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Abstract 

Despite an abundance of structural approaches developed for the analysis of market 

power, the range of approaches used empirically is limited to mostly one approach, 

the Production-Theoretic Approach (PTA) or the General Identification Method 

(GIM). This study provides empirical evidence for measuring and identifying 

market power in the Kazakh grain-processing industry using two structural 

approaches, PTA and GIM. Both approaches investigated a comparable regional-

level panel data set covering the period 2000-2011. The main outcome of this 

empirical analysis is that Kazakh grain processors did not exercise oligopsony 

power over grain suppliers during the investigation period.  
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1 Introduction 

Kazakhstan has become one of the top wheat and wheat flour exporters in the world 

within the last two decades. According to FAO statistics from 2000 to 2017, 

Kazakhstan was listed on the top ten of the wheat exporting countries with exports 

of 3.07 million tonnes in 2000 and 4.26 million tonnes in 2017, respectively. 

Moreover, Kazakhstan is currently the world’s second largest exporters of wheat 

flour with exports of 292.38 thousand tonnes in 2000 and 2.32 million tonnes in 

2017, respectively (FAOSTAT 2018).  

During the transition period from planned to market economy in the 1990’s, the 

Kazakh grain processing industry1, along with the grain production sector, had 

passed through a severe crisis before it started to recover after 2000. After a sharp 

fall in 1991-1995, the average annual wheat flour production was increased from 

1.57 million tonnes for the period 1995-2001 to 2.97 million tonnes in 2002-2011 

(CSMNERK2, 2012a). Nonetheless, in coinciding with the expanding flour 

production, the number of enterprises in the grain processing industry has been 

diminishing especially after 2005.  

This process is illustrated in Figure 1 depicting the development of the grain 

processing industry (including “Manufacture of grain mill products, starches and 

starch products” (NACE 10.6) and “Manufacture of prepared animal feeds (NACE 

10.9) in Kazakhstan. The graph shows the number of active enterprises operating 

in the Kazakh grain processing industry (secondary axis) and the total production 

                                                 
1 Grain processing industry includes two branches of economic activity classified by NACE “10.6 - 
Manufacture of grain mill products, starches and starch products” and “10.9 - Manufacture of 
prepared animal feeds”. NACE is an acronym derived from French “Nomenclature statistique des 
activités économiques dans la Communauté européenne” meaning in English “The Statistical 
classification of economic activities in the European Community” (EUROSTAT, 2018). 
2 CSMNERK is an acronym for the Committee on Statistics of Ministry of National Economy of 
the Republic of Kazakhstan, which was named the Agency of the Republic of Kazakhstan on 
Statistics before 2014 (see CSMNERK (various issues)). 
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quantity of processed products (that is: “Cereal and vegetable flour mix of fine 

grindings”, “Groats, wholemeal flour and pellets and other cereal products”, 

“Ready feed for farm animals, except flour and lucerne pellets”, “Rice-peeled” and 

“Rice-semi or fully milled”) in million tonnes at the national level. 

Figure 1. Grain processing industry development in Kazakhstan 

 
Source: Own illustration based on data received from ICCCSMNERK (2012) and annual data 

published by CSMNERK (2012a). 

From the Figure 1, it can be concluded that some players leave the industry or 

merge and that the remaining actors increase their share in the market. Indeed, 

according to the Business Media Group report of 2011, a consolidation process was 

observed in the grain processing market in recent years; companies merge and small 

players leave the market (Business Media Group 2011: 11). 

The outstanding aspect is the price development within the grain supply chain, 

particularly after intervention in 2008 when an export ban was introduced. Figure 2 

describes average price markups between wheat, wheat flour and wheat bread for 

the time period 2000-2011 for national level  deflated by CPI. As it can be seen, the 

prices mostly run in parallel with spikes in 2008. On April 15, 2008, although the 
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government export ban on wheat and meslin lasted only 5 months3, it, of course, 

influenced the whole supply chain, and resulting in rising prices for wheat, wheat 

flour and wheat bread. After lifting the ban and the reopening of the export markets, 

only the prices of wheat and wheat flour declined, whereas bread prices 

unexpectedly remained high; an observation that may mirror the government’s goal 

to secure and stabilize food prices (GRRK, 2008). 

Figure 2. Average price development in Kazakh grain supply chain 

 
Note: Nominal (current) prices are deflated by consumer price index (CPI) for all items 
(2000 = 100). 
Source: Own illustration based on annual data published by CSMNERK (2012c, 2012d). 
Overall, a more detailed analysis of price and market conditions shows that, within 

the Kazakh grain market, prices differed according to regions and several factors 

that affect price formation including world grain prices, undeveloped infrastructure 

and thus high transaction costs, weather conditions, the level of grain production 

                                                 
3 For more details on wheat export ban in Kazakhstan see GRRK (2008). 

7.5

10

12.5

15

17.5

20

22.5

25

27.5

30

32.5

35

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Th
ou

sa
nd

 te
ng

e 
pe

r t
on

e

wheat wheat flour wheat bread
Linear (wheat) Linear (wheat flour) Linear (wheat bread)



5 

development, and finally government regulations. Both, the wheat supply chain 

analysis and the comparison between local and world market prices indicate that 

the government intervention in 2008 had counter effects in the Kazakh wheat 

market: Predominantly, the prices were increased for the restriction period and, 

after its abolishment, declined for wheat and wheat flour products (see Figure 2). 

Nevertheless, the bakery industry managed to maintain the increased markup in the 

following years. 

A roughly parallel development of average prices for wheat (wheat farming sector), 

wheat flour (grain processor sector) and wheat bread (consumer sector) until 2008 

in Figure 2 points to constant markups along the grain chain. The trend was 

significantly distorted in 2008 after government intervened in the grain market and 

imposed temporary export bans on wheat from April to September 2008 with the 

aim of stabilising domestic prices (GRRK 2008). As can be seen in Figure 2, the 

linear trend for wheat (wheat farming sector) and wheat bread (consumer sector) is 

not strictly parallel over the entire period from 2000 to 2011, while the linear trend 

for wheat flour is simultaneously decreasing. These price dynamics suggest that 

some of the actors may benefit from the markups. In fact, Oskenbayev and 

Turabayev (2014) concluded an asymmetric development of prices along the 

Kazakh grain supply chain, while Pomfret (2007: 18) reported about price gap 

variation and distortion in the Kazakh grain market.  

On the other hand, the grain sector is characterized by market imperfections and 

high inefficiencies caused by high transaction costs and undeveloped infrastructure. 

In this context, the OECD in its 2013 report on agricultural policies in Kazakhstan 

established that infrastructural inefficiencies resulted in increased transactional 

costs for grain producers (OECD 2013: 21), and Swinnen (2009: 728) reported 

about local authorities still intervening in agricultural commodity markets in many 

ways. 
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Against this background, the two questions arise whether Kazakh grain processing 

industry is competitive, and whether it is able to influence and set the grain purchase 

price. The above mentioned evidences suggest that processors may be exerting 

market power while purchasing grain. Therefore, this study aims at investigating 

the question of oligopsony power in Kazakh grain processing industry.  

To conduct market power studies in the Kazakh grain chain, the two structural 

approaches PTA and GIM have been chosen. Both approaches can be described as 

structural models allowing for the simultaneous estimation of a system of equations 

in input and output markets. While PTA is more advantageous for considering full 

information on production technology, the GIM approach offers the possibility of 

estimating market power even if there are only demand or supply functions under 

optimality condition. Apart from these differences, both approaches have their 

limitations as they require special functional specifications and assume fixed-

proportion technology in the model. 

