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Estimation of Price and Substitution Elasticities of Cotton Production
Inputs: Empirical Evidence from Baghlan Province, Afghanistan

Hafizullah Radmand' 2, Ali Keramatzadeh!", Ramtin Joolaei!, and Farshid Eshraghi?
Abstract
Cotton serves as an important crop that supplies numerous products for human use and supports a
wide range of industrial applications. This study aims to estimate the price and substitution
elasticities among the production inputs of cotton in Baghlan Province, Afghanistan. Data were
collected through 132 questionnaires, using stratified random sampling from cotton growers in the
province. The relationships among production inputs were examined using a translog cost function
in conjunction with the Seemingly Unrelated Regression (SUR) approach. The results showed that
the price elasticities of demand for land, animal manure, phosphate fertilizer, urea fertilizer, seeds,
labor, water, and machinery were -0.036, -0.815, -0.056, -0.050, -0.056, -0.092, -0.074, and -0.198,
respectively. All price elasticities of input demand were less than one, indicating inelastic demand,
that is, input use is not highly sensitive to price changes. The cross elasticities of demand for inputs
were also less than one, confirming inelastic demand across all inputs. The small values of
substitution elasticities further indicated that policies targeting a single input would have little
impact on the allocation of other inputs. Therefore, it is recommended that policymakers avoid
focusing on individual inputs and instead consider all inputs as an integrated system when
designing agricultural policies.
Keywords: Allen and Morishima Elasticities of Substitution, Cost Function, Demand for Inputs,
Seemingly Unrelated Regressions (SUR).
Introduction
Cotton is a vital global crop and a significant economic driver, especially in developing nations.
Often referred to as “white gold,” it is the world’s most consumed natural fiber and a cornerstone
of the textile industry (Khan et al., 2020). Globally, cotton is cultivated on more than 32.5 million
hectares, with a total production of 24.08 million tons in 2021 (Tokel et al., 2022). The industry
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provides livelihoods for approximately 31.5 million farmers and employs around 150 million
people worldwide (FAO, 2021).

In Afghanistan, cotton has been an important crop since 1921. Before the 1979 revolution, the
country maintained a strong cotton industry, cultivating 128,000 hectares and producing 150,000
tons annually. However, political instability led to a sharp decline in cultivation. Since 2002, the
Afghan Ministry of Agriculture has prioritized reviving the sector, contributing to a resurgence in
agricultural production. By 2019, the area under cotton cultivation had reached 36,000 hectares,
with a total production of 14,000 tons across various provinces, including Baghlan, where farmers
produced 4,620 tons from 1,650 hectares (Radmand et al., 2021).

Understanding the economics of production is fundamental to ensuring the long-term sustainability
of any industry. According to Surya et al. (2021), comprehensive knowledge of production costs
and factor contributions is vital for improving efficiency, enhancing competitiveness, and fostering
sustainable growth. In agriculture, effective resource management remains a cornerstone of
development, especially given the limited availability of key production inputs in many regions
(Adom & Adams, 2020).

Analyzing the demand for production inputs requires assessing their sensitivity to price changes
and understanding the relationships between them (Rey et al., 2023). This analysis is essential to
inform policy decisions. If inputs are complementary, reducing costs necessitates proportionally
reducing all inputs. However, if inputs are substitutes, producers can lower overall production
costs and increase profits by replacing more expensive inputs with cheaper alternatives (Ren et al.,
2021). The extent to which inputs can substitute for one another plays a key role in determining
the economic impacts of policies targeting input demand. (Feng et al., 2025).

Furthermore, analyzing input costs provides valuable policy insights for improving resource
allocation efficiency and enhancing farmers’ productivity (Du et al., 2019). Elasticities are key
parameters in this analysis, as they reveal how the relative cost share of production factors changes
with price fluctuations (Bellocchi & Travaglini, 2023). According to Binswanger (1974), studying
the elasticity of substitution is fundamental to understanding how easily or with difficulty one
production factor can be replaced by another. A higher elasticity indicates greater ease of
substitution. In this context, the present study estimates the price and substitution elasticities of
cotton production inputs in Afghanistan’s Baghlan Province, offering important insights into the

interrelationships among these factors.
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In Afghanistan, the absence of provincial-level studies has significant implications for agricultural
policy. National averages conceal substantial regional variation in resource endowments,
production systems, and market access. As a result, policies designed from aggregated national
data often fail to address the distinct challenges and opportunities within specific provinces. For
instance, a uniform fertilizer subsidy or mechanization program may be effective in some areas
but economically infeasible or environmentally unsustainable in others. Provincial-level analyses,
such as this study in Baghlan, are therefore essential to develop locally adapted policies that
enhance productivity, ensure equitable resource distribution, and improve farmers’ livelihoods.
Accordingly, this study seeks to answer the following research question: What are the price and
substitution elasticities among the production inputs used in cotton farming in Afghanistan’s
Baghlan Province, and what are the implications of these relationships for regional agricultural
policy and resource allocation?

Numerous studies have utilized the seemingly unrelated regression (SUR) method and the translog
cost function to analyze input demand and factor relationships. For example, Deininger et al.
(2018) investigated substitution effects within Swiss manufacturing firms and identified a
complementary relationship between capital and energy, particularly in energy-intensive sectors.
In the agricultural context, Du et al. (2019) estimated the price and substitution elasticities for
peach and cherry production in Beijing, China, and found that labor serves as a substitute for land,
fertilizers, and pesticides. Similarly, Pippa Rochelle & Ferreira Filho (1999) investigated the
cotton input market in S@o Paulo, Brazil, and revealed that labor and machinery were
complementary inputs, while other factor pairs showed substitution relationships.

