaster variety grown in the sandylands 
353.74 pounds. Equation (7) provided the yield functions 
used to solve the optimization model in equation (1). 

Results 

The optimization model depicted in equations (1) through 
( 4) was solved for the lIixedlands soi 1 resource area 
(MSRA) and the Dunn 56-C cotton variety combination 
assuming: (1) a ten year planning horizon; (2) five 
alternative levels of cotton price (0.40, 0.45, 0.50, 
0.55,0.60 dollars per pound); (3) nine alternative 
levels of irrigation water price (3.0, 3.5, 4.0, 4.5, 
5.0, 5.5, 6.0, 6.5 and 7.0 dollars per acre/inch); (4) 
five alternative levels of nitrogen price (0.10, 0.15, 
0.20, 0.25, 0.30 dollars per pound); and (5) two 
alternative initial conditions of nitrate-nitrogen 
residual in pounds per acre (16.3 and 30.0). Also, 
al ternati ve discount rates were used, but the results 
reported here correspond to those with a five percent 
discount rate (r ~ 0.05). 

As expected, optimal decision rules for applied 
irrigation water and nitrogen varied across time periods 
for a given nitrogen and cotton price combination at a 
given nitrate-nitrogen initial condition. However, 
because a more stable optimal decision rule was desired 
to simplify management implementation, for a given 
nitrogen, irrigation water and cotton price combination 
and initial residual nitrogen condition, two additional 
constraints: one of which equates nitrogen applications 
across time periods and the other equates irrigation 
water applications across time periods, were introduced. 
Another justification for the introduction of these 
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additional constraints is the fact that nitrogen, 
irrigation water and cotton prices vary year to year, and 
thus, a "rolling horizon" dynamic optimal decision rule 
which is subject to input and output prices variability 
is called for. The overall effect of this constraint was 
that the per acre present value of returns, Z in equation 
(1), decreased, but by less than one-twentieth of one 
percent in all cases. Therefore, this tradeotf in 
revenue was considered to be adequate in exchange for a 
simple decision rule. 

Solutions of the 450 optimization models (corresponding 
to two nitrate-nitrogen initial conditions, five cotton 
prices, five nitrogen prices, and nine irrigation water 
prices) were obtained using GAKS (General Algebraic 
Mathematical System, World Bank) and are presented in 
Tables 1 to 5. In tables 1 and 2 the optimal levels of 
nitrogen applications for the alternative cotton-nitrogen 
price combinations for the two nitrate-nitrogen initial 
conditions are presented, respectively. In table 3 the 
optimal levels of irrigation water applications for the 
alternative irrigation water-cotton price combinations 
are presented. Notice that optimal irrigation water 
applications do not change with the nitrate-nitrogen 
initial condition. In tables 4 and 5 the optimal levels 
of the net present value of returns for all nitrogen
irrigation water-cotton price scenarios are presented. 

Because the optimization model solves for specific, 
discrete combinations of nitrogen, irrigation water and 
cotton prices which may vary substantially, it was 
recognized that a generalization of the relationship from 
the optimization models would be useful. Consequently, 
a generalization of the optimal nitrogen and irrigation 
water applications decision rules was derived for the two 
levels of initial conditions on nitrate-nitrogen. The 
procedure followed to do this was as follows: indirect 
profit functions, indirect net present value of returns 
functions for the two nitrate-nitrogen initial conditions 
in this case, using the results of the dynamic 
optimization models were estimated by regressing the 
levels of net present value of returns against irrigation 
water, nitrogen and cotton prices. Then, using duality 
theory, Hotelling's lemma in particular, the cotton 
supply function and both irrigation water and nitrogen 
demand functions were derived for each of the two 
ni trate-ni troqen initial conditions. In particular, 
Hotelling's lemma states that the first partial 
derivative of the indirect profit function with respect 
to the output price, cotton price in this case, results 
in the output supply function and that the first partial 
of the indirect profit function with respect to an input 
price, irrigation water and nitrogen prices in this case, 
results in the negative of the input demand function. 

