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Abstract: An econometric analysis of cost-scale relationship in three provinces (North Khorasan, Khorasan
Razavi and South Khorasan) in Iran, using plant-level data for the year 2003 is presented. Non-capital cost
function with homotheticity hypothesis was used. The results showed that there were constant returns to scale
in production of Cotton, Barley and Wheat, but decreasing returns to scale in Sugar Beet production. Also, the
results showed that there were constant returns to scale in production of these crops in North Khorasan and
Khorasan Razavi, but decreasing returns to scale in production of them in South Khorasan.
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INTRODUTION reach more economic return while expanding farm size or

Khorasan region with 313335 km  area including results  in economic return increase and on the other2

North Khorasan, Razavi Khorasan and south Khorasan hand,  decrease  in  capital  gain costs would raise power
provinces, forms one fifth of Iran's total area. The first of negotiation with consumers and suppliers and reduce
place of production area with 16.8 percent and the second costs. On the basis of economic theories, when long-run
one amounting to12.06 percent of the whole country elasticity  of production costs is grater than one, we
belong to this region. Khorasan with 10.83 percent of would  face diseconomies of scale and if it is less than
total production is the main grain producer region in Iran. one, there will be a situation called economies of scale.

Wheat, barley, cotton, sugar beet and tomato - five Thus economies of scale is a long run term and shows
main  rain-fed  and  irrigated crops of the region - call for that if we increase total production by one percent, total
55 percent of all production and 49 percent of production costs will grow less than one percent. Returns to scale, as
area. As agricultural economy of this area depends on the well as economies of scale are long-run concepts which
production of the above mentioned products, analysis of define the increase of total production when all factors
economic issues related to their production would be very increased by k times.
important [1]. The concept of productivity growth has widely been

Economies of scale and its analysis is one of the used to assess the economic performance of firms,
most important and basic issues of agricultural industries and countries. Productivity growth is usually
economics, especially in production field. Economies of calculated as the growth of outputs relative to the growth
scale refers to a situation in which one percent increase in of inputs. If outputs grow relatively more quickly then
production causes less than one percent increase in some kind of welfare improvement will be present, as
costs. In other words, Economies of scale shows that relatively more output can be made for relatively less
large firms have any comparative advantages in costs and input. However, simply observing productivity growth
efficiency over small ones. If so, production costs in large does not tell us how this is achieved or how it can be
firms  relatively would be less than those of small firms replicated. The standard measure of productivity growth
and  government    tries   to    encourage   and   facilitate will capture returns to scale as a kind of productivity
establishing large ones which will lead to production effect which refers to a technical property of production
increase. The main objective of economies of scale is to that   examines   changes   in   output   subsequent   to a

establishing new large firms. Usually efficiency in size
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proportional change in all inputs (where all inputs Perhaps cost functions would be the most
increase  by   a   constant). There  will  be  constant appropriate way to study the response to price changes,
returns  to  scale  (CRTS)  if   output   increases   by  that but as the information on prices at firm level was not
same proportional change which sometimes simply available, Alarcón [5] extracted the data on inputs used
referred as returns to scale. Decreasing returns to scale and outputs obtained by firms from balance sheets and
(DRS)  or  increasing  returns  to  scale (IRS) are referred formed a firm panel data set over the period 1993 to 2002
to such situation that output increases by less or more to estimate translog production functions with labor,
than that proportional change, respectively. In other capital and material inputs for 9 Spanish food industries.
words, a production  function   F(aK,aL)  =   aF(K,L)   is The specification tests rejected the instrument variables
defined to have: only for 1 out of 9 estimates. The remaining 8 industries

Constant returns to scale if (for any constant a scale. Substitutability between labor and capital and
greater than one) F(aK,aL) = aF(K,L) complementarity between labor and materials were
Increasing returns to scale if F(aK,aL) > aF(K,L) observed through Morishima and Shadow elasticities
Decreasing returns to scale if F(aK,aL) < aF(K,L) calculation. We can refer to other studies that deal with

Where K and L are factors of production, capital and Mosheim et al. [8] and Zhen Xu et al. [9].
labor, respectively and a is some factor > 1.

Hoque and Adelaja [2] examined the nature of the MATERIALS AND METHODS
structural changes that occurred in dairy farming as a
result of changes in technology and factor prices using Following Fuss and Gupta [10], the econometric work
pooled time series-cross section data from five in this paper is based on the assumption that the
Northeastern  States  of  US  for  the  years of 1967 production process is homothetic. This approach is more
through 1981. They estimated a Translog cost function, or less imposed by the lack of establishment-specific data
the derived demand for inputs, energy and non-energy, for capital. The homotheticity hypothesis means that
the factor substitutions between categories of inputs and factor proportion depends only on relative prices; the
the returns to scale. The estimated Allen partial elasticities level of output does not have an independent effect on
of substitution showed the existence of substitution factor proportions. In other words, this assumption
between energy and non-energy inputs in dairy farming. enables us to infer the scale characteristics of the total
They suggested that despite the increase in input prices, cost function unit from the non-capital cost function unit.
the dairy industry maintained to competitiveness, as seen Formally, the basic total non-capital cost function is [11]:
by the returns to scale parameters.