The substitutability and complementarity of inputs often vary by context and crop. For instance,
Pang et al. (2021) observed a complementary relationship between fertilizer and labor in corn
production in China, whereas a substitutive relationship was identified in cabbage cultivation.
Their findings further indicated that the price elasticity of fertilizer demand was inelastic in both
production systems. Similar results have been reported in other studies, highlighting the generally
inelastic nature of demand for agricultural inputs. Ansari Roshandeh et al. (2022) found that water
demand for rice production in Iran’s Gorgan County was inelastic, indicating that significant price
increases would not substantially reduce water consumption. Kog¢ and Karayigit (2022) analyzed
the Australian water market and the impact of electricity price liberalization, finding that electricity

demand was relatively price-sensitive and that electricity complemented both labor and capital.

3



90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

113
114

115
116
117
118
119
120

Journal of Agricultural Science and Technology (JAST), 28(5)
In Press, Pre-Proof Version

Forgenie et al. (2023) reported that in Indonesia, the demand for animal feed exhibited greater
responsiveness to variations in income than to fluctuations in price. Landolsi and Miled (2024)

reached a similar conclusion regarding energy demand in Tunisia, noting that its sensitivity to

income was greater than to price fluctuations.

Collectively, these studies highlight the importance of analyzing input demand and factor
relationships to inform effective resource management and policy. However, despite the global
significance of cotton and the well-established methodologies for this type of analysis, a notable
research gap exists in Afghanistan. To the best of current knowledge, no comparable research has
been undertaken at the provincial level, particularly in Baghlan, a major agricultural region. Hence,
this study seeks to fill this gap by estimating the price and substitution elasticities of cotton
production inputs in Baghlan Province, Afghanistan, thereby generating valuable insights to

support local agricultural development.

Study Area

Afghanistan, with an area of 652,864 square kilometers, is divided into 34 provinces and 398
districts, based on its administrative divisions (Fig. 1). As of 2020, its population was
approximately 38.8 million. Approximately 61.6% of the population relies on agriculture and
animal husbandry, and the agricultural sector accounts for 23% of the GDP (Radmand et al., 2021).
Afghanistan possesses an estimated 75 billion cubic meters of total annual freshwater resources,

comprising roughly 57 billion cubic meters (76%) of surface water and 18 billion cubic meters
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(24%) of groundwater (Mahmoodi, 2008). Baghlan Province is one of the major industrial and
agricultural regions located in northeastern Afghanistan (Fig. 1). The province covers 21,118

square kilometers and has an estimated population of about 1.77 million people (Radmand et al.,

2021).
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Data and Methods

This study estimated the input demand function to determine the price elasticity of demand and
the elasticities of substitution among production inputs. Consistent with previous research (Du et
al., 2019; Miljkovic et al., 2016; Mufutau Opeyemi, 2021; Rey et al., 2023; Ren et al., 2021;
Ranjbar et al., 2023), the Seemingly Unrelated Regression (SUR) approach was employed, as it is
well-suited to cross-sectional data and effectively accounts for the interdependence among input
demand equations. By considering the contemporaneous correlation among the error terms across

equations within the system, the Seemingly Unrelated Regression (SUR) method yields more

5
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efficient parameter estimates compared to the single-equation Ordinary Least Squares (OLS)
approach. Since changes in prices or external shocks simultaneously affect the demand for all
inputs, SUR enables the modeling of such interdependence. Consequently, SUR is a powerful tool
for accurately estimating price and substitution elasticities within a system of equations (Griffin et
al., 1987; Du et al., 2019). The general form of the Seemingly Unrelated Regression (SUR) model
is as follows (Griffin et al., 1987):

Yy = aq + BiXqe + Uge s t=1,......T (1

Yoi = ay + BoXop + Uy s t=1,......T 2)

Here, (Y) represents the level of production, and (X) denotes the production factor. While
Equations (1) and (2) may appear independent, certain underlying factors can cause them to vary
simultaneously, affecting production outcomes through the disturbance terms (uie) and (u2e).
Consequently, this study utilized the Seemingly Unrelated Regression (SUR) method to estimate

both the translog cost function and the input share demand functions.

Translog Production Function

The translog production function was proposed by Christensen et al. (1972). This function is a
logarithmic, flexible functional form that allows substitution elasticities and partial production
elasticities to vary with input levels (Debertin, 2012). The translog production function
encompasses all three production regions, permitting marginal products to be increasing,
decreasing, or even negative. Beyond the primary variable coefficients, the translog specification
also estimates the interaction terms between variables. The general form of the translog production

function is presented in Equation (3) (Griffin et al., 1987).

Ln(Y) = ag + Z ag Ln(e;) + %Z Z b; Ln(x;) Ln(xj) )
i=1

i=1 j=1

Where Y represents the production amount, and x; and x; are the production inputs.

