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SUMMARY

The Kazakh grain producing and processing sectors are prominent com-
ponents of the Kazakh agriculture. Production and export of grain, es-
pecially of wheat and wheat flour, has demonstrated significant annual
growth after the 1990’ crisis. However, the grain market is highly regulat-
ed by the government and some of the implemented policy instruments
cause local grain market distortions. For example, the wheat export ban
imposed by the government in 2008 triggered local wheat price fluctua-
tions, followed by the price spikes after the ban elimination.

In addition to the government interventions, the Kazakh grain sector
is seriously challenged by production inefficiency, outdated production
technology, low yields, limited access to financial recourses, landlocked
position of the country and underdeveloped infrastructure. Furthermore,
a non-competitive market structure, such as asymmetric price develop-
ments and antitrust law violations, is observed within the Kazakh grain
supply chain. Evidence suggests that the grain processing sector, procuring
roughly a third of the grain produced in the country, might be influencing
the grain prices in Kazakhstan. Moreover, the grain sector became highly
concentrated in recent years. Many processing companies exit the sector,
enabling the remaining players to control the large share of the market.

Therefore, the focus of this study is to analyze the structure of the grain
supply chain in Kazakhstan, followed by the examination of the compet-
itiveness of the Kazakh grain processing sector using econometric anal-
yses. The econometric analyses are conducted within the framework of
the New Empirical Industrial Organizations (NEIO). The three approaches
being applied for the market power analysis are Hall’s approach, General
Identification Method (GIM) and Production Theoretical Approach (PTA).
The results are examined and reported in combination with the analysis
of the grain supply chain.

The observations from 14 regions are used for all three models. The re-
gional level panel data covers the time period of 2000-2011. The dataset



combines input and output prices and production quantities of the grain
producers and processors. Econometric analyses within PTA and GIM rely
on the full dataset, whereas within Hall's approach three data subsam-
ples: 2000-2004, 2004-2007, and 2008-2011 are analyzed separately.

According to the estimation results from Hall’s approach no market
power is detected for 2000-2011. The low estimate of the market power
parameter (6) indicates that the grain processors were not able to influ-
ence the price formation on the grain supply market. However, the sub-
samples analyses suggest that the 8 parameter increased for 2008-2011.
Thus, the parameter might be reflecting the effect of the 2008 ban, when
the grain producers could sell their grain only at the local market (main-
ly to the processors), while export of the wheat flour remained active
during the wheat export ban. Similar results are obtained from the struc-
tural models. According to the PTA and GIM estimates, the market power
parameter (6) is too small to justify the existence of the oligopsony power
in the Kazakh grain procurement market.

Overall, the econometric analysis suggests two main findings: 1) For
the 2000-2011 timeframe, Kazakh grain processing industry did not ex-
ercise oligopsony power over the grain suppliers; 2) For the 2008-2011
timeframe, which includes period of grain export restrictions, grain pro-
cessors have further increased their bargaining power over the suppliers.
Nevertheless, the low market power parameter may indicate that the
processors were not entirely able to exert oligopsony power and set the
prices, as the grain suppliers expected the removal of the ban anytime
soon, encouraging them to store, rather than to market their grain.

The increase of the market power for the time period 2008-2011 indi-
cates that the government interventions can trigger noncompetitive ten-
dencies on the Kazakh grain market. Export ban can result in increased
oligopsony power for grain processors allowing them to influence the
grain purchasing prices. Even though short-term restrictions might have,
relatively, less severe consequences, yet in the medium and long terms
such interventions can lead to oligopsonistic market structure. Oligop-
sony market, consequently, can be an additional barrier for the further
development of currently inefficient Kazakh grain sector.



LUSAMMENFASSUNG

Der kasachische Getreide- und Verarbeitungssektor ist ein wichtiger
Bestandteil der kasachischen Landwirtschaft. Die Produktion und der
Export von Getreide, insbesondere von Weizen und Weizenmehl, haben
nach der Krise in den 90er Jahren ein starkes jahrliches Wachstum ge-
zeigt. Der Getreidemarkt ist jedoch stark von der Regierung reglemen-
tiert und einige der implementierten politischen Instrumente fiihren zu
Verzerrungen auf dem lokalen Getreidemarkt. So 16ste beispielsweise das
im Jahr 2008 von der Regierung verhangte Weizenexportverbot lokale
Weizenpreisschwankungen aus, gefolgt von Preisspitzen nach der Auf-
hebung des Verbots.

Neben den staatlichen MaBnahmen ist der kasachische Getreidesek-
tor mit Produktionsineffizienz, veralteten Produktionstechnologien, nie-
drigen Ertrdgen, begrenztem Zugang zu Finanzmitteln, Binnenlage des
Landes und einer unterentwickelten Infrastruktur konfrontiert. Darliber
hinaus ist innerhalb der kasachischen Getreidelieferkette eine nicht wett-
bewerbsfahige Marktstruktur wie zum Beispiel asymmetrische Preisent-
wicklungen und Kartellrechtsverletzungen zu beobachten. Es gibt Hin-
weise darauf, dass der Getreideverarbeitungssektor, der etwa ein Drittel
des im Land produzierten Getreides verarbeitet, die Getreidepreise in
Kasachstan beeinflussen konnte. Dariiber hinaus hat sich der Getrei-
desektor in den letzten Jahren stark konzentriert. Viele Verarbeitungsun-
ternehmen ziehen sich aus dem Sektor zurlick, so dass die verbleibenden
Akteure einen gré3eren Marktanteil kontrollieren.

Daher liegt der Schwerpunkt dieser Studie auf einer Analyse der Struk-
tur der Getreidelieferkette in Kasachstan, gefolgt von der Untersuchung
der Wettbewerbsfahigkeit des kasachischen Getreideverarbeitungssek-
tors anhand 6konometrischer Analysen. Die 6konometrischen Analysen
werden im Rahmen der Neue Empirische Industriekonomik (New Empir-
ical Industrial Organization - NEIO) durchgefiihrt. Die drei Ansatze, die fiir
die Marktmachtanalyse verwendet werden, sind der Hall’s Ansatz (Hall’s



approach), die Allgemeine Identifizierungsmethode (General Identifica-
tion Method-GIM) und der Produktionstheoretische Ansatz (Production
Theoretical Approach-PTA). Die Ergebnisse werden in Kombination mit
der Analyse der Getreidelieferkette untersucht und dokumentiert.

Die Beobachtungen aus 14 Regionen werden fiir alle drei Modelle
verwendet. Die Daten des Panels auf regionaler Ebene decken den Zeit-
raum 2000-2011 ab. Der Datensatz kombiniert Ein- und Verkaufspreise
sowie Produktionsmengen der Getreideproduzenten und -verarbeiter.
Die 6konometrischen Analysen des PTA und GIM Ansatzes bauen auf
dem vollstandigen Datensatz auf, wahrend fiir den Hall’s Ansatz drei Da-
tenstichproben verwendet werden: 2000-2004, 2004-2007 und 2008-
2011 werden separat analysiert.

Der Hall's Ansatz konnte fiir 2000-2011 keine Marktmacht feststellen.
Der niedrige Schatzwert des Marktmachtparameters (6) deutet darauf
hin, dass die Getreideverarbeiter die Preisbildung auf dem Getreide-
markt nicht beeinflussen konnten. Die Teilprobenanalysen legen jedoch
nahe, dass sich der Parameter 6 fiir 2008-2011 erhoht hat. Der Parameter
kdnnte die Wirkung des Verbots von 2008 widerspiegeln, als die Getrei-
deproduzenten ihr Getreide nur auf dem lokalen Markt (hauptsachlich an
die Verarbeiter) verkaufen konnten, wohingegen der Export des Weizen-
mehls wihrend des Weizenausfuhrverbots aktiv blieb. Ahnliche Ergeb-
nisse werden aus den Strukturmodellen gewonnen. Den PTA und GIM
Schatzungen zufolge ist der Marktmachtparameter (6) zu klein, um die
Existenz der Oligopsonmacht auf dem kasachischen Getreidebeschaf-
fungsmarkt zu rechtfertigen.

Insgesamt zeigt die 6konometrische Analyse zwei wesentliche Ergeb-
nisse: 1) Fiir den Zeitraum 2000-2011 Ubte die kasachische Getreidever-
arbeitungsindustrie keine oligopsonistische Marktmacht tiber die Getrei-
delieferanten aus; 2) Fiir den Zeitraum 2008-2011, der auch die Periode
der Ausfuhrbeschrankungen fiir Getreide umfasst, haben die Getreide-
verarbeiter ihre Verhandlungsmacht tber die Lieferanten weiter erhoht.
Der geringe Marktmachtparameter kdnnte jedoch darauf hindeuten,
dass die Verarbeiter nicht in vollem Umfang in der Lage waren, oligop-
sonistische Marktmacht auszuliben und die Preise festzusetzen, da die



Getreidelieferanten mit der Aufhebung des Verbots jederzeit gerechnet
hatten, was sie wiederum ermutigte, ihr Getreide zu lagern und nicht zu
vermarkten.

Die Erhéhung der Marktmacht fir den Zeitraum 2008-2011 zeigt,
dass die staatlichen Interventionen wettbewerbswidrige Tendenzen auf
dem kasachischen Getreidemarkt auslésen kénnen. Ein Exportverbot
kann zu einer erh6hten oligopsonistischen Marktmacht der Getreidever-
arbeiter fiihren, die es ihnen ermdglicht, die Einkaufspreise fiir Getreide
zu beeinflussen. Auch wenn kurzfristige Restriktionen, relativ gesehen,
weniger schwerwiegende Folgen haben, kdnnen solche Eingriffe mittel-
und langfristig zu einer oligopsonistischen Marktstruktur fihren. Der oli-
gopsonistische Markt kann daher ein zusatzliches Hindernis fiir die wei-
tere Entwicklung des derzeit ineffizienten kasachischen Getreidesektors
darstellen.
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1 INTRODUCTION




1.1 PROBLEM STATEMENT AND
MOTIVATION

Grain production has been increasing in Kazakhstan over the last decade
and as a result it developed into the strategic sector of the country. Large
resources of arable land, governmental subsidies, and world demand
greatly contributed to the growth of the grain production after the sharp
decline during the crisis caused by collapse of the soviet system and eco-
nomic adversity. Consequently, Kazakh grain and flour sectors gained
their dominant position in the Central Asian region and became listed
among the world leaders of wheat flour exporters, as well. However, the
grain market still suffers from structural problems, mainly related to un-
derdeveloped infrastructure, inefficiency and low yields, landlocked po-
sition of the country limiting access to the world grain market and, thus,
the export potential. Moreover, the government interventions to regu-
late the market cause distortions on grain market. Ultimately, these mea-
sures may create a barrier for competitiveness and further development
of the grain sector.

Kazakhstan government intervenes on the domestic grain market
with various policy instruments such as subsidies, price controls and reg-
ulations and tax concessions (OECD 2013, p.24). Those interventions, in
particular, the subsidies, played an important role in boosting the grain
and grain flour production during 2000-2011, as the sectors grew rapidly.
However, some of the implemented policy instruments had an adverse
impact. Namely, the complete ban of wheat export imposed in 2008 and
grain export restrictions in 2010, having negative consequences on farm-
ers’income (FAO 2011, p. 16). Government agencies engaged in commer-
cial transactions on the grain market and created additional obstacles
for competitive market development (OECD 2013, p. 14). Similarly, local
authorities still intervene in agricultural commodity markets by discrimi-
nating in grain export permissions in favor of large operators versus small
producers, controlling the seed flow and fuel channels in grain produc-
tion sector (Swinnen 2009, p. 728).



Government interference on the grain market causes price distortions
along the grain supply chain, as well. Oskenbayev and Turabayev (2014)
report about asymmetric price development in the Kazakh grain chain,
while Pomfret (2007, p. 18) indicates about the variation of price gap and
distortion on Kazakh grain market. Price distortions also occurred during
the export ban, as well. Oshakbaev (2012, p. 53) emphasizes the effect of
export ban on the wheat prices at the Kazakh market in comparison to
the Mexican gulf wheat prices.

Additionally, the Kazakh grain sector is characterized with market im-
perfections and inefficiencies caused by high transaction costs and under-
developed infrastructure. According to the OECD (2013, p. 21), infrastructur-
al inefficiencies result in increased transactional costs for grain producers,
increasing the costs of production and decreasing the profit for them.

On the other hand, the Kazakh grain processing industry, being one of
the principal buyers of the Kazakh grain, undergoes a consolidation pro-
cess. According to the Flour Millers Association of Kazakhstan (Lyddon,
2013), total number of flour mills has significantly decreased within the
last 10 years as consolidation has occurred. Business Media Group (2011,
p.11) also notifies the consolidation processes, reporting companies
mergers and small players leaving the market.

Areduction in the number of actors in the processing sector raises the
questions regarding the competition. Moreover, large scale agricultural
players, so called “agroholdings” dominate the grain market. The empiri-
cal studies (e.g. Lindeman, 2009; Prikhodko, 2009; Wandel and Kozbaga-
rova, 2009) show that these players hold and control important share in
Kazakhstan's wheat and grain market. The largest holding company in
Kazakhstan controls 20 percent of the total sown area (900,000 hectares)
in Kostanay province and owns 70 percent of the grain elevators (Linde-
man, 2009). Furthermore, most of the agroholdings were initially involved
in grain trading only, but gradually expanded into grain production sec-
tor (Wandel, 2009). Currently, they operate as vertically and horizontally
integrated companies in the grain processing and production sectors.

The concerns regarding the competition are considered by The
Agency of the Republic of Kazakhstan for Competition Protection



(Antimonopoly Agency) and FAO. The Antimonopoly Agency discov-
ered 28 antitrust law violations in 2009-2010 in the grains and oilseeds
product supply chains (Antimonopoly Agency of Kazakhstan, 2012).
Furthermore, FAO (2011, p.16) suspects that oilseeds processors lobbied
the export ban policy in 2008.

1.2 OBJECTIVES

The evidence provided in previous chapter suggests that some players
dominating market might be able to gain the bargaining power and in-
fluence the grain price. In particular, concerns arise that grain processors
are able to exert market power while purchasing grain, thus restraining
the grain production sector by squeezing the price. The main argument
in favor of this concern is that the consolidation process is observed in
the grain processing industry. On the other hand, the grain market, as
a strategic sector of the country, is highly framed by the government
interventions. Price regulations, export ban and similar policy measures
imposed by the government institutions cause distortions on the grain
market. Accordingly, the main objective of this study is to analyze the
supply chain of the Kazakh grain industry and test for its competitiveness.
The focus is to examine the grain processing industry for the oligopsony
power and to assess whether processors influence the grain price while
purchasing grain. Consequently, the research questions can be summa-
rized as follows:

« How is the Kazakh grain market structure organized? How is the grain
supply chain constructed and who are the main market players?

« Are the dominant players (or group of players) on the grain flour mar-
ket able to influence the grain price? Are processors the price takers
on input market? If not, what is the degree of the exerted market
power?