Griffin et al. [3] presented a compilation of alternative (1)
functional forms and a comparison of these alternatives
on the basis of selected criteria such as mathematical, Where:
statistical and economic properties which are useful for (2)
formalizing the selection of functional form(s) during
model  building  processes.  The use of functional forms
in production function application was emphasized in (3)
order to limit the discussion.

Ogunyinka [4] estimated generalized Box-Cox and The unit non-capital cost function is obtained by
composite cost functions to analyze the agricultural Substituting Equation 2 and 3 in Equation 1, dividing by
sector of Kansas economy via economies of scale and Q and taking the logarithm on both sides:
scope while trying to determine the robustness of these
measures under alternative functional forms. They found
increasing returns to scale for product-specific and the
overall measures. Generalized Leontief and composite (4)
forms yielded more robust elasticity, scale and scope
measures. The generalized Box-Cox model was selected as Where; Q is gross output; C is the sum of costs; p  is the
the appropriate functional form as all the special cases price of water; p  is the wage rate for worker; p  is the
were rejected. price  of  toxicant;  p   is  the price of seed; p  is the price

showed evidence of homogeneity and constant returns to

this concept. For example Grinnell [6], Mc clelland [7],
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Table 1: Variables and description Table 2: Estimates of the quadratic revenue function

Variable Description Unit

Q gross output Kg
C sum of costs R
p price of water Rw1

p wage rate for worker Rw2

p price of toxicant Rt

p price of seed Rs

p price of Nitrogen fertilizer Rn

p price of Potash fertilizer Rp

p price of Phosphate fertilizer Rph

Source: summary of the Questionnaires

of Nitrogen fertilizer; p  is the price of Potash fertilizer;p

p is the price of Phosphate fertilizer; d is a productph

diversity index; and  are unknown parameters.i

Therefore, adding a random error term, the estimating
equation is

(5)
And the scale elasticity is equal to:

(6)

We have increasing to scale when ;
decreasing returns to scale when and constant
returns to scale when .

Data for the study were obtained questionnaires for
the year2003, about sugar beet, potato, irrigated wheat,
irrigated barley and cotton in three areas, namely North
Khorasan, South Khorasan and Razavi Khorasan. The
data  set contains data for 407 observations for sugar
beet, 138 observations for potato, 702 observations for
irrigated wheat, 433 observations for irrigated barley and
500 observations for cotton. To calculate the optimum
scale in three provinces for these crops, we use two
dummy variables (D ,D ). Table 1 shows the list and1 2

description of the variable for each area.

RESULTS AND DISCUSSIONS

A non-capital cost function was (equation 5) fitted to
the data, using SHAZAM statistical software. Test for
collinearity with the variance decompositions indicated no
correlation between independent variables. The results of
the estimation of the non-capital cost function are giving
in Table 2.

Crops-
Description Variables Coefficient t-statistic Elasticity
Cotton Gross output -4.70E-06 -5.934 -0.0067

Inverse of gross output 17.456 7.95 0.014
price of water 0.12611 7.68 -0.1127
price of toxicant -0.00201 -0.745 0.0026
price of Potash fertilizer 3.05E-05 0.6413 -0.0001
price of Phosphate fertilizer 0.0101 2.024 0.006
price of Nitrogen fertilizer 0.00766 1.41 0.0043
price of seed 0.16799 3.137 0.1789
wage rate for worker 0.20953 2.59 0.3235
constant 2.8446 4.296 -
D 0.0316 0.4933 -1

D 0.0447 0.8053 -2

Barley Gross output -2.27E-07 -1.804 -0.0011
Inverse of gross output 41.662 7.169 0.0245
price of water 0.0406 2.983 -0.0403
price of toxicant -0.00294 -0.815 0.0059
price of Potash fertilizer -0.00296 -0.4684 0.0065
price of Phosphate fertilizer 0.0113 2.975 0.0068
price of Nitrogen fertilizer -0.000679 -0.1543 -0.0004
price of seed 0.21089 2.134 0.2351
wage rate for worker 0.22334 2.682 0.4221
constant 1.3448 1.743 -
D 0.0401 0.6966 -1