Translog Cost Function
The cost function describes the relationship between total cost, input prices, and the level of output.
Deriving the cost function involves either minimizing total cost for a specified level of production

or maximizing output within a given budget constraint. As the dual of the production function,
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each production function corresponds to a unique cost function, allowing the production function
to be inferred from the cost function. Equation 4 shows the general form of the cost function.
C=f (P, Py, P35 ..., P, Q) 4)
Where C represents the total cost, Q represents the amount of production, and P: to P, represent
the prices of production inputs.
This study utilized the Translog cost function to estimate the cost structure of production. A key
advantage of this functional form is that the substitution elasticities among production factors are
not constant but vary depending on both the production level and the combination of inputs used
(Griffin et al., 1987). This functional form has been widely used in economic literature
(Christensen & Ramananantoandro, 1971; Ko¢ & Karayigit, 2022). One key reason for its
widespread application is the ease of interpreting results and deriving marginal costs (Johansen,

1972). The general form of the translog cost function is given by Equation (5):
n n (5)
In(C) = ay + al-lnYi+z,8ilnPi

i=1 i=1

1 n n
+522aulnYl IHYI
i=1 j=1
n n n n
1 1
+§ZZﬁulnPl lnP]+?ZZyulnYl lnP]+el
i=1j=1 i=1j=1

Where C represents the total cost, Y; represents the level of production, P; and P; represent the
prices of inputs, and o, Bi, i, Bij, and y;; denote the estimated parameters. In general, the Translog
cost function possesses the properties of positivity, symmetry, and homogeneity with respect to
input prices. The dependent variable of the translog function is expressed in logarithmic form,
ensuring the positivity condition. The restriction Bij = Bji must be imposed to ensure symmetry.
The assumption of homogeneity with respect to input prices implies that if all input prices double
while output remains constant, the total cost will also double. To satisfy the homogeneity condition
of the cost function, the following constraints must be imposed when estimating the SUR model

(Garcia & Randall, 1994; Rigi & Shahraki, 2016):
i=1Bi=1 i=1Bij = 2= Bji=0
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Demand functions of inputs

There are two primary approaches to deriving the demand function for input. When the production
function displays increasing returns to scale (IRS), the input demand function is obtained by
minimizing the cost function. In this scenario, differentiating the cost function with respect to input
prices (Shephard’s Lemma) produces an indirect (conditional) input demand function. Conversely,
if the production function exhibits decreasing returns to scale (DRS), the input demand function
can be derived through profit maximization using Hotelling’s Lemma. The general form of the
conditional demand function of production inputs, according to Shephard's theorem, which

represents the equations of the cost share of inputs, is given by Equation (6):

= BiXi _Piy _Pi 0C _OlmC _ o yn poaop o4
Si CIPiX; ¢ Xi= c'ap; alnpP; a; + Xj=q BijInP; +yylnY (©)

Here, S; denotes the cost share of the im input, Crepresents the total production cost, P; and
P; denote the prices of the ith and ju inputs, respectively, and Yis the output level. Because the
cost function satisfies the adding-up condition (}j=;S; = 1), only n — 1 cost share equations are
linearly independent, and the input prices are expressed in relative terms in the main function. The
standard procedure for estimating input demand functions involves omitting one cost share
equation from the system of simultaneous equations and estimating the parameters for the
remaining n — 1 equations. The parameters of the omitted equation are subsequently derived from
the estimated parameters of the included equations (McGeehan,1993; Pippa Rochelle & Ferreira
Filho, 1999; Shahraki & AliAhmadi, 2014; Wijetunga, 2015; Rigi & Shahraki, 2016; Ning et al.,
2020, and Abbasian et al., 2022). Therefore, one cost share gquation, typically corresponding to
the input with the lowest cost share is omitted from the model. In this study, the cost of pesticides
was excluded from the analysis because it represented the smallest share of the total production

cost. Therefore, the cost function of each production input was estimated as follows:

SS—aS+ﬂSSL0g( )+ﬁ$LLog( )+ﬁ$RLog( )++,35NL0g(N)+

BspuLog ( ) + Bsalog ( ) + Bsw Log (PP) + Bsm Log ( ) +ysyLogY (7)
SL =aL+,BL5L0g( )+,BLLL0g( )+,BLRLog( )+,BLNLog( )+
Brpulog ( ) + Bralog (1; ) + BLw Log ( ) + BLm Log ( ) +viyLogY )
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SN = aN + fys Log (=) + BuiLog (52) + Bur Log (=) + Buw Log (53) +

Breulog () + BuaLog (m2) + Buw Log (5) + B Log (55) + vayLog ¥ ©)
SPH = aPH + fp s Log () + Ben 1L0g (=) + Beur Log (o) + B n Log (22) +

Bon pulog (Sn) + Bon alog (m5) + Borw Log (o) + Bru Log () + YeuyLog Y (10)
SR = aR + firs Log () + friLog (o) + Bra Log (=5) + Baw Log (52) +

Brrulog (o) + Bralog (o) + Brw Log (55 ) + Brw Log (55) + vayLogY (1)
SW = aW + fys Log (=) + BwiLog (o) + Bwr Log (=) + Buww Log (o3 +

Bu pulog (o) + BwaLog (=5) + Buw Log (ox) + Bwm Log (o) + vwyLog Y (12)
SA = aR + Bus Log (o) + BarLog (o) + Bar Log (22) + Ban Log (57) +

Bapulog (g) + Baalog (5) + Baw Log (;) + Bam Log (;) tYryLogY (13)
SM = aM + Bys Log (=) + BurLog (=) + Bur Log (o) + Bun Log (22) +

Bu pulog ( ) + .BMALOQ( ) + Buw Log( ) + Bum Log ( ) +YmuyLlog?Y (14)
In these equations, Sa, Ss, Siy Sny Sphs Sps SW, S;, and S, represent the cost shares of manure, seed,
labor, nitrogen, phosphate, pesticide, water, land, and machinery, respectively. Similarly, P,, Ps,

Py, Pn, Ppny Py, Pw, Py, and Py, denote their corresponding input prices.