While a large number of empirical studies have been conducted to analyse market 

power in agricultural and food markets or industries, to our knowledge only one 

other study examines market power in the Australian grain and oilseed industry. 

O’Donnell et al. (2007) developed the model that additionally incorporated the 

factor of noncompetitive behaviour at every stage of the marketing chain was used 

to investigate the Australian multiple-input, multiple-output grains and oilseeds 

sector. Based on conjectural demand and supply elasticities and indexes of market 

power, the estimations showed that some of the food manufacturers exerted 

oligopsony market power while purchasing agricultural products such as wheat, 

barley, oats and triticale.  

This study is organized as follows. The next section describes the theoretical 

framework of the approaches and derives the empirical PTA and GIM models. 

Section 3 deals with the used panel data set. Section 4 presents and discusses the 
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main findings of both structural approaches applied to test the Kazakh grain supply 

chain for oligopsony market power. In the final section, we summarize the results 

and draw some conclusions. 

2 Theoretical and empirical model specification 

Consider the Kazakh grain-processing industry where firms produce a 

homogeneous output 𝑌𝑌 (wheat flour and other cereal foods) in a manufacturing 

process using agricultural input 𝑀𝑀 such as grain raw material and non-agricultural 

inputs represented by vector 𝒁𝒁. Then the production function of the grain processor 

can be represented in the following way: 

𝑌𝑌 = 𝑓𝑓(𝑀𝑀, 𝐙𝐙) (1) 

In the Kazakh grain-processing industry, the main outputs produced by processors 

are wheat flour and other cereal foods, that are assumed to be homogenous among 

the actors. As agricultural inputs, 8 main types of grains were utilized by 

processors: wheat, buckwheat, oats, maize, rye, rice, barley and millet. Labour and 

capital served as non-agricultural inputs needed in the production process.  

Additionally, grain processors purchase grain from local Kazakh grain producers 

to use it as agricultural input. Therefore, an inverse grain supply function faced by 

the processing industry can be given by: 

𝑊𝑊𝑀𝑀 = 𝑓𝑓(𝑀𝑀, 𝐒𝐒) (2) 

where 𝑊𝑊𝑀𝑀 denotes the price of grain purchased by the processing industry, and 𝐒𝐒 

is the vector of non-agricultural shift factors, such as fuel, pesticides and fertilizers, 

and machinery (tractors) utilized by agricultural grain producers.  

Considering the equations (1) and (2), the profit maximizing problem of grain 

processors can be defined accordingly: 
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Π = 𝑃𝑃 ∙ 𝑓𝑓(𝑀𝑀,𝐙𝐙) −𝑊𝑊𝑀𝑀 ∙ 𝑀𝑀 −𝑾𝑾𝐙𝐙 ∙ 𝐙𝐙 (3) 

where 𝑃𝑃 is the output price of grain processors and 𝑾𝑾𝐙𝐙 is a vector of prices of non-

agricultural inputs. After differentiating the processors profit maximization 

problem (3) with respect to 𝑊𝑊𝑀𝑀 and suitable rearranging, the first-order condition 

(FOC) for estimating oligopsony power can be represented in the following way: 

𝑊𝑊𝑀𝑀 �1 +
𝜙𝜙
𝜀𝜀
� = 𝑃𝑃 ∙ 𝑓𝑓𝑀𝑀 (4) 

where 𝜀𝜀 = (𝜕𝜕𝜕𝜕 𝜕𝜕𝑊𝑊𝑀𝑀⁄ )(𝑊𝑊𝑀𝑀 𝑀𝑀⁄ ) is the own-price elasticity of supply for grain, 𝑓𝑓𝑀𝑀 

is the marginal product of grain and 𝜙𝜙 is the conjectural elasticity measuring the 

degree of oligopsony power. Ranging between 0 and 1, 𝜙𝜙 indicates how 

competitive the market is. For 𝜙𝜙=0, the market is perfectly competitive, for 𝜙𝜙 =1 it 

is monopsonistic. Accordingly, the estimates between the extremes represent the 

structure of the oligopsony market, thus indicating the degree of oligopsony market 

power Kazakh grain processors have i.e. how much bargaining power they have 

when purchasing grain. 

The derivation of the empirical model is based on the study of Perekhozhuk et al. 

(2017) with adjustments to the Kazakh grain industry.4 According to Christensen 

et al. (1973), the production function (1) can be specified in a transcendental 

logarithmic (translog) form as follows: 

ln𝑌𝑌 = 𝛼𝛼0 + �𝛼𝛼𝑟𝑟 ln𝑋𝑋𝑟𝑟

3

𝑟𝑟=1

+
1
2
��𝛼𝛼𝑟𝑟𝑟𝑟 ln𝑋𝑋𝑟𝑟

3

𝑛𝑛=1

3

𝑟𝑟=1

ln𝑋𝑋𝑛𝑛 (5) 

                                                 
4 Turning to the aspect of specifications, the applied functions vary depending on the market and 
data analysed. Appelbaum (1982), Lopez (1984), Schroeter (1988), Schroeter and Azzam (1990), 
Azzam (1997), Morrison Paul (2001) applied generalized Leontief cost functions, whereas Azzam 
and Pagoulatos (1990), Bakucs et al. (2009, 2010), Perekhozhuk et al. (2013, 2015, 2017), Scalco 
et al. (2017) relied on translog production functions. Translog revenue and profit functions were 
used by Hockmann and Vöneki (2009), and Quagrainie et al. (2003), respectively. 
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+ 𝛾𝛾𝑇𝑇𝑇𝑇 +
1
2
𝛾𝛾𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + �𝛾𝛾𝑟𝑟𝑟𝑟 ln𝑋𝑋𝑟𝑟

3

𝑟𝑟=1

𝑇𝑇 

where 𝛼𝛼𝑟𝑟𝑟𝑟 = 𝛼𝛼𝑛𝑛𝑛𝑛. 𝑋𝑋𝑟𝑟 and 𝑋𝑋𝑛𝑛 represent production factors used to process grain, 

𝑟𝑟,𝑛𝑛=(𝑀𝑀, 𝐿𝐿,𝐾𝐾) with 𝑀𝑀, 𝐿𝐿,𝐾𝐾 indicating grain inputs, labour employed and capital 

utilised in the grain-processing industry, respectively. Time trend variable T is used 

to capture the technical change factor. 

From the translog-production function (5), the marginal product of grain expressed 

in the equation (4) above can be estimated in the following way: 

𝑓𝑓𝑀𝑀 = �𝛼𝛼𝑀𝑀 + �𝛼𝛼𝑀𝑀𝑀𝑀 ln𝑋𝑋𝑛𝑛

3

𝑛𝑛=1

+ 𝛾𝛾𝑀𝑀𝑀𝑀𝑇𝑇�
𝑌𝑌
𝑀𝑀

, 𝑛𝑛 = 𝑀𝑀, 𝐿𝐿,𝐾𝐾. (6) 

For estimating the degree of market power within the PTA approach, at least two 

equations are necessary, i.e. production function and FOC. Therefore, to derive 

FOC for profit maximization, the marginal product (6) can be substituted into the 

FOC for profit maximization (4) in this way:  

𝑊𝑊𝑀𝑀 = �𝛼𝛼𝑀𝑀 + �𝛼𝛼𝑀𝑀𝑀𝑀 ln𝑋𝑋𝑛𝑛

3

𝑛𝑛=1

+ 𝛾𝛾𝑀𝑀𝑀𝑀𝑇𝑇�𝑃𝑃
𝑌𝑌
𝑀𝑀

�1 +
𝜙𝜙
𝜀𝜀
��  (7) 

Azzam and Pagoulatos (1990), Mei and Sun (2008) and Perekhozhuk et al. (2013, 

2017) used a fixed exogenous value of own-price elasticity (𝜀𝜀) to measure the 

degree of market power (𝜙𝜙) without simultaneous estimation of supply equations. 

