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Abstract. The broiler projects are considered one of the highest priority areas that has gained major support
and incentives in the Sawdi Arabian agricultural policy. However, these projects have recently experienced a
wide rnge of technical, managerial and marketing problems that has led to a drop in the nwober of operating
projects to more than half. The main objective of this study was to analyze the cost structure of the broiler
projects  in the central region of Saudi Arahia using a dual cost function approach. This approach will serve to
identify a number of cconomic indicators that can help to design policies to solve the problems Facing these
projects. The study showed that the cost of feed, labor, and veterinary expenses were the main factors
explaining the variation in the cost of producing broilers. Further, the study indicates that increasing retum to
scale is present in theze projects. This study has also estimated own and cross price elasticitics of input
demand as well as the Allen and Morishima elasticities of factor substitutions.

Introduction

The performance of the Saudi Arabian broiler projects has been affected by a variety of
managerial, technical, production, and marketing problems. These problems led to a drop
in the mimber of operating projects from a lotal of 288 10 1982 to valy 126 in (he year of
195G [11.

In spitc of the sizable investment in these projects, the majority of the prajects are
not operating at {ull production capacity based on their invested assels due to the
problems stated above. This has increased the average fixed cost of the production unit
and consequently reduced the level of technical efficiency and profit of these projects.
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One might contribute the source of these problems to different factors such as, the
imbalance in the distribution of these projects among the provinces of Saudi Arabia. Also
import competition is another factor that is a major threat to the local industry since the
international companies are more technically efficient and uses more productive
technologies. Finally, the structural characteristics of these projects might give some of
the larger projects an advantage in size economies and restrict cutpul expansion for the
smaller projects.

Limited studies in light of the above problems have been conducted to estimate the
primal cest and production function of the broiler industry in Saudi Arabia. Ta date no
study has been done using the dual approach in examining the cost function and derive its
share equations for the industry.

Objectives

This study will test the cost minimization hypothesis by using a proper translog dual
cost function for the broiler projects in the central region of Saudi Arabia and obtain the
following objectives:

(1) Estimate the parameters of the dual cost function as well as its derived share
equations using seemingly wnreluted regression (SURE) technique for the study
sample,

(2) Compute the partial static equilibrium elasticities of input substitution, own - and
cross - price clasticities of input demand, nnd scale clasticity,

{3) Test the production and cost structure, or the homotheticity of the input - output
relationship.

Methodology

Because of the scvere restrictions and limitations imposed by the Cobb - Douglas
(CD) type of functions, rescarchers have tried to develop lcss restrictive and more
flexible functional forms that do not impose any constraints a priori. An example of such
function is the transcendental logarithmic function which is often relerred (o as the
“translog”™ function.

The translog cost function model

This function is developed by Christensen {2,3], and considered to be a second -
order approximation to an arbitrary function. This form has both lincar and quadratic
terms with arbitrary number of inputs. It reduces to the multiple input {CD) form as a
special case. In fact, the new function does not require additivity and homogeneity or
the strong separability assumption. It allows for the possibility of complementarity
between any pair of factors. It is also sufficiently flexible to describe the substitution
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possibilities between all pairs of factors at every data point. Further it allows scale
economies to vary with the level of output which enables the unit cost curve to take the
classical U- Shape 4],

A translog variable cost function with three variable inputs and (wo fixed factors -
as applied by this study - can be written as:

LoC=optecy, LnY + 5B Lo P+ ZenlnZp + 1723, Z; B La P, Ln P
+ 12 nc,,,(LnY)1+llzzkzqunZ.Lan+Eiai,LnPiLnY
+ 5 Yt lnPloZ + Yy LnZLnY (n
Where:

C: isthe total cost of the three variable inputs.
Y : s the level of output per project.
Zy.  is the level of the fixed factor K.

and ¢, %, G, 9, ¢ arc parameters to be estimated.

Following Binswanger [5], through the use of shephard’s lemma, the derived
demand functions can be found by differentiating the cost function in equation (1) with
respect to the input prices, so that the share equations are given by:

__oLne__PiXj
= 3Ln B C @
or
8= ﬂ'. + Zj ﬁij Ln Pj + Ei Ciy Loy + X6, LnZ (€)]
where

S, = 15 the ith factor cosl share.
X, = is the quantity of the ith input.