- If the grain processors are able to alter the grain price, can the market
be described as oligopsony?



To examine the Kazakh grain processing industry for oligopsony mar-
ket power | apply econometric methods and approaches proposed in the
New Empirical Industrial Organization (NEIO) literature. The empirical ap-
proach was pioneered by Appelbaum (1979), who provided a statistical
test for market power and tested the price taking behaviour in the U.S.
crude petroleum and natural gas industry. The theoretical justification
was later developed by Bresnahan (1982), indicating that the concept
of oligopoly solution can be estimated econometrically. Afterwards, Lau
(1982) proved a mathematical accuracy of Bresnahan’s concept. The de-
tails of the approaches and the results obtained from the analyses are
discussed in the following chapters.

1.3 STRUCTURE

Chapter 2 proceeds with the description of the grain sector by analysing
the statistical data on grain production, processing, export and pricing.
It also provides the detailed analysis of the grain supply chain and grain
flows within the distribution channels. The chapter mainly focuses on
demonstrating the grain market structure and the tendencies that devel-
oped after Kazakhstan’s transformation from centrally planned to a free
market economy.

Chapter 3 summarizes the literature on market power and the best
practices from empirical studies emerged within the New Empirical In-
dustrial Organization (NEIO), with a particular focus on the oligopsony
power in the processing sector. Given every approach possesses certain
limiting assumptions the emphasis are made on selecting the model
that would apply to Kazakh grain sector studies with the most accurate
empirical outcome. Accordingly, three main approaches are selected
and analyzed in this chapter, i.e. Hall's approach, Production-Theoretical
Approach (PTA) and General Identification Method (GIM). Based on the
reviewed literature, theoretical framework is elaborated for oligopsony
power analysis in the Kazakh grain processing sector.



The empirical part of the analysis is presented in Chapter 4. | use the
dataset collected from various sources to analyze the models within the
three different approaches. The descriptions of the models and data
provide insights regarding the structure of dataset and variables used in
each of the models separately. Similarly, Chapter 4 also summarizes the
empirical results, provides their interpretations and conclusions for every
model individually.

Chapter 5 elicits the results from three models and provides overall
conclusions regarding the main findings of the study. Consequently,
respective outlines are derived regarding the constraints of the Kazakh
grain market structure and further policy recommendations. This chapter
also discusses the limitations of the theoretical framework and models
used in the study.



2 DESCRIPTIVE
ANALYSIS OF THE
KAZAKH GRAIN
SECTOR




2.1 GENERAL OUTLOOK

After the Soviet Union’s collapse, Kazakhstan, along with Russia and
Ukraine, has become one of the main actors as an independent coun-
try in the world’s grain, wheat and wheat flour markets. According to the
FAO statistics, Kazakhstan was on the top of the flour exporter countries
list, with exports of 1.5 million tons in 2006/2007 and 1.7 million tons in
2007/2008. Nevertheless, the transformation process from a strictly cen-
trally planned to a free market economy was not smooth. Various agricul-
tural sectors, including that of grain, had to tackle the challenges that had
not been experienced before. Political and economic instability, hyper-
inflation, lack of investments, and underdeveloped infrastructure, have
deteriorated the production of all grain products. As a result, the grain
industry entered a deep crisis and could not develop for many years.

Despite the difficulties, the grain sector started to recover after 2000
and managed to gradually integrate with the world grain market. A new
economic system and changed market structure led to creating private
economic entities acting on competitive basis in a free market econo-
my on local and international levels. The grain producers and processors
could not have been longer directed solely by the government. Instead,
they became self-sustainable and operated as profit-oriented companies.
However, government intervention on grain market still prevailed in vari-
ous policy instruments, such as subsidies, taxes, quotas, and export bans.

The government supported programs in the agricultural sector, es-
pecially in the grain sector, facilitated the recovery and growth in pro-
duction and export of the agricultural products. Efforts were undertaken
to establish state institutions providing various concessions to stimulate
the agriculture. A good example is KazAgroHolding which comprises sev-
en agencies, i.e. the Food Contract Corporation (FCC), KazAgroProduct
(KAP), the Agricultural Credit Corporation (ACC), Fund for Financial Sup-
port of Agriculture (FFSA), KazAgroFinance (KAF), KazAgroMarketing
(KAM) and KazAgroGarant (KAG).

Another important factor boosting grain production has been
a high demand from the export markets, especially in the CAC region.



Kazakhstan became the main exporter of the wheat and wheat flour
products not only at traditional markets, such as the CAC and the post-
soviet union countries, but to new markets such as Afghanistan and Iran.

Consequently, the production of the agricultural products in Kazakh-
stan achieved new levels. The total agricultural output value, observed in
Figure 2.1, has been increasing since 2000 and reached 2.28 trillion Teng-
es in 2011, in which the crop production held a significant part. In turn,
the grain production has been growing, as well and its production value
raised from 0.11 trillion Tenges in 2000 to 0.78 trillion Tenges in 2011.
Hence, it was increased by 601%. The share of the grain production value
varied from 25% to 35% in the total agricultural output value. Therefore,
the production and export of wheat and wheat flour in the grain sector
became one of the leading segments of agriculture, heavily subsidized by
the Kazakh government.
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Figure 2.1: Total agricultural and grain output value

Source: Own illustration based on annual data published by CSMNERK (a [2012: 21, 2009: 26, 2005: 21])



The growth in production sector also influenced the structure of the
grain producers. During the Soviet period all the agricultural enterprises
have been owned and managed by the government. For the transition
period in 1990’s and afterwards, some of the state agricultural enter-
prises from Soviet times were privatized which resulted in formation of
new private agricultural entities. Nowadays, there exist three main types
of producers operating on the Kazakh agricultural market: agricultural
enterprises, individual farms, and households. Some of the enterprises
are part of the large agroholdings, controlling considerable financial and
capital resources, and even able to dominate the market. Few of them are
integrated vertically and horizontally at every stage of the grain supply
chain and are presented in production, processing, export, and bakery
sectors, as well (Wandel, 2009). Individual farms mainly represent the
small and medium scale farms mainly operating in production sector.
Agricultural enterprises and individual farms produce around 20-30%
each of the total agricultural value (see Figure 2.2). However, the major
part, up to 55%, is still produced by the households. They mainly reflect
the self-sustainable small farms, characterized by production inefficiency
and labour intensity.

Despite the high rate of the development in agriculture, the employ-
ment has been diminishing over the decade. According to the statistical
agency of Kazakhstan, employment decreased from 9% in 2000 to 3%’
in 2011, whereas the total employment was increasing annually. The rea-
sons behind this tendency can be the lower growth rate of the agricultur-
al sector compared to the other sectors, or also the modernization within
the agriculture that facilitated switching from labour to capital intensive
farming. Overall 119,000 people were employed in agriculture in 2011.

In regard to agricultural wages, they grew from average 5,657 Teng-
es in 2000 to 44,986 Tenges in 2011. However, the average salary also
increased for all the sectors in Kazakhstan amounting 90,028 Tenges in
2011. Hence, the average salary in agriculture constituted approximately

1 Asitcan be seen from the data and graph, the employment in agriculture is around 3%. However, accor-
ding to the OECD 2013 report, employment in agriculture is around 26% (OECD 2013, p. 69 Figure 1.5,
p. 70). The difference can be due to discrepancy in the definition of the employment.
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Source: Own illustration based on annual data published by CSMNERK (k [2012: 127])

half of the average salary in the country and can be considered as low
paid, compared to the national level.

In summary, the production in agriculture has been increasing annu-
ally from 2000 and has enlarged by 470% by 2011. Grain production, in
line with overall agriculture, grew and comprises approximately 30% of
the total agricultural output value. The production sector is represented
mainly by three main types of producers: agricultural enterprises, individ-
ual farms and households. It employs 3% of the total labour and average
salary in the sector amounts only half of the average salary in Kazakhstan.

2.1.1 Grain production

Kazakhstan's economy began to recover from the crisis after the 1990’s
and the grain sector, in line with the agricultural sector, started to attract
investments, as well. The growing tendencies could be observed in many
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Source: Own illustration based on annual data published by CSMNERK (a [2012: 57-61, 2007: 59-63, 2005:149—153])

areas, such as the total grain sown area, production, processing, and ex-
ports. Notable expansion occurred in the wheat production which be-
came the strategic sector of the country. As a result, nowadays wheat and
wheat flour products are exported to the CAC and other international
markets. Yet, the sector still suffers from inefficiencies in production, and
underdeveloped transportation infrastructure.

Nowadays, eight different crops are produced in the country that
is: wheat, barley, maize, oat, millet, rye, rice, and buckwheat. Figure 2.5
depicts the development of the sown land area for eight types of grain
produced in Kazakhstan for 2000-2011. The sown area has been increas-
ing over the decade, reflecting the positive development and increasing
investments in the sector. Many factors, such as government support
programs, world wheat and wheat flour product prices, and the land re-
source availability greatly contributed to the progress. Consequently, by
2011 the sown area reached 15.9 million ha, despite being far below the
1990 level.
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In line with the sown area the grain production has been increasing
as well, and it has amounted to the record of 26.5 million tons in 2011.
Compare to 2000 the increase has been up to 130%, however, due to
non-stable yields it has been fluctuating and in 2004, 2008 and 2010 has
dropped to 12.3, 15.5 and 12.0 million tons respectively as it is shown
on Figure 2.6 Nevertheless, overall, for the time period 2000-2011, the
production had increasing tendency and the sector was growing. Such
an expansion stimulated the grain processing and export industries, as
well, providing opportunities to enter new markets and get integrated
in the world market. Along with focusing on international markets large
scale producers started to invest at the local level as well as bringing new
technologies for the production which, ultimately, resulted in formation
of the grain cluster in northern regions of Kazakhstan.

Production is particularly notable in the wheat sector as it has be-
come the most produced and exported grain from Kazakhstan. Evident
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from Figure 2.6, within the structure of the grain production, wheat is the
dominant grain, on average, comprising 85.7% of the total grain produc-
tion. The second most produced grain is barley (9.7%) followed by maize
(1.3%) and rice (1.8%), respectively; the rest of the grains constitute less
than 1%.

Despite the positive trends, inefficient technologies for the grain pro-
duction remain one of the major problems. Wheat yields in Kazakhstan
clearly outline the deficiency in grain production technologies. Accord-
ing to the FAO statistics, depicted in Figure 2.7, average yield for the peri-
od 2000-2011 has been reported 1.08 tons/ha, which is lower than yields
in other post-Soviet Union countries, such as Russia (2.03 tons/ha) and
Ukraine (2.77 tons/ha); and certainly it is far lower compared to the U.S.
(2.82 tons/ha). Low yields in the grain production can be observed from
Figure 2.5 and Figure 2.6, where the annual increasing trend of sown area
does not, necessarily, lead to the increase in production. The main factors



influencing yield are the low level of fertilizer use, weather dependency,
old machinery, and losses in the production. Exception is the northern
part of Kazakhstan where the grain cluster is developed with the enter-
prises applying modern technologies. The rest of the grain producers do
not have access to the finance and necessary information critical for effi-
cient production.

Grains are produced in different regions according to the climate
conditions of the country. Wheat, for example, is grown in every region
of Kazakhstan, but significant part of it originates in the northern part
of Kazakhstan. In Figure 2.8, three largest grain producers are Akmola,
North Kazakhstan and Kostanay regions, and the tendency does not
change over the sampled years. For 2011, 25%, 28%, and 30% of the total
grain production were produced in these regions overall accounting for
83% of the grain production. Since 2000, these shares have increased by
3%, 6% and 5%. It should be noted that these regions are the leaders
in wheat production. In 2011, Akmola, Kostanay and North Kazakhstan
regions produced 6,05 (27%), 7,34 (32%) and 6,57 (29%) million tons of
wheat respectively given the total 22,73 million tons of wheat produc-
tion. Regarding the other grains, barley is also produced in most regions
of Kazakhstan, and the major producers of this grain are also located in
the northern regions of the country. In 2011 North Kazakhstan produced
(34%), Akmola (18%), and Kostanay (15%), and Almaty (12%) of barley. As
for rice, it is produced only in three regions and Kyzylorda is the prima-
ry producer with 84% of the total rice; the other two regions are Almaty
(13%) and South Kazakhstan (3%), respectively. Maize, just like the rice,
is also cultivated mainly in three regions: in Almaty (719%), South Kazakh-
stan (18%) and Jambyl (11%). Oat is produced in most of the regions
with North Kazakhstan (35%), Kostanay (33%) and in Akmola (15%). As
for buckwheat, East Kazakhstan produces about 50%, Pavlodar (24%)
and Kostanay (12%) of the total. The main millet producers are Kostanay
(50%) and Pavlodar (15%); the rest of it originates in other regions. Rye is
mainly produced in two regions, i.e. Kostanay (71%) and Western Kazakh-
stan (22%).
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Figure 2.8: Grain production by regions

Source: Own illustration based on annual data published by CSMNERK (a [2012: 107111, 2009: 99103, 2003: 129-134])

Figure 2.8 elicits the years 2004, 2008 and 2010 characterized by the
low level of grain production in every region of Kazakhstan, regardless
of their location. Consequently, the influence of the weather on grain
production can be strongly argued, especially in 2010, when the drought
substantially reduced the harvest. However, the mandatory crop insur-
ance policy, implemented and supported by the government, could part-
ly compensate the loss for the grain producers.

The regional grain production is also important in the rural develop-
ment. Various government programs are implemented in the regions to
support the rural population. One example is micro loans for the low-in-
come rural people with no access to financial sources. The program
is financed and applied by the FFSA via microcredit organizations for
crop-growing livestock production (OECD, 2013, p. 143).



In summary, the grain production sector recovered after the 1990's
crisis and started to grow annually from 2000. The progress is reflected
in an increase of the sown area and the production volumes. However,
the main challenges remain with respect to the inefficiency in produc-
tion technology leading to low yields, high transaction costs related to
underdeveloped supply chain and infrastructure, and government inter-
ventions, such as the export ban in 2008. The production of the grain is
heterogeneous, yet in some cases, several regions amass clusters produc-
ing one particular type of grain. Wheat, the most cultivated grain in the
country, is primarily produced in three regions of the northern part of
Kazakhstan: North Kazakhstan, Akmola, and Kostanay. The other grains
are produced in various regions, mainly, for the local market.

