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AN ECONOMIC ANALYSIS OF WATER MANAGEMENT SYSTEMS
IN SOUTHERN TAMIL NADU—PRODUCTION FUNCTION
AND PROGRAMMING APPROACH*

R. Thamodaran, Shashanka Bhide, and Earl O. Heady?

One of the major goals for Indian agriculture is to increase food produc-
tion substantially in order to cope with the population growth. Of the various
methods of intensive agriculture, application of timely and adequate quanti-
ties of fertilizer and irrigation plays an important role in increasing production.
Farmers' in southern parts of Tamil Nadu (Udangudi block in Tirunelveli
district) have devised two methods to increase the water holding capacity of
light textured soil and have succeeded in raising three crops of paddy a year
in place of a single crop of banana or groundnut. The two improved water
management systems involved are (1) a concrete system, and (2) a silt system.
The concrete system involves laying a concrete layer 2’ beneath top soil and
raising a 4’ high, 5" thick masonry wall around the field. The approxi-
mate cost of construction is Rs. 32,000-36,000 per hectare (in 1978 rupees).
The silt system involves raising a 4’ high, 5" thick masonry wall around
the field followed by addition and mixing of fine silt to the existing sandy
soil. The approximate cost of construction is Rs. 16,000-18,000 per hectare.
These two systems are primarily aimed at increasing water holding capacity
of sandy soils.

The major objectives of the study are (1) to investigate the economic
feasibility of the concrete and silt systems compared to the existing field
situation,? (2) to investigate the nature of production function relationships for
paddy and banana crops under different water management systems and to
compare the productivity of resources such as fertilizer, irrigation, and labour
among systems, (3) to investigate if there is any technological break-through
in production function relationships, if so, whether it is factor-neutral or biased,
(4) to obtain the profit maximizing combination of systems for small, medium
or large farms under existing resource-production constraints and also for
alternative expected resource scenarios.

METHODOLOGY

The ccoenomic feasibility of a system is determined by comparing annual
amortized cost (cost of system construction + foregone returns during system
construction) and annual returns from that field (returns calculated from the
most profitable crop rotation).

* Journal Paper No. J-10423 of the Iowa Agriculture and Home Economics Experiment
Station, Ames, Iowa. Project No. 2498.

T Research Assistant, Staff Economist, and Director and Distinguished Professor, respectively,
Towa State University, Center for Agricultural and Rural Development, Ames, Jowa, U.S.A.

1. Having open well and electricity pump for irrigation purpose.

2. Existing field situation is considered as traditional system.
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C=—2I
I—(1+4r)"

C =annual amortized cost in rupees;

¢ =total cost of system construction;

r =market interest rate (15 per cent); and

t =expected life of systems in years (45 years).
The returns are additional returns obtained from a concrete or a silt system
field over the traditional system. If the ratio between annual additional
returns and annual amortized cost is greater than or equal to one, then the
particular system is considered to be economically feasible.

PRODUCTION FUNCTION APPROACH

In this study, production functious are estimated directly using farm level
data. Use of a profit function approach may be more appropriate in the
case cf farm level data.® But data limitations do not permit us to use the
profit function approach.

The variables of interest for the production function analysis for paddy
and banana are as follows:

Dependent variables:

y,=vield of paddy in kg./hectare,

yp,=returns per hectare of banana in Rs./hectare,

Independent variables:

x,=labour in man-hours/hectare,

x,=nitrogen in kg./hectare,

X, =phosphorus in kg./hectare,

x,=plant protection in Rs./hectare, and

x;=irrigation in hectare-metres.

Various production function forms (Cobb-Douglas, Quadratic, Spillman,
square root, modified Cobb-Douglas) are fitted using stepwise ordinary least
square procedure. The functional form with appropriate sign for variables
of interest are selected for further productivity analysis. Using the selected
production function, the estimates of marginal products, and marginal rates
of substitution are compared between systems.