Allen-Uzawa Partial Elasticities of Substitution (AES)

In empirical research, the most commonly employed measures of input substitution are the Allen—
Uzawa Elasticities of Substitution (AES) (Zha & Ding, 2014), which were initially proposed by
Hicks and Allen (1934) and subsequently refined by Allen (1938) and Uzawa (1962). Partial
elasticities are a useful method for measuring the substitutability between factors of production
and play an essential role in determining the optimal composition and efficient utilization of
production inputs (Stern, 1997). These elasticities measure the percentage change in the ratio of
two production inputs in response to a one-percent change in their relative prices. A positive Allen

Elasticity of Substitution (AES) signifies that the inputs function as substitutes, whereas a negative
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AES indicates a complementary relationship between them (Knoblach & Stockl, 2020). Equations

(15) and (16) specify the Allen cross- and own-partial elasticities of substitution.

Bij+SiS;
itSi(Si—1
AES; = S (16)

i
Here, AES;j represents Allen’s cross-partial elasticity of substitution, AES;; denotes Allen’s own-
partial elasticity of substitution, Bj is the coefficient of the j'" input in the equation for the i input,
and s; and s; are the cost shares of the i and j™ inputs, respectively. The signs of these elasticities
are typically expected to be negative, reflecting the general inverse relationship between the
demand for a product and its price, except in the case of Giffen goods. Allen’s cross-partial
elasticities are symmetric; if AES;; > 0, this indicates a substitutive relationship between the two

inputs, whereas AES;; < 0 indicates a complementary relationship (Kuroda, 1987).

Own and Cross-Price Elasticity of Input Demand
The own-price elasticity of demand for a production input reflects the percentage change in the
quantity demanded of that input resulting from a one-percent change in its own price. Likewise,
the cross-price elasticity of demand measures the percentage change in demand for one input
resulting from a one percent change in the price of another input (Zha & Ding, 2014). In the present
study, cross-price elasticities of input demand are employed to analyze the substitutive or
complementary relationships among production inputs. These elasticities were computed using
Equations (17) and (18).
Eii=AES;;* S; fori=j (17)
Eij=AES;j* S; -+ Eji=AESji* S for i=j (18)
Here, &; denotes the own-price elasticity of demand, &; represents the cross-price elasticity of
demand for the i™ input with respect to the price of the j™ input, AES;; indicates Allen’s cross-
partial elasticity of substitution, and AES;; denotes Allen’s own-partial elasticity of substitution.
When the price elasticity of input demand is greater than zero (g > 0), the demand for that input
is considered elastic; when it is less than zero (&i < 0), the demand is inelastic; and when it equals
unity (&i = 0), the demand demonstrates unitary elasticity. Similarly, when the cross-price elasticity

of input demand is positive (¢;; > 0), the inputs are considered substitutes, whereas a negative

value (¢;; < 0) indicates that the inputs are complements. It is important to note that, unlike the

10
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Allen Elasticity of Substitution, these elasticities are asymmetric—meaning that the elasticity of
demand for the i**input with respect to the price of the j¢" input is not necessarily equal to that of
the j®input with respect to the price of the i**input (¢; i * &ji)-

The cross-price elasticity of input demand measures the absolute degree of substitution between
inputs but does not capture the relative substitution among production factors (Zha & Ding, 2014).
In contrast, Allen’s cross-partial elasticity of substitution (AES), compared with the cross-price
elasticity of input demand, reflects the relative substitutability between two factors while

accounting for the substitution effects of other inputs (Stern, 1997).

The Morishima Elasticity of Substitution (MES)
The Morishima Elasticity of Substitution (MES) is defined as the logarithmic derivative of the
ratio of input quantities with respect to the ratio of their prices (Morishima, 1967). Introduced by
Morishima in 1967, this measure serves as an alternative approach to assessing the degree of
substitutability among production inputs.
While the Allen—Uzawa Elasticity of Substitution (AES) fails to retain several essential
characteristics of the original Hicksian concept—specifically, (i) it does not accurately measure
the ease of substitution or the curvature of the isoquant, (ii) it offers no insight into relative factor
shares, and (ii1) it cannot be formulated as the logarithmic derivative of an input quantity ratio with
respect to a price ratio—Morishima introduced the Morishima Elasticity of Substitution (MES) to
overcome these limitations.
The Morishima elasticity of substitution is defined as follows:

MES;; = & — & (18)
Where g;; represents the cross-price elasticity of the ith input demand with respect to the jth input
price, gj; represents the own-price elasticity of demand for the jth input, and MES denotes the
Morishima elasticity of substitution. A positive MES value indicates a substitution relationship
between two inputs, and the magnitude of the value determines the strength of this relationship.
Values greater than one (MES > 1) denote strong substitution, whereas values between zero and
one (0 < MES < 1) indicate weak substitution. Conversely, a negative MES value signifies a
complementary relationship, where the absolute magnitude reflects the degree of
complementarity—values greater than one (JMES| > 1) suggest strong complementarity, and

values between zero and one (0 < |MES| < 1) indicate weak complementarity. Overall, the MES

11
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results are consistent with the Allen—Uzawa partial elasticity estimates, reinforcing the robustness

and coherence of the empirical findings.

Results and Discussion
The results of this study include a descriptive analysis of cotton farmers' data, the estimation of
the translog cost function and input share demand functions, and the calculation of the Allen,

Morishima, own-price, and cross-price elasticities of demand.