The constant output own - price elasticity of factor demand, as well as the cross -
price elasticity of factor demand can be computed following Binswanger [5], using this
formula:

Ei=PfSi+ 5 -1 4

Ey= Bijlsi +5; 3
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We can also examine the substitutability and complementarity between inputs by
deriving the Allen pantial elasticity of substitution (AES) and the Morishima elasticity of
substitution (MES) which is according to (Binswanger) equal to;

oA Bii +57 +5; ©)
un S]

Gi? =Bij /Sij +1 )

o =5;(0f ~o) =By —E; )

where
0 = is the Allen elasticity of substitution.
A

o) = is the Morishima elasticity of substitution.

Following Caves e ai. [6), the elasticity of scale for the variable cost function -
which is the reciprocal of the elasticity of cost with respect to output - can be calculated
as:

E, = (1 - Z; (dlnc / dLn Z))}(dLnc / 4Ln Y) )]

In the case of E, equal to 1, the production technology exhibits constant return to
scale, however, decreasing and increasing retumn to scale requires E; < 1, and E, > 1
respectively,

Shoemaker {7] has developed the theoretical implications for homotheticity of the
preduction and cost functions. Theoretically, homotheticity implies the separability
between output and input prices which imply that the production expansion in the
aggregale is not constrained by relative factor prices. Thus the cost function in equation
(1) is homothetic if:

ay=0.. ¥ (10}

Since any valid cost function has to be homogeneous of degree one in input prices,
the cost function in (1) has to have the following restrictions before estimation;

LBi=1; Lpy=0; Lo,=0 an

Another important restriction is the symmetry condition, which is implied by the
young theorem. This requirs that:

Bi=Bu 12)
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Area of study and variable specification

This study is based on the data collected by Al-Fuhaid [8]. This area contains the
largest number of projects in the Kingdotn, and its production accounts for over 52% of
the Kingdom's total production. The sample consists of 38 broiler projects which
accounts for about 88% of total number of projects in the area.

The use of translog cost function requires information about unil prices and
quantities of each operating input plus the quantity of output produced. This study will
consider three variable inputs (P) and two fixed factors (Z).

Based on the specification in equation (1), the definition of the variables used in
this sdy are:

Y = Total production of life and prepared broilers for each project in tohs.
P, = Unit price of chicks for each project in Saudi riyals.

P, = Unit price of feed for ¢ach project in riyal.

P, = Average per hour wage rate of workers for each project in riyal.

7, = Toral veterinary expenses of each project in nyal.

7y = Total annualized flow of capital services including machinery and

equipment per project in riyal.

To increase the efficiency of estimation, the collected data of each variable and
fixed inputs plus the total quantity of output produced are divided by its mean before
taking the logarithm. Further, each of the variable inputs are normalized by the unit price
of chicks.

A disturbance term has been specitied for the cost equation (1) and for cach share
equation of the three variable inputs such as the one in equation (3). The disturbance can
be interpreted ag a random error in achieving cost - minimizing behavior by each project.
We expect the disturbances for each project to be correlated since errors involving one
input will affect the cost shares of other inputs and total cost. However, we assume that
errors made by onc project are not correlated with the errors made by any other project.
Therefore, we jointly estimate cquation (1) and the share equations after excluding one of
them since they add up to umity. Also the Zellner - iterative seemingly unrelated
regression (TTSUR) procedure is used 1o estimate the system of equations Zellner [9].

Resulis and Discussion
The estimated parameters of the translog cost function are shown in Table 1. The

estimated tranglog cost function fits the data reasonably well, explaining a large
proportion of the variance in the costs of producing broilers. The adjusted R? as shown in
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the table was 0.96. All the first order output and input price coefficients in the model are
positive and significantly different from Zero at o = 0.01. The estimated value of o, (the
parameter for the annualized flow of capital) shows a negative sign, however it is not
significant, On the other hand, the estimated coefficient for the fixed factor of veterinary
expenses is highly significant representing the high level of spending on discase control
at these projects. The second - order coefficients, however, are mixed in signs and
significance level as expected since some are complement factors and others are
substitutes.

