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ABSTRACT

Water is the most important input used in agriculture. Due to the scarce water resources
and dry and semi-arid climatic conditions of Iran, water demand management has special
importance in the whole economy, including the agricultural sector, because this sector has
the largest share in water consumption. The purpose of this study was to estimate the water
demand function and to analyze the cross and symmetrical relationships between water
and other inputs. For this purpose, the Ordinary, Allen, and Morishima's substitution
elasticity were calculated, and the substitution and complementary relationship between
water and other inputs were determined. These elasticities determine the amount and sign
of cross relationship of water. In order to achieve the objectives of research, the translog
cost function, along with the input share equations were estimated using iterative seemingly
unrelated regressions. The information was related to crops and period (2007-2015) in
Qagzvin. The results showed that water was a low-elasticity input and its value was -0.75.
Also, the cross elasticity with pesticide, labor, machinery and land was calculated as 0.71,
0.99, 0.93, and 0.89, respectively, which implied the substitution relationship. Investigating
symmetry of elasticities also implies the asymmetry of Ordinary and Morishima elasticities
and symmetry of Allen’s elasticity with other inputs. In this regard, the cross elasticity of
inputs of pesticide, labor, machinery, land and water were calculated as 0.28, 0.86, 0.91,
and 0.90, respectively, indicating the asymmetry of this elasticity. Differences between
levels of cross elasticities depend on the cost share of the two inputs and the sign of estimated

coefficient.
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INTRODUCTION

Climate diversity has provided favorable
conditions for the cultivation of various
tropical and temperate crops in different parts
of Qazvin Province, so that various kinds of
wheat, barley, alfalfa, saffron, sugarbeet,
lentils, beans, potatoes and vegetables are
cultivated in a wide range of farms in Qazvin
Province. Based on the results of the
agricultural general census of 2014, 77,360
agricultural units are at least engaging in one
of the agricultural activities, including
farming. According to the results of this
census in the same year, from 370,000
hectares of agricultural lands, 313,000

hectares are annual crops and 57,000 hectares
are gardens/orchards. Farms are on a vast and
fertile plain with an area of 13,000 square
kilometers, which is considered as one of the
most important agricultural centers in Iran
(Statistical Yearbook of Qazvin, 2012).
Therefore, due to the position of the
agricultural sector as one of the factors of
economic growth and food providing for a
growing population, agricultural production
must be increased. Increase in production
requires consumption of more inputs,
including water. Despite the fact that drought
has long been one of the enemies of Iran's
agriculture, the average rain in Qazvin is
between 200-300 mm per year. This plain’s
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agricultural potential attracted the attention
of domestic and foreign experts of water
resources in 1962, and the recognition and
then exploitation of water in this plain began.
Experts announced that the potential of the
plain is 500 million mm?2, and now, after years
of its exploitation, more than 1.5 billion mm
of water are discharged, which is much
higher than its potential and has led to a drop
in groundwater levels and water deficit.
According to the water deficit of 320 million
mm and the volume of discharge, the
potential of plain is estimated at 1.2 billion
mm (Statistical Yearbook of Qazvin, 2012).
According to statistics, more than 80 percent
of Iran's water resources are dependent on
groundwater resources, which accounts for
60 percent of the water needed in agriculture.
Of the total of water utilized annually in the
country, about 94% is used in agriculture, 5%
in the household and 1% in the industrial
sector (Office of Applied Water Resources
Research, 2014). Although water plays a very

important role in agriculture, it has lower cost
share than other inputs in this sector.
Therefore, estimation of crops water demand
and determining the relation of this input to
other ones is required. In all studies in Iran
(Table 1), water demand function is estimated
for one crop.

However, in this research, we aimed to
estimate the water demand function of all
crops in Qazvin and, for all elasticity, the
relationship between water and other inputs
has been proved in appendix.

MATERIALS AND METHODS

Basically, one can use two methods for
extraction of input demand functions: 1.
production function; and 2. cost function. The
estimation of production function is more
appropriate when value of the product is
determined endogenous, while the cost
function is preferred for the exogenous

Table 1. Selection of local and other studies on water econometrics and profit function.