Table 1. Results of Descriptive Statistics for Cotton Farmers in Baghlan Province.

Variable Unit Mean Minimum  Maximum Standard Deviation
Age years 44.9 20 80 12.97
Education years 6.6 0 16 6.39
Family size persons 10.9 5 26 3.97
Experience years 15.3 2 42 5.93
Animal Manure kg/hectare 0.9 0 5 1.45
Phosphate Fertilizer kg/hectare 190 100 290 58.08
Urea Fertilizer kg/hectare 178 100 250 28.30
Seed kg/hectare 76.5 62 98 8.70
Herbicide kg/hectare 0.9 0 3 0.95
Insecticide kg/hectare 0.6 0 3 0.88
Fungicide kg/hectare 0.3 0 3 0.71
Labor person-days 164.9 133 192 12.77
Water cubic meters/hectare 4386.1 2433 6272 867
Machinery hours 23.5 17 30 3.18

Source: Research Findings.

Based on the descriptive statistics, the average cotton farmer in Baghlan province is a seasoned
practitioner, with an average of 15.3 years of experience, despite a relatively low average education
level of 6.6 years. The data highlight a high reliance on family labor, with a large average family
size of 10.9 and a substantial labor input of 164.9 person-days per hectare. This contrasts sharply
with the limited use of machinery (23.5 hours per hectare), confirming the labor-intensive nature
of cotton cultivation. Furthermore, the results reveal a strong dependency on chemical fertilizers,
with high average application rates for both phosphate and urea. In contrast, the use of animal
manure is exceptionally low and highly variable, indicating that it is not a primary input source for
most farmers. Overall, these findings provide a crucial foundation for understanding the economic

behavior and production constraints of farmers in the region.

12
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Estimation Results of the Cost Function

Table 2 presents the estimation results of the translog cost function for cotton production in
Baghlan province, Afghanistan. As shown, the total cost of cotton production depends on the prices
of land, animal manure, nitrogen fertilizer, phosphate fertilizer, pesticides, labor, water, and
machinery. While individual coefficient interpretations in Translog models are complex due to the
presence of numerous interaction terms, they are primarily used here to derive elasticity estimates,

which offer more interpretable insights into the relationships among production inputs.

Table 2. Results of the Translog cost function of cotton in Baghlan province, Afghanistan.

Variables Description Coefficients Prob.  VIF
C Intercept 6.4317 0.0000
Log(PA) Logarithm of the Animal manure price 0.0032 0.0172 3.14
Log(PS) Logarithm of Seed price 0.0207 0.0000 1.69
Log(PA)? Square logarithm of animal manure price 0.0009 0.0000 4.46
Log(PL)? Square logarithm of labor wage 0.1176 0.0000 3.55
Log(PN)? Square logarithm of nitrogen price 0.0158 0.0111 1.81
Log(PP)? Square logarithm of pesticide price 0.0003 0.0000 2.53
Log(PPH)? Square logarithm of phosphate price 0.0293 0.0000 4.07
Log(PR)? Square logarithms of the land price 0.1043 0.0000 1.07
Log(PW)? Square logarithms of water price 0.0009 0.0000 1.71
Log(Y)* Log(PL) Interaction of production and labor price -0.0570 0.0000 4.87
Log(Y)* Log(PM) Interaction of production and machinery price 0.0662 0.0000 4.96
Log(PA)* Log(PPH)  Interaction of animal manure price and phosphate price -0.0003 0.0049 4.28
Log(PA)* Log(PW) Interaction of animal manure price and water price 0.0003 0.0209 4.49
Log(PL)* Log(PN) Interaction of labor wage and nitrogen price -0.0212 0.0254 3.90
Log(PL)* Log(PR) The interaction of labor wage and land price -0.1396 0.0000 4.25
Log(PM)* Log(PP) Interaction of machinery and pesticide price 0.0001 0.0000 1.70
Log(PM)* Log(PPH)  Interaction of machinery price and phosphate price -0.0265 0.0000 4.03
Log(PM)* Log(PR) The interaction of machinery price and land price -0.0196 0.0096 3.85
Log(PPH)* Log(PR) Interaction of phosphate price and land price -0.0198 0.0000 2.98
R? 0.9992
Adjusted R? 0.9991
F-Statistics 8088.11
Prob. (F-statistics) 0.0000

Source: Research Findings.

In this study, we employed the Variance Inflation Factor (VIF) test to assess multicollinearity
(O'Brien, 2007), the Jarque-Bera test to examine the normality of disturbance terms, the White test
to diagnose heteroscedasticity, and the LM test to detect autocorrelation. The results are presented

in Tables 2 and 3. The VIF test indicates that there is no serious multicollinearity in the model, as

13



329
330
331
332
333

334
335

336
337
338
339
340
341

Journal of Agricultural Science and Technology (JAST), 28(5)
In Press, Pre-Proof Version

all values are well below the standard threshold of 5. Furthermore, the results of the Jarque—Bera
test indicate that the null hypothesis of normally distributed residuals cannot be rejected (Prob >

0.05). Similarly, the results of the White and LM tests confirm that the null hypotheses of

homoscedasticity and no autocorrelation in the disturbances cannot be rejected (Prob > 0.05).

Table 3. Test results of normality, heteroscedasticity, and autocorrelation in the translog cost
function of cotton.