The general functional form used to estimate the indirect 
net present value of returns functions was: 

r B a + b*WP + c*WP*[Ln(WP)-l) + d*NP + e*NP*[Ln(NP)-l] 

+ f*CP + g*CP*[Ln(CP)-l] + € (8) 

where: a, b, c, d, e, f, and g are the parameters to be 
estimated, € is the error term, r is the net present 
value of returns of a particular solution of the 
optimization model, and WP, NP and CP are the irrigation 
water, nitrogen and cotton prices associated with that 
particular solution of the optimization model. Taking 
the first derivative ot equation (8) with respect to 
irrigation water, nitrogen and cotton prices results in: 

for WP .... )))) 

for NP ~UHU~ 

b + c*Ln(WP) 

d + e*Ln(NP) 

f + g*Ln(CP) 

(9 ) 

(10) 

(11 ) 

where the negative of equations (9) and (10) represent 
the derived demand function of irrigation water and 
nitrogen, respectively, and equation (11) represents the 
cotton supply function. 

As pointed out above, equation (8) was estimated for both 
levels of nitrate-nitrogen initial condition. The 
results of this estimation were as follows: 

• for the 16.3 Ibs./acre initial condition ~HHH> 
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~ = 331.88 - 77.17*WP + 28.98*WP*[Ln(WP)-l] + 
(7.06) (-19.02) (11.38) 

95.37*NP + 235.14*NP*[Ln(NP)-l] + 
(1.65) (6.75) 

4353.50*CP + 291.89*CP*[Ln(CP)-l] 
(68.92) (3.20) R2"'0.9996 (12) 

• for the 30 lbs./acre initial condition »)»>» 

~,.. 360.70 - 77.18*WP + 28.98*WP*[Ln(WP)-l] + 
(7.34) (-18.19) (10.86) 

316.84*NP + 301.22*NP*[Ln(NP)-l] + 
(5.25) (8.27) 

4363.60*CP + 321.08*CP*[Ln(CP)-l] 
(65.26) (3.36) R2=0.9996 (13) 

where the variables are defined as above and the values 
in parenthesis below the estimated parameters represent 
their associated t values. All parameter estimates were 
significant at the 0.01 level, with the exception of the 
parameter associated with the NP parameter for the 16.3 
Ibs./acre initial condition in nitrate-nitrogen, which 
was significant at the 0.05 level. 

Given equations (12) and (13), the annualized irrigation 
water and nitrogen demand functions, equations (9) and 
(10), and the annualized cotton supply function, equation 
(11), can be derived for each of the nitrate-nitrogen 
initial conditions. These are presented graphically in 
Figures 1 to 3. As expected, given a nitrogen to cotton 
price ratio, the higher the initial condition on ni trate
nitrogen, the lower the optimal level of applied 
nitrogen. Also, given an initial condition on nitrate
nitrogen, the higher the nitrogen price, the lower the 
optimal level of applied nitrogen, and the higher the 
irrigation water price, the lower the optimal level of 
irrigation water. Notice that the optimal level of 
production under both nitrate-nitrogen scenarios is very 
close, i.e. the cotton supply functions are virtually the 
same in both scenarios. 

Concluding Remarks and Implications 

The objective of this paper was to derive irrigation 
water and nitrogen optimal decision rules, considering 
the dynamic nitrate-nitrogen residual impacts of nitrogen 
applications, for irrigated cotton .production in the 
Southern High Plains of Texas. The results indicate that 
optimal nitrogen applications critically depend on 
initial nitrate-nitrogen levels and nitrogen prices. 
Also, the results indicate that the optimal levels of 
irrigation water are critically dependent upon the 
irrigation water prices. 