Author Research title Method used
Stiroh Measuring Input Substitution in Thrifts: Morishima, Allen-Uzawa, Econpmetrlgs
(1999) and Cross-Price Elasticities (Profit function,
' SURE)
Schoengold et al. A . . Econometrics
(2004) Estimating the Panel of Agricultural Water Demand Function. (Profit function)
Zhou and Tol Estimation of water demand function in agricultural, industrial and Econometrics
(2005) household sectors in China. (Profit function)
Ehsani (2009) Estimation of economic value of water in autumn cereals in Qazvin. Econ_ometnc_s
(Profit function)
Sadeghi et al. — . Econometrics
(2012) Estimation of water demand function of tomato. (Profit function)
Azamzadeh Econometrics
Shouraki et al. Effects of declining energy subsidies on value added in agriculture. : :
(2013) (Profit function)
Falahi et al. Extracting demand functions and determining the economic value of ~ Econometrics
(2013) water in the production of major crops in Sydan-Farooq Plain. (Profit function)
Sobhani and - Lo s Econometrics
Manzur E:tllrr:r?tlon of energy and energy substitution in the chemical industry (Profit function,
(2014) ' SURE)
Golzari et al. Estimation of water economic value in wheat production in Gorgan Econometrics
(2015) City. (Profit function)
Griessbach et al. - . . Econometrics
(2015) Estimating the Panel of Agricultural Water Demand Function. (Profit function)
Sunetal. Estimation of Irrigation Water Demand Function and Water Econometrics
(2017) Economic Returns in China. (Profit function)
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amount of production (Kant and Nautiyal,
1997). Use of the cost function is more
efficient than production function because:
(1) Cost is a function of the price of inputs.
There is a very low multicolinearity between
input prices, while there is a high degree of
multicolinearity between the consumption of
inputs, (2) The cost is a homogeneous
function in relation to the price and there is
no need to impose a degree of homogeneity
unlike the production function, (3) In cost
function, prices are assumed to be exogenous,
whereas in production function, level of the
inputs  are  considered  exogenous.
Considering this fact that decision making of
managers of the agricultural unit is based on
inputs, the use of cost function is more
appropriate, and (4) Cost function, based on
duality theorem between production and cost,
has all the characteristics of production
function (Onghena et al., 2014).

The Translog Cost Function and Cost Share
Equations of Inputs

The translog cost function was first
introduced in 1971 by Sen, Jorgenson and
Lao, and its general form. The logarithmic
form of the translog cost function is as
follows:

LnCost (p,VQ) =c +
0.5Cyqvq Li=1(LNVQ)* + ¢,g X LnVQ +
Cpi 2r Ln(pjy + 0.5¢p;; Xty Xitq Ln(pyypj) +
0.5apivq Xiz1 =1 Ln(pyLn(VQ) (1)
In the Eq. 1, Cost (p, V Q) is the total cost of
production, VQ is the value of product
production, p; is the price of ith input and c.

Cyq €Cvquq Cpij and Cpyq are the cost

parameters of the translog cost function that
must be estimated. According to the
Shepherd’s Lemma, the demand function is
obtained by deriving the cost function
relation to the price of the inputs used in the
agricultural ~ sector  (Berndt,  1991):

dLnCost (p,VQ
de; = de(p;,VQ) = % (2)

The demand function of ith input is equal to
the cost share of each input from the total cost
of production:

— _PiCoi  _ g, — ;
Shi = ®ve) dei = de(pVQ) )

JAST

LiShi=1 4)

Where, Cojis the consumption of input and
Sh; is the cost share of input. In addition, the
sum of share cost of all inputs should be equal
to 1 according to Equation (4). In order to
estimate the translog cost function, a set of
constraints must be imposed on it so that it
may be considered as a well-behaved cost
function. These assumptions include: (1)
Assumption of symmetry (Henderson and
Quandt, 1961); (2) Assumption of the
homogeneity of the production function: the
production level and the cost share of inputs
are independent from each other; (3)
Assumption of existence of a Cobb-Douglas
function, and (4), Fixed returns to scale
(Berndt, 1991).