The GIM approach offer an attractive alternative for measuring the degree of 

market power. However, this approach do require estimation of supply function. 

Let 𝑊𝑊𝑖𝑖 and 𝑉𝑉𝑖𝑖 describe the output and input prices faced by agricultural producers, 

and 𝐴𝐴 designates the quasi-fixed input factor agricultural land expressed as grain-

sown area. Following Perekhozhuk et al. (2007, 2015) we assume that the inverse 
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grain supply function (2) can be written as a truncated second-order approximation 

to a general transcendental logarithmic function5: 

ln𝑀𝑀 = 𝛽𝛽0 + �𝛽𝛽𝑖𝑖 ln𝑊𝑊𝑖𝑖
𝑖𝑖

+ �𝜑𝜑𝑗𝑗 ln𝑉𝑉𝑗𝑗
𝑗𝑗

+ 𝜐𝜐𝐴𝐴 ln𝐴𝐴 + 𝛿𝛿𝑇𝑇T 

+�𝛽𝛽𝑖𝑖𝑖𝑖 ln𝑊𝑊𝑖𝑖 𝑇𝑇
𝑖𝑖

+ �𝜑𝜑𝑗𝑗𝑗𝑗 ln𝑉𝑉𝑗𝑗 𝑇𝑇
𝑗𝑗

+ 𝜐𝜐𝐴𝐴𝐴𝐴 ln𝐴𝐴 𝑇𝑇 +
1
2
𝛿𝛿𝑇𝑇𝑇𝑇𝑇𝑇2 , 

(8) 

where 𝑊𝑊𝑖𝑖 (𝑖𝑖 = 𝑀𝑀,𝐸𝐸,𝐶𝐶,𝑃𝑃) are (in respective order) the price of grain delivered from 

agricultural producers to the processing industry (𝑊𝑊𝑀𝑀), the price for wheat 

exported from Kazakhstan to international markets (𝑊𝑊𝐸𝐸), the price received for 

cattle (𝑊𝑊𝐶𝐶), the price received for potatoes (𝑊𝑊𝐶𝐶), and 𝑉𝑉𝑗𝑗 (𝑗𝑗 = 𝑃𝑃,𝑇𝑇,𝐹𝐹, 𝑆𝑆) are the 

input prices of pesticide-fertilizers (𝑉𝑉𝑃𝑃), tractors (𝑉𝑉𝑇𝑇), fuel (𝑉𝑉𝐹𝐹), workers’ salary 

(𝑉𝑉𝑆𝑆) paid by the agricultural producers, respectively. To maintain homogeneity of 

degree zero, the following parameter restrictions are implemented in the model: 

(i)�𝛽𝛽𝑖𝑖
𝑖𝑖

+ �𝜑𝜑𝑗𝑗
𝑗𝑗

= 0 and (ii) �𝛽𝛽𝑖𝑖𝑖𝑖
𝑖𝑖

+ �𝜑𝜑𝑗𝑗𝑗𝑗
𝑗𝑗

= 0. (9) 

                                                 
5 Within the GIM approach only a demand and/or supply function with first-order condition is 
estimated. According to Bresnahan (1982) and Lau (1982), the function used must have the 
following specific properties: it (i) must be at least of a second degree in 𝑀𝑀, (ii) must be nonseparable 
in 𝑀𝑀, and (ii) must have no constant elasticity with respect to 𝑀𝑀. Lopez and You (1993) applied 
semi-logarithmic (log-linear) and double logarithmic functional forms. Weerahewa (2003) used 
linear and double logarithmic functional forms. Schroeter (1988), Bhuyan and Lopez (1997, 1998), 
Gohin and Guyomard (2000), Chidmi et al. (2005), Zheng and Vukina (2009) applied double 
logarithmic functional forms. O’Donnell et al. (2007), and Anders (2008) chose linear functional 
forms in their analyses. However, there are the studies that follow Bresnahan’s and Lau’s 
recommendations. Buschena and Perloff (1991), and Mérel (2009) used linear function with 
interaction terms and double logarithmic functional forms. Deodhar and Sheldon (1995, 1996, 
1997), Muth and Wohlgenant (1999) specified a linear function with interaction terms. However, 
other types of specification have been applied by other scholars as well. Hyde and Perloff (1995, 
1998), Hovhannisyan and Gould (2012), and Chizari et al. (2018) applied the almost ideal demand 
system, the generalized quadratic almost ideal demand system, the linear almost ideal demand 
system, respectively. Grau and Hockmann (2017) defined the vector error correction model in their 
analysis.  
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Own-price elasticity and cross-price elasticities can be estimated by the partial 

derivatives of the supply function (6) with respect to output and input prices, 

respectively in the following ways: 

𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝑖𝑖⁄ = 𝛽𝛽𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑖𝑖 𝑇𝑇, (10) 

and  

𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑗𝑗⁄ = 𝜑𝜑𝑗𝑗 + 𝜑𝜑𝑗𝑗𝑗𝑗 𝑇𝑇. (11) 

Similarly, elasticities for the quasi-fixed factor sown area (𝐴𝐴) of the translog supply 

function (8) can be derived as follow: 

𝜕𝜕ln𝑀𝑀 ∂ln𝐴𝐴⁄ = 𝜐𝜐𝐴𝐴 + 𝜐𝜐𝐴𝐴𝐴𝐴 𝑇𝑇. (12) 

The rate of autonomous technological change in the grain supply can be obtained 

in the following way: 

𝜕𝜕ln𝑀𝑀 𝜕𝜕𝜕𝜕⁄ = 𝛿𝛿𝑇𝑇 + �𝛽𝛽𝑖𝑖𝑖𝑖 ln𝑊𝑊𝑖𝑖
𝑖𝑖

+ �𝜑𝜑𝑗𝑗𝑗𝑗 ln𝑉𝑉𝑗𝑗
𝑗𝑗

+ 𝜐𝜐𝐴𝐴𝐴𝐴 ln𝐴𝐴 + 𝛿𝛿𝑇𝑇𝑇𝑇𝑇𝑇. (13) 

Substituting the own-price elasticity for grain supply (9) in FOC (7) will lead to the 

following derivation: 

𝑊𝑊𝑀𝑀 = �𝛼𝛼𝑀𝑀 + �𝛼𝛼𝑀𝑀𝑀𝑀 ln𝑋𝑋𝑛𝑛

3

𝑛𝑛=1

+ 𝛾𝛾𝑀𝑀𝑀𝑀𝑇𝑇�𝑃𝑃
𝑌𝑌
𝑀𝑀

�1 +
𝜙𝜙

𝛽𝛽𝑀𝑀 + 𝛽𝛽𝑀𝑀𝑀𝑀𝑇𝑇
��  (14) 

Since GIM model consists of two equations, supply function (8) and first-order 

condition (14), the estimation of this market structure model was conducted 

simultaneously. As previously mentioned, it is possible to estimate the degree of 

market power parameter with the FOC and translog production function (5) as well. 

By estimating the structural model with the two endogenous variables 𝑀𝑀 and 𝑊𝑊𝑀𝑀, 

it was possible to test the market power parameter. 
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Within the PTA framework, three equations were estimated. Accordingly, the list 

of parameters estimated in this system is different from that in GIM. The production 

function (5) that has to be estimated additionally in PTA provides the factor 

parameters and relative elasticities for labour and capital. For GIM, labour and 

capital data of processors were used as well, however only as interaction terms with 

grain parameters in estimating FOC. In PTA, these variables are used in PF and 

FOC together with their interaction terms. The model also contained regional 

dummies.  