2.1.2 Pricing and price volatility
on grain markets

The world grain market prices have been volatile for the last decade. The
world price fluctuations created instability. Kazakhstan, as one of the
main grain exporters strongly linked to the world prices, was significantly
influenced by the developments, as well. Increasing world grain prices
provided incentives to invest in Kazakh grain production, especially, af-
ter 2000. However, high prices have been concerning the Kazakh gov-
ernment to stabilize the food prices, such as wheat bread, which is a so-
cially important staple food. Therefore, price regulations were a common
practice and state corporations were actively involved in it. Increasing
world grain prices encouraged the Kazakh government to apply more
intervention policies and secure the local grain market. Despite the gov-
ernment-supporting programs providing farmers with various input
subsidies for the cost reduction, in some cases, government involvement
intending to stabilize prices on the market, distorted competitive func-
tioning of the market causing counter effects. Pomfret (2007) analyzes
price distortions on the Kazakh wheat market in 2000-2004, comparing



it to undistorted market during 1990's when farmers, in some cases, even
had to deal with monopsonistic buyers for their agricultural products.
The focus of the study is the analysis and estimation of the difference be-
tween farm-gate and border (reference) prices, caused by the high trade
costs. Oskenbayev and Turabayev (2014) report asymmetric price devel-
opments in the Kazakh grain chain, as the consequence of government
intervention in 2008 on the local market with the goal to stabilize wheat
and wheat flour prices. Additionally, Kazakhstan is a landlocked country
with underdeveloped infrastructure. This increases transaction costs for
the grain production and export and creates additional barriers for stron-
ger integration with the world grain market.

Figure 2.9 represents the average price development for eight grains
on Kazakhstan grain market at a national level. The prices are following
the parallel pattern over the sampled timeframe. However, a spike in the
wheat price occurred in 2008 when Kazakhstan, in line with Ukraine and
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Figure 2.9: Annual average grain prices

Source: Own illustration based on annual data published by CSMNERK (d [2012: 35, 2008: 18])



Russia in 2008, introduced the ban on wheat export. The goal of the inter-
vention was to stabilize the Kazakh wheat market, and thus, halt increase
of the world wheat market prices. Nevertheless, the restrictions were not
successful and the local wheat price still rose. Similarly, the world wheat
price volatility was observed in 2010. However, this time Kazakhstan,
unlike Russia and Ukraine, refrained to impose the ban even though the
harvested amount of the wheat was significantly low due to the drought.
Strikingly, the ban practice was still applied by the Kazakh government
to other grains, such as buckwheat in 2010 that lasted six months (OECD,
2013, p. 175).

To analyze more closely the price developments during the ban peri-
od, the Kazakh wheat price is compared to the world prices. The reason
for doing so is that the wheat is the main exporting commodity for Ka-
zakhstan and as an important player on the world wheat market, local
and export prices under unregulated conditions are strongly integrated.

Figure 2.10 depicts the wheat price development on Kazakh and
world wheat markets, such as US (Gulf), EU (France), Russia and Ukraine
during 2007-2011. The Kazakh wheat price, reflecting the effect of the
government interventions, exceeded even the US Gulf price in 2008.
Oshakbaev (2012, p.53) explains it by the ban effect on Kazakhstan lo-
cal market, having counter consequence instead of preserving the local
prices from the impact of world market spikes. Intuitively, the significant
part of the wheat, which was to be exported and remained on the local
market, should have had the damping effect on the local prices, yet it
had reverse effect. Possible causes are internal factors, since the external
ones could not influence Kazakh markets due to the export ban. Two of
the most influential determinants that can be emphasized are expecta-
tion and/or storage factors. With the expectations that the ban would
be lifted, the suppliers managed to store their products and wait for the
cancelation, instead of marketing them under unprofitable conditions.
Consequently, it created shortage on the local wheat market pushing the
prices further up.
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Figure 2.10: Development of international wheat prices

Source: Own illustration based on the data published by FAOSTAT

The prices of the grains vary on the regional level as well due to the
weather and soil conditions. In this respect, favorable conditions for grain
production are in the North region. There the grain sector is well devel-
oped and involved in the international trade. Correspondingly, the largest
grain traders are found in these regions with well integrated prices with
the world market prices. In the marginal grain production areas, such as
oil and gas producing Mangystau region, the prices are influenced by
other factors and determined by a few players operating on the market.
Additionally, the underdeveloped infrastructure and its associated logis-
tic problems can also influence the regional integration. According to
the OECD (2013, p.21) report, the infrastructural inefficiencies result in
increased transactional costs for the grain producers.
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Figure 2.11: Relative producer prices of wheat by regions

Source: Own illustration based on the data published by CSMNERK (d [2012: 130; 2008: 119])

Figure 2.11 depicts the regional wheat price disparities for every
region in Kazakhstan. The box plots show the regional price variations
relative to national prices between 2000 and 2011. The price differences
are calculated as a percentage deviation of a regional wheat price from
the national price. Prices in regions like North Kazakhstan, Akmola, and
Kostanay, which represent wheat clusters and are more strongly integrat-
ed to the national and world prices, fluctuate within a range of 20%. Con-
versely, Kyzylorda, where the wheat sector is underdeveloped, the local
prices can be 64% higher than the national price.

The price developments are also analyzed along the wheat supply
chain. In particular, margins along the various stages of the grain supply
chain are assessed. Figure 2.12 describes average price developments
between wheat, wheat flour, and wheat bread during 2000-2011. Until
2008 the prices follow the parallel pattern, however, the spikes are ob-
served in 2008. During the same year, the Kazakh government intro-
duced the wheat export ban that lasted for five months and, accordingly,
influenced the whole supply chain as the prices wheat, wheat flour, and
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Figure 2.12: Average price development in grain supply chain
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wheat bread increased in this period. After lifting the ban, when export
markets opened again, only wheat and wheat flour prices declined. Strik-
ingly, the bread prices were maintained high, in contrast to the initial goal
of government to ensure food price stability by introducing the wheat
export ban.

Overall, the analysis shows that the grain prices in Kazakhstan differ
across regions. Various factors may affect the price formation at domes-
tic markets, including world grain prices, underdeveloped infrastructure,
high transaction costs, weather conditions, government regulations and
the grain production level. The wheat supply chain analysis and the lo-
cal and world market price comparison indicate that the government
intervention in 2008 had counter effects on the Kazakh wheat market.
Predominantly, the prices increased during the export ban and declined
after the cancelation of this ban for wheat and wheat flour products. Nev-
ertheless, the mark-up did not decrease for the wheat bread even in the
following years.



2.1.3 Structure of agricultural production sector

After the breakdown of the centrally regulated system, many new mar-
ket actors have entered the Kazakh grain market. Privatization of the
agricultural entities facilitated to creation of new privately-owned grain
producers. Consequently, three main types of the producers emerged on
the Kazakh grain market: agricultural enterprises, individual farms and
households, varying according to the size and the market share, organi-
zation structure, ownership complexity and the degree of integrity in the
supply chain.

During 2000-2003, 2004-2007 and 2008-2011 the total average
grain production of Kazakhstan was 14.6, 15.7 and 18.9 million tons, re-
spectively. Agricultural enterprises are the major grain producers in Ka-
zakhstan (Figure 2.13) accounting for more than half of the total grain
production. Individual farms produce roughly third, and households are
responsible for less than 1% of total grain production.
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Figure 2.13: Average grain production by producer types
Source: Own illustration based on annual data published CSMNERK (a [2012: 106, 2009: 98; 2003: 129])



Furthermore, the agricultural enterprises increased their share by
10% in the total grain production over the last decade. This trend for en-
terprises can be explained by the increase in sown area from average 8.48
in 2000-2003 to 10.79 million ha (27%) in 2008-2011 (Figure 2.14). The
similar tendency is observed for individual farms. Increase of the average
sown area by individual farms amounted to 5.76 million ha in 2011 that
represent 20% of total grain sown area. However, the growth rate of indi-
vidual farms lags behind that of the enterprises, due to their limited ac-
cess to financial resourses, new technology, machinery, and inefficient
land market. Concerning the households, most of them represent ineffi-
cient yet self sufficient entities. Their production patterns are character-
ized by diminishing tendency. Overall, the total grain sown area increased
from 12.44 million ha in 2000 to 16.22 million ha in 2011.
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Figure 2.14: Average grain sown area by producer types

Source: Own illustration based on annual data published CSMNERK (a [2012: 54, 2008: 65; 2005: 147])



The structure of the size of grain producers varies by types. The enter-
prises own larger sizes of the arable lands compared to the individual
farms. Figure 2.15 illustrates the structure of the crop producers regard-
ing the size of the sown area in 2007. These data are not available for grain
producers, however, as the grain sown area represented around 81% in
the total crop production in 2007, the sample can be considered repre-
sentative. Accordingly, analysing the structure of the crop sown area, the
largest share of the sown area is controlled by the enterprises running
500-10,000 ha of land respresenting 42% of the all enterprises. The other
significant proportion of the total 56.4% of land is utilized by producers
with area from10,000-20,000 ha and over 20,000 ha, even though in
number they constitute only 7.7%.
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In regards to the individual farms, 93.7% of them own area up to
200 ha, which represents 29.6% of the total sown area. In contrast, 1%
of them cultivate 35.5% of total sown area with land plots over 1,000 ha.
Therefore, individual farms own arable land in smaller sizes compared to
the enterprises.

To summarize, 50% of the grain enterprises use the land of less than
500 ha, representing only 2.0% of the total sown area. The other 50% of
agricultural enterprises cultivate almost 98% of the total sown area with
the size of more than 500 ha. In case of individual farms, 97.6% of the pro-
ducers with land size up to 500 ha account for 50% of the total sown area.
The other 50% is operated by the residual 2.4% with land sizes of 500 ha
or more.

2.2 GRAIN PROCESSING INDUSTRY

2.2.1 Structural change in grain processing and
animal feed industries

The increasing prices for wheat and wheat products on the world market,
government interventions (subsidies, access to financial sources), mod-
ernization of production technology, favorable climate conditions, and
soil availability for wheat production, facilitated a sharp development of
the wheat flour production sector. As Figure 2.16 shows, in 2011 the total
wheat flour production in Kazakhstan reached 3.85 million tons, which is
almost the double of the level of 1.96 million tons in 1990 and 2.5 times
the level of 1.6 million tons in 1995. Nevertheless, the transition period
from a planned to free market economy significantly distorted the sector.
The drastic fall in the grain production during 1990’s led to a sharp down-
fall of the output of grain processors, as well.

Figure 2.16 portrays the output of flour products produced in Ka-
zakhstan since 1995:“cereal crops and plant flour; finely ground mixtures”
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Figure 2.16: Annual output of the grain processing industry in Kazakhstan

Source: Own illustration based on annual data published by CSMNERK
(b [2002: 75-76; 2006: 99, 2008: 95-96, 2012: 82-86])

(NACE 10.61.2), where the major component is “wheat flour” and “groats,
whole meal flour and pellets and other crops of cereals” (NACE 10.61.3).
The otherimportant types of the commodities are the fodder (NACE 10.9)
for livestock production, and fully processed rice (NACE 10.61.12) for hu-
man consumption. Also, after 2000’s processors started to produce maize
oil with moderate quantity and based on the improved capital-intensive
technologies, they were able to produce any type of products that can be
received after grain processing. In the econometric analysis these prod-
ucts are not incorporated though due to the low production quantities.
Nevertheless, wheat flour is the most produced commodity in Kazakh-
stan as it comprises around 65% of the total grain processing products.
The main determinant for such a high share is the fact that wheat flour
bread is the staple food in Kazakhstan. Another important aspect is the
export; the export destinations of wheat flour have been extended from
the neighbour countries, such as CAC countries, to Caucasian and other
CIS countries, Iran, Afghanistan, and United Arab Emirates. According to



the OECD (2013:210) report, during 2011/2012 half of wheat exports were
supplied as raw grain and the rest as wheat flour. Therefore, due to high
export potential, wheat and wheat flour gained a strategic importance
within agricultural sector in Kazakhstan.

The expansion of wheat export and wheat processing industries re-
sulted in growing investments in the sector. Many companies entered
the market and the number of processors started to increase. However,
according to the “Business Media Group” report (2011), a consolidation
process is notable on the grain processing market in recent years. The
companies merge, and small players leave the market: According to the
statistical data provided by Information and Computing Centre of the
Agency of the Republic of Kazakhstan on Statistics (ICCARKS), the number
of the processors decreased from 438 in 2005 to 301 by end of 2011, while
the production of the wheat flour expanded significantly. This indicates
that the remaining smaller number of entities control larger shares of
the market, leading to a high concentration level. Figure 2.17 shows that
the number of grain processors was increasing until 2005, followed by
a sharp decline between 2006 and 2008, and that stabilized afterwards.
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Figure 2.17: Annual output in grain processing industry and number of processing plants

Source: Own illustration based on data received from ICCARKS and annual data published by CSMNERK
(b [2002: 75-76; 2006: 99, 2008: 95-96, 2012: 82-86])



As a further step, Herfindahl-Hirschman Index (HHI), characterizing
the degree of market concentration, is calculated. However, there is no
official data on the market or industry concentration. Assuming all the
processing plants (firms) in industry have equal market shares, the index
is calculated as follows: H*=1/N, where N is the number of process-
ing plants. H* is calculated for 2000-2011, varying between 0.0029 and
0.0033. According to the Classification of the U.S. Department of Justice
and the Federal Trade Commission for HHI scale, the Kazakh grain pro-
cessing industry is identified as low concentrated industry.

However, evaluating the number of grain processing plants against
(Figure 2.17) the number of agricultural producers (agricultural enter-
prises and individual farms, Figure 2.15) implies that differences between
these two numbers are large. For example, there were 323 grain process-
ing plants and 161,962 agricultural producers in Kazakhstan in 2007. Re-
spectively, the market structure in the Kazakh grain processing industry
is more likely to be oligopsonistic.

For a more detailed understanding of the concentration in the pro-
cessing industry, processors are analyzed both at the regional level and
geographical areas. The number of the processors in Kazakhstan declined
since 2005 in 8 out of 14 regions, remained unchanged in 3 regions, and
increased after 2011 only in 3 regions (ICCARKS). In the regions Aktobe,
West Kazakhstan, Atyrau, Jambyl, Kyzylorda, and Mangystau, the number
of processors did not exceed 7 in 2011, whereas in Akmola, Almaty, Kara-
ganda, Kostanay, South Kazakhstan, and East Kazakhstan there were 30
or more processors. At the regional level, the HHI ranges between 0.011
and 1.000, suggesting that the sector is highly concentrated in some re-
gions such as, for example, Atyrau.’ Hence, it is more likely that the grain
suppliers located in the regions with few processors are price discriminat-
ed by the processors.

2 The U.S. Department of Justice and the Federal Trade Commission classify markets (industries) into three
types: (1) HHI below 0.15 indicates low concentration, (2) HHI between 0.15 and 0.25 — moderately
concentrated markets, and (3) HHI above 0.25 indicates highly concentrated markets.

3 Forthe detailed data and HHI regarding the number of processors on the regional level see Table A2.1 and
Table A2.2 in appendix.