The results derived in this study can be used and easily 
interpreted by decision makers to evaluate the efficiency 
of their cotton operations. This is important because 
input use efficiency in production is a key component for 
profitability and survival. It is recognized that the 
results stemming from this study are not applicable to 
other areas, since information requirements are quite 
specific. In particular, critical elements in the 
derivation of comparable results for other areas and 
crops would be both the specification of accurate 
functional forms for crop yields and the estimation of 
the nitrate-nitrogen carry-over function. However, the 
methods used in this study can be applied in other areas 
of the country to evaluate the efficiency and 
profitability of agricultural enterprises, not only with 
respect to irrigation water and nitrogen utilization, but 
other production inputs as well. 
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Table 1. Per·Acre Optimal Levels 01 Nitrogen. Assuming 16.3 IbS/A Initial Condition On 
Nitrate-Nitrogen, MSRA' 01 the SHPT2. 

Nitrogen Cotton Price ($lib.) 

Price ($lib.) .4 .45 .5 .55 .6 

.3 30.45 30.45 30.45 30.45 30.45 

.25 30.45 30.45 30.45 30.45 30.45 

.2 30.45 30.45 31 .72 35.39 39.07 

.15 34.16 39.07 43.99 48.93 53.88 

.1 53.88 61.33 68.79 76.25 83.73 

, Mixedlands soil resource area. 

2 Southern High Plains 01 Texas. 

Table 2. Per-Acre Optimal Levels 01 Nijrogen~ Assuming 30 IbsfA Initial Condilion On 
Nitrate-Nitrogen, MSRA' 01 the SHPT . 

Nitrogen Cotton Price ($lib.) 

Price ($lib.) .4 .45 .5 .55 .6 

.3 10.00 10.00 10.00 10.16 12.52 

.25 10.00 10.00 12.52 15.38 18.26 

.2 12.52 16.09 19.71 23.34 27.00 

.15 22.13 27.00 31 .90 36.82 41 .75 

.1 41.75 49.17 56.61 64.07 71 .53 

1 Mixedlands soU resource area. 

2 Southern High Plains of T8lCas. 

Table 3. Per-Acre Optimal Levels of Irrigation Water For the 16.3 and 30 IbsfA Initial 
Condition On Nitrate-Nitrogen, MSRA 1 01 the SHPT2

• 

Water Cotton Price ($!lb.) 

Price ($Ieere-In.) .4 .45 .5 .55 .6 

3 5.08 5.72 6.35 6.99 7.63 

3.5 4.36 4.90 5.45 5.99 6.54 

4 3.81 4.29 4.76 5.24 5.72 

4.5 3.39 3.81 4.23 4.66 5.08 

5 3.05 3.43 3.81 4.19 4.57 

5.5 3.00 3.12 3.46 3.81 4.16 

6 3.00 3.00 3.17 3.49 3.81 

6.5 3.00 3.00 3.00 3.22 3.52 

7 3.00 3.00 3.00 3.00 3.27 

, Mb(edlands soU resource area. 

2 Southern H"Jgh Plains 01 Texas. 
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World Bank. General Algebraic Modeling System (GANS): A 
preliminary User's Guide, Washington, D. C., 1982. 

Table 4. Per·Acre Net Percent Value of Returns for Alternative Cotton-
Nitrogen-Irrigation Water Prices, Assuming 16.3 Ibs.!Acre Initial 
Condition on Nitrate-Nitrogen, MSRA 1 of the SHPT2• 

Nitrogen Cotton Price ($lIb.) 

Price ($lIb.) .4 .45 .50 .55 .60 

IRRIGATION WATER PRICE $3.50 (ACRE-INCH) 

.3 1470.96 1679.26 1889.20 2100.62 2313.38 
.25 1482.71 1691.02 1900.96 2112.38 2325.14 
.20 1494.47 1702.78 1912.75 2124.65 2338.40 
.15 1506.45 1715.66 1927.14 2140.67 2356.06 
.10 1522.93 1734.46 1948.26 2164.12 2381.85 

IRRIGATION WATER PRICE $4.00 (ACRE-INCH) 