3 Data sources and descriptive statistics 

The annual data used for the analysis were obtained from the various issues of the 

Committee on Statistics of Ministry of National Economy of the Republic of 

Kazakhstan (CSMNERK), the former Agency of the Republic of Kazakhstan on 

Statistics. The dataset combined data provided in various issues of statistical 

yearbooks on different Kazakh sectors and regions, such as “Industry of Kazakhstan 

and its regions”, “Regions of Kazakhstan”, “Agriculture, forestry and fishery in the 

Republic of Kazakhstan”, “Prices in agriculture, forestry and fishery in the 

Republic of Kazakhstan”, “Prices in industry and tariffs for production services in 

the Republic of Kazakhstan”, “Prices on consumer market in the Republic of 

Kazakhstan”, and “Balance of resources and utilization of main agricultural 

products of the Republic of Kazakhstan”. However, despite this broad range of 

information, the compilations did not provide the full set of data necessary for the 

analysis, particularly at the regional level, so that the missing data were 

supplemented by the Information and Computing Center of the Committee on 

Statistics of Ministry of National Economy of the Republic of Kazakhstan 

(ICCCSMNERK). 

The analysis relied on regional-level data from 14 regions: Akmola, North 

Kazakhstan, Atyrau, Aktobe, East Kazakhstan, Karaganda, Mangystau, South 
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Kazakhstan, Kostanay, Almaty region, Pavlodar, West Kazakhstan, Jambyl, 

Kyzylorda and the two cities Almaty and Astana. Since grain production and 

processing industries were not significantly represented in these cities, the 

observations were integrated into in the data of Almaty and Akmola regions, 

respectively. 

Table 1 reports the descriptive statistics for the model variables of the balanced 

panel dataset covering the time period from 2000 to 2011. With respect to grain 

processors, the dataset used a combination of the observations for fodder and flour 

production (“Manufacture of grain mill products, starches and starch products” 

NACE 10.6 and “Manufacture of prepared animal feeds” NACE 10.9), since, grain 

processors in many cases produce both products. Therefore, on the processors’ side, 

the output data comprised the quantity of total production of processed grain 

products and the corresponding price of processors’ output products (𝑃𝑃). The 

quantities and prices for inputs and outputs were given in aggregated form for both 

sectors. In detail, the output quantities (𝑄𝑄) for grain processors include four 

following products: (i) Flour products – “Cereal and vegetable flour, mix of fine 

grindings”; (ii) Groats – “Groats, wholemeal flour and pellets and other cereal 

products; (iii) Fodder – “Ready feed for farm animals, except flour and lucerne 

pellets”; (iv) Rice - peeled; (v) Rice - semi or fully milled. The aggregated output 

values of all products produced by grain processors were collected from various 

issues of statistical yearbook “Industry of Kazakhstan and its regions” 

(CSMNERK, 2012a). Even though the variable on the output value of the grain-

processing industry was not included in the model itself, it was used to estimate 

average aggregate output prices. Accordingly, the average price for aggregated 

grain processor outputs (𝑃𝑃) was estimated based on a simple division of the 

aggregated output value by output quantity of the grain-processing industry (𝑄𝑄).
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Table 1. Descriptive statistics for the model variables used in PTA and GIM approaches 

Variable Definition Units Min Max Mean Source 
𝑄𝑄 Aggregated output quantities of the grain-processing 

industry 
Metric ton 493 1025995 230910.5 CSMNERK (2012a) 

𝑃𝑃 Output price of the grain-processing industry Tenge/kg 3.7 81.3 22.5 Constructed based on 
statistical data on output 
quantities and values 
CSMNERK (2012a) 

𝑀𝑀 Grain input quantities used by the grain-processing 
industry 

Metric ton 701.0 1202969 301280.1 Constructed based on 
CSMNERK (2012b,c) 

𝐾𝐾 Capital utilised by the grain-processing industry Thousand Tenge 1781.0 1495909 218409.4 ICCCSMNERK (2012) 
𝐿𝐿 Labour employed in the grain-processing industry Employees 16.2 2299 831.3 ICCCSMNERK (2012) 
𝑊𝑊𝑀𝑀 Price of grain delivered from agricultural producers to 

the processing industry (wheat producer price) 
Tenge/Metric ton 4053.7 35955 15678.7 CSMNERK (2012d) 

𝑊𝑊𝐸𝐸 Export price of wheat Tenge/Metric ton 12634.9 62476.5 21394.3 GTA (2012) 
𝑊𝑊𝐶𝐶 Cattle price index (2000 = 100%) Percent 99.2 501.3 202.1 CSMNERK (2012d) 
𝑊𝑊𝑃𝑃 Price for potatoes (2000 = 100%) Tenge/ Metric ton 11151.0 70000.0 31483.7 CSMNERK (2012d) 
𝑉𝑉𝑃𝑃 Price index of pesticides and fertilizers (2000 = 100%) Percent 98.6 251.4 133.4 CSMNERK (2012d) 
𝑉𝑉𝑇𝑇 Price index of tractors (2000 = 100%) Percent 100.0 253.9 133.0 CSMNERK (2012d) 
𝑉𝑉𝐹𝐹 Price index of fuel (2000 = 100%) Percent 100.0 600.1 233.2 CSMNERK (2012d) 
𝑉𝑉𝑆𝑆 Average salary of workers employed in agriculture Tenge 3619.0 50847.0 18537.0 CSMNERK (2012h) 
𝐴𝐴 Total grain-sown area Thousand ha 0.1 4537.1 1058.8 CSMNERK (2012c) 

Source: Own calculations based on the panel data obtained from the various issues of the Committee on Statistics of Ministry of National Economy 
of the Republic of Kazakhstan (CSMNERK) and Computing Center of the Committee on Statistics of Ministry of National Economy of 
the Republic of Kazakhstan (ICCCSMNERK). 
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On the input side of processors, M indicates the quantity of grain supplied to 

processors and 𝑊𝑊𝑀𝑀 the purchase price of grain represented by the average wheat 

price. Regarding non-agricultural inputs, three main elements were included in the 

analysis electricity, capital (C) and labour (L). In this place, it must be said that it 

was not possible to acquire all necessary information for the electricity variable 

since parts of the data were either incomplete or not reliable.  

Moreover, since electricity costs represent only 3% in the total cost structure6, the 

variable was excluded from the analysis to avoid estimation bias. Data on capital 

expenditure and labour data were provided on request from 

ICCCSMNERK (2012). 

Apart from the variables described above, other factors influencing the price and 

quantity of grain supplied to processors were included in the analysis. Namely that 

(i) Export price of wheat (𝑊𝑊𝐸𝐸), price index for cattle (𝑊𝑊𝐶𝐶) and price for potatoes 

(𝑊𝑊𝐶𝐶). These indexes were considered due to the fact that wheat export and animal 

feeding industries, along with processing industry are the most important 

distribution channels for grain producers. Of course, the prices in those sectors not 

only compete with the processors’ purchasing price, but also impact the grain flow 

within the distribution channels, hence the quantity delivered to processors. As 

regards the potato price, the reason why it was included in analysis lies in its 

potential to be a substitute crop to grain produced on arable lands. Put otherwise, 

grain producers can switch their arable land to potato production in case of higher 

profitability.  