D 0.0245 0.4827 -2

Wheat Gross output -1.25E-07 -1.64 -0.0006
Inverse of gross output 39.072 5.99 0.0143
price of water 0.0277 2.431 -0.026
price of toxicant 0.000502 0.2147 -0.0009
price of Potash fertilizer -0.00607 -1.794 0.0124
price of Phosphate fertilizer 0.00615 2.178 0.0038
price of Nitrogen fertilizer -0.000519 -0.1418 -0.0004
price of seed 0.0177 1.273 0.0195
wage rate for worker 0.00932 0.5949 0.0171
constant 3.9504 27.12 -
D 0.0496 1.268 -1

D 0.0195 0.5683 -2

Potato Gross output -2.95E-07 -3.122 -0.0149
Inverse of gross output 398.98 6.37 0.0517
price of water 0.0209 0.5325 -0.0353
price of toxicant - - -
price of Potash fertilizer - - -
price of Phosphate fertilizer 0.0111 1.638 0.0043
price of Nitrogen fertilizer 4.91E-05 0.000681 0
price of seed 0.00349 0.3566 0.0127
wage rate for worker 0.12852 0.7086 0.3432
constant 1.9415 1.313 -
D -0.11218 -0.4643 -1

D -0.13172 -0.5675 -2

Sugar Beet Gross output -1.39E-07 -5.585 -0.0089
Inverse of gross output 2070.9 6.477 0.0518
price of water 0.0869 3.409 -0.157
price of toxicant 3.30E-06 0.000932 0
price of Potash fertilizer -0.0020 -0.6049 0.0039
price of Phosphate fertilizer 0.0305 2.951 0.048
price of Nitrogen fertilizer 0.00638 0.6054 0.0092
price of seed 0.00994 0.1384 0.0284
wage rate for worker -0.10092 -0.7119 -0.3201
constant 3.368 2.959 -
D -0.2756 -2.391 -1

D -0.15877 -1.646 -2

Source: Own summary
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Table 3: Summary of the long-run economy of scale

Description Cotton Barley Wheat Potato Sugar Beet

North Khorasan 1.0722 0.9898 0.9903 1.0104 0.9271

Razavi Khorasan 1.0316 0.9848 0.9901 1.1493 0.8730

South Khorasan 0.9874 0.9602 0.9562 0.8560 0.8751

Average 1.03045 0.9783 0.9789 1.0781 0.883951

Source: Own summary

The problem of heteroscedasticity was addressed by
imposing a White's general heteroscedasticity, Glejser and
Breusch-pagan tests. Also Jarque-Bera statistic shows
the normality of data. The results of final non-capital cost
function after adjustments to heteroscedasticity are
summarized  in Table  2. Adjusted R-squared values and
R-squared values for all crops (between 0.2 and 0.8) are
suitable to these models and show the goodness of fit to
the model. Results show the coefficients of Q (gross
output) and the inverse of gross output for all crops are
negative and positive, respectively, according to the
theory and also significant at the 10 pre cent of critical
levels. Also the coefficient of price of water for all crops
is positive which is according to the theory and
significant  at  the  10  per  cent  of  critical  levels.  But
this coefficient for potato is not significant. The
coefficients of price of toxicant for all crops are not
significant and are negative for cotton and barley.
Likewise the coefficients of price of seed for all crops are
similar  to the expectation theory. But some coefficients
for sugar beet and potato are not significant. According
to the results coefficients of prices of fertilizer for cotton,
potato and sugar beet are positive similar to the
expectation from theory, but coefficients of price of
Nitrogen fertilizer and Potash fertilizer for wheat and
barley are negative. About the Phosphate fertilizer, results
show the coefficient of this variable is positive, as is
expected from theory.

Results show the coefficient of price of Nitrogen
fertilizer  is not significant for cotton, wheat, barley,
potato and sugar beet. Also the coefficients of price of
Potash fertilizer are not significant for barley and sugar
beet.  The coefficient  of  wage  rate  for  workers for
sugar beet is negative and from significant. The same
coefficient for other crops is positive according as is
expected, but non significant in the model of sugar beet,
potato and wheat.

The results for long-run returns to scale are
presented in the Table 3. The results suggest that there
are  constant  returns  to scale in the production of
Cotton, Barley and Wheat in all three provinces under

study. In other words, the productions of these crops in
Khorasan are efficient. According to these results, it can
be stated that there is the increasing economy of scale to
production of Cotton, Barley and Wheat, because in the
long-run  when  the  gross output increases K per cent,
the average cost increases K percent too. About the
sugar beet, the results show the decreasing returns to
scale in Khorasan.  In other words, the production of
Sugar beet in  Khorasan  is  not  cost  efficient.  Because
of this result  the  farmers should operate at much smaller
scale in three provinces. About the potato, the results
show  a constant returns to scale and increasing returns
to scale respectively in North Khorasan and Razavi
Khorasan. Also, in South Khorasan there is decreasing
return to scale in production of Potato. Production of
Potato in North Khorasan and Razavi Khorasan are cost
and economy efficient and the larger scale farming is
recommended.
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