In regards to the geographical areas, the number of regional proces-
sors are aggregated in the North, South, East, and West samples, and an-
alyzed in a similar manner as described above. Starting from 2000, the
number of processors increased in North, South, and East geographical-
ly by 2005. However, afterwards it started to decline and by 2011 it was
below the level of 2000. An opposite trend was observed for the West;
the number of processors declined from 2000 to 2005 and afterwards in-
creased till 2011. Overall the number of enterprises decreased in all four
geographical areas by 2011, compared to the level of 2000. Similar to the
national level, the HHI indicates the low level of concentration in all geo-
graphical areas during 2000-2011.*

In conclusion, the grain processing industry went through difficulties
after the breakdown of the planned economy. Nevertheless, the sector
did come out of the crisis, improved the performance after 2000’s and,
nowadays, wheat flour export is the milestone of the grain processing
sector in Kazakhstan. Wheat flour industry is developed around the
wheat production cluster in the northern part of the country and in
Southern-Kazakhstan region where the spring wheat is traditionally
produced. Yet, the concentration process is observed on the market. The
number of the players on the wheat processing market is diminishing,
while the sector output is growing. According to the HHI estimates, the
concentration in the sector is low.

2.2.2 Grain supply chain

Most of the grain processed in the Kazakh grain processing industry is
produced by the local grain producers. According to the statistics of the
grain balance statement (CSMNERK [a [2003: 74, 2006: 62, 2008: 192,
2012: 212]1) during 2000-2011, on average, 64.1 thousand tons of the
grain was imported annually in the country, whereas 16.4 million tons

4 Forthe detailed data and HHI regarding the number of processors according to the geographical area see
Table A2.3 and Table A2.4 in appendix.



was produced locally. The producers vary in many aspects, which deter-
mine their position in the grain supply chain. One of the influencing fac-
tors is the size. According to the OECD (2013, p.207-209) classification
described in Figure 2.18, small producers (SP) control arable lands up to
3,000 ha. They mainly deliver grain to the small mills (SM) either directly
or via small local traders (SLT) with turnover from 5,000 to 30,000 tons.
On the contrary, the large producers (LP), operating over 20,000 ha and
in many cases having direct contacts overseas, export the grain them-
selves or via international traders with turnover over 80,000 tons. In some
cases, they supply grain to the large mills (LM) or own them, also. As for
the medium sized producers (MP), while controlling arable lands from
5,000 to 20,000 ha, they supply grain to the SMs or LMs directly or ex-
port overseas by themselves and via large local traders (LLT) generating
30,000-80,000 tons.

The grain producers market their products through various distri-

bution channels. Nevertheless, as described in Figure 2.19, the main
grain purchasing industries can be outlined in the following way:
1. Feeding; 2. Seeding; 3. Processing; 4. Export; 5. Other—comprising per-
sonal consumption of grain in the country, industrial use and waste. The
trade is, mainly, organized by the intermediate players, such as elevators
and the local traders as described above. A part of the grain is exported
overseas directly or supplied to the local market.

On the local market, the grain is further processed for food consump-
tion by the processing industry and supplied as wheat flour or groats,
primarily, to the bakery industry. The processors sell the flour products
locally or export them overseas. A part of the grain is supplied to the live-
stock producers for feeding or used for seeding, as well. The rest of the
grain is used for various purposes, such as, industrial use, or it also com-
bines the grain directly sold to consumers via retailers and the amount of
grain wasted while producing it.
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Figure 2.18: Grain supply chain structure

Source: Own representation based on the OECD (2013, p. 209)
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Figure 2.19: Grain distribution channels

Source: Own illustration based on annual data published by CSMNERK (a [2003: 74, 2006: 62, 2008: 192, 2012: 212])



To have a clearer understanding of the grain distribution within the
channels, the respective statistics need to be analyzed. Figure 2.20 de-
scribes the grain flow within the channels and their shares with respect to
the total grain utilization. During 2000-2011, on average, feeding and
processing industries acquired 22% and 26% respectively of the total
grain utilized in the country. The 29% was exported overseas, and 15%
and 9% were used for seeding and other purposes correspondingly. The
share of the grain export was reduced by almost 8% over the last decade,
given that the grain production was increasing annually. The main deter-
minant of the process was the country’s increased production and export
of the grain processed products, such as the wheat flour. Figure 2.20 re-
veals the share of the grain processing increased by 5% over the decade.
Hence, more suppliers deliver their grain to the processing industry rath-
er than export it.
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Figure 2.20: Grain distribution within the supply chain

Source: Own illustration based on annual data published by CSMNERK (a [2003: 74, 2006: 62, 2008: 192, 2012: 212])



As the country maintains grain stocks annually, the structure of the
grain distribution is analyzed with respect to the grain production, as
well. Figure 2.21 depicts the dynamics within the distribution channels.
During 2001-2002, 2005-2007, 2009, and 2011, the grain production ex-
ceeds its consumption, indicating that the country made buffer grain
stocks. In contrast, in 2000, 2003-2004, 2008 and 2010 the utilization of
the grain is higher than production, demonstrating the release of the
state grain stocks on the market. In this regard, the state-owned FCC had
the priority to purchase wheat from farmers for regulating the state
stocks and used storage and transportation facilities (OECD, 2013, p. 213).

30.0 =@~ Grain
production
25.0 Other
I Export

Processing for
food purposes

[ seeding

I I I Feeding

QQQ NN SNV AN N NS SIS W RS\ SR

Total use (million tons)
x
o

Figure 2.21: Grain distribution in grain production

Source: Own illustration based on annual data, published by CSMNERK (a [2003: 74, 2006: 62, 2008: 192, 2012: 212])

It is also noticeable that in 2008, when the restrictions were imposed
due to the bad harvest, the grain export was still surpassed that of 2009
or even 2011 with the record grain harvest. Overall, on average, 25% of
the grain production was purchased by the processing industry and 29%
exported as raw grain during 2000-2011.



The growing demand, especially, from the CAC and CIS countries,
facilitated to gradual growth in the Kazakh grain processing sector. The
export of the flour products, such as wheat flour, started expanding since
2000. The dynamics observed in Figure 2.22, explicitly, indicate the role
of the export in the distribution of the grain processed products. It in-
creased by 526% from 0.3 million tons in 2000 to 1.9 million tons in 2011,
comprising 17% and 48% of the total utilization in the respective years.
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Figure 2.22: Utilization of grain processed products

Source: Own illustration based on annual data published CSMNERK (a [2003: 74, 2005: 62, 2007: 195, 2012: 213])

Conversely, the internal consumption did not change drastically with
the increase of 25% from 1.3 million tons in 2000 to 1.6 million tons in
2011. Its share in total use fell from 73% to 41%, respectively, and still
remains the main component in the total utilization structure. The pro-
duction of the grain processed products itself grew annually and rose by
106% from 2.0 million tons in 2000 to 4.2 million tons in 2011. Similar
to grain, in some years, the total use of the flour products exceeded its
production; hence the state stocks of the flour products were released
accordingly.



In summary, the Kazakh wheat flour export significantly increased
and expanded to new markets during 2000-2011. Due to the substantial
increase in export of wheat flour, the structure of the distribution chan-
nels of processing industry has been transformed largely within the ex-
port sector. Consequently, the increased demand on the flour products
was vertically transmitted downwards through the supply chain to pro-
duction level and, roughly, the third of the grain production was devoted
to the processing industry in 2011. A significant part of the grain produc-
tion was still either exported directly or distributed via feeding industry
channels.

2.2.3 Market concentration and vertical
integration

Looking at the increasing tendency of the wheat flour production indus-
try from the regional perspective, evidently, the main contributors to the
growth are the regions located close to the northern wheat production
cluster of the country. The leading regions in wheat flour production
are Kostanay, North Kazakhstan, and Karaganda where 45% of the total
wheat flour are produced. The South Kazakhstan region traditionally re-
mains as the major producer of winter wheat and wheat flour. Altogether
these four regions comprise 63% of the total wheat flour produced in the
country (CSMNERK [b [2012: 82-86]]). The other regions maintain a rather
constant level of wheat flour production.

The processing companies operating on the market differ according
to size, capacities, ownership and diversification. Some of them belong
to so called agroholdings, entities vertically and horizontally integrated
within the grain supply chain. They consolidate own grain producing
enterprises, elevators, trading and retail companies and some of them
are upstream integrated in the bakery industry, as well. Despite vertical
integration, a few of these groups even possess financial institutions,
such as banks, also transportation companies owning railway wagons



and even seaport facilities (OECD, 2013, p.19). Wandel (2009) outlines
five large agroholdings operating on Kazakhstan grain market, each one
owning capital-intensive processing enterprises with backward integra-
tion in the grain production sector. A good example is “lvolga holding”
incorporating grain production, processing and trading enterprises. The
holding controls over 1.5 million ha of arable land for agricultural produc-
tion. Another instance is TOO “Cesna-Astyk” representing every stage of
the value added chain in brewery industry. Similarly, Petrick et al. (2012)
reports about vertically integrated agroholdings operating in the north-
ern regions (Akmola, Kostanay and North Kazakhstan) and underlines
that some of them are part of the business conglomerates engaged in
various sectors of the economy. Such an example is “BATT-Grain", part
of the “BATT Group’, represented in oil, gas, construction, and alcohol
sectors. These agents have better access to financial sources, elevators,
new production technologies, machinery, transportation means, and
trade contacts overseas. By controlling a large share of the grain market,
they are able to influence the market, at least, on a regional level. Brosig
(2012) indicates the weak wheat price integration between three differ-
ent locations of Kazakhstan, which can be explained by the existence of
market power. He emphasizes single agents’ or cartels’ability to discrimi-
nate the price against individual peasant farmers compared to the large
producers obtaining higher prices. Consequently, the regional (cluster)
and structural heterogeneity in grain processing sector can be reflected
in existence of the price gaps at the interregional level.

Besides the private enterprises, there are government organizations
playing key role on the grain market. These organizations, mainly, pro-
vide service, such as access to finance and marketing of the products, to
grain producers and processors. In addition, they have regulatory func-
tion and intervene on the market to stabilize the prices and control the
state-owned grain stocks.

KazAgroHolding represents the central agency for the government
intervention and support on grain market (FAO, 2012). Various institu-
tions implement government agricultural policy under its umbrella,
some of which are the Agrarian Credit Corporation (ACC), Food Contract



Corporation (FCC), Fund for Financial Support of Agriculture (FFSA),
KazAgroProduct (KAP), KazAgroFinance (KAF), KazAgroMarketing (KAM)
and KazAgroGarant (KAG). Despite the existing support programs, these
entities engage in commercial transactions and, therefore, affect the mar-
ket conditions.

In 2011, from the total assets of KazAgro, worth of 2.5 billion USD, 90%
has been aggregated in FCC, KAF and ACC (OECD, 2013, p. 23). FCC, along
with KAP, generates the state grain stocks in Kazakhstan. By intervening
on grain market, they control the market price and manage stocks in the
country. According to the regulations, the producers occupying above
250 ha of land must engage in setting the state grain stocks up by au-
thorizing FCC to have a priority purchase. According to the OECD report
(2013, p. 123) the Food Contract Corporation controls 550,000 tons of re-
serves comprising five types of grain stocks: food grain reserve, forage
resources, seed resources, disposable grain resources, and stabilization
(ad hoc local) resources. The Agrarian Credit Corporation together with
FFSA provides concessional loans to local enterprises for various purpos-
es within production. The interest rate differs according to the purpose
of the loan, yet, stays below the commercial rates existing on the market.
As for KazAgroFinance, it runs programs to finance the machinery leasing
(OECD, 2013, p. 24). Similar to ACC, the interest rates are subsidized and
maintained below the market premium.

2.24 Summary and conclusions

The grain production industry emerged as a growing sector after the
crisis period during 1990’s even though it still has not reached the level
of 1990. The main barriers were the underdeveloped market and infra-
structure, production technology, limited access to financial and other
resources. Nowadays, Kazakhstan grain sector produces eight different
grains where wheat is the most produced one. Other grains like rye, mil-
let, rice, barley, buckwheat, maize, and oat comprise around 15% of the
total grain production in the country. The grains are produced in regions



favoring the respective climate. Consequently, the grain price formation
has a heterogeneous character. Prices are influenced by various import-
ant factors, such as government regulations, world grain prices, weather
conditions, and the level of trade integration. Moving from a central-
ly-planned to a market economy, created new organizational forms in the
grain sector, as well; agricultural enterprises, individual farms and house-
holds are the main players on the production market. Agro holdings, en-
tities vertically and horizontally integrated in the supply chain, appear as
dominant large enterprises suspected in oligopsonistic behaviour, and to
be able to influence the price.

The grain processing industry expanded along with the grain pro-
duction sector during 2000-2011. The wheat flour export significantly
increased and entered new markets. Growing flour export led to pro-
portional demand on wheat and the processing industry became one of
the important procurers on the market. However, an increasing concen-
tration level is observed in the sector, where a few agroholdings control
a large share of the market.

Overall, considering the structural changes, market concentration,
and vertical integration of agroholdings in the Kazakh grain processing
sector, it may be hypothesized that grain processing industry does exer-
cise buyers’ (oligopsony) market power in the input market for grain, but
remain a price-taker in the output market.



3 THEORETICAL
FRAMEWORK OF
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3.1 OVERVIEW OF STUDIES

The market power analysis has been an interest of econometricians for
the last decades. Various scholars devoted their work to detecting mar-
ket imperfections and estimating the degree of market power. The topic
became especially interesting within the New Empirical Industrial Orga-
nizational (NEIO) framework, where various econometric approaches and
models were developed and applied in empirical studies.

The studies of oligopolistic markets emerged in 1980’s when Appel-
baum (1982) first provided the measure of the degree of the oligopo-
listic power. Many NEIO economists, like Bresnahan (1982), Lau (1982),
Schroeter (1988), Azzam (1997), Griffit (2000), O’'Donnell et al. (2007), de-
voted their research analysing oligopolistic markets in various sectors of
economy as well, including the agricultural markets. The degrees of mar-
ket power have been estimated on different agricultural markets using
various approaches and methods, such as, the production-theoretical ap-
proach, general identification method, nonparametric analysis, and the
reduced form approach.

The structural models were used for conducting many studies within
the NEIO framework. They provide a possibility not only to test whether
a market power is exercised on a market, but also to estimate its degree.
Therefore, it's a useful tool to define whether a market has a competitive,
monopoly or oligopoly type structure. The main principle of the structur-
al approach is to estimate the parameter capturing difference between
price and marginal cost, which consequently indicates the degree of the
market power. The structural models are estimated in a system of equa-
tions including inverse demand and/or supply, profit, revenue or produc-
tion functions, and the optimality conditions. Depending on the focus
of studies they also provide a possibility to estimate the market power
parameter simultaneously, on input and output markets.

Appelbaum (1982) developed a generalized framework for testing
competition on markets. Within the framework, the conjectural variation
was incorporated testing a hypothesis for a noncompetitive behaviour.
It also provided a possibility to define the underlined market structure,



estimate the degree of competition and, therefore, conclude not only
whether it is a competitive or monopoly market, but also to estimate the
degree of oligopoly.