As there were five major factors on the input side of the grain producers, their 

respective relative factor price data were also collected from various issues of 

statistical yearbooks “Prices in industry and tariffs for production services in the 

                                                 
6 These empirical findings is confirmed by Kazakh grain experts (Gan, 2014). 
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Republic of Kazakhstan”, namely comprised: (i) Average salary of workers 

employed in agriculture (𝑉𝑉𝑆𝑆); (ii) Price index of tractors (𝑉𝑉𝑇𝑇); (iii) Price index of 

pesticides and fertilizers (𝑉𝑉𝑃𝑃); (iv) Price index of fuel (𝑉𝑉𝐹𝐹). All price data used for 

analysis was deflated by the consumer price index (𝐶𝐶𝐶𝐶𝐶𝐶). Consumer Price Index 

(𝐶𝐶𝐶𝐶𝐶𝐶) data were collected from statistical yearbooks “Prices on consumer market 

in the Republic of Kazakhstan” (CSMNERK, 2012f). To exclude inflation factor in 

price development, prices from 2000 served as the base year for deflation.  

The annual data on total grain sown area (𝐴𝐴) were collected from various issues of 

statistical yearbooks “Agriculture, forestry and fishery in the Republic of 

Kazakhstan”. The panel dataset applied for GIM and PTA analysis covered the time 

period 2000-2011 and combined 168 observations at the regional level. It must be 

said that the data obtained from the above-mentioned sources were incomplete, 

with missing values for the regions Atyrau and Mangystau. Therefore, to solve the 

problem and to approximate these missing values, standard techniques were 

employed, namely linear interpolation technics as provided by STATA (2017). 

4 Estimation results 

To perform a comparison of the two approaches PTA and GIM, the models in 

Section 4 were estimated as a system of simultaneous equations using the 

estimation procedures for N3SLS and GMM as provided by the software package 

SAS (SAS, 2008).  

4.1 Results of the PTA models 

The production function estimated within PTA was specified as translog function 

(equation (5)), the FOC (equation (7)), and the supply function as truncated translog 

function (equation (8)). Regional dummies were incorporated in both supply and 

production function. The fit of all PTA models estimated are summarized in Table 

2. From a total of 76 parameters estimated 34 parameters refer to the truncated 
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translog supply function (SF) and 28 parameters to the translog production function 

(TLPF). The FOC has 18 parameters, of which 5 are shared by the TLPF and 2 by 

the SF.  

Table 2. PTA model summary 

As can be seen from the summary statistics of Table 2, the high estimates of R-

squared a indicate that the model is able to explain the variability of production and 

supply functions to a significant and comparable extent. As for FOC, although the 

estimates are lower, the fit of the model is considerable, and thus also the 

explanatory power. The Durbin-Watson (DW) estimates for serial autocorrelation 

are relatively high and range between 1.44 and 1.98. The Durbin-Watson test results 

rejects the hypothesis of the presence of serial autocorrelation in all estimates. 

The estimated parameters are reported in Table 3. The parameters are presented in 

the PTA model since the empirical structural model combines three equations. The 

production function estimates include factor parameters with interaction terms and 

most of most of which are statistically significant in GMM method. A similar 

picture is rendered in case of the estimated parameters of the supply function. These 

parameters also provide the factor estimates with interaction terms. From a 

theoretical point of view, the estimated parameters of both translog functions are 

not interpretable.   

 N3SLS GMM 
Number of observations 168 168 
Objective Value 1.78 0.37 
Number of estimated parameters 76 76 
R-squared:   
TLPF 0.99 0.98 
SF 0.96 0.97 
FOC 0.77 0.79 
Durbin-Watson (DW):   
TLPF 1.98 1.73 
SF 1.44 1.46 
FOC 1.87 1.78 
Source: Own estimation. 
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Table 2. Estimation results for PTA approach 

Slightly different estimates were received by N3SLS that, not in all cases, led to 

statistically significant results. The grain parameter 𝛼𝛼𝑀𝑀 of the production function 

is negative for both estimation methods, yet statistically significant is it only in 

Parameter N3SLS GMM 
Estimate t-ratio Estimate t-ratio 

𝛼𝛼0 -0.875 -0.64 3.162*** 5.57 
𝛼𝛼𝑀𝑀 -0.015 -0.09 -0.238*** -2.72 
𝛼𝛼𝐿𝐿 1.061*** 3.16 0.464*** 3.15 
𝛼𝛼𝐾𝐾 0.449* 1.74 -0.126 -1.1 
𝛾𝛾𝑇𝑇 -0.093* -1.73 -0.061*** -3.03 
𝛼𝛼𝑀𝑀𝑀𝑀 0.060*** 9.57 0.104*** 24.31 
𝛼𝛼𝑀𝑀𝑀𝑀 0.004 0.22 -0.044*** -4.08 
𝛼𝛼𝑀𝑀𝑀𝑀  -0.037** -2.49 -0.037*** -5.49 
𝛾𝛾𝑀𝑀𝑀𝑀 0.013** 2.19 0.015*** 4.97 
𝛼𝛼𝐿𝐿𝐿𝐿 -0.098** -2.25 0.032 1.52 
𝛼𝛼𝐿𝐿𝐿𝐿 0.018 0.41 -0.030 -1.56 
𝛾𝛾𝐿𝐿𝐿𝐿 -0.012 -1.09 -0.023*** -4.86 
𝛼𝛼𝐾𝐾𝐾𝐾 -0.004 -0.21 0.030*** 3.05 
𝛾𝛾𝐾𝐾𝐾𝐾 -0.001 -0.08 -0.003 -0.88 
𝛾𝛾𝑇𝑇𝑇𝑇 0.003 1.44 0.006*** 4.54 
𝛽𝛽0 12.153 1.26 17.990*** 2.76 
𝛽𝛽𝑀𝑀 -0.518*** -2.87 -0.413*** -4.02 
𝛽𝛽𝐶𝐶  -0.835 -1.43 -1.088*** -3.74 
𝛽𝛽𝐸𝐸 -0.476 -1.24 -1.029*** -5.48 
𝛽𝛽𝑃𝑃 0.398 1.16 0.583*** 2.76 
𝜑𝜑𝑃𝑃 -1.582* -1.73 -2.260*** -4.48 
𝜑𝜑𝑇𝑇 1.720 1.47 1.461** 2.19 
𝜑𝜑𝐹𝐹 0.357 0.71 1.021*** 3.81 
𝜑𝜑𝑆𝑆 0.271 0.61 0.086 0.33 
𝜐𝜐𝐴𝐴 0.615*** 2.76 0.687*** 4.01 
𝛿𝛿𝑇𝑇 0.728 0.72 0.409 0.69 
𝛽𝛽𝑀𝑀𝑀𝑀  0.083*** 2.89 0.066*** 4.02 
𝛽𝛽𝐶𝐶𝐶𝐶  0.016 0.28 0.016 0.59 
𝛽𝛽𝐸𝐸𝐸𝐸  0.076 1.49 0.140*** 5.92 
𝛽𝛽𝑃𝑃𝑃𝑃 -0.081* -1.79 -0.108*** -3.55 
𝜑𝜑𝑃𝑃𝑃𝑃 0.220** 2.2 0.274*** 5.06 
𝜑𝜑𝑇𝑇𝑇𝑇 -0.295** -2.52 -0.293*** -4.44 
𝜑𝜑𝐹𝐹𝐹𝐹  -0.073 -1.18 -0.141*** -4.18 
𝜑𝜑𝑆𝑆𝑆𝑆 -0.082 -1.35 -0.063 -1.55 
𝜐𝜐𝐴𝐴𝐴𝐴  0.002 0.48 0.004* 1.72 
𝛿𝛿𝑇𝑇𝑇𝑇 0.017 1.01 0.022** 2.14 
𝜙𝜙 -0.019* -1.66 -0.009* -1.76 

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * 
denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

Source: Own estimation. 
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GMM. Similarly, 𝛽𝛽𝑀𝑀 in the supply function is also negative, but statistically 

significant in both estimation methods. Moreover it is close to the value obtained 

in GIM approach. At the end of the table, the 𝜙𝜙 parameter as indicator of oligopsony 

power is given. Its estimation values of -0.019 (N3SLS) and -0.009 (GMM) are 

statistically significant. Normally, the 𝜙𝜙 parameter is 0 or positive; however in 

some empirical analyses it can be negative as well (Azzam, 1997).  