Elasticity

In order to investigate the relationship
between inputs and the sensitivity of their
prices to demand each other or the price
sensitivity of an input to its demand, the
concept of substitution elasticity is used. In
this regard, three types of elasticity are
introduced:

1- Ordinary price elasticity: It is the
percentage of change in the demand of ith
input per one percent change in price of the
jth input. This type of elasticity may be of an
own or cross type and is calculated as
follows:

_ 9InCo; _ &y

_W_S—hi+shj—1 (5)
dlnCo; Cij

El'j = ainp; = S_h]l-I_ShJ (6)

2- Allen's substitution elasticity: The
complementary and substitution relationship
between inputs are well determined using
Allen's Substitution elasticity. This elasticity,
like the Ordinary one, has two types of own
and cross that are measured as follows
(Blackor et al., 1977):

ALLEN;; = (&;; + shysh;)/sh;sh; )

ALEN; = (ai,- + sh;(sh; — 1)) /sh?  (8)

3- Morishima’s substitution elasticity: This
elasticity is a more complete criterion for
assessing the elasticity among production

€ii
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factors, compared with the first and second
types. It has been defined as the percentage
change in the ratio of the two inputs demand
(i and j) into the percentage change in the
price of one of the inputs. There is no own
elasticity in this type and it is calculated as
follows (Blackor et al., 1977):

MORISHIMA;; = %ﬁ”c"ﬂ = &, (shi* -
J

shit) +1 9)
Elasticity and Symmetry

As explained previously, one of the
assumptions about the translog cost function
is symmetry. This assumption is true for the
coefficients of the cost function but we
should study it in relation to elasticity. A
concise glance at the computational formulas
associated with the elasticity results in that
the symmetry applies only to Allen’s cross
elasticity:

MORISHIMA;j|= ¢;(shi* —shj*) + 1] #
MORISHIMA;[= &;(shj* —shi*) + 1]  (11)

Iterative Seemingly Unrelated
Regression Method

If an econometric model is composed of several
equations and each of them has different
dependent and independent variables, but we use
the same data for system estimation, then it is
possible that the error term in one equation
depends on an error term in another equation. In
this case, one of the classic assumptions about the
existence of a covariance of zero in the error term
would be violated and the use of the least square’s
method will not be effective. Therefore, it is
necessary to choose a method that considers the
dependence and correlation between the
disturbance terms. The seemingly unrelated
regression method, which was first introduced by
Zellner, 1962, is suitable among all system
estimators. Assume that there are two regression
equations - with dependent variable's vector Yi,
disturbance term of Ui and with dimensions of
T x1 U; ~(o,0;;Ir) and explanatory variable

vector (X) with dimensions of T x K; (Zellner,
1962):

Yi=XiBi + U; (12)

We can sum up two equations in an
equation in the following form:

Y=XB+U (13)

Where, U and ¥ = (y,,,) are vectors
with dimensions of 2T X 1and X vector
with dimensions of 2T X (K; + K,) and f8
is a vector with dimensions of (K; + K,) X
1. The matrix of the disturbance term has a
framework as the following:

_ a111T a121T‘| _ _
a=[onn ol =281 2= loy]

(14)
In Equation (14), i and j are indices of the
equation numbers. If the vector of Xi is the
same in both of the equations, as X; = X, =
X*K; = K,, then, estimators of the
generalized least squares method in
seemingly unrelated regressions will be
exactly equivalent to ordinary least squares
regression estimators (Zellner, 1962):
X=LQX" (15)

BorLs =

(LX) '®I)(LIRX )] [(LIX )T '®I)y] =

[EO X I(E T ®X)y] =
[LO®X* X)X ]y = Bows (16)
In the translog cost function, the equations
include the cost function and the cost share
equations of inputs. If the number of inputs is
i, then the number of equations will be also i
(the cost function and (i — 1) the share-cost
equation):

TC = Cost (p;,VQ) an
PiCo; _
Shl = Cost (p,VQ) - Sh(pl' VQ) (18)

RESULTS AND DISCUSSION

Considering that the data were related to the
period of (2007-2015), stationary of the
variables were investigated in order to
prevent spurious regression. As shown in
Table 2, all variables were examined by the
Phillips—Perron (PP) test. Phillips-Perron
(1988) developed a number of unit root tests.
The null hypothesis states that a variable has
a unit root and the opposite hypothesis states
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Table 2. Test for determining the static variables. 2

Variables Probability  Phillips-Perron Result

Production value 0.00 117.44*** At level (With intercept)

Water 0.001 S7*** At level (With intercept)

Land 0.00 106.72*** At level (With intercept)
Machinery 0.00 142 .39*** At level (With intercept)