Test Normality (Jarque-Bera Statistics)  Heteroskedasticity (White Test) ~ Autocorrelation (LM-Test)
T-Statistics 4.3222 0.4267 1.3205
Prob. 0.1151 0.9821 0.2712

Source: Research Findings

Estimation Results of Input Demand Functions Using Seemingly Unrelated Regression
Equations (SURE)

Table 4 presents the estimated demand functions for cotton inputs in Baghlan province,
Afghanistan. These functions were systematically estimated using the Seemingly Unrelated
Regression Equations (SURE) method, and the results were subsequently used to calculate the

elasticities of substitution, as described previously.

Table 4. Results of estimating the demand functions of the share of inputs in cotton production in
the Baghlan province of Afghanistan.

Inputs a Brr PR Brr pa Brr pPH Brer PN Ber ps Brr pL Ber pw Bpr pu YpPRY

0.288 0.208 -0.0004 -0.024 -0.0097 -0.004 -0.131 -0.004 -0.033 -0.007

Land (6.75)" (15.1) (-10.1) (-19.5) (-5.51) (-2.19) (-33.7) (-2.91) (-11.1) (-1.42)
a Bpapr Brara Bparpu Bparn Braps BrarL Bpapw Bparm Ypay

Animal 0.0671 -0.003 -0.001 -0.001 0.004 0.0005 -0.003 0.001 -0.0001 -0.003
manure (1.20) (-1.89) (21.79) (-0.53) (-1.51) (0.182) (-0.60) (0.83) (-0.03) (-0.49)
a Breripr  Bepipa  Beeuppn  Bepupn  Breups  Bepupr  Beeupw  Brpupm YpPPHY

Phosphate 0.185 -0.023 -0.0001 0.070 -0.004 -0.002 -0.034 0.0004 -0.006 -0.002
P (5.89) (-17.0) (-5.82) (76.14) (-2.96) (-1.31) (-12.0) (0.40) (-2.84) (-0.62)

a Bpn pr Benpa  Benpen  Benpn Bpn ps Bpn pL Bpn pw Bpn Py Ypny
Nitrogen 0.096 -0.009 -0.000 -0.002 0.030 -0.0006 -0.013 -0.0002 -0.004 -0.0003
g (12.36) (-43.5) (-4.89) (-10.6) (88.8) (-1.75) (-18.2) (-0.97) (-8.02) (-0.37)

a Bps pr Bps pa Bps ppr Bps pn Bps ps Bps pL Bps pw Bps pm Ypsy

Seed 0.064 -0.007 -0.000 -0.001 -0.001 0.020 -0.008 -0.0002 -0.005 0.0007
(12.36) (-48.7) (-5.95) (-10.9) (-5.66) (80.2) (-18.0) (-1.29) (-4.30) (1.30)

a BpL pr BpLpa BpL ppu BrpLpn BpL ps BpLpL BpL pw BrL pm YpLy

Labor 0.079 -0.1295  -0.0005 -0.032 -0.015 -0.013 0.243 -0.005 -0.046 0.008
(1.90) (-11.1) (-13.3) (-26.5) (-8.54) (-6.80) (64.0) (-3.72) (15.8) (1.78)

a Bpw pr Bewpa  Bepwppn  Bpwpn Bpw ps Brwpr  Brwpw  Brwpm Ypwy

Water 0.036 -0.002 -0.000 -0.0005  -0.0003 -0.000 -0.0042 0.008 -0.0008 0.0001
(8.46) (-20.4) (-3.26) (-4.33) (-1.68) (-0.22) (-10.7) (58.39) (-2.94) (0.31)

a Bpum pr Bepmpa  Bpupen  Bpumpn Bpu ps Bpu pL Bempw  Bpum pm Ypmy

Machinery 0.160 -0.031 -0.0001 -0.007 -0.002 -0.002 -0.042 -0.0008 0.087 0.002

(11.15)  (-785)  (-7.38)  (-17.8)  (-436)  (-3.56)  (:32.4) (-1.81) (87.71) (175
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Source: Research Findings * Numbers in parentheses are t-statistics...
The statistical significance of the coefficients was assessed at the 5% level, with p-values less than

0.05 considered statistically significant. Table 4 shows that all the coefficients of the demand
function for the land cost share are significant at this level, except for the production variable. The
demand for land share is positively related to the price of land; that is, as the price of land increases,
the share of land in the total cost of cotton production also rises. In contrast, there is a significant
negative relationship between the prices of animal manure, phosphate fertilizer, nitrogen fertilizer,
seed, labor, water, and machinery, indicating that as the prices of these inputs increase, the share
of land in total cost decreases. The demand functions for other input shares can be interpreted

similarly.

Results of the Allen-Uzawa Partial Elasticities of Substitution (AES)

Table 5 presents the results of Allen—Uzawa’s own and cross partial elasticities of substitution,
calculated from the estimated coefficients of the demand functions. All the Allen—-Uzawa partial
elasticities of substitution (i.e., the diagonal elements of the elasticity matrix) have the expected
negative sign, reflecting the inverse relationship between the price of an input and its quantity
demanded, consistent with economic theory. The results indicate a mix of elastic and inelastic
relationships. The absolute magnitude of the substitution elasticity is elastic (greater than one) for
animal manure (-99.08), water (-9.302), seeds (-2.508), machinery (-1.659), and nitrogen fertilizer
(-1.49), suggesting that changes in the relative prices of these inputs would lead to more than
proportional changes in their usage. In contrast, the elasticity is inelastic (less than one) for
phosphate fertilizer (-0.692), labor (-0.221), and land (-0.109), indicating that the demand for these
inputs is relatively insensitive to price changes. The high elasticity of animal manure suggests that
its consumption is highly responsive to price fluctuations, making it a viable input for rapid
adjustments in production. Conversely, the low elasticity of land implies that its use is relatively
stable and not significantly affected by price changes, reflecting its fundamental role as a fixed

factor of production.
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Table 5. Partial elasticity of the Allen-Uzawa substitution for cotton production inputs in
Baghlan province, Afghanistan.