As already mentioned, the PTA approach, in contrast GIM, allows for factor 

elasticity estimates for the production function. Since the estimated parameters of 

the translog production function (5) are not interpretable, we have additionally 

calculated the production elasticities of each input, returns to scale, and the rate of 

autonomous technical change. The production elasticities are estimated as a 

combination of estimated coefficients of the translog production and the average of 

input and time trend values by the following equations:  

∂ln𝑌𝑌
∂ln𝑋𝑋𝑟𝑟

= 𝛼𝛼𝑟𝑟 + �𝛼𝛼𝑟𝑟𝑟𝑟 ln𝑋𝑋𝑛𝑛

3

𝑛𝑛=1

+ 𝛾𝛾𝑟𝑟𝑟𝑟T (15) 

These elasticities are estimated at the sample means of the variables of the panel 

data set used in the analysis and are presented in Table 4. The corresponding 

estimates are statistically significant and positive for grain as the material factor in 

the processing production function. With respect to the other factors such as labour 

and capital, N3SLS and GMM generated contradictory results. Looking at Table 4, 

the N3SLS estimates are positive and statistically significant only for labour, 

whereas the GMM estimates are negative and statistically significant. Negative 

factor estimates can be explained by unutilized capacities of the grain-processing 

industry. In the case of negative estimates, it can be considered zero since its values 

in both N3SLS and GMM are close to zero. Whether this assumption is true, the 

Wald test was applied. It yielded the following results presented in Table 5. 
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In addition to that, the sum the sum of the production elasticities reveals a measure 

of returns to scale (𝐶𝐶𝐶𝐶𝐶𝐶 = 𝜌𝜌𝑌𝑌𝑌𝑌 + 𝜌𝜌𝑌𝑌𝑌𝑌 + 𝜌𝜌𝑌𝑌𝑌𝑌). The scale elasticities estimated by 

N3SLS are a little greater than one and highly statistically significant, thus 

revealing evidence of increasing returns to scale in the grain-processing industry. 

Contradictory results were received for the returns to scale (𝐶𝐶𝐶𝐶𝐶𝐶) estimates 

obtained by GMM. While the N3SLS result is positive and statistically highly 

significant, thus implying increasing returns to scale, the corresponding GMM 

estimate is negative and statistically insignificant (Table 4). 

Table 3. Estimated elasticities, returns to scale and technical change rate 

The rate of autonomous technical change in the grain processing industry are 

estimated as a combination of estimated coefficients of the translog production with 

respect to time trend and the average of each input and time trend values in the 

following way: 

 N3SLS GMM 
Estimate t-ratio Estimate t-ratio 

Production elasticities w.r.t. the input of:     
materials (𝜌𝜌𝑌𝑌𝑌𝑌 = ∂ln𝑌𝑌 ∂ln𝑋𝑋𝑀𝑀⁄ )  0.389***  9.70  0.385*** 17.88 
labour (𝜌𝜌𝑌𝑌𝑌𝑌 = ∂ln𝑌𝑌 ∂ln𝑋𝑋𝐿𝐿⁄ )  0.622**  2.32 -0.353***  -2.66 
capital (𝜌𝜌𝑌𝑌𝑌𝑌 = ∂ln𝑌𝑌 ∂ln𝑋𝑋𝐾𝐾⁄ )  0.072  0.30 -0.436***  -3.64 
Returns to scale (𝐶𝐶𝐶𝐶𝐶𝐶 = 𝜌𝜌𝑌𝑌𝑌𝑌 + 𝜌𝜌𝑌𝑌𝑌𝑌 + 𝜌𝜌𝑌𝑌𝑌𝑌)  1.083**  2.41 -0.404* -1.72 
Technical change rate (𝛾𝛾𝑌𝑌𝑌𝑌 = ∂ln𝑌𝑌 ∂ 𝑇𝑇⁄ )  -0.093* -1.86 -0.096*** -4.87 
Supply elasticities w.r.t.:     
own-price of grain (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝑀𝑀⁄ )  0.023  1.29  0.018**  1.88 
cross-price of cattle (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝐶𝐶⁄ ) -0.734** -2.19 -0.985*** -5.23 
cross-price of wheat exports (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝐸𝐸⁄ )  0.017  0.13 -0.119* -1.64 
cross-price of potatoes (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝑃𝑃⁄ ) -0.128 -0.76 -0.120 -1.60 
cross-price of pesticides (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑃𝑃⁄ ) -0.151 -0.35 -0.481** -2.09 
cross-price of tractors (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑇𝑇⁄ ) -0.199 -0.37 -0.446 -1.45 
cross-price of fuel (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝐹𝐹⁄ ) -0.115 -0.41  0.107  0.74 
cross-price of salary (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑆𝑆⁄ ) -0.265 -0.74 -0.323* -1.80 
quasi-fixed land (grain sown area) (𝜈𝜈𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝐴𝐴⁄ )  0.628***  2.70  0.716***  3.95 
Technical change rate (𝛿𝛿𝑀𝑀𝑀𝑀 = ∂ln𝑀𝑀 ∂𝑇𝑇⁄ )  0.835  0.76  0.550  0.084 
Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * 

denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
Source: Own estimation. 
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∂ln𝑌𝑌
∂𝑇𝑇

= 𝛾𝛾𝑇𝑇 + 𝛾𝛾𝑇𝑇𝑇𝑇𝑇𝑇 + �𝛾𝛾𝑟𝑟𝑟𝑟 ln𝑋𝑋𝑟𝑟

3

𝑟𝑟=1

. (16) 

The estimated average annual rate of autonomous technical change (𝛾𝛾𝑌𝑌𝑌𝑌 =

∂ln𝑌𝑌 ∂𝑇𝑇⁄ ) is rather small and does not suggest an appreciable change in the grain 

processing industry over the investigation period from 2000 to 2011. Moreover, the 

estimates of input factors (𝑟𝑟 = 𝑀𝑀, 𝐿𝐿,𝐾𝐾) in Table 3 indicate that technical change is 

not Hicks-neutral (𝛾𝛾𝑟𝑟𝑟𝑟 ≠ 0). 

The SF parameters combine estimation of the coefficients of output prices for grain 

(𝛽𝛽𝑀𝑀), for cattle (𝛽𝛽𝐶𝐶), for wheat exports (𝛽𝛽𝐸𝐸), for potatoes (𝛽𝛽𝑃𝑃), input prices for 

pesticides and fertilizers (𝜑𝜑𝑃𝑃), for tractors (𝜑𝜑𝑇𝑇), for fuel (𝜑𝜑𝐹𝐹), for salary (𝜑𝜑𝑆𝑆) in 

grain production, quasi-fixed input factor measured in terms of grain-sown area and 

interaction terms with time. Again looking at Table 4, there is not a single 

statistically significant factor elasticity estimate received for the supply function. 

However, all of them are negative as expected, except fuel prices in case of GMM. 

The own-price elasticities for grain (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝑀𝑀⁄ ) are positive, though 

statistically significant only for GMM. With respect to cross-price elasticities of 

outputs (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝑖𝑖⁄ ) and inputs �𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑗𝑗⁄ �, there are 

statistically significant estimates only for cattle price. For sown area (𝜈𝜈𝑀𝑀𝑀𝑀 =

𝜕𝜕ln𝑀𝑀 ∂ln𝐴𝐴⁄ ), the estimates are positive and statistically highly significant for both 

N3SLS and GMM. 