Bresnahan (1982) provided a theoretical framework of finding solu-
tions to identify market structures. Having focused on equilibrium price,
he explained the principles of differentiating competitive markets from
noncompetitive ones. He suggested that by introducing exogenous
variables, such as a price of substitute goods and income in the demand
equation, can define the behaviour of the demand curve. Demand curve
behaviour, in turn, can explain the effect on the equilibrium price. He
proved that within the competitive market, the equilibrium price remains
constant, whereas the noncompetitive market reveals variations.

Following Bresnahan’s (1982) model, Lau (1982) demonstrated that
the estimation of the market power parameter cannot be identified for
the linear and log-linear demand curves. It is only possible if inverse de-
mand function is twice continuously differentiable, separable and has no
constant elasticity with respect to output. Only under such assumptions,
can market power parameter be estimated using price and output data.

The Appelbaum (1982) model was used as the basis for the Produc-
tion-Theoretical Approach (PTA) and further elaborated by Lopez (1984)
in the analysis of the Canadian food processing industry. Similarly, the
General Identification Method (GIM) was formulated and theoretically
substantiated by Bresnahan (1982) and Lau (1982). Nevertheless, the de-
veloped models suffered from some limitations, as well. Such an example
was the assumption regarding fixed proportions technology that allowed
the input and output market power parameters to be identical. However,
the model later was applied by many scholars, such as Schroeter (1988),
Griffit (2000) in their analyses. Consequently, the approach was modi-
fied by Azzam and Pagoulatos (1990) by introducing variable propor-
tion technologies in the analyses, providing flexibility in estimating the
market power parameters for input and output markets without fixing
them. Muth and Wohlgenant (1999), O’'Donnel et al. (2007) successfully
used the variable proportion approach in their analyses. It is worthy to
outline that in empirical studies, both alternatives were applied to the



same agricultural market with similar output (Griffit, 2000 and O’'Donnel
et al, 2007). Griffit (2000) analyzed the Australian food supply chain for
bread, breakfast cereal, and margarine end-product markets. Estimating
the empirical model within NEIO framework, revealed that some of the
processors in the industry exerted market power while purchasing grains
and oilseeds from farmers. For the analyses, the assumption regarding
fixed proportions of input-output ratio was introduced and only input
sides of firms were assumed to be characterized with a noncompeti-
tive behaviour, while holding the other side competitive. Furthermore,
O’Donnel et al. (2007) modified the model developed by Griffit (2000),
allowing the variable proportion technologies and incorporated the as-
sumption of a noncompetitive behaviour at every stage of the market-
ing chain. After investigation of the same Australian grains and oilseeds
sector, it was concluded that some of the food manufacturers exert oli-
gopsony market power while purchasing agricultural products, such as
wheat, barley, oats and triticale, thus confirming the results found by
Griffit (2000).

Hyde and Perloff (1995) analyzed structural models and outlined
their weaknesses. The models were estimated using the Cobb-Douglas,
translog and linear specifications. According to the findings, structural
models are sensitive in defining functional forms and, consequently,
a misspecification might lead to biased results. Hence, accuracy in func-
tional forms plays a significant role for adequate estimations.

Structural models provide a possibility to estimate the market power
parameter on input and output markets, simultaneously. Therefore, they
furnish a good opportunity to estimate parameters of the whole supply
chain and capture welfare effects, as well. Such studies were conducted
by many scholars, such as Azzam and Pagoulatos (1990), O’'Donnel et al.
(2007), Mei and Sun (2008). Sexton (2000) introduced the framework for
analysing the oligopoly/oligopsony power effects over the producer
and consumer surplus, and welfare efficiency. Nevertheless, within NEIO
framework the structural models were applied for analysing only the
input market of the supply chain. Lopez and You (1993), Murray (1995),
Zheng and Vukina (2009) undertook studies where oligopsony power



was estimated. In this respect, Roger and Sexton (1994) were some of the
first to use market power models to utilize the US agricultural input mar-
kets. In the analysis, the concentration in the food processing sector has
been highlighted and tested for the oligopsony power. In the model the
first order conditions for processors have been measured as a function of
market concentration, spatial dimension of the market and processors’
conduct parameter. The findings illustrated farm-retail price disparities
and necessity of empowering cooperatives and other types of farmers
association to reduce the processors ability to exert market power on raw
agricultural markets.

An alternative to structural models for market power analysis is re-
duced form approach represented by Hall (1988). The approach is based
on comparative static analyses (Perloff et al., 2007), however unlike the
structural models does not provide estimates regarding the degree of the
market power without additional information (Shapiro 1987). It rather
gives the possibility to simply detect whether a market is competitive or
not, thus demonstrates market competitiveness and imperfection. How-
ever, it does not inform regarding the degree of imperfection if it exists.
In this case, market competitiveness, as the main hypothesis, is tested.
The critical assumption of the approach to be maintained is related to
the constant returns to scale through the whole sector. The assumption is
regarded as weakness of the approach, as well, as it is very sensitive even
to minor deviations (Hyde and Perloff, 1995). Nevertheless, compared to
the structural approach, the reduced form approach requires less data
and allows more flexibility for estimations (Perloff et al., 2007).

Models that are applied for market power analyses use various de-
gree of data aggregation. Appelbaum (1982), Azzam (1997), Azzam and
Pagoulatos (1990), Lopez (1984), Hyde and Perloff (1998) applied national
level data for analyses; however, other scholars used more disaggregat-
ed data. Regional data were used in the studies conducted by Koontz
and Garcia (1997) to test market power in U.S. regional markets, such as,
lowa, Eastern and Western Nebraska, Eastern and Western Kansas, Texas.
Anders (2008) employed regional data, as well, to analyze the German
meat market, and found a noncompetitive behaviour from retailers on



both input and output markets, thus, characterizing them as oligopo-
listic-oligopsonistic. Ukrainian regional dairy markets were analyzed by
Perekhozhuk et al. (2015) by applying the regional data for estimating
the structural model and, accordingly, finding oligopsony market power
in the milk processing industry.

3.2 APPROACHES AND METHODS FOR
ANALYSING MARKET POWER

3.2.1 Hall's approach

Hall, as one of the most famous authors of the reduced-form model, de-
veloped two similar yet slightly different methods for testing competi-
tiveness of a market (Hyde and Perloff, 1995). Both approaches are based
on the, so called, Solow residual 6, which is an index of Hicks-neutral
technical progress, suggesting that technical progress is neither labour
nor capital saving. In the instrumental variable approach, Hall argues that
assuming constant returns to scale on the market, market power can be
tested using instrumental variable(s), depending on its’ correlation with
Solow residual. If correlation is close to zero, then null hypotheses cannot
be rejected, thus the market can be characterized as competitive. Other-
wise, in case of a positive correlation, the null hypothesis is rejected and
the alternative one of market power existence is accepted.

Yet, the weakness of the approach is it does not provide properties for
estimation the degree of the market power. Accordingly, Hall developed
alternative estimation approach which covering the estimation part, as
well. In this case the price and marginal cost ratio is estimated, conse-
quently, defining the degree of market power. However, in order to get
nonbiased outcomes, additional information, such as demand elasticity
is necessary. Holding the standard nonparametric approach assumptions
in both methods, Hall showed that by introducing instrumental variable



while estimating and testing the correlation with Solow residual, it can be
examined whether the market is competitive or not.

Hall's methods tailored the possibility to be applied on both input
and output markets. Accordingly, while testing input market for oligop-
sony power, a ratio of marginal product of a factor to marginal factor cost
can be used as a good indicator of exercising market power (Perloff, 2007,
p.59). Of course, the assumptions related to the Hall's approach must
hold, as well.

Hall (1986) undertook the market structure analysis of various U.S. in-
dustries. The main focus was identifying the differences between price
and marginal cost. According to his findings, most of the analyzed indus-
tries were noncompetitive, yet, no results were provided regarding the
degree of the market power.

Shapiro (1987) enhanced the Hall’s (1986) study and estimated the
degree of market power in the same industries, as well. He did so by in-
corporating the demand elasticities in the analysis. He argued that the
ratio of elasticity of demand and the mark-up can be used for measuring
the market power. He suggested that the ratio should range between
zero and one indicating competition and monopoly respectively.

Crépon (2005) extended the Hall’s (1986) approach and applied the
factor productivity approach to estimate the degree of competition.
Therefore, he analyzed the firm-level balanced panel data using 1,026
French manufacturing industries. The focus of the study was the bargain-
ing power between employers and their workers. By estimating the pa-
rameter 0 in the model, he assessed the degree of imperfect competition
on the market. He concluded that firms’ true mark-up was undervalued
consequent to not taking into account the labour market imperfections.

Martins (1996) estimated mark-up ratios in the 36 manufacturing
industries of the 14 OECD countries by combining the methodological
approaches of Hall and Roeger. According to the findings, the mark-ups
varied depending on industries and countries. The departures from per-
fect competition were identified in manufacturing industries. Similar
studies have been conducted by Boulhol (2008) covering 13 OECD coun-
tries during 1970-2000.



Hall (1988), subsequently, analyzed seven industry groups and 26 in-
dustries in the US. He introduced a methodology with the assumption of
constant returns to scale. The tested hypothesis combined both competi-
tion and constant returns to scale, by restricting covariance between the
Solow residual and the instrumental variable to zero. According to the
findings, monopsonistic behaviour was found in the labour market and
noncompetitive structure in the product market.

Levinsohn (1993) analyzed Turkey’s trade liberalization policy affects.
In order to identify the consequences he examined the degree of compe-
tition using the market structure analysis. Similar to Hall (1988), he em-
ployed a one equation model to estimate the price-marginal cost ratios
in different industries. Unlike Hall (1988) who utilized the industry aggre-
gated data, the balanced firm-level panel data covered the greater Istan-
bul area during 1983-1986. According to the study, prior to liberalization,
firms in two industries were able to set price above marginal cost, hence,
having exerted a noncompetitive behaviour.

Norrbin (1993) re-estimated Hall’s (1988) findings using the same
data, but with some extension. He incorporated intermediate inputs in
the original model. According to his findings, mark-ups by Hall were over-
estimated. Accordingly, small mark-ups were insignificant and, therefore,
the results strongly deviated depending on the estimating technique
applied.

Love and Shumway (1994) developed nonparametric approach
testing for a monopsonistic market power. The model incorporated the
Hicks-neutral technical change and allowed testing the ability of proces-
sors to exert the market power over agricultural producers. It assumed
the possibility of processors being the price takers on non-agricultur-
al inputs market but not on agricultural ones. Estimating the index of
monopsony market power allowed to define a residual input supply
curve processors faced and, accordingly, conclude whether the market
power was exercised or not. Using simulated firm level data, the authors
proved the robustness of the model.

Hyde and Perloff (1995) compared three different approaches, that
were structural, Hall and Panzar-Rosse, with simulation method. The



results suggested that the Hall approach had advantageous pertinent to
requiring less data and did not necessitate to examine functional forms of
supply and demand. However, the results were not stable in respect of as-
sumptions and responsive to deviations given constant returns to scale.
Furthermore, Hall approach did not provide the estimations to describe
the degree of market power without additional information.

Eden (1993) introduced the spot market analysis where he challenged
Hall’s (1988) marginal productivity assumption and argued that capacity,
rather than output utilization should be included in the analysis. He also
questioned the assumption regarding constant returns to scale and con-
cluded that Hall’s analysis was not robust.

Roeger (1995) derived alternative approach based upon the Hall's
(1988) method. The proposed methodology had advantageous due to
not entailed instrumental variables. In the analysis, he applied the model
using Hall’s (1988) dataset, and, in line with his findings, he also detected
imperfect competition in the U.S. manufacturing industries. However, the
estimated mark-ups from his study were much lower, compared to the
ones from Hall which, he suggested occurred due to the poor instrumen-
tal variable choice.



Table 3.2.1: Overview of selected results from empirical studies using Hall's method

Author(s) (year) Country DA DF® TP¢ Industry/Market

7 one-digit and 26 two-digit
industry groups:

Hall (1989) USA N A 1953-1984
Food products
Tobacco manufactures
Textile mill products
Lumber and wood products
Petroleum and coal products
Leather and leather products
Whole trade
Retail trade

Boyle (2004) Ireland N A 1991-1999 Food

Textiles

Wearing Apparel

Wood & Wood Prods.
Pulp & Paper

Printing & Rec. Media
Chemicals

Rubber & Plastic

Other Non-Metallic
Fabricated Metals
Machinery & Equipment
Electrical Machinery
Radio, TV & Comm. Equip.
Med., Prec. & Opt. Instrum.
Motor Vehicles

Other Trans. Equip.

Furniture



Estimated Conducted

d
Method Parameter 8 Parameter 6

2SLS

0.189 5.291
0.362 2.766
0.388 2.578
0.555 1.801
-0.007 —-139.478
0.476 2.100
-0.271 —3.688
0.425 2.355

OLS 0.60 =
1.00 —
1.50 —
0.20 —
0.50 —

-0.10 —
1.60 —
0.15 —
0.60 —
0.10 —
0.30 —
0.30 —
0.60 —

-0.30 —

—0.04 —

-1.20 —
1.50 —



Table 3.2.1: Overview of selected results from empirical studies using Hall's method (cont.)

Author(s) (year) Country DA DF® TP¢ Industry/Market

Manufacture of paper and paper

Levinsohn (1993)  Turkey P A 1983-1986 products

Manufacture of industrial
chemicals

Manufacture of other chemical
products

Manufacture of pottery, china,
earthenware
Non-ferrous metal basic industries

Manufacture of metal products
except

Manufacture of machinery except
el.

Manufacture of electrical
machinery

Manufacture of transport
equipment

Manufacture of scientific equip-
ment, etc.

. 1978/79- . e
Crespi et al. (2005) USA N A 2000/01 Rice milling

Crépon (2005) France F A 1986-92 1026 manufacturing firms

Notes:

*DA=level of Data Aggregation: F=Firm, N=National, P=Plant, R=Regional, W=World;

®DF=Data Frequency: A=Annual, Q=Quarterly, M=Monthly and D=Daily;

“TP=Time Period;

Method: BE=Bayesian Estimation, FGNLS=Feasible Generalized Nonlinear Least-Squares,
FIML=Full Information Maximum Likelihood, GMM=Generalized Method of Moments,
13SLS=Iterative Three-Stage Least Squares, ILS=Iterative Least Squares, 2SLS=Two-Stage Least Squares,
N2SLS=Nonlinear Two-Stage Least Squares, N3SLS=Nonlinear Three-Stage Least Squares,
SUR=Seemingly Unrelated Regression, NISUR=Nonlinear Iterative Seemingly Unrelated Regression,
NIV=Nonlinear Instrumental Variables, TEM=Taylor Expansion Method;

n.a.=not available.