Labor 0.00 63.32%** At level (With intercept)

pesticide 0.00 129.52%** At level (With intercept)

Share water cost 0.00 81.99*** At level (With intercept)

Share of land cost 0.003 64.18*** At level (With intercept and trend)
share of machinery costs 0.002 77.42%** At level (With intercept and trend)
Share of labor cost 0.001 79.76%** At level (With intercept and trend)
Share of cost of pesticide 0.001 77.8 At level (With intercept)

2 Source: Research findings. * Significant at the level of 15%, ** Significant at the level of 10%, and

*** Significant at the level of 5%.

that a variable has stationary state. The results
showed that the variables of production value,
price of water, price of land, price of machinery,
price of pesticide and cost share of water did not
have unit root at level and with intercept. Also,
variables of cost share of labor, pesticide, land
and machinery lacked unit root at level and with
intercept and trend variable. Because of the
two-dimensional nature of the information, the
F-Limer test was conducted to determine the
type of data. As the results of Table 3 show, the
null hypothesis of this test was rejected based
on the pool model and the model with panel
data is accepted.

After determining the type of model and
selecting the panel data, Hausman test was used
to test the type of random or fixed effects.
According to Table 3, the null hypothesis was
accepted with a probability of 0.15%,
indicating that there is a random effect.

Estimation of the Experimental Model

The results of estimating the model and
indicators related to the coefficients are
presented in Table 4. Also, in the method of

Table 3. Determining the type of data: pool or panel. 2

estimating the cost function along with the
cost share equations, elasticity is used in
order to determine the relationship between
inputs. We will describe it in more detail in
the followings. In order to avoid dependence
between cost share equations, all price
variables were introduced into the model in
relative terms. In this research, all prices were
divided by the price of the pesticide input,
having the lowest cost share, and then its
equation of share cost was eliminated from
the set of equations. Then, translog cost
function, along with a set of equation of cost
share (labor, land, water and machinery), was
estimated systematically using iterative
seemingly unrelated regression models.
Table 4 shows the results of the estimation,
and that all coefficients became almost
significant at levels 1%, 5%, and 10 percent.
The insignificance of coefficients can be due
to the symmetry of the hessian matrix of the
total cost in the cost-share equations. Of
course, these coefficients cannot be
interpreted on their own, and they are used to
calculate elasticity.

Test Null hypothesis Probability Result
F Limer pool 0.001 Acceptation of panel data
Hausman random effects 0.15 Acceptation of the null hypothesis

2 Source: Research findings.
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Table 4. Results of model estimation. &

Coefficient Level Probability
Intercept 4133.35 0.628
Labor 0.35%** 0.00
Machinery 0.22%** 0.00
Water 0.19*** 0.00
Land 0.17%** 0.00
Production value 2.36%** 0.00
The second power of labor 0.0002** 0.1
Labor, machinery -0.0004** 0.1
Labor, water -0.0002 0.58
Labor, land -0.00005*** 0.00
Labor, production value 0.002*** 0.006
The second power of machinery 0.06* 0.1
Machine, water -0.006 0.39
Machinery, land -0.0004* 0.06
Machine, production value 0.00003 0.3
The second power of water 0.015 0.31
Water, land -0.00002 0.86
Water, production value 0.00005 0.52
The second power of land -0.0009 0.89
Land, production value 0.000067 0.73
The second power of production value -0.000014*** 0.00

a Source: Research finding. * Significant at the level of 15%, ** Significant at the level of 10%, and ***

Significant at the level of 5%.

After estimating the model, the coefficients
of the price of pesticide, which had been
eliminated from the equation of share, were
calculated based on the parameters obtained
in relation to other inputs. The parameters
related to this input are presented in Table 5,
which include pesticide price (0.51), cross-
correlation coefficient between the pesticide
and labor price (0.0005), cross-correlation
coefficient of the pesticide and machinery
price (0.004), cross-correlation coefficient of
pesticide and water price (-0.007), Cross-
correlation coefficient of pesticide and land
price (0.0001), and square of the pesticide
price (0.008).

In order to make translog cost function
well-behaved, some limitations should be
imposed on it. The previously mentioned
limitations were tested. The results showed
that the assumption of the homogeneity of the
production function with the probability of
0.04 at level of 5% was rejected .The
assumption of constant return to scale the
Cobb-Douglas production function was also
rejected and the translog form of the cost

Avazdahandeh et al.

function and the homogeneity of the cost
function relative to the price level and the
symmetry of its coefficients at the 5% level
was accepted.