As described above, the analysis led to negative, but close-to-zero market power 

parameters. To test the parameter value for statistical significance, the Wald test 

was applied by, to be specific, testing the two slightly different values 0 and 0.01 

as possible options for the estimates. According to the results in Table 5, the 

parameter 𝜙𝜙 is statistically close to zero for both N3SLS and GMM estimation 
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methods, thus implying that there is no evidence of market power in the grain-

processing industry in the investigation period. 

Table 4. Wald test results for market power 

The findings from the PTA approach are very similar to those of Morrison Paul 

(2001) who also obtained a low negative, but close to zero estimate (-0.0083) for 

the US beef-packing market. Negative estimates have been also detected by Azzam 

(1997) and Perekhozhuk et al. (2017) in investigating US beef-packing and 

Ukrainian dairy markets, respectively. Low estimates for oligopsony power have 

been received by Quagrainie et al. (2003), Hockmann and Vöneki (2009) and 

Bakucs et al. (2009, 2010). The results of the present study are also similar to the 

findings of Hovhannisyan and Gould (2012), who tested the US dairy market for 

oligopsony power and found estimation parameters ranging from 0.000 to 0.022. 

4.2 Results of the GIM approach 

As with PTM, the GIM model was estimated applying the two different estimation 

methods N3SLS and GMM. The grain supply function (8) was specified as 

truncated translog function, and hence all variables were used as exogenous 

variables along with time trend interaction terms. To capture regional effects in the 

grain supply function, regional dummies were included in the analysis.  

In total, the estimation comprised 53 parameters, of which 33 parameters belonged 

to SF and 20 parameters to FOC. Table 6 reports a brief summary of the model fit. 

  

Test N3SLS GMM 
Statistics p-value Statistics p-value 

𝜃𝜃 = 0 2.74 0.098 3.11 0.078 
𝜃𝜃 = 0.01 108.67 0.000 501.85 0.000 
Constant returns to scale (CRS) 0.03 0.854 35.84 0.000 
Homogeneity of degree zero in price 4.34 0.037 26.65 0.000 
Source: Own estimation. 
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Table 5. GIM model summary 

In case of N3SLS, R-squared and adjusted R-squared are 0.97 and 0.96, respectively 

for SF and 0.79 and 0.76, respectively, for FOC. The picture is similar for GMM 

as there are minor differences with N3SLS and, on the whole, also high degrees of 

model explanation. The DW test for serial autocorrelation ranges from 1.40 

(N3SLS, SF) to 1.71 (GMM, FOC). 

Turning to the market power parameter 𝜙𝜙, the result for both N3SLS and GMM are 

unexpected as they have a negative sign (see Table 7). However, they are close to 

zero and statistically insignificant. To test whether 𝜙𝜙 is statistically zero or not, the 

Wald test was performed. The corresponding test results are provided in Table 9 

with a more detailed discussion at the end of this section. 

Table 7 summarizes the estimated SF and FOC parameters obtained by the GIM 

approach. With respect to 𝛽𝛽𝑀𝑀 the estimate used for calculating the own-price 

elasticity, both the significance of the parameter and its negative sign are 

unexpected. The sown area parameter 𝛽𝛽𝑆𝑆𝑆𝑆 as quasi-fixed factor produces positive 

and statistically significant estimates with values of 0.677 and 0.695 for N3SLS and 

GMM, respectively. 

  

 N3SLS GMM 
Number of observations 168 168 
Objective Value 1.15 0.30 
Number of estimated parameters 53 53 
R-squared:   
SF 0.97 0.96 
FOC 0.79 0.78 
Durbin-Watson:   
SF 1.40 1.44 
FOC 1.71 1.71 
Source: Own estimation. 
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Table 6. Estimation results for GIM approach 

Table 8 reports the estimated elasticities of the supply function. The input price 

elasticities 𝜀𝜀𝑃𝑃𝑃𝑃, 𝜀𝜀𝑆𝑆𝑆𝑆 and 𝜀𝜀𝑇𝑇𝑇𝑇 are negative in both model classes, a result that was 

expected as increased prices of inputs should go with increased prices and reduced 

sales of grains. Not so with the fuel price estimate that was obtained with a positive 

sign, thus perhaps indicating the high subsidies directed to diesel purchases in grain 

production. Table 8 also contains the parameters that estimate the rate of 

autonomous technical change in grain production (𝛿𝛿𝑀𝑀𝑀𝑀) and production elasticities 

of inputs where indicates inputs 𝑟𝑟,𝑛𝑛=(𝑀𝑀, 𝐿𝐿,𝐾𝐾) with 𝑀𝑀, 𝐿𝐿,𝐾𝐾 indicating grain inputs, 

Parameters N3SLS GMM 
Estimate t-ratio Estimate t-ratio 

𝛽𝛽0 17.642*  1.67 20.719**  2.12 
𝛽𝛽𝑀𝑀 -0.532*** -2.66 -0.493*** -3.09 
𝛽𝛽𝐶𝐶  -0.948 -1.49 -0.957** -2.03 
𝛽𝛽𝐸𝐸 -0.849** -2.01 -1.075*** -3.95 
𝛽𝛽𝑃𝑃  0.448  1.19  0.572*  1.85 
𝜑𝜑𝑃𝑃 -1.976** -1.98 -2.197*** -2.98 
𝜑𝜑𝑇𝑇  1.459  1.14  1.340  1.33 
𝜑𝜑𝐹𝐹  0.859  1.55  0.894**  2.02 
𝜑𝜑𝑆𝑆  0.074  0.15 -0.072 -0.18 
𝜐𝜐𝐴𝐴  0.677***  2.79  0.695**  2.5 
𝛿𝛿𝑇𝑇  0.272  0.25  0.011  0.01 
𝛽𝛽𝑀𝑀𝑀𝑀   0.085***  2.72  0.081***  3.12 
𝛽𝛽𝐶𝐶𝐶𝐶   0.013  0.21  0.020  0.46 
𝛽𝛽𝐸𝐸𝐸𝐸   0.114**  2.05  0.133***  3.85 
𝛽𝛽𝑃𝑃𝑃𝑃 -0.077 -1.56 -0.099** -2.15 
𝜑𝜑𝑃𝑃𝑃𝑃  0.253**  2.31  0.262***  3.04 
𝜑𝜑𝑇𝑇𝑇𝑇 -0.279** -2.21 -0.306*** -2.96 
𝜑𝜑𝐹𝐹𝐹𝐹  -0.122* -1.81 -0.096* -1.85 
𝜑𝜑𝑆𝑆𝑆𝑆 -0.073 -1.11 -0.040 -0.68 
𝜐𝜐𝐴𝐴𝐴𝐴  0.002  0.59  0.003  0.87 
𝛿𝛿𝑇𝑇𝑇𝑇  0.016  0.92  0.011  0.68 
𝛼𝛼𝑀𝑀 -0.548** -2.15 -0.494** -2.23 
𝛼𝛼𝑀𝑀𝑀𝑀   0.127***  3.42  0.135***  4.93 
𝛼𝛼𝑀𝑀𝑀𝑀 -0.067 -1.28 -0.071* -1.76 
𝛼𝛼𝑀𝑀𝑀𝑀  -0.021 -1.09 -0.030** -2.39 
𝛼𝛼𝑀𝑀𝑀𝑀  0.013*  1.67  0.013**  2.07 
𝜙𝜙 -0.007 -0.60 -0.004 -0.47 

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * 
denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

Source: Own estimation. 
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labour employed and capital utilised in the grain-processing industry, respectively. 