Inputs Land Manure Phosphate  Nitrogen Seed Labor Water  Machinery
Land -0.109 0.831 0.090 0.122 0.078 0.033 0.057 -0.031
Manure -- -99.080 0.725 0.858 0.831 0.811 0.764 0.885
Phosphate -- - -0.692 0.067 0.283 0.073 0.431 -0.249
Nitrogen -- - -- -1.490 0.197 0.057 0.868 -0.492
Seed -- - -- -- -2.508 -0.267 3.567 0.719
Labor -- - -- -- - -0.221 -0.923 0.751
Water -- - -- -- - -- -9.302 1.358
Machinery -- -- -- -- -- -- -- -1.659

Source: Research Findings

The cross-elasticity results provide deeper insights into the relationships among inputs. Land
exhibits a complementary relationship with machinery (AES =-0.031), indicating that expanding
cultivated area requires additional machinery. This finding partially aligns with Bui et al. (2018),
who observed similar factor substitutions in rice production in Vietnam. The results also reveal a
weak substitution relationship between land and most other inputs, including manure, fertilizers,
seeds, and labor. These findings support the theory of agricultural intensification in developing
economies, as confirmed by Hussain et al. (2020), where labor and other inputs are utilized to
increase yield per unit of land.

Animal manure serves as a substitute for all other inputs, including phosphate, nitrogen, seeds,
labor, water, and machinery. This notable finding supports sustainable agricultural practices. The
capacity to replace chemical inputs, such as phosphate and nitrogen fertilizers, with animal manure
presents an opportunity to mitigate environmental externalities and reduce chemical pollution.
Both phosphate and nitrogen fertilizers exhibit a substitutable relationship with seeds, labor, and
water, suggesting that increased use of labor, for instance, could reduce the need for fertilizers,
with positive environmental implications. In contrast, both fertilizers show a complementary
relationship with machinery, likely because the application of fertilizers depends on machinery, so
greater use of one input requires greater use of the other.

Labor is a complement to seeds (AES =-0.267) and water (AES =-0.923). The complementarity
with seeds indicates that cotton cultivation in this region is labor-intensive, particularly during the
manual sowing process. The complementarity with water suggests that traditional irrigation
methods require a significant amount of manual labor. Labor is also a substitute for machinery

(AES =0.751)! This finding is consistent with economic theory and aligns with studies by Zhan
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and Zhou (2019), but contrasts with Pippa Rochelle and Ferreira Filho (1999), who found a
complementary relationship between these inputs in Brazil. The positive elasticity indicates that
an increase in machinery prices would lead to increased labor usage, and vice versa, confirming
the potential for substituting manual labor for mechanical power.

Water is a complement to labor but a substitute for all other inputs. The complementarity with
labor reflects the reliance on traditional irrigation methods, which require substantial manual
effort. The substitution relationship with other inputs suggests that increased use of these inputs,
such as higher-quality seeds or additional fertilizers, can enhance productivity and lead to more
efficient water use.

Seeds exhibit a substitution relationship with water and machinery, indicating that the use of
higher-quality seeds can reduce the need for these inputs. However, they are complementary to

labor, emphasizing the traditional, labor-intensive sowing practices in the region.

Results of Morishima Elasticity of Substitution (MES)

Table 6 reports the Morishima Elasticities of Substitution (MES) among the primary cotton
production inputs in Baghlan Province. Each cell in the table displays the MES value for the input
listed in the row in response to a price change in the input listed in the corresponding column. For
instance, the value in cell row I, column 2, represents the elasticity of substitution of land with
respect to manure following a change in the price of manure. The results indicate that most input
pairs exhibit positive MES values, implying varying degrees of substitution between them. The
strongest substitution occurs between manure and other inputs, particularly labor (MES = 1.146),
land (MES = 1.081), and phosphate fertilizer (MES = 0.870). These values suggest that animal
manure can effectively replace part of the chemical fertilizer demand, and increased labor use can
complement organic input management, reflecting both economic and environmental advantages.
Similarly, machinery shows moderate substitution relationships with labor (MES = 0.510), seed
(MES = 0.214), and water (MES = 0.209), indicating that mechanization can partly substitute for
manual operations and input handling. In contrast, the negative MES values between water and
other inputs—especially labor (MES = -0.457), manure (MES = -0.068), and land (MES = -
0.055)—indicate complementarity. This pattern reflects traditional irrigation systems that rely
heavily on manual labor and land expansion. Overall, the MES estimates reveal that substitution

is generally stronger among organic and chemical inputs and weaker between resource-intensive
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factors like water and labor. These findings are broadly consistent with the Allen—Uzawa elasticity
results, confirming similar substitution and complementarity patterns across key input pairs.