In order to determine if there is any break-through in production func-
tion relationship between systems or between varieties of high yielding and low
yielding paddy, the following statistical tests are performed.* Systems’
effects are determined by comparing production function of the same crop
(variety) grown in each system during a given season. Varietal and seasonal
effects are determined by comparing production functions of different varieties
grown in the same system. The same production functions selected for pro-
ductivity analysis are used in this analysis also. ’

3. Surjit S. Sidhu and Carlos A. Baanante, “Estimation of Farm Level Input Demand and
Wheat Supply in the Indian Punjab Using a Translog Profit Function”, American Journal of Agricultural
Economics, Vol. 63, No. 2, May 1981, pp. 237-246.

4. For details of these tests, see J. Johnston: Econometric Methods, McGraw-Hill, Kogakusha
Ltd., Tokyo, 1972.
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Test I:  Test for Technological Change

Step I: A separate production function is fitted for each system—crop
variety combination.® Let the error sum of squares for the estimated pro-
duction functions be s, . . . s, for k combinations with n,, n,, and n, degree
of freedom, respectively.

Step II: A common production function is fitted for the pooled data.
Let us say the error sum of square is e, with degrees of freedom k,.

Step III: An F-test is performed to determine whether the production
function relationships are the same or different for any two cases.

P — [e,—s;—s,}/[k;—n,—n,]
(81+s5)/(ny +1,)

If the calculated F is greater than tabulated F value at the 5 per cent signi-
ficance level, then the production relationships are considered to be different
between systems or varieties.®

Test II:  Test for Difference in Intercepts

The following tests are performed to determine if the production relation-
ships are different.

Step I: A common production function is fitted for the pooled data,
where we assume the fitted function has error sum of square ¢, with k, degree
of freedom.

Step II: A production function is fitted again to the pooled data with
dummy variables with values ‘0’ for a system or variety and 1 for another
system or varicty. Let us assume the error sum of square is z, with degrees
of freedom m,.

Step III: An F-test is performed to determine the significance of dif-
ference in intercepts.

¥ = (e,—2y)/ (ky—m,)
zy/my
If the calculated F is greater than tabulated F at the 5 per cent significance
level, the intercepts are assumed to be different between systems or varieties.
This test is conditional on a common slope, so the test for differences in
slope is performed first before we decide to test for differences in intercepts.

Test I1I1:  Test for Homogeneity of Slope

Based on the estimated error sum of squares for the above two tests, a
test for homogeneity of slope is performed using an F-test.

T — [2,—s,—5,]/[m;—n,—n,]
(s, +s5)/(ny -+1p)

5. System-Crop-Variety combination: systems are three (concrete, silt, traditional); crops are
paddy and banana. Paddy is grown in concrete and silt system in three seasons. During the first
two seasons (June-January) farmers grow a high yielding variety paddy (IR-8, IR-20, etc.) In the
summer season farmers grow local low yielding paddy. Banana is grown year long in silt and
traditional systems.

6. S. Bisaliah: Effects of Technological Change on Output, Employment and Functional
Income Distribution in Indian Agriculture: A Case Study of the Punjab Wheat Economy, Ph.D.
Thesis, University of Minnesota, St. Paul, U.S.A., 1975.
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If the calculated F is greater than tabulated F at the 5 per cent signi-
ficance level, then there is a significant difference in slope of production func-
tions between systems or varieties.

PROGRAMMING APPROACH

“A simple linear programming model is used to analyse the effects of
alternative output and input price situations on the choice of output and input
levels including the water management systems. The essential parts of the
linear programming model used in this study are briefly described here.

Objective Function

The model simulates maximization of net returns per year from crop
production subject to a set of linear constraints. The net returns are defined
as the difference between revenue from crop sales, and sum of variable costs
of producing all crops (pesticides, fertilizer, labour and water) and the
amortized cost of constructing the water management systems if the crop
activity is grown under concrete or silt system.

Constraints

(1) Total land supplies available for crops are restricted to be less than
the specified number of hectares in each cropping season. A set of constraints
is defined to allow inter-season transfer of land where feasible. For example,
three crops of paddy can be grown in a year on the same acre of land; but
only one crop of banana is grown in a year. The inter-season transfer of
land is also restricted such that if concrete or silt water management system
is adopted in a season, then this system is retained in subsequent periods.
If a concrete or silt system is adopted in any season, then the amortized cost
of construction is charged for the full year to the given amount of land.