Sources: Articles cited



Estimated Conducted

d
Method Parameter  Parameter @

OLS 217 =
1.05 —
1.25 —
1.06 —
0.455 —
1.27 —

0.427 —

25LS 1.893 0.27

GMM 1.5 0.6




Boyle (2004) applied the Hall-Roeger approach to analyze Irish Manu-
facturing Industries. According to the author, the main motivation of
employing this particular approach was to require less data compared to
other approaches and to avoid demand specifying functional forms. The
panel data with 872 observations for the time period 1991-1999 were
used for the analysis. The findings proved the existence of the market
power in certain industries in production input pricing.

The Hall's approach has been used by Crespi, Gao and Peterson (2005)
while testing the U.S. rice milling industry for oligopsony behaviour. As-
suming Hick’s neutral technological change, the model was derived to
estimate market power in input purchasing without specifying function-
al forms of input supply equations. The analyses covered the period of
crop years 1978/79-2000/01. The following were the data utilized in the
analyses:

1. National output quantities and prices aggregated and averaged
from state-level data.

2. Quantities and prices of the raw rice paid to farmers - cost which
account 85% of total input costs.

3. Labour, capital and energy expenditures as non-specialized input
costs.

The estimations were conducted using OLS and 2SLS. Hausman tests ex-

amined the consistency of the estimated coefficients. Estimated param-

eter, comprising conjectural and input supply elasticities, allowed con-

cluding whether the processors exerted market power while purchasing

rice.

The Hall's approach was introduced to measure the price-marginal
cost ratio in the U.S. industries. The main advantage of methodology
was the requirement of less data and no need for defining functional
forms. Nevertheless, the model was based on constant returns to scale
and a perfect competition assumption, for which it has been heavily
criticized. However, as it is summarized on Table 3.2.1, various scholars
successfully applied the model for analysis and estimated market power
in different industries across many countries.



3.2.2 Production-theoretical approach

The production-theoretical approach was developed according to the
framework introduced by Appelbaum (1982). Based on inverse demand
and conjectural elasticities estimated by the model, the degree of the oli-
gopolistic power was estimated for the first time. The parameters were
estimated in terms of the index combining the degree of the competi-
tion and demand elasticity. Parameter 6, a measure of the degree of the
oligopolistic power, was introduced as a generalization of the Lerner In-
dex. The models within the PTA framework are normally estimated using
the system of equations of production function, supply and/or demand
functions, and first order conditions. Thus, the PTA models incorporate
the production technology data with respect to the production elastici-
ties and elasticities of substitution between all factors of production and
technical change in the industry (Perekhozhuk et al., 2015). Nevertheless,
the PTA models were criticized for their limitations, especially, regarding
fixed proportions applied by various researchers (Appelbaum 1982; Lopez
1984; Schroeter 1988; Schroeter and Azzam 1990), for assuming the mar-
ket power estimates of input/output markets to be equal. Alternatively,
variable proportions technology was incorporated in the approach later
by Azzam and Pagoulatos (1990). Another important limitation of the PTA
pertains to the fact that it suffers from sensitivity to deviations in specifi-
cations. In this regard Hyde and Perloff (1995) underlined that the market
power parameter estimates could be biased if the functional forms are
misspecified. Nevertheless, the approach was successfully modified and
applied by many scholars in agricultural and non-agricultural studies.

Following Appelbaum (1982), the U.S. beef packing market was test-
ed for competitiveness by Schroeter (1988). The model was modified,
allowing simultaneous estimating of market power parameter on both
input and output markets. Nevertheless, the model presumed a strong
assumption regarding the fixed proportions of input and output in pro-
duction technology, thus, fixing input and output quantities under one
variable and, therefore, introducing equivalent conjectural elasticities for
input and output markets.



Lopez (1984) developed oligopoly model based on Appelbaum
(1982) approach, providing possibility to capture the concentration
change effect on price mark up and oligopoly power. After analysing the
Canadian food processing industry, a competitive behaviour of the pro-
cessors was rejected. The findings demonstrated the increased degree of
market power over the analyzed period and various levels of sensitivity of
the factors’ responses (labour, capital, raw materials and energy) to price
fluctuations.

Azzam and Pagoulatos (1990) first proposed a model allowing vari-
able proportions with non-restrictive conjectural elasticities. In this way it
was possible to avoid assumption regarding identical conjectural elastic-
ities on input and output markets. By estimating simultaneous equations
of demand and supply functions, the first order condition and produc-
tion function of the U.S. beef packing industry was tested for both oligop-
oly and oligopsony power.

Appelbaum’s (1982) model later was extended by Azzam (1997)
with the focus on deviating market power and cost efficiency effects in
estimations and measuring the strength of their effects with respect to
concentration. In the study the U.S. beef packing industry, the market
characterized by high concentration, was analyzed. It was concluded that
beef packers exerted market power on the cattle market; nevertheless,
the market power effects were compensated by the benefits of slaughter
cost-efficiency effects.

Murray (1995) used structural equation system to estimate oligop-
sony power in the U.S. wood processing industry. The system combined
a profit function together with estimation of supply and factor demand
elasticities. Along with quantity variables, input shadow prices were used
for the analysis. According to the findings, the saw log and pulpwood
markets were defined rather competitive than monopsonistic. Neverthe-
less, pulpwood processors have been more oligopsonistic compared to
the ones from the saw log industry.

Mei and Sun (2008) examined the U.S. highly concentrated paper in-
dustry. For the analysis, the annual 1955-2003 data was applied in the
model based on the PTA approach. According to the findings, market



power was identified in both the paper products output and pulpwood
input markets, with stronger emphasis on input markets. It was conclud-
ed, that oligopoly power was stable over the analyzed period while oli-
gopsony power fluctuated.

Generalized structural models were applied to analyze different sec-
tors of the economy at various levels. Nevertheless, the PTA models were
successfully applied in agricultural industries, as well. The models were
used to test input and output markets of food processing industries, or
both markets simultaneously, for oligopsony and oligopoly power.

Schroeter and Azzam (1990) tested the U.S. meat (beef and pork) mar-
ket for multi-product oligopolies and investigated cross market effects.
The structural model was estimated using generalized the Leontief cost
function, applying the assumption regarding fixed proportions. Accord-
ing to the results price taking behaviour was rejected and defined as mo-
nopoly/monopsony distortion.

Wann and Sexton (1992) examined the California pear processing in-
dustry for market power. Using structural production function model, the
market was simultaneously tested for oligopsony and oligopoly. The an-
nual 1950-1986 time series data was employed for analysis. The findings
suggested that the output industry, particularly, canned pear and fruit
cocktail markets could be characterized by moderate oligopoly power
and hypothesis regarding competitive input market of raw pear has been
rejected.

Bhuyan and Lopez (1998) tested the U.S. food and tobacco indus-
tries for oligopoly power and calculated the welfare losses. The model
was developed following a NEIO approach estimating cost, demand and
conducted parameters. According to the results, the allocative efficien-
cy losses for flour and grain milling industry composed 26.17% of sales
due to oligopoly market structure. Nevertheless, the model suffered from
limitations excluding factors, such as endogenous productivity growth,
product differentiation, and price leadership behaviour.

Milldn (1999) performed a market power analysis in Spanish food,
drink and tobacco industries including milling and bread and flour sec-
tors for 1978-1992. The oligopoly market power was detected in most of



the Spanish food processing sectors. Nevertheless, the results were cau-
tiously interpreted considering the theoretical assumptions made and
data availability for defining the demand functional form.

Gohin and Guyomard (2000) analyzed the French food retail industry,
particularly, the dairy, meat and other food products. For the analysis of
input supply functions, the inverse demand system and first-order prof-
it maximization conditions were estimated separately. According to the
findings the hypothesis regarding French food retail industry actors be-
ing competitive, was rejected and the wholesale-retail price margins in
dairy and meat industries were of oligopoly-oligopsony character.

Quagrainie (2003) examined the Canadian meat packing industry.
The model was estimated in a system of supply, derived demand, and
translog profit functions. The industry level annual data for 1960-1997
was analyzed. In line with results, hog markets were defined as, generally,
competitive; however, beef packers exercised market power in finished
cattle market from 1978 to 1997.

Bakucs et al. (2009) investigated processors in German and Hungarian
pork markets. A structural model simultaneously combined the estima-
tion of supply, derived demand, and production functions. Although the
markets especially, the German highly concentrated pork market, were
characterized as concentrated, the estimates indicated low degree of the
market power by processors. Furthermore, the bargaining power in the
German hog market diminished over the analyzed period, while on the
Hungarian market, a slight increase was detected.

A structural model was also applied by Perekhozhuk et al. (2015)
to test the Ukrainian dairy market for market power. Characterized by
high level of market power, dairy processors were suspected to exer-
cise oligopsony power over dairy producers. The model was estimated
simultaneously using the supply, production functions, and first order
condition. The data combined the national and regional time series for
1996-2003. According to the findings, the oligopsony power has been
detected on national level and in some administrative regions of Ukraine.
Table 3.2.2 provides the list of the authors that used the PTA approach
in their studies. As it can be observed for estimation, at least a system of



three equations was incorporated in the model: a production function,
first order condition and demand and/or supply function(s). However,
instead of the production function cost, revenue and profit functions
were utilized. As for the specifications, they varied depending on the
scrutinized market and data. Appelbaum (1982), Lopez (1984), Schroeter
(1988), Schroeter & Azzam (1990), Azzam (1997), Morrison Paul (2001)
applied the generalized Leontief cost function, whereas Azzam & Pagou-
latos (1990), Bakucs et al. (2009), Perekhozhuk et al. (2013, 2015, 2017),
Scalco et al. (2017) defined translog linear production functional (TLPF)
form of specifications in their analysis. The Translog revenue and profit
functions were used by Hockmann and Véneki (2009), and Quagrainie
et al. (2003) in the estimations. As for the demand and supply functions,
the commonly applied specifications are the double logarithmic (DL)
and translog functions, respectively. For model estimation, the Nonlinear
Three-Stage Least Squares (N3SLS) and Full Information Maximum Likeli-
hood (FIML) methods are frequently used. Nevertheless, other methods,
such as the Iterative Three-Stage Least Squares (I13SLS) and the General-
ized Method of Moments (GMM) are employed, as well. As for the data
applied for the analyses, they range from plant level to national level and
frequency varied from monthly to annual.

Regarding the definition of the functional forms, Perloff et al. (2007),
Hyde and Perloff (1997), proved that the specifications are sensitive to the
deviations. In this respect, Perekhozhuk et al. (2017) provided the com-
parison of the estimates based on the TLPF and the translog nontruncat-
ed function (TLN), and the translog truncated function (TLT) supply func-
tional forms. There were four different methods applied for the analysis
that are the N3SLS, I13SLS, GMM, and FIML. According to the findings the
results significantly varied with respect to the specifications, and meth-
ods applied.



Table 3.2.2: PTA studies of agri-food industries on market power

Study (year) Country DA* DF®° TP¢ Industry/Market
Appelbaum (1982) USA A 1947-71  Textile
Tobacco
Lopez (1984) Canada A 1965-79 Food processing
Schroeter (1988) USA A 1951-83  Beef &Cattle
Azzam & Pagoulatos USA A 1959-82  Meat
(1990)
Livestock
Schroeter & Azzam USA Q 1976-86  Beef
(1990)
Pork
Wann & Sexton (1992) USA A 1950-86  Fruit cocktail
Grade pack pears
Chirinko & Fazarri (1994) USA A 1973-86 Malt Beverages
Textile
Bergman & Brannlund Sweden A 1960-88  Pulp & paper
(1995)
Murray (1995) USA A 1958-88 Pulpwood
Sawlogs
Azzam (1997) USA A 1970-92 Beef packing
Bhuyan & Lopez (1997) USA A 1972-87 Food
Tobacco

Food & Tobac.




Market
power Index"

Function forms* NE¢ Method’ Model?

P/C/R/PF

GLC DL — 5 FIML 0 0.0368  0.1960
0 04019  0.6508
GLC sL — 6 FIML ] 0.192 0.504
GLC DL DL 4 FIML 6/p 0.0176 —
0 — 0.0333
® — 0.0104
TLPF — — 5 I135LS 6 0223 0.460
® 0.178 11
GLC — — 4 I135LS 6/p 0.0475 0553

0/ 0.0558 0477

GLMC — — 6 FIML 0 0.482 —
) 0076 —
TLC — — 3 N3SLS 0 0307 —
0 0.160 —
GLP — DL 3 N3SLS ® 022 —
FIML ® 1.05
GLP — — 5 NISUR ® 0174 02857
® 0042 02435
GLC — DL 2 N3SLS @  —079t 0238
TLC DL — 6 N3SLS 0 0180 0330
0 0.211 0.369

0 0.183 0.334




Table 3.2.2: PTA studies of agri-food industries on market power (cont.)

Study (year) Country DA® DF® TP¢ Industry/Market
Bhuyan & Lopez (1998) USA A 1972-87 Cereal Breakfast
Pet Food Ind.
Millan (1999) Spain A 1978-92 Qils and fats
Wine
Brewing
Tobacco
Morrison Paul (2001) USA M 1958-91 Beef packing
Quagrainie et al. (2003) Canada A 1960-97 Beef packers
Pork packers
Hockmann & Voneki (2009)  Hungary M 1998-06 Raw milk
Bakucs et al. (2009) Germany M 1993-03 Hogs
Hungary M 1995-04 Hogs
Perekhozhuk et al. (2013) Hungary A 1993-06  Dairy industry
Perekhozhuk et al. (2015) Ukraine M 1996-03 Dairy industry
Perekhozhuk et al. (2017) Ukraine M 1996-03 Dairy industry



Function forms¢

NE®

Methodf

Model?®

Market
power

Index"

P/C/R/PF ‘ D ‘ S
TLC DL — 6 N3SLS 0 0.550 —
0 0.014 —
TLC DL — 5 ILS 6 0.68 ns.
0 0.45 ns.
0 0.60 ns.
0 0.26 ns.
GLC — — 6 N3SLS 6/p —-0.0083 0.0075
TLP — — 4 N3SLS 0] — 0.0050
0] — 0.0023
TLR — TL 3 N3SLS @ 0.05 ns.
TLPF — TL 3 N3SLS 0] 0.0724 ns.
[0} 0.0284 ns.
TLPF — — 2 FGNLS ® 0.2219 ns.
TLPF — TL 3 N3SLS 0] 0.1475 ns.
TLPF — TLN 3 N3SLS 0] 0.011 0.031
13SLS 0] 0.010 0.0381
GMM [} 0.008 0.0221
FIML 0] -0.002 -0.003
TLPF — TLT 3 N3SLS 0] 0.148+ 0.361%
13SLS [} 0.298% 0.464%
GMM @ 0.086% 0.293%
FIML 0] 0.257% 0.463%



Table 3.2.2: PTA studies of agri-food industries on market power (cont.)

Study (year) Country DA® DF° TP< Industry/Market

Perekhozhuk et al. (2017) Ukraine R M 1996-03  Dairy industry

(cont.)