Water Demand Function

Water demand function is formulated as
follows:

x{y = f(VQ, P, Py, Pw, Pra, P (19)

In this formula, we have xﬁ,, amount of
water demand in the agriculture sector in
terms of million cubic meters, VQ, value of
farming products in terms of million Rials,
P, , wage of the farm labor, P,,, cost of using
machinery at farm in terms of million Rials
per hectare, Py,: cost of consumed water in
terms of millions of Rials and P, the rent of
farming land in terms of millions of Rials.
After estimating the model by iterative
seemingly  unrelated regressions, the
experimental model of the water demand
function was obtained as follows:
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Table 5. Calculation of the coefficients for the input with the lowest cost share. 2

Coefficient Calculated level

Formula of calculating coefficient

N-1
Pesticide 0.051 1- ) cp
2
N-1
Pesticide, labor 0.0005 - Z Cpi=2)
Vo1
Pesticide, machinery 0.0004 - Z Cpij=3)
=
Pesticide, water -0.007 - Z Cpij=2)
Vo1
Pesticide, land 0.0001 - ) Cpigj=5)
i=1
N-1
The second power of pesticide 0.008 = ) Cpli=1)
j=1

2 Source: Research findings.

x4 = 0.19 + 0.14(VQ) — 0.0001(P,) —
0.006(Py) — 0.015(Py) — 0.001(P,,) —
0.13(P,) (20)

The coefficient of water price in the above
formula is -0.015, which indicates a negative
relationship between the amount of water
demand and its price, and is in accordance
with economic theories. We will examine the
relationship between the input of water and
other inputs in the following.

Types of Elasticity and Symmetry
Checking

To examine the relationship between
inputs, the estimation of coefficients between
inputs was not sufficient. Therefore,
Ordinary, Allen and Morishima’s (own-
cross) price substitution elasticities were
calculated in Table (6):

As the results show, the amount of
ordinary’s own-price elasticity is less than
one and negative for all the inputs and is
consistent with the assumptions of economic
theories. The amount of the rate of inputs for
all inputs including pesticide, labor,
machinery, water and land was calculated as
-0.27, -0.71, -0.75, -0.85, and -0.86,
respectively. The negativity of own-price

elasticity of inputs implies the rule of
demand. Elasticity values less than 1 show
low level of sensitivity. In other words, one
percent change in the input prices causes
farmer's demand for inputs to be less than one
unit, and vice versa.

The value of Ordinary cross elasticity is
positive and more than one for all the inputs,
except for water and pesticide. This positivity
shows the substitution relationship between
the inputs. This relationship denotes that if
the price of a substitute input increases
(decreases) by 1 percent, the amount of its
demand by the farmer will increases
(decreases) less than 1 percent. The mutual
relationship between two inputs of water and
pesticide are of complimentary type, which
has a meaning contrary to the substitution
relationship. In this relationship, a one
percent increase (decrease) in the price of an
input causes decreasing (increasing) of the
complimentary input. The factor determining
whether this change is more or less, is the
amount of cross elasticity. In this research,
this value was calculated less than 1,
therefore, with a one percent increase
(decrease) in the price of water, the farmer's
demand for the pesticide will decrease
(increase) less than one percent.
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Table 6. Ordinary, Morishima, and Allen's own-cross price substitution elasticities. 2

Input Ordinary Allen Morishima
Labor -0.71 -2.44 -
Machinery -0.79 -4.62 -
Water -0.75 -4.83 -
Land -0.85 -5.86 -
pesticide -0.27 -24.45 -
Labor, machinery 0.17 0.029 0.88
Labor, water 0.15 0.084 0.86
Labor, land 0.14 0.021 0.85
Labor, pesticide 0.3 0.08 0.57
Machiney,water 0.12 0.018 0.91
Machinery,land 0.14 0.021 0.94
Pesticide, machinery 0.2 0.03 1.002
Water,land 0.14 0.021 0.89
Pesticide,water -0.47 -0.07 0.28
Pesticide, land 0.15 0.02 1

2 Source: Research findings.

The results of the calculations of Allen's
own and cross price elasticity leads to results
similar to those of Ordinary elasticity.
However, the absolute value of this index is
more than one, because this elasticity is
greater than the Ordinary one. Regarding the
value of cross elasticities in this case, it
should be mentioned that the own elasticity
of all the inputs less than one and the cross
elasticity of inputs of water and pesticide, like
the previous status, has become negative,
sign’s positivity shows substitute relationship
of the inputs and sign’s negativity is a
complementary relationship of them.