(2) Water balance constraints restrict the use of water in each season
to the level available in that season. The quantity of water available in the
first, second and third seasons is assumed to be 8, 9, and 6 hectare-metres,
respectlvcly

(3). Yield constraints are the output balance constraints. Crop pro-
duction is restricted to be at least equal to the crop sales. In the case of the
low yielding variety of paddy, the quantity produced plus the quantity pur-
chased is restricted to be at least equal to the quantity sold plus home con-
sumption requirement for paddy. Yield constraints are defined for high
yielding paddy, low yielding paddy, groundnut, sesame, and banana.

Activities .

(1) Crop production activities are defined in units of hectares of land
under a given crop, for a given season (season I, IT or III) with a particular
water management system (concrete, silt or tradltlonal) The crops considered
in this study are banana, groundnut, low and high y1eld1ng (IR-8, IR-20)
varieties of paddy, and sesame.
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(2) Selling activities are defined for all crops produced with prices
selected at current levels. Selling activities for paddy, sesame and ground-
nut are defined in units of kilograms for paddy, in quintals for sesame and
groundnut, and hectares for banana. Prices are accordingly defined as
(Rs./kg. or quintals) and (Rs./bectare).

(3) Other activities such as hiring labour, buying water for irrigation,
buying traditional variety rice for home consumption and transfer columns
also are defined in the model. .

The linear programming model is run under alternative price and resource
base scenarios. The alterrative price scenarios are summarised in Table L.
The alternative resource bases are characterized by three different levels of
water and land availability restrictions. The water availability levels are
given in Table I. The land availability restrictions are: small farm (1.75
hectare), medium farm (3.5 hectares) and large farm (4.5 hectares).

TABLE I—ALTERNATIVE QUTPUT AND INPUT SCENARIOS

Resource bases High price Medium price Low price

Water price )
(Rs. / hectare-metre) s o i w 1,100-0 760-0 529-0

Water availability

Season I (hectare-metre)* 8-0 8-0 6:0

Season II (hectare-metre) 9-0 8-0 7-0

Season III (hectare-metre) 8-0 6-0 50
Fertilizer cost

N (Rs./kg.) 5-0 45 3.9

P (Rs./kg.) 5-4 4-8 4-5

K (Rs./kg.) 1-8 1-6 1-4
Paddy price

High yielding (Rs./kg.) 1-7 1-35 1-15

Low yielding (Rs./kg.) 1-8 1-45 1-25
Home consumption requirement

for low yielding paddy (kg.). . o - 3,600-0 1,800-0 0-0
Gross returns from banana

Silt banana (Rs./hectare) .. .. 4 ¥ 28,0000 25,000-0 18,000-0

Traditional banana (Rs./hectare) .. .. 17,000-0 16,000-0 12,0000
Plant protection (Rs./hectare)

High yielding paddy . &% - 245-0 210-0 175-0

Low yielding paddy 1% 5z o 140-0 120-0 100-0

Silt system banana . . .. .. i 210-0 180-0 150-0

Traditional system banana .. .. 70-0 60-0 50-0

* 1 hectare-metre = 39-37 acre-inches/acre or 97-28 acre-inches/hectare (see Appendix 1).

To determine the break-even point between concrete and silt systems
(i.e., the cost level at which a farmer can either go for concrete or silt system),
the fixed cost of constructing alternative water management systems is
parameterized.
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Data _

The required input-output, cost-price information for this study was
collected from 45 randomly selected farms in Udangudi block having a con-
crete system or a silt system or both during the year 1978.

RESULTS AND DISCUSSION

The computational results of benefit-cost ratios to determine the economic
viability of concrete and silt systems are given in Table II.