Apparently, the estimated values depend on the estimation method, e.g. the own-

price elasticity for raw materials 𝜀𝜀𝑀𝑀𝑀𝑀 amounts to 0.023 and 0.033 for N3SLS and 

GMM, respectively. 

Table 7. Supply function elasticities 

All cross-price elasticities have negative signs and, all but one, are statistically 

insignificant. The achieved elasticities for cattle 𝜀𝜀𝐶𝐶𝐶𝐶 are statistically significant. The 

theoretical explanation behind the negative sign for cattle is that higher prices for 

cattle should produce an increase in cattle production and thus also an increase in 

grain purchases by this sector. 

Consequently, an increased grain flow to the cattle industry will lead to a decreased 

amount delivered to the processing sector. According to the descriptive analysis of 

the Kazakh supply chain, the feeding industry consumed on average 22% of the 

total grain production during the entire investigation period. In a similar way, 

higher export prices may lead to declining amounts of grain delivered to processors. 

Parameters 
N3SLS GMM 

Coefficient t-Stat Coefficient t-Stat 
Production elasticities w.r.t. the input of:     
materials (𝜌𝜌𝑌𝑌𝑌𝑌 = ∂ln𝑌𝑌 ∂ln𝑋𝑋𝑀𝑀⁄ ) 0.377*** 7.15 0.400*** 10.07 
Supply elasticities w.r.t.:     
own-price of grain (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝑀𝑀⁄ )  0.023 0.73 0.033* 1.86 
cross-price of cattle (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝐶𝐶⁄ ) -0.866** -2.36 -0.825*** -2.97 
cross-price of wheat exports (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝐸𝐸⁄ ) -0.105 -0.71 -0.208** -2.06 
cross-price of potatoes (𝜀𝜀𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑊𝑊𝑃𝑃⁄ ) -0.051 -0.28 -0.073 -0.56 
cross-price of pesticides (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑃𝑃⁄ ) -0.334 -0.71 -0.493 -1.59 
cross-price of tractors (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑇𝑇⁄ ) -0.356 -0.6 -0.650 -1.44 
cross-price of fuel (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝐹𝐹⁄ )  0.068 0.22 0.267 1.04 
cross-price of salary (𝜂𝜂𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝑉𝑉𝑆𝑆⁄ ) -0.399 -1.04 -0.331 -1.11 
quasi-fixed land (grain sown area) (𝜈𝜈𝑀𝑀𝑀𝑀 = 𝜕𝜕ln𝑀𝑀 ∂ln𝐴𝐴⁄ )  0.694*** 2.74 0.716** 2.45 
Technical change rate (𝛿𝛿𝑀𝑀𝑀𝑀 = ∂ln𝑀𝑀 ∂𝑇𝑇⁄ ) 0.378 0.32 0.082 0.08 
Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * 

denote statistical significance at the 1%, 5%, and 10% levels, respectively.  
Source: Own estimation. 
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Moreover, the cultivation of potatoes, as a substitute for grain, exerts an influence 

on grain price which also finds its expression in the negative sign of the elasticity 

parameter. 

Finally, the supply elasticity of the quasi-fixed factor for total sown area (𝜀𝜀𝑆𝑆𝑆𝑆) 

produces estimates as expected, i.e. with positive sign and statistically significant 

at the 1% confidence interval, thus indicating that a larger sown area leads to a 

higher grain quantity delivered to grain processors.  

Turning to the market power parameter: To test whether the estimate corresponds 

with the true value, the Wald test was conducted with different values of 𝜃𝜃. 

According to Table 9, the test results suggest that 𝜃𝜃=0 with a high degree of 

confidencefor both N3SLS and GIM. 

Table 8. Wald test results 

These findings are in line with the results of Perekhozhuk et al. (2017) implying 

that the oligopsony parameter for the Ukrainian dairy market was close to zero in 

most of the cases. In a comparable way, the oligopsony power parameter for the tea 

market in Kenya and rest of the world obtained by Weerahewa (2003) was 

estimated with 0.0015 and 0.0091, respectively. The estimates were very similar to 

the findings of Muth and Wohlgenant (1999) who found oligopsony parameters 

ranging from -0.00015 to 0.00008. Similar estimates were obtained by Grau et al. 

(2017). Testing the German dairy supply chain, they produced parameters for 

oligopsony power of processors in the raw milk market ranging from 0.04 to 0.07, 

thus concluding that the market was rather competitive. However, higher estimates 

Parameter test 
N3SLS GMM 

Statistics p-value Statistics p-value 
𝜃𝜃 = 0 0.37 0.545 0.22 0.637 
𝜃𝜃 = 0.01 2.14 0.144 2.87 0.091 
𝜃𝜃 = 0.02 5.38 0.020 8.49 0.004 
Homogeneity of degree zero in price 6.13 0.013 12.93 0.000 
Source: Own estimation. 
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were received by O’Donnell et al. (2007) in the Australian flour and cereal market, 

where the oligopsony parameter for wheat input was 0.180. 

5 Summary and conclusions 

This study provides empirical evidence for measuring and identifying market 

power in the Kazakh grain-processing industry using two structural approaches, 

PTA and GIM. To this end, for each approach a data set of 168 regional-level 

observations from 2000-2011 was analysed applying the estimation methods 

N3SLS and GMM. In a three-equation structural model consisting of production 

and supply function, and first-order conditions, the PTA approach estimated 76 

parameters and relative factor elasticities for production and supply functions. 

With respect to the factor analysis, the production elasticities of grain production 

and the own-price elasticity of supply amounted to 0.389 for N3SLS (0.385 for 

GMM) and 0.018 for GMM and are statistically significant (see Table 4). The 

elasticities can be considered low and, in case of supply, relatively inelastic. On the 

other hand, the estimates of the other negative factor elasticities for the production 

function indicate that processors had unutilized capacities with respect to labour 

and capital. Similar results of a negative production elasticity for capital were found 

by Perekhozhuk at al. (2017) for the Ukrainian dairy processing industry. The 

authors argue that the industry in the transition period was facilitated by massive 

overcapacity. Taking into account the fact that wheat flour exports increased nearly 

10-fold over 2.32 million tonnes between 2000 and 2017 (FAOSTAT, 2018). This 

growth can only be due to significant investments in the grain processing industry 

and as a consequence the Kazakh processing industry may encounter overcapacity. 

The main outcome of the PTA analysis is that Kazakh grain processors did not have 

oligopsony power over grain suppliers in the investigation period from 2000-2011. 
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The statistically significant value of the market power parameter 𝜃𝜃 of 0 implies that 

grain processing did not have oligopsony characteristics. 

For the GIM approach, the supply function and first-order conditions were 

estimated in a system without estimating the equation for the production function. 

As with PTA, the GIM analyses were conducted on a comparable set of regional-

level panel data using GMM and N3SLS. However, as compared to PTA, the 

estimation of the whole system only comprised a total of 53 parameters and 

elasticities. 

The derived own-price and cross-price elasticities were in line with expectations. 

In both estimation methods, the coefficients had a positive sign. However, they 

were low and statistically insignificant. The same was true for the other factor 

elasticities. All of them were negative and statistically insignificant. The only 

unexpected sign was obtained for fuel factor elasticity, a result that can be related 

to the subsidies provided to producers. Similarly, cross-price elasticities were 

negative, just as expected. For sown area, the coefficients are positive and highly 

statistically significant. 

On the whole, the obtained market power estimates 𝜃𝜃 were statistically close to 

zero, thus indicating that Kazakh grain processors did not have enough bargaining 

power to influence the prices during the time period 2000-2011. Hence, it can be 

concluded that this market was competitive as there was no evidence of oligopsony 

power, a result that also holds for PTA. To sum up, both approaches lead to 

comparable results. 
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