The Morishima cross substitution elasticity
was also calculated. The results showed that
the sign of this elasticity was positive for all

the inputs — approving substitution of all the
inputs of production. On the other hand, the
numeral value of this index was positive for
inputs of machinery and pesticide, denoting a
significant substitution relationship between
these two inputs. Table 7 presents the
symmetry of Ordinary and Morishima cross
elasticity for all inputs.

Comparing Tables 7 and 6 shows that the
value of the elasticities is different from each
other. For instance, cross elasticity of both
inputs of (pesticide, water) have negative
signs but the absolute value of the elasticity
of (pesticide, water) is greater than that of
(water, pesticide). In other words, the type of
substitution has not changed and we only face
with change in the amount of substitution.

Table 7. Investigating the symmetry of Ordinary and Morishima substitution price elasticities. 2

Input names Morishima Ordinary
Machinery, labor 0.99 0.28
Water, labor 0.99 0.29
Land, labor 0.99 0.29
Pesticide, labor 0.57 0.30
Water, machinery 0.93 0.13
Land, machinery 0.96 0.15
Machinery, pesticide 0.80 0.01
Land, water 0.90 0.14
Water, pesticide 0.71 -0.03
Land, pesticide 0.86 0.01
2 Source: Research findings.
8


https://dorl.net/dor/20.1001.1.16807073.2020.22.1.18.4
https://jast.modares.ac.ir/article-23-25505-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-25 ]

[ DOR: 20.1001.1.16807073.2020.22.1.18.4 ]

Symmetrical Relations of Water and other Inputs

Whether an elasticity is large or small
depends on the cost share of the input whose
demand is being studied. If its cost share is
less than that of another input, the amount of
Ordinary cross elasticity will be more. As
shown in Table 1, the share cost of water is
higher than that of the pesticide, so, the
Ordinary cross elasticity of water in the face
of the changes of pesticide cost is smaller
than the Ordinary cross elasticity of pesticide
in the face of water price change (|—0.47| >
|—0.03]). In terms of the value of Morishima
substitution elasticity, the matter is a bit more
complicated. Thus, if the share cost of an
input whose demand is being examined is
more than the input whose price is changing,
with the assumption that the cross-estimating
coefficient between the two inputs derived
from estimation of translog cost function is
negative, its Morishima cross elasticity will
also be greater. For instance, the value of
cross elasticity of water in the face of the
changing of pesticide price, will be more than
Morishima cross elasticity of pesticide in the
face of water price changes (|0.71]| >
10.28]).

CONCLUSIONS

The purpose of this study was to estimate
the water demand function in the agricultural
sector of Qazvin Plain and determine the
relationship between inputs used by farmers
using information about different crops in the
period 2007-2015. The results showed that
water in this sector has low elasticity and its
sign is in accordance with the principles of
microeconomics. The own elasticity of other
inputs is also less than one and has a negative
sign. The highest elasticity belonged,
respectively, to the inputs of land, machinery,
and water. In other words, for a one percent
change in the price of all inputs, the farmer's
sensitivity to change in demand for land will
be the most, and the sensitivity to changing
demand for pesticide will be least of all. Since
the Morishima elasticities have a more exact
analysis of the relationship between
production inputs, the values of this elasticity
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were also investigated. The results showed
that water had a substitution relationship with
other inputs. The input of water had the
highest substitution relationship with labor,
that is, with the increase of labor price, the
farmers' demand for water will be more than
the increase of water demand as a result of the
increase in price of other inputs. Minimum
elasticity of water demand belongs to the
pesticide price. Therefore, values of
Morishima elasticity can be used for saving
water. In other words, the greatest saving in
water consumption will be achieved through
decreasing the price of labor. According to
the results of the research, the following
suggestions are presented: Given the low
elasticity of water, pricing policies have little
effect on modifying the pattern of
consumption and saving water. Therefore, we
have to use alternative policies such as
decreasing the price of the substitution inputs
of water and choose the input that has the
highest amount of substitution relationship
with water. However, the prices of inputs are
exogenous for farmers, but through reducing
or increasing the subsidy by the state, the
farmer's payment for each unit of input can be
reduced. For example, if the objective is to
save water, according to Morishima
substitution price elasticity between water
and machinery (0.93), reducing one percent
of payment for machinery causes saving of
0.93% water consumption. The use of
advanced irrigation technologies is very
important. For the implementation of this
policy, it is necessary to provide farmers with
the opportunity to use the latest irrigation
techniques.