TABLE II-—~MARGINAL BENEFIT AND MARGINAL CosT RATIOS FOR CONCRETE AND SILT SYSTEM

ot
Initial Econo. Annual Annual  Additi- Additional Marginal
capital miclife amorti- net onal net costs benefit-
System costs (Years) zedcost return return over marginal  Rank
(Rs./ at15% (Rs./ over traditional costs
hectare) (Rs./ hectare) traditional system ratios
hectare) system (Rs./
(Rs./  hectare)
hectare)
Concrete .. 35,000 45 5259-76  11,247-3 7,534-4  5,259-76 1-4 2
Silt .. 16,000 45 2404-46 10,5545 6,841-6  2,404-46 2-8 1
Traditional .. 0 — — 3,712-9 — — — —

The results show that the benefit-cost ratio is greater than one, implying
a rupee investment in converting traditional land to a silt system or concrete
system pays the farmer Rs. 2.8 or Rs. 1.4 respectively. Further, it is more
profitable to convert a traditional land to a silt system than to a concrete
system.

Production Function Approach

Of the various forms of production function fitted for the input-output
data, a Cobb-Douglas and a modified Cobb-Douglas version turned out to be
the best fit with important variables nitrogen and irrigation at significant
levels. The results are presented in Table III. Uniformly in all functions,
nitrogen and irrigation turn out to be the significant variables. The com-
parison of marginal rate of substitution between inputs (N and I,) at mean
level application to the price ratio 0.007 (3.91/529.1) reveals excess applica-
tion of nitrogen compared to irrigation. Even though farmers are applying
more or less the recommended level of nitrogen, irrigation application seems
to be low enough to reduce the productivity of nitrogen. Probably, farmers
are more cost conscious in irrigation application. Only the Cobb-Douglas
version of production function is considered for further analysis. The
significance level of estimated coefficients and R-square are presented in
Appendix 2.
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Testing for Technological Change

The results of testing the system effect, varietal effect, homogeneity of
slope and homogeneity of intercepts are presented in Tables IV to VII,

TasLe IV—SysteM ErreECT

Error sum Degrees

System Variety of of Calculated Tabulated F
- square freedom F atoC = 0:05
Concrete . .. HYV 0-07374 24
Silt oF .. HYV 0-36653 44 3-02 2-27
Pooled data .. 0-54919 71
Concrete . . .. Lowyielding paddy  0-2318 12
Silt o .. Lowyielding paddy  0-3484 22 0-67 2-86
Pooled .. .. 0-6143 37
Silt 55 .. Banana 0-0258 11
Traditional .. Banana 0-0546 10 42-0 2-84
- Pooled .. - 0-560 24

The test for difference in effect of concrete and silt systems gives mixed
results. For the high yielding variety of paddy, production functions are
significantly different between concrete and silt system but the difference is
not significant with low yielding paddy. But the differences between silt
and traditional banana turn out to be highly significant. So there could be
a system effect in production function relationship.

The differences in production function relationship between high yielding
variety of paddy and low yielding paddy variety are significant (Table V).

The high yielding variety has superior yields compared to the traditional
variety.

TaBLE V—VARIETAL EFrFECT

Error sum Degrees

System Variety of of Calculated  Tabulated F
square freedom F atoC = 0-05
Concrete . . .. HYV paddy 0-07374 24
Concrete ., .. Lowyielding paddy  0-2318 12 26-58 2:92
Pooled . - 0-9828 39
Silt .+ .. HYV paddy 0-36653 44
Silt -« .. Lowyielding paddy  0-3484 22 18-8 2:37

Pooled .. . 1-2985 69

——
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The results indicate that these differences in slopes of production functions
between systems or varieties are not significant in all comparisons. So the

technological change may not have a significant effect on the shape of pro-
duction function (Table VI).