Scalco et al. (2017) Brazil R M 2010-15 Milk market
Kumbhakar et al. (2012) Norway F A 1974-91 Sawmilling industry
Notes:

*DA=Data Aggregation: F=Firm, N=National, P=Plant, R=Regional, W=World;

®DF=Data Frequency: A=Annual, Q=Quarterly, M=Monthly and D=Daily;

“TP=Time Period;

¢Functional forms for Profit (P), Cost (C), Revenue (R), Production functions (PF) and input distance function (IDF):
GLC=Generalized Leontief Cost function, TLPF=Transcendental Logarithmic (Translog) Production Function,
GLMC=Generalized Leontief Multiproduct Cost function, GLP=Generalized Leontief Profit function,
TLC=Transcendental Logarithmic (Translog) Cost function, TLR=Transcendental Logarithmic (Translog) Revenue function;
Functional forms for Demand (D) and Supply(S) functions: DL=Double Logarithmic function,
SL=Semi-Logarithmic (log-linear) function, LIT=Linear function with Interactive Terms, LIN=Linear function,
LOG=Logarithmic function, EC=Error Correction, TL=Transcendental Logarithmic (Translog) function,
TLN=Transcendental Logarithmic (Translog) Nontruncated function,
TLT=Transcendental Logarithmic (Translog) Truncated function;

¢NE=Number of Equation;



Lerner
Index"

Market
power

Function forms* NE¢  Method’ Model?

P/C/R/PF ‘ D ‘ S
TLPF — — 3 N3SLS 0] 0.120% 0.294%
13SLS 0] 0.110% 0.171%
GMM ) 0075+  0.254%
FIML 0] 0.125% 0.225%
TLPF — — 1 — 0 0.02 ns.
[} 0.06 ns.
TLC — — 2 6/p 0.115 ns.
TLIDF — — 2 6/p 0.113 n.s.

‘Method: BM=Bootstrap Method, FGNLS=Feasible Generalized Nonlinear Least-Squares,

FIML=Full Information Maximum Likelihood, GMM=Generalized Method of Moments,

13SLS=lterative Three-Stage Least Squares, ILS=Iterative Least Squares,

25LS=Two-Stage Least Squares, N2SLS=Nonlinear Two-Stage Least Squares,

N3SLS=Nonlinear Three-Stage Least Squares, SUR=Seemingly Unrelated Regression,

NISUR=Nonlinear Iterative Seemingly Unrelated Regression, NIV=Nonlinear Instrumental Variables,
TEM=Taylor Expansion Method;
9The degree of market power is represented by either testing the parameter of conjectural elasticity or by
the conjectural variation (1) on the output market (9=oligopoly) or input market (p=oligopsony), as well,
as by the joint estimation of oligopoly and oligopsony market power (6/¢) assuming the fixed proportions
technology, that is, the input and output quantities, are represented by the same variables.

"The Lerner Index (LI) is estimated as the conjectural elasticity divided by the elasticity of demand and/or
supply.

Sources: Own representation based on Perekhozhuk et al. (2017) and cited articles



3.2.3 General identification method

The General identification method along with other NEIO models pro-
vides a framework for estimating market power as a structural model.
Similar to the PTA, the GIM models can also be estimated by simultaneous
equations. In the model the functional forms of the equations should be
defined, too. Nevertheless, compared to the PTA it provides more flexibil-
ity with respect to the equations incorporated in the model. Specifically,
it enables a possibility to estimate the model without profit, cost, revenue
or production functions (Perloff et al., 2007). Thus, the model within GIM
framework can be estimated by the demand or supply functions, simul-
taneously, with the optimality condition. The GIM approach was initially,
introduced by Bresnahan (1982). He proved that testing for market power
can be undertaken even without production or a cost function and that
it can be identified by exogenous shifters affecting price and quantity.
According to the findings, it was concluded that exogenous shifters ro-
tate the demand curves without affecting equilibrium given competitive
market, and change the equilibrium in case of market power. Aggregate
industry, as well as market-level data on quantities and prices, was used
within the analyses.

Lau (1982) proved that it is possible to estimate the degree of com-
petitiveness based on industry level price and output quantity data. Nev-
ertheless, he showed that it is only possible under the assumption that
inverse demand function is twice continuously differentiable, separable,
and it does not take specific functional form.

Buschena and Perloff (1991) tested the Philippine coconut export
market for market power. The highly concentrated and regulated market
provided a solid basis for dominant companies to allow increased mark-
ups. Lerner index, as a measure of market power, was estimated using
a three equation system of the world demand, fringe supply, and the Phil-
ippine export. In the model, the market power parameter varied over the
time according to the market changes. Based on estimates, it was con-
cluded that the gap between price and marginal costs doubled over the
analyzed period, indicating market power existence in the industry.



Lopez and You (1993) tested the Haiti coffee market for oligopsony
power. A strongly collusive market, characterized by exporters’coffee pur-
chasing quota system, was expected to be noncompetitive. Lerner Index,
as a measure of oligopsony power, was estimated based on conjectural
variation elasticity and the price elasticity of export supply. Annual data
for the time period 1954-1984 was applied for the analysis. According to
the results, an establishment of export regulating institutions and quota
system could not prevent the Haiti coffee market from being collusive.
The coffee grain producers suffered from lower prices than it would have
occurred if the market was competitive.

Deodhar and Sheldon (1997) investigated the world soymeal market
for imperfect competition. The structural model was developed accord-
ing to the Bresnahan (1982) framework and estimated, simultaneously,
using export demand function and the first order conditions. The annu-
al data that used for the analyses covered 1966-1993. No market power
was detected and the world soymeal market was defined as perfectly
competitive.

Hyde and Perloff (1998) introduced the market structure model in
analysing the cross markets effect instead of a single market. The model
allowed a simultaneous estimating of market power parameters in retail
beef, lamb, and pork markets in Australia. The linear approximate version
of the almost ideal demand system (LA/AIDS) was applied for estimation
of the demand system. The market power parameter was estimated as
a system of demand and optimality equations. Considering the high con-
centration, it was expected that the meat market would be uncompeti-
tive. Nevertheless, according to the estimates received from analyses, no
market power was detected.

The variable proportion approach was used by Muth and Wohl-
genant (1999) to examine the U.S. beef packing industry. By applying
the envelop theorem in the model, the relationship between value
marginal product and factor costs was defined without employing the
quantity data of nonspecialized inputs, such as labour, for example.
Therefore, the market was tested using aggregate annual time-series
data of the quantity and price data for beef cattle and the price data of



nonspecialized inputs for 1967-1993. No evidence of oligopsony power
was confirmed.

O’Donnel et al. (2007) questioned the assumptions made by Griffit
(2000) regarding the fixed proportions. He argued that input-output
were not of fixed proportions and extended the model that allowed
estimating the variable proportion technologies. The model also incor-
porated the factor of noncompetitive behaviour at every stage of the
marketing chain. It was used to investigate the Australian multiple-input,
multiple-output grains, and oilseeds sector. The estimations based on
conjectural, demand, and supply elasticities, and indexes of market pow-
er showed that some of the food manufacturers exerted oligopsony mar-
ket power while purchasing agricultural products, such as wheat, barley,
oats, and triticale.

Steen and Salvanes (1999) analyzed French fresh salmon market for
market power. The model was developed from Bresnahan-Lau model.
However, the within error correction framework, incorporated long run
factors, such as demand side behaviour and cost adjustment for pro-
ducers. According to the findings, Norway exerted market power in the
short run when fresh salmon was not available on the market. Hence, it
had seasonal character while in the long run the market was rather com-
petitive, given the presence of other countries, like Scotland and North
America.

Anders (2008) applied a structural conjectural-variation approach to
test the German meat market. Considering the high market concentra-
tion ratio, noncompetitive behaviour from retailers was tested on both
input and output markets, simultaneously. The retailers’ profit maximi-
zation problem, in line with the supply and demand functions, was es-
timated assuming the fixed proportions production technology. Market
power was confirmed based on a conjectural variation elasticity param-
eter O identifying the degree of bargaining power. Regional level month-
ly data covered 1995-2000 timeframe for the German state Hessen. The
analysis revealed retailers exercising the oligopsony market power while
purchasing beef and pork from the processors and insignificant degree of
oligopoly power on the output market.



Zheng and Vukina (2009) concluded the U.S. pork packers exercis-
ing oligopsony market power on the spot market for live hogs. The in-
verse demand and supply functions, along with the first order condition
were estimated in their analysis. The quantity and price daily data for
2001-2007 were applied.

Merél (2009) applied a structural model for market power analyses in
the French Comté cheese market. The quarterly data at the wholesale lev-
el for 1985-2005 were used for estimations. The substitute cheese price
(Emmental cheese) was incorporated to capture the EU milk quota policy
factor. The hypothesis regarding competitiveness was not rejected and
the results were found to be robust to the demand specifications.

Perloff and Shen (2012) addressed the problems that existed in defin-
ing the functional forms of demand function and optimality equations in
the structural market power models. In particular, it was found that the
models that were developed within framework of Bresnahan (1982) and
Lau (1982) suffered from multicollinearity in case of a linear functional
form. However, this obstacle was solved when one of the equations had
a loglinear or other type of functional form.

Table 3.2.3 provides a short summary of studies that applied the GIM
approach. In case of the GIM approach, only demand or supply function
with a first order condition can be estimated. Linear (LIN) and Double
Logarithmic (DL) specifications are among the most frequently applied
functional forms. Buschena and Perloff (1991), Gohin & Guyomard (2000),
Deodhar & Sheldon (1995), Weerahewa (2003), O’'Donnell et al. (2007)
used those functional forms in their analyses.

However, other types of specifications were applied by other scholars,
as well. Hovhannisyan and Gould (2012) defined the Generalized Qua-
dratic Almost Ideal Demand System (GQAIDS), Chizari et al. (2018) used
Linear Almost Ideal Demand System (LAIDS) for the model estimations.
Like the PTA, the GIM approach also employees the N3SLS, FIML, GMM,
and I3SLS methods. The national level data is used mostly for the analysis,
however, O’'Donnell et al. (2007), Anders (2008) and Chidmi et al. (2005)
successfully applied regional data, as well. Furthermore, Deodhar & Shel-
don (1997) used world level data to investigate world soymeal exports



market. The analyses were conducted using weekly, monthly, quarterly,
and annual data.

In line with the PTA approach, the conclusion regarding sensitivity of
functional form deviations also applies to the GIM approach. According
to Perekhozhuk et al. (2017), the estimates of the market power param-
eter in GIM are significantly lower than the ones from the PTA. However,
both approaches have been successfully applied for oligopoly/oligopso-
ny analyses by various scholars.

Table 3.2.3: GIM studies of agri-food industries on market power

Study (year) Country DA® DF® TP¢ Industry/Market
Buschena & Perloff (1991) USA N A 1959-87  Coconut Oil
Lopez & You (1993) Haiti N A 1954-84  Coffee export

Deodhar & Sheldon (1995)  Germany N A 1966-93  Bananaimports
Liu et al. (1995) USA N Q 1975-92  Manufact. proces.

Fluid processor
Deodhar & Sheldon (1996) ~ Germany N A 1970-92  Banana

Deodhar & Sheldon (1997)  World w A 1966-93  Soymeal Exports

Genesove & Mullin (1998) USA N A 1890-14  Sugar industry
Hyde & Perloff (1998) Australia N Q 1970-88  Meat retailing
Muth & Wohlgenant USA N A 1967-93  Cattle

(1999)

Steen & Salvanes France N Q 1981-92  Fresh salmon

(1999)
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Study (year)

Bettendorf & Verboven
(2000)

Gohin & Guyomard
(2000)

Weerahewa (2003)

Chidmi et al. (2005)

Anders (2008)

Mérel (2009)

Zheng & Vukina (2009)

Country DA?

Dutch N
France N
Srilanka N
India

Kenya

ROW

Canada

UK

USA

USA R
Germany R
France N
USA N

DF®

A

=

TP

1992-96

1977-93

n.s.

1996-00

1995-00

1985-05

2001-07

Industry/Market

Coffee

Dairy products
Meat products
Other food products

Tea

Retail milk

Retail beef

Retail pork

Comté cheese

Hogs & Pork



Function forms¢ NE¢ Methodf Model® Market power Lerner Index"

D S
LOG — 2 GMM 0 0.107 0.340
LIN 0 0.031 0.147
Q 0 0.016 0.069
DL DL 3 13SLS 6/¢ -0.0187 0.2002
0/p —-0.0338 0.1743
0/p 0.0103 0.1184
—_ LIN 2 2SLS ] 0.1657 0.8043
DL ] 0.0516 0.6523
DL ] 0.0015 0.0066
LIN ] 0.0091 0.6363
DL — 0 0.1273 1.0291
DL 0 0.1273 0.8181
DL 0 0.1273 0.2697
DL s 2 SUR 0 0.1663 0.2609
LIN LIN 3 n/a 0 0.089 0.033
0 0.176 0.103
0 0.003 0.005
LIT — 2 GMM 0 0.001 ns.
DL — 0 0.002 ns.

DL DL 1 GMM 0/p 0.3198t ns.



Study (year)

O'Donnell et al. (2007)

Country DA?

Australia

R

DF®

A

TP

1989-00

Industry/Market

Grains & Oilseeds

—wheat output
—canola output

Flour & Cereal
—wheat flours
- cereal foods
-wheat input
—canola input

Bear & Malt

—bear output
-wheat input
—barley input

Oil & Fat

—margarine output
—canola input

Bakery Product

- cakes and biscuit
—bread output
—flour input

Other Food

—other food output
—wheat input
—canola input

Consumers

—wheat
—canola
—bread



Function forms¢ NE¢ Methodf Model® Market power Lerner Index"
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LIN — 12 BE
6 0.136 0233
0.003 0014
LIN LIN 13 BE
i 0.010 0.015
6 0.001 0.001
® 0.180 0314
0 0.020 0.409
LIN LIN 6 BE
9 0.007 0.004
0 0274 0.478
0 0.247 0.778
LIN LIN 3 BE
] 0.008 0.003
0 0017 0341
LIN LIN 5 BE
0.027 0.047
0.010 0.005
0 0.003 0.062
LIN LIN 12 BE
0.004 0.001
0 0.0164 0.588
0 0.035 0.705
LIN LIN 13 BE
0 0.054 0.108
0 0.004 0.072

[} 0.078 0.156



Study (year) Country DA® DF® TP¢ Industry/Market

Hovhannisyan and Gould USA R W 2001-06  Fluid Milk (National Brand)

(2012)
Fluid Milk (Private label)

Fluid Milk
(Other National Brand)

Perekhozhuk et al. (2017) Ukraine R M 1996-03  Dairy industry

Grau and Hockmann (2017)  Germany 2000-11  Dairy
Raw milk
Chizari et al. (2018) Iran P A 1992-02  Milk
Yogurt
Cheese
Raw milk
Notes:

?DA=Data Aggregation: F=Firm, N=National, P=Plant, R=Regional, W=World;

®DF=Data Frequency: A=Annual, Q=Quarterly, M=Monthly and D=Daily, ~TP=Time Period;

dFunctional forms for Profit (P), Cost (C), Revenue (R) and Production functions (PF):
GLC=Generalized Leontief Cost function, TLPF=Transcendental Logarithmic (Translog) Production Function,
GLMC=Generalized Leontief Multiproduct Cost function, GLP=Generalized Leontief Profit function, TLC=Transcendental
Logarithmic (Translog) Cost function, TLR=Transcendental Logarithmic (Translog) Revenue function; Functional forms
for Demand (D) and Supply(S) functions: DL=Double Logarithmic function, SL=Semi-Logarithmic (log-linear) function,
LIT=Linear function with Interactive Terms, LIN=Linear function, Q=Quadratic function, LOG=Logarithmic function,
EC=Error Correction, TL=Transcendental Logarithmic (Translog) function; LAIDS=Linear Almost Ideal Demand System;
GQAIDS=Generalized Quadratic Almost Ideal Demand System, TLN=Transcendental Logarithmic (Translog) Nontruncated
function, TLT=Transcendental Logarithmic (Translog) Truncated function. ~ ¢NE=Number of Equation;

Method: BE = BM=Bootstrap Method, FGNLS=Feasible Generalized Nonlinear Least Squares,



Function forms¢ NE¢  Method® Model? Market power Lerner Index"

GQAIDS — 3 FIML 0 0.000 0.000
0 0.000 0.000
0 0.022 0.009
— TLN 2 N3SLS @ 0.014 0.039
13SLS ] 0.015 0.039
GMM ] 0.012 0.037
FIML [0) 0.001 0.003
— TLT 2 N3SLS 4] 0.033 0.065
13SLS [0) 0.070 0.218
GMM 9] 0.010 0.018
FIML [0) —0.024 —0.040
VECM 1 ML ® 0.29-0.39 n.s.
] 0.04-0.07 ns.
LAIDS 5 NML 0 0.70 0.42
0 0.48 0.32
0 0.62 0.46
LIN ] 0.78 ns.