.3 1455.22 1661.56 1869.53 2078.99 2289.78 
.25 1466.98 1673.32 1881.29 2090.74 2301.54 
.20 1478.74 1685.08 1893.09 2103.01 2314.79 
.15 1490.72 1697.96 1907.47 2119.04 2332.46 
.1 0 1507.20 1716.76 1928.60 2142.49 2358.25 

IRRIGATION WATER PRICE $4.50 (ACRE-INCH) 

.3 1441.34 1645.94 1852.18 2059.90 2268.96 
.25 1453.10 1657.70 1863.94 2071.66 2280.72 
.20 1464.86 1669.46 1875.74 2083.93 2293.98 
.15 1476.84 1682.34 1890.13 2099.95 2311.64 
.10 1493.32 1701 .14 1911.25 2123.41 2337.43 

IRRIGATION WATER PRICE $5.00 (ACRE-INCH) 

.3 1428.93 1631 .98 1836.67 2042.83 2250.34 
.25 1440.69 1643.74 1848.43 2054.59 2262.10 
.20 1452.45 1655.50 1860.22 2066.86 2275.35 
.15 1464.42 1668.18 1874.61 2082.88 2293.02 
.10 1480.90 1687.18 1895.73 2106.34 2318.81 

IRRIGATION WATER PRICE $5.50 (ACRE-INCH) 

.3 1417.33 1619.34 1822.63 2027.39 2233.49 
.25 1429.09 1631 .10 1834.39 2039.15 2245.25 
.20 1440.85 1642.86 1846.18 2051.42 2258.51 
.15 1452.82 1655.74 1860.57 2067.44 2276.18 
.1 0 1469.30 1674.54 1881.69 2090.89 2301.46 

IRRIGATION WATER PRICE $6.00 (ACRE-INCH) 

.3 1405.74 1607.66 1809.81 2013.29 2218.11 
.25 1417.50 1619.42 1821.57 2025.05 2229.87 
.20 1429.26 1631.17 1833.36 2037.32 2243.13 
.15 1441.24 1644.06 1847.75 2053.34 2260.80 
.10 1457.72 1662.86 1868.87 2076.80 2286.58 

IRRIGATION WATER PRICE $6.50 (ACRE-INCH) 

.3 1394.16 1596.07 1797.94 2000.32 2203.96 
.25 1405.92 1607.83 1809.75 2012.08 2215.72 
.20 1417.68 1619.59 1821.54 2024.35 2228.98 
.15 1429.66 1632.47 1835.93 2040.37 2246.65 
.10 1446.14 1651.77 1857.05 2063.83 2272.44 

IRRIGATION WATER PRICE $7.00 (ACRE-INCH) 

.3 1382.58 1584.49 1786.40 1988.32 2190.87 
.25 1394.34 1596.25 1798.16 2000.07 2202.62 
.20 1406.10 1608.01 1809.96 2012.34 2215.88 
.15 1418.08 1620.89 1824.34 2028.37 2233.55 
.10 1434.55 1639.69 1845.47 2051.82 2259.34 

1 Mlxedlands soli resource area. 
2 Southern High Plains of Texas. 
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Table 5. Per-Acre Net Percent Value of Returns for Alternative Cotton- 14 

Nitrogen-Irrigation Water Prices. Assuming 30 IbsJAcre Initial 13 
CondiUon on Nitrate-Nitrogen. MSRA' of the SHP,-2. 

12 

Nitrogen Cotton Price ($Rb.) n 
Price ($Rb.) .4 .45 .50 .55 .60 10 

IRRIGATION WATER PRICE $3.50 (ACRE-INCH) • 9 
~ 

.3 1506.15 1712.93 1921.35 2131.25 2342.76 0( 8 

.25 1510.01 1716.79 1925.44 2136.11 2348.63 1 7 

.20 1514.06 1721.68 1931.56 2143.47 2357.24 ~ 

.15 1520.56 1729.79 1941.29 2154.83 2370.23 ~ 

.10 1532.38 1743.91 1957.73 2173.59 2391.32 a 
• ! 