Table 1. Estimated coefficlents of the restricted tranalog cost fanction

Variable Parameter esthnate t. Ratip
Intercept 7323 199.282*

ey 0.645 10.462*%
[i]] 0.268 9.395*
B2 {1439 2R.22™
Bs 0291 12.16%
x 0.271 4058
% 0025 0.350
Bu . 0.200 2.246%
Bz -1.149 2.78%
113 -0.05 o
B2 0.216 6.003*
B 0.067 1,685+
Pas o117 1.98==
gy 0.085 0.374
Yax 0.290 4.567*
T 0114 1187
Tx 0.066 0.412
iy 0.0170 0.312

Oy 0.05 1.68%+*
Ty -0.067 1.47
Bux -0.002 0.06
Biq 0.003 0.064
Bx 0.013 0.722
W 0,007 0.26
On 0.015 0.551
8 0.004 0.093
ey 0.142 1.98**
[ ™ 0.15 0.822

R® - Adjuned 0.96
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*OVE FRR are 1%, 3%, and 10% degree of significance respectively.
The test of the hypothesis about the structure of the cost and production function -
namely Homotheticity, is done by using a likelihood ratio test as such:

& =L(R} - L{w) (13)

where: L{R) and L(u) ure the log likelihcod values under the restricted and unresinicted
versions, respectively. Then, - 2A is distributed asymptotcally as a chi - squared
Maddala, [10 p.180]. This hypothesis was rejected at the 0.01 probability level. This
implies that the production technology cannot be written as a separable function of input
priccs and cutput.

The elasticity of scale was calculated by using equation (9} and the parameters from
equation (1). At the sample mean the calculated elasticity of scale was 1.14. This implies
that increasing returns to scale happened at the sample mean level of production of 283.8
tons of broilers per project.

The estimated Partial price elasticities for the model is shown in Table 2. The t-
rations corresponding to these estimates are approximated by the following equation and
reported in parentheses.

SE (O'ij) =5E (B.J / S'. Sj) (]4)
where

SE is the standard error of the estimated parameters. The calculated input price
elasticities - as shown in 1ables are not symmeitric, hence we have nine own and cross
price elasticities. All the own price elasticities of input demand are negative as expected.
However none is significantly different from Zero at 10% level. Further, all the own
price elasticities are significantly lower than one. On the other hand, two of the cross
price elasticities are unexpectedly negative, however they are not significant. In general,
the calculated price elasticities of demand show that the demand for inputs is inelastic,
which means that the cost of preducing broilers is likely to escalate as input prices of
feed and labor increases.

Table 2. Estimated partial price elasticities of Iactor demand for the model

Input Chicks (C) Feed (F) Lubor (L)
Chicks (C) -0.0140 -0.117 0,103
(0.42) (0.58) (0.39)
Feed () 0.071 -0.0673 0.139
(0.589) 0819} (1.54)

Laber (L} 0095 0.209 -0.305
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0.391) (1.54) {1.506)

The estimated parameters of the Allen clasticity of substimtion (AES), and
Morishima elasticities of substitution (MES) are presented in Table 3. Theoritically,
these clasticities are positive for substitutes and negative for complements. The
calculaled AES shows that chicks and feed are complements while chicks and labor are
substitutes. However, their calculated elasticities are not significantly different from
Zero. Further, the AES between labor and feed shows a good substitutability with a
strong confidence level.

Table 3. Estimates of Allen elusticity of substitution (AES) and Morishims elasticity of substitution

(MES) of the mndel variables
Input Chicks {(C) Feed (F) Labor (L)
A. Allen purtial elasticitics of substitution
Chicks (C) -0.052 0367 0.35
{0.042) (036} (0.36}
Feed (F} 0.153 0477+
(0.819) (2.31)
Labor {L} -1.045
{1.506)
B. Morishima elasticities of substitution
Chicks (C) 0 .05 0.408
.17 (0.87)
Feed (B -0.086 i) (444
(0.189) (1.516)
Labor (L) 0.081 0.276 : 0
{0.14) (1.26)

*, is 1% degree of significance.

The estimated values of the Morishima elasticities of factor substitution shows a
similar result with the exception that feed can be more easily substituted for labor than
VICE Versq.
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