TaBLE VI—TEsT ForR HOMOGENEITY OF SLOPE

Error sum Degrees  Calculated Tabulated F

System Varicty or crop of of F atQC = 0-05
square freedom
Concrete .. .. HYV paddy 0-07374 24
Silt .. .. HYV paddy 0-36653 44 0-133 3-19
Pooled with intercept
dummy variable 0-44174 70
Concrete . . .. Low yielding paddy 0-07374 24
Silt ‘s -.  Low yielding paddy 0-2312 12 1-32 3-28
Pooled with intercept
dummy variable 0. 3281 38
Silt .. .. HYv 0-36653 44
Silt sw .. Low vyielding paddy 0-3484 22 2-20 3-16
Pooled with intercept
dummy variable 0-7625 68
Silt avs .. Banana 0- 025809 11
Traditional .. Banana 0-054583 10 0-311 3-47

Pooled with intercept
dummy variable 0-09492 23

The difference jn intercept among production relationships between the
systems and varieties is significant (Table VII). Based on these above results,
the technological change in production function between the concrete and
silt systems or between the silt and traditional systems or between high yield-
ing variety of paddy and low yielding paddy is a factor-neutral one and not
a biased one. The main purpose of the concrete and silt systems is to increase
the productivity of both nitrogen and irrigation, so the technological change
could be factor-neutral, consistent with the results.

Programming Approach

Profit maximizing combinations of water management systems and crop

rotations for a farm size of 4 hectares with relevant resource constraints are
given in Table VIII.
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TaBLE VIII—OptiMuM SystEM COMBINATION AND AcCTIVITY LEVELS

Season System Activities Levels
‘ (hectares)
I s Silt () HYV paddy 1-07
Silt () Banana 2-93
I .. Silt (&) HYV paddy 1-07
Silt (b) Banana 2-93
I 5 Silt (a) Sesame - 107

Silt (6) Banana 2-93

—

The results indicate, given the existing cost and resource situation, a

profit maximizing farmer should bring all his land under the silt system. High
yielding variety of paddy in two seasons followed by sesame is the most pro-
fitable crop rotation. Banana, an export crop, occupies a major percentage
of land area in a farm. Further, the farmer will be better off by buying the
home needed local paddy from the market rather than producing on his farm.
Shadow prices of land and third month irrigation at limiting level are
Rs. 8,621.6 and Rs. 1,323.6 respectively. The high price for water is due
to the season coincidence with hot summer when water becomes a scarce
resource. Using range analysis, if we force the concrete system into the
solution, a reduction in cost around Rs. 270 to Rs. 500 per hectare occurs.
The income penalty for using the silt system paddy is Rs. 2,000-2,600/
hectare and Rs. 4,600/hectare for banana. The high fixed cost associated
with the concrete system could be one of the reasons for its not being a
profitable system.
- Table IX presents the combination of systems for the assumed scenarios.
The low scenario depicts a low return for banana and low water availability
compared to existing resource situation. This results in the adoption of
the concrete system with the high yielding paddy crop rotation. An interest-
ing thing is that the small farmer should bring all of his land into the concrete
system. However, as the farm size increases, the silt system occupies a reason-
able share in the farm. The appropriate interpretation for this result could
be, with low banana return and low water availability, the greater profit-
ability of paddy crop allows it to be grown in the concrete system despite the
high fixed costs involved in such enterprise. These results are further sub-
stantiated in the medium price scenario where moderate increases in prices
of inputs and outputs occur. But as the banana crop gives good return, it
occupies a major share of land in the silt system. The high scenario, with a
very high water price level, makes the concrete system to be profitable. So
the availability and price level of water determine the adoption of an advanced
water management system.
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The parameterization for the concrete system fixed costs, for a medium
scenario solution with the concrete system in base, shows that an increase of
Rs. 500-Rs. 600/hectare is needed to replace the concrete system by the silt
system. So under a medium scenario, the concrete system construction cost
could go up to Rs. 12,437/hectare to Rs. 14,925/hectare (Rs. 47,000-
Rs. 49,000/hectare) over and above the silt system construction. '

CONCLUSIONS

Based on the results of this study, one can say both concrete and silt sys-
tems are economically feasible in the agro-climatic situation analysed. How-
ever, the silt system is more profitable. The technological change in produc-
tion relationships for paddy and banana is neutral. Under the existing
resource constraints, a farmer should bring all his or her land into the silt
system with banana as a major crop to maximize profits. If there is any
significant and favourable change in water prices or availability of water, a
concrete system will be a definite competitive alternative to the silt system.