IRRIGATION WATER PRICE $4.00 (ACRE-INCH) ! 4 

.3 1490.42 1695.23 1901.68 2109.61 2319.15 3 

.25 1494.28 1699.09 1905.77 2114.48 2325.03 2 

.20 1498.32 1703.98 1911.89 2121.84 2333.64 

.15 1504.83 1712.09 1921.62 2133.20 2346.63 

.10 1516.64 1726.21 1938.06 2151.96 2367.72 0 
QJ U 2.1 3.1 4J SI 6.J 7J !I 9J 

IRRIGATION WATER PRICE $4.50 (ACRE-INCH) 
InigIlicn Walor PricolSla:rHdll 

.3 1476.54 1679.62 1884.33 2090.53 2298.34 o Ili3b.1OC11 + 3lll b.l0CII 

.25 1480.40 1683.48 1888.42 2095.39 2304.21 

.20 1484.45 1688.36 1894.54 2102.75 2312.82 Figure 1. Irrigation water demand function. 

.15 1490.95 1696.48 1904.27 2114.11 2325.81 

.10 1502.76 1710.60 1920.71 2132.87 2348.90 

IRRIGATION WATER PRICE $5.00 (ACRE-INCH) 

.3 1464.12 1665.65 1868.81 2073.46 2279.71 
.25 1467.98 1669.51 1872.91 2078.32 2285.59 
.20 1472.03 1674.40 1879.02 2085.68 2294.20 
.15 1478.54 1682.51 1888.75 2097.04 2307.19 
.10 1490.35 1696.63 1905.·19 2115.80 2328.28 

IRRIGATION WATER PRICE $5.50 (ACRE-INCH) 120 

.3 1452.52 1653.01 1854.78 2058.01 2262.87 no 
.25 1456.38 1656.88 1858.87 2062.88 2268.74 
.20 1460.43 1661.76 1864.98 2070.24 2277.35 100 

.15 1466.94 1669.87 1874.71 2081.60 2290.35 

.10 1478.75 1684.00 1891.15 2100.36 2311.43 90 

IRRIGATION WATER PRICE $6.00 (ACRE-INCH) 80 

.3 1440.94 1641.33 1841.96 2043.98 2247.49 ! 
" 70 

.25 1444.80 1645.19 1846.05 2048.78 2253.36 
< 

.20 1448.85 1650.08 1852.17" 2056.14 2261.97 i 80 

.15 1455.35 1658.19 1861.90 2067.50 2274.97 i 
!r 

.10 1467.17 1672.31 1878.34 2086.26 2296.06 ~ 50 
z 

IRRIGATION WATER PRICE $6.50 (ACRE-INCH) a 40 • 
.3 1429.36 1629.75 1830.13 2030.95 2233.34 

"E 
~ 30 

.25 1433.22 1633.61 1834.23 2035.82 2239.21 a. 

.20 1437.27 1638.49 1840.34 2043.17 2247.82 20 

.15 1443.77 1646.61 1850.07 2054.53 2260.82 

.10 1455.58 1660.73 1866.51 2073.29 2281.91 10 

IRRIGATION WATER PRICE $7.00 (ACRE-INCH) 0 
D.5I D.SI 

.3 1417.78 1618.16 1818.55 2018.94 2220.24 
.25 1421.64 1622.02 1822.64 2023.81 2226.12 IiIro;onPricolSl&I 

.20 1425.68 1626.91 1828.76 2031.17 2234.72 o IIi3 b.l0CII + 3lll1bo./1CII 

.15 1432.19 1635.02 1838.49 2042.53 2247.72 Figure 2. Nitrogen fertilizer demand .10 1444.00 1649.15 1854.93 2061.29 2268.81 function. 

1 Mixedlands soli resource area. 
2 Southern High Plains of Texas. 
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Figure 3. Cotton supply function. 
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