Appendix

1- Investigating  the relationship
between (Eij' Eji)'

If Shl >Sh] [1_1]
& & [1-2]
Eij= #+Shj,6ji= S—;ll]‘l‘s i

And assuming that the translog cost
function is symmetric:
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_ (G n ) = (G e
= (shi + shj> <shj + shl>
_ 6ij + Shj éji + Shi

N ShiShj ShjShi

_ 61] + Sh] - é]l - Shi _ Shj - Shi

ShiShj B ShiShj
#0-
(Eij — Eji) >0 lf (Sh] — Shi)
>0 [1-4]

As a consequence, in the study of the
Ordinary substitution elasticity of the two
inputs, if the price of the input with a lower
cost share increases, then the amount of
demand will change more than the situation
when the input price changes with a larger
share of costs, indicating the asymmetry of
ordinary elasticity between two inputs.

2- Investigating the relationship between
(MORISHIMA;;, MORISHIMA;).

a: |If Sh.l > Sh.] '(éij = é]l) > [2 - 1]
0:

MORISHIMA;; = &;(shi™ [2-2-1]
—shi')+1

MORISHIMA; = &;(sh;* [2-2-2]
- shi_l) +1

MORISHIMA;; — MORISHIMA;; (2 —3]
= [e(shi* —shy') + 1]

- [Eji(shj_l - shi_l) + 1]

= éi]-(shi_l - shj_l) +1

—i(shyt —shi') -1

= ¢;j(shi* —shi’t)

—i(sh;* —shi™t)

— MORISHIMA;; [2 —4]
< MORISHIMA;

The result is that if the price of the input
with a lower cost share is increased, and if the
mutual estimation coefficient between the
two inputs obtained from the estimated
Translog cost function is positive, then the
change in amount of the other input demand
will be less than the situation where the price
changes with a higher cost share.

Now, if the mutual estimation coefficient
between the two inputs is negative, then we
have:

b: If Sh; > Shy , (¢; = ¢;) <0: [2-5]

MORISHIMA;; — MORISHIMA;; [2 —6]

= 2¢;j[shi* — sh;™"]

Sh;>Sh;,Sh;,Sh;>0 —(1/Sh;)>(1/Sh;)

2¢;[shi* —spt] > 0,# 0
— MORISHIMA;; [2-7]
> MORISHIMA;

In this case, if the price of the input that has
a lower cost share is increased, then the
amount of demand for the other will change
more than the situation where the price will
change with a larger share of the cost. Finally,
the asymmetry of Morishima’s substitution
price elasticity is proved.

3 Investigating the relationship between
(ALLENj;, ALLENj)..

The symmetry of Allen’s elasticity between
two inputs is easily verifiable:

ALLEN; [3—1]
= (ell + ShiSh]')/ShiSh]'
ALLEN;; [3—2]

= (611 + Sh]'Shi)/ShjShi

Shi>Shj ,Shi,Sh]'>0 Shi>Sh]' ,Shi,Shj>0,(éij= éji [3 — 3]

and

_ A -1 -1 -1
= Cjj[shi* — shi"* — sh; ALLEN;; — ALLENj [3 —4]

+ shi_l] =T [Zshi_1 - ZShj_l]
= 261] [Shi_l - Shj_l]

Shi>Sh]' ,Shi,Sh]'>0 —>(1/Sh]-)>(1/Shi)

2¢;[shi* —shi'] <0,#0

= [(&; + shish;)/shysh; |
— [(&;i + shysh;)/sh;sh; |
= [(&; + shish;) — (&; + shysh;)]/sh;sh;
= [&;j + shish; — &; — sh;sh;|/shsh; =0
- ALLEN;; — ALLEN; =0 [3-5]
ALLEN;; = ALLENj
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