APPENDIX 1
IRRIGATION METHODS AND MEASUREMENT OF IRRIGATION

When a farmer applies one hectare-metre of water for a crop, our computation means an
application of 39-37 acre-inches to an acre of land or 100 acre-inches to a hectare of land. So a
water use level of 1+8 hectare-metre for HYV paddy means 70-8 acre-inches per acre and not
180 acre-inches. Further, our data regarding water application may have some measurement error
because the water use level is determined at the point of discharge from electricity or gasoline operated
pump and not at the field application level. Moreover, the pump’s discharge was assumed. to
be constant over the operation time. But that is not true, because as the water level goes down in
the well, the discharge of water per hour by the pump also goes down. Further, the discharge varies
over the initial water level of the wells. Our water use estimate is equal to number of hours the
pump operated per irrigation X average discharge capacity of the pump (obtained from the Agricul-
tural Engineering Department) X number of irrigation per cropping period.

These errors are biased upwards. So our water use data may be slightly higher. Initially,
we are planning to make correction for the measurement error, but we did not have a prior know-
fedge about the error term in the variables that have error.

(e-g.) Y = Bxe + Ut xt = true value

Xt = xt + Vi X¢ = observed value

Knowledge about << is needed for making corrections. So we dropped that idea and assumed

that water use of a crop is equal to the pump discharge of water for that crop.



INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

56

809¢2-0 — L8100 _ €£00-0 L0%0-0 — _ 1L < qoig
L8-0 16G-1 — €¢-L967 €LG-£901 16-9898 - - 10119 plepuely d
= 1000-0 €8¢0-0 1000-0 - - — 1LI << qoig
8.0 = hmm -0 ¥91-0 .vmo -0 = — —_ RIORS ta] Uh.ﬂﬁd.ﬁwm Vv [euonipeay,
‘eueuRg|
: 86060 - 8¢10-0 630 -0 9890-0 - — LI << 404d
16-0 L9%-¢ - 0LL-9¢8¢ 066 06LS 60 - 75958 - — 10415 paepuelg q
— 1000+0 1000-0 €100-0 — — — 1Ll < qo1d
06-0 = SI%-0 880-0 L80-0 — — - 401 prepuelg v
IS rurueyg
- 10000 — 0900-0 — €60-0 = LI << qoid
<0 = 1€¢-0 — €90-0 - £€0-0 — 10119 plepue)gy q
— 1000-0 0560 -0 €€00-0 - — - 1L << qoxd
%0 — ¢5¢-0 0¢1-0 690-0 = — = J011> piepuesg v AJ uoseay
MIS
¢¥L0-0 1000-0 — 1000-0 9¢00-0 — LI << qo01g
69-0 90000 149-0 — P10 — 8L0-0 - 10119 prepuely il
— 1000-0 ¥100-0 1000-0 — — — 1L << qoig
L9-0 - ¥61-0 ¥90-0 1¥0-0 — — - 10113 paepuelg V II Pu® J uoseag
QIS
- 10000 6680-0 0001-0 — - — WL << qoud
LG -0 — *ﬁ.vc m.—mo Nm~ O —_— _— L] RODRE) @uﬂﬁ:.&um HHH ﬁOm.Nvm
193210U0))
s 1000-0 92000 1000-0 — - — 1L << qo1d
06-0 - €g1-0 890-0 0600 L — _ 10115 paepuelsy II pue |
:193210U0D)
uoneSLIl 10108} J[eds  uoneJLLI uosSoniu
: X uaB0IIN jo 8o J0 So1 Jo Soy 1doorojuy  uoneSMI] USSOMIN  JUSIIIPO0D PIIBUISI Y 11I 9198l
arenbs-y JO B1I211I0 ur suonoung

s9[qenreA juopuadopug QuedyIuSg

TUVNOQ-Y ANV SNOILONNJ NOLLONAO¥YJ NI SITAVINVA d0 THAE] TONVOILINOIG

¢ XIANYddV