The results of the Morishima Elasticities of Substitution (MES) in this study are broadly consistent
with findings from previous research. Similar to Du et al. (2019), who reported limited substitution
possibilities among major agricultural inputs in fruit production, our results indicate weak
substitution between labor and machinery and strong substitution between organic and chemical
fertilizers. Likewise, Pang et al. (2021) found that substitution patterns vary by crop type, with
fertilizer and labor being substitutes in some contexts and complements in others, a pattern also
observed in our study. The complementary relationship between water and labor in Baghlan
province aligns with the findings of Ansari Roshandeh et al. (2022) for irrigated rice production
in Iran, highlighting the persistence of labor-intensive irrigation practices in developing
agricultural systems. In contrast, the strong substitution between animal manure and chemical
fertilizers found in our analysis extends previous results, suggesting that organic inputs could play
a larger role in sustainable cotton production. Overall, these comparisons confirm the reliability of
the MES estimates and demonstrate that the substitution and complementarity relationships

identified in this study are consistent with international evidence.

Table 6. Morishima elasticity of substitution for cotton production inputs in Baghlan
province, Afghanistan.

Inputs Land Manure Phosphate Nitrogen Seed Labor Water  Machinery
Land -- 0.042 0.043 0.040 0.038 0.050 0.036 0.033
Manure 1.081 -- 0.870 0.839 0.830 1.146 0.817 0.900
Phosphate 0.086 0.062 -- 0.059 0.063 0.087 0.060 0.032
Nitrogen 0.081 0.050 0.048 -- 0.047 0.072 0.050 -0.007
Seed 0.083 0.063 0.080 0.063 -- -0.054 0.085 0.129
Labor 0.103 0.098 0.098 0.094 0.086  -- 0.085 0.168
Water -0.055 -0.068 -0.039 -0.045 0.006  -0.457 -- 0.063
Machinery 0.188 0.204 0.178 0.181 0.214 0.510 0.209 --

Source: Research Findings

Results of Own- and Cross-Price Elasticities of Input Demand

Table 7 presents the own- and cross-price elasticities of demand for cotton production inputs in
Baghlan province, Afghanistan. All price elasticities of demand for land, animal manure,
phosphate fertilizer, nitrogen fertilizer, seeds, labor, water, and machinery exhibit the expected
negative sign, in line with economic theory. The absolute values of the own-price elasticities are

less than one for all inputs, indicating that demand is inelastic. These results are partially consistent
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with Wijetunga (2023), who analyzed rice production in Sri Lanka. In practical terms, a one
percent increase in input prices leads to a less than one percent decrease in input demand. Among

the inputs, animal manure has the highest own-price elasticity, while land has the lowest.

Table 7. Domestic and intersecting price elasticities of demand for cotton production inputs in
Baghlan province of Afghanistan.

Inputs
Land Manure  Phosphate Urea Seed Labor Water  Machinery
Demand Functio

Land -0.036  0.007 0.007 0.004 0.002  0.014 0.000  -0.003
Manure 0.271 -0.815 0.059 0.029 0.019  0.337 0.006  0.089
Phosphate 0.029 0.006 -0.056 0.002 0.006  0.030 0.003  -0.025
Urea 0.040 0.007 0.005 -0.050 0.004  0.031 0.007  -0.050
Seed 0.025 0.007 0.023 0.007 -0.056 -0.111 0.029  0.072
Labor 0.011 0.007 0.006 0.002 -0.006  -0.092 -0.007  0.076
Water 0.019 0.006 0.035 0.029 0.080  0.383 -0.074  0.137
Machinery -0.010  0.007 -0.020 -0.016 0.016  0.312 0.011  -0.198

Source: Research Findings

Table 7 presents the own- and cross-price elasticities of demand for production inputs. These
elasticities indicate how the demand for each input responds to a one percent change in the price
of other inputs. In terms of complementarity and substitution, the results are consistent with the

Allen—Uzawa partial elasticities of substitution.

Conclusions

This study analyzed the price and substitution elasticities of cotton production inputs in Baghlan
Province, Afghanistan, using a translog cost function estimated through the Seemingly Unrelated
Regression (SUR) method. The findings revealed that the demand for all production inputs—Iand,
labor, fertilizers, water, seeds, manure, and machinery—is inelastic, indicating that changes in
input prices have only a limited effect on input use. Among the inputs, animal manure exhibited
the highest own-price elasticity, suggesting its potential role as a flexible input for cost
adjustments, whereas land showed the lowest elasticity, reflecting its fixed nature in the production
process.

The Allen-Uzawa and Morishima elasticity estimates further highlighted the interrelationships
among production inputs. Strong substitution relationships were observed between animal manure
and chemical fertilizers, while labor and machinery demonstrated weak substitution, confirming

limited potential for replacing human labor with mechanization. Conversely, labor and water
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displayed complementary relationships, reflecting the persistence of traditional irrigation systems
that require intensive manual effort.

These findings have several policy implications. Promoting the use of animal manure can help
reduce dependency on chemical fertilizers, lower production costs, and mitigate environmental
impacts. However, mechanization policies should be implemented cautiously, as the substitution
between machinery and labor may lead to job displacement in rural areas. Policymakers should
therefore consider integrated agricultural development strategies that simultaneously enhance
productivity, maintain employment, and support environmental sustainability.

Finally, although the Seemingly Unrelated Regression (SUR) method provides efficient estimates
by accounting for correlations among input demand equations, it has certain limitations. The model
does not incorporate potential dynamic effects or unobserved heterogeneity among farms, which
could influence input demand behavior. Although this study provides valuable insights into input
demand and substitution elasticities that can inform policy design, it does not directly assess the
welfare impacts of specific policy scenarios on producers. Future research could build upon these
findings by incorporating welfare or simulation models to evaluate how changes in input prices,

subsidies, or technology adoption influence producer income and resource allocation.
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