FIML=Full Information Maximum Likelihood, NML=Nonlinear Maximum Likelihood,

GMM=Generalized Method of Moments, I3SLS=Iterative Three-Stage Least Squares, ILS=Iterative Least Squares,
25LS=Two-Stage Least Squares, N2SLS=Nonlinear Two-Stage Least Squares, N3SLS=Nonlinear Three-Stage Least Squares,
SUR=Seemingly Unrelated Regression, NISUR=Nonlinear Iterative Seemingly Unrelated Regression,

NIV=Nonlinear Instrumental Variables, TEM=Taylor Expansion Method; VECM=Vector Error Correction Model.
9The degree of market power is represented by testing the parameter of conjectural elasticity or by the conjectural variation
(f) in the output market (9=oligopoly) or input market (p=oligopsony), as well as, by the joint estimation of oligopoly
and oligopsony market power (6/¢p) assuming the fixed proportions technology, that is, the input and output quantities are
represented by the same variables.
"The Lerner Index (LI) is estimated as the conjectural elasticity divided by the elasticity of demand and/or supply.

Sources: Own representation based on Perekhozhuk et al. (2017) and cited articles



3.24 Summary

The market power studies are conducted with many approaches by dif-
ferent authors within the NEIO framework. The approaches differ with
respect to data requirement, assumption complexity, and structure of
system of equations. In this study, three different approaches are chosen
for market power analysis in the Kazakh grain chain: Hall's approach, the
PTA and the GIM. The Hall’s approach is chosen, primarily, because of its
advantages regarding the data requirements. It provides a possibility to
estimate the model without defining functional forms of the demand or
supply functions. Conversely, a strong assumption regarding constant
returns to scale is a main limitation of the Hall's approach. Therefore, it is
necessary to apply other models to confirm the robustness of the results.
Consequently, the other approaches for market power studies, such as
the PTA and the GIM are also employed. Both the PTA and the GIM ap-
proaches can be described as structural models allowing simultaneous
estimations of a system of equations on input and output markets. Com-
pared to the GIM, the PTA is more advantageous by incorporating full in-
formation on production technology. However, the GIM approach, unlike
PTA, provides the possibility to estimate market power with merely the
demand or supply functions and optimality condition. Nonetheless, both
the PTA and the GIM approaches are limited in assumptions regarding
functional specifications and fixed proportions technologies. The follow-
ing chapters demonstrate the theoretical framework of the approaches
and empirical models, and provide main findings of three approaches ap-
plied to test the Kazakh grain supply chain for oligopsony market power.



3.3 THEORETICAL FRAMEWORK

3.3.1 Hall's approach

Hall’s approach is applied to measure oligopsony power and test for mar-
ket competitiveness for processors on input level. Hall's approach gives
possibility to undertake market power analysis with, relatively, few data
based on the assumption of constant returns to scale (Hall, 1988).
Production function of the i-th grain processor using j = 1,...J inputs
can be defined in the following way:

Qie = Gicfie (Xies o Xige ) (M

where g;; is the quantity produced by processor i using x quantity of j
inputs at time period t, ¢;; which captures Hick’s neutral technical prog-
ress factor of i processor at time t and based on Hall (1988) approach it
follows random walk:

Gie = ir—1 + €ir; € ~N(0,07), ()]

&;¢ representing productivity shock.
Using Taylor expansion (1) Crespi, Gao and Peterson (2005) rearrange the
equation (1) in the following way:

]

_ Afie
Aqic = ¢ A—Axijt + fieDie (3)

et DXijt
Jj=1
where the error terms, capturing the productivity shocks, were integrat-
ed within the difference equation (3).



Using the production function (1), the firm's profit maximization problem
facing grain processor can be expressed as follows:

]
max T = PiQic — Z Wije (th(xjt)) Xije 4
xilt,....,xi]t 4

j=1
where p;; is the output price of grain processor i in time period ¢, X;, rep-
resents aggregated market supply of J input and deriving the first-order
conditions will lead to:

Afie Awije  AXje ;
it —— = Wit + : Xije, ] =1, ...
PePit e ijt AXje bxig ijtr] - (5)

In order to introduce conjectural elasticity as a measure of market power
Crespi, Gao and Peterson (2005) rearranges equation (5) in the following
way:

0ijt
Vij

Af;
ptd’itvﬁi = Wije [1 + (6)

where 8;;; denotes the conjectural elasticity of processori and
AXje X

Awge wije is the market input-supply price elasticity of proces-

Vijt =
sor i while buying j input at time period t. 8;;; equals to 0 indicates that
marginal product of the factor equals to marginal costs thus conditions
for perfect competition hold, otherwise if 8;;; equals to 1 the market is
monopsonistic (Love, 1994).

Dividing both sides of equation (6) by p;, multiplying by Ax;;; and, re-
spectively, summing up, the profit maximization problem can be ex-
pressed as follows:

] ]
Af, Y
bie x_lt ' Axijt] = Z » [1 + = Ay )
=1 '

vij

Crespi, Gao and Peterson (2005) pointed out the processor and period-
specific technological shocks (¢;;) affect the relationship described in



equation (7). Using Monto Carlo simulations Examining Hall's method in
estimating market power based on Monto Carlo simulations Hyde and
Perloff (1994, 1995) drew two conclusions from their findings that are
very important for market power analysis, especially, in countries with
transition economies. First, the market power estimates are underesti-
mated with increasing return to scale. Second, by decreasing returns to
scale the market power estimates are overestimated.

3.3.2 PTA and GIM approaches

PTA approach assumes estimating the system of multiple equations. In
particular in most of the cases the equations estimated in the model are
production function, inverse supply or demand function and first order
conditions. Moreover, the equations are estimated simultaneously pro-
viding possibility to obtain estimates both for input and output markets.
Nevertheless, since the focus of the research is only oligopsony power
the framework will be designed accordingly.

Consider Kazakh grain processing industry where firms produce a ho-
mogeneous output Y (wheat flour and other cereal foods). For produc-
tion, they use agricultural inputs M as grain raw materials and non-ag-
ricultural inputs Z in a manufacturing process. Then the production
function of the grain processor can be represented in the following way:

Y=7fM,1Z) 8)

In Kazakh grain processing industry the main outputs produced by pro-
cessors are: grain flour and fodder, and it is assumed that they are ho-
mogenous among the actors. For agricultural inputs eight main types of
grains have been utilized by processors: wheat, buckwheat, oat, maize,
rye, rice, barley and millet. As for non-agricultural inputs, labour and cap-
ital were employed for production process.

On the other hand, the grain processors purchase grain locally from
Kazakh grain producers and use it as agricultural inputs. Therefore, in-
verse grain supply function for the processing industry can be given by:



where W,, denotes the price of the grain purchased by processing indus-
try and V is the vector of the non-agricultural inputs utilized by grain pro-
ducers, such as fuel, pesticides and fertilizers, and machinery (tractors).
In line with production and inverse supply functions profit maximizing
problem of grain processor can be defined accordingly:

O=P-f(M,Z)—Wy-M—-—Wy-Z (10)

where P is the output price and W is a vector of prices of non-agricultural
inputs of grain processors.

After differentiating the processors profit maximization problem with
respect to Wy, and rearranging the equation FOC for estimating oligop-
sony power can be represented in the following way:

WM(1+§)=P-]‘M (an

where & = (M /oWy,)(Wy, /M) is the own price elasticity of the grain,
fum is the marginal product of grain and 6 is the conjectural elasticity
measuring the degree of market power. Ranging between 0 and 1, 8 indi-
cates weather the market is purely competitive if =0 or monopsonistic if
6=1. Accordingly, estimates between the extremes show the oligopsony
market structure, thus indicating Kazakh grain processors having bar-
gaining power while purchasing grain.



4 EMPIRICAL
ANALYSIS OF
OLIGOPSONY POWER




4.1 TEST OF OLIGOPSONY POWER:
EVIDENCE FROM HALL'S
APPROACH

4.1.1 Empirical specification of the model

Estimation model is based on a path developed by Crespi et al. (2005).
Integrating equations (2) and (7) in (3), using production function for es-
timations (for the derivation of the model see Chapter 3.2.1), yields to the
following equation:

wij .
Agy = Zle ﬁijﬁAxijt + fiegni=1,..,1, (12)

where q;; is the output quantity produced by grain processors i, p;; out-
put price of grain processors i, w;j; price paid by grain processors i to
purchase ] agricultural inputs, x;;; quantity of J agricultural inputs pur-
chased by processorsi, £; unexpected productivity shocks; g;; is the esti-
mation parameter defined as:

Bije 9y

=1+

Bii=1+
N Vijt Vij

vt, (13)

where 8;; is the conjectural elasticity of grain processor i, and v;; is the
market input-supply elasticity firm i faces with respect to input j. The hy-
pothesis Hy: El\] = 1 assumes competitive purchase of the grain proces-
sors, while rejection indicates noncompetitive behaviour.

Three controlled variables of Labour, Capital and Grain inputs are in-
corporated in the model equation (12). Both, the independent and the
dependent variables of the equation are represented as the first differ-
ences for the regression analysis. Accordingly, the following parameters
are estimated: the parameter for Labour reported as “B" is defined as
(pLr/pQr) = dL, where pLr is the real price index of the labour, pQr



price of aggregated output and dL change in labour. Similarly, the capital
parameter “B¢" is estimated as (pCr/pQr) * dCr, where pCr is the real
price index of capital and dCr change in capital. As for B™ parameter,
BM = (pMr/pQr) * dM, where pMr is the real price and dM change in
the agricultural inputs accordingly. Parameter S is an indicator of the
market power and is more than 1 in case if it holds. Estimations for every
sample are conducted and reported with and without constant.

4.1.2 Data requirement

The data used for the analysis is obtained from the website of the Agency
of the Republic of Kazakhstan on statistics. The dataset combines the data
provided in statistical yearbooks, such as “Industry of Kazakhstan and its
regions’, “Agriculture, forestry and fishery in the Republic of Kazakhstan’,
“Prices in agriculture, forestry and fishery in the Republic of Kazakhstan’,
“Regions of Kazakhstan”. Nevertheless, the compilations do not provide
the full set of data necessary for analysis, particularly, at the regional level,
and therefore the missing data is supplemented by other sources, such
as Information and Computing Centre of the Agency of the Republic of
Kazakhstan on statistics (ICCARKS).

The data contains observations from 14 regions: Akmola, North Ka-
zakhstan, Atyrau, Aktobe, East Kazakhstan, Karaganda, Mangystau, South
Kazakhstan, Kostanay, Almaty region, Pavlodar, West Kazakhstan, Jambyl,
Kyzylorda and two cities, Almaty and Astana. Since grain production and
processing industries are not significantly represented in these cities the
observations are integrated in Almaty and Akmola regions respectively.

Our empirical analysis is based on a balanced regional panel dataset of
output and input variables of processors for the time period 2000-2011.
The list of the variables for the estimation of the model is summarized
in the Table 4.1.1. This dataset combines the observations from the grain
processors 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 produce both



products in many cases. Therefore, the quantities and prices for input/
outputs are given in aggregated form for both sectors. More precisely,
the grain processors’ output quantities (Q) used in the analysis combine
following products:
1. Flour products—"Cereal and vegetable flour, mix of fine grindings”;
2. Groats—"Groats, wholemeal flour and pellets and other cereal products;
3. Fodder—"“Ready feed for farm animals, except flour and lucerne
pellets”;
4. Rice-peeled;
5. Rice-semi or fully milled.
The quantity values (QV) for the processor outputs are obtained from the
website of The Committee on Statistics of Ministry of National Economy
of the Republic of Kazakhstan (CSMNERK [j]). The observations combine
aggregated output values of all products produced by grain processors.
Even though variable is not included in the model for analysis it is used to
estimate average aggregate grain prices. Accordingly, average price for
aggregated grain processor outputs (pQ) is estimated based on simple
division of aggregated output value over output quantity.

The equation (12) also requires the processors’ grain input quan-
tities (M) for the estimation, as well. However, it is impossible to obtain
the data from the sources. Hence, it is estimated in the following way:
as a first step, the ratio of “Grain processing products” and “Grain used
for processing purposes” balanced data is calculated at the national level
provided by the Agency of the Republic of Kazakhstan on statistics. Next,
the aggregated grain input quantities for processors on the regional level
are estimated by multiplying the output quantity data by the ratio (since
the output quantity data is available on regional level). As for the price
of grain inputs (pM) wheat prices are taken as a proxy since the wheat is
the most produced and processed grain in Kazakhstan.” The input data
contains observations of eight different types of grains produced in Ka-
zakhstan: wheat, rye, maize, oat, barley, buckwheat, rice, and millet.

5 “End of year” wheat prices due to regional level data availability in statistical journals.



Table 4.1.1: Variables used in the model

Variable | Definition MIN ‘ MAX ‘ MEAN ‘ Source

Aggregated CSMNERK (b, 2012: 82-86;
Q output quantities | Ton 493.0 1,025995.0 230,910.5 2008:95-96;2006:99;

of grain 2002: 76)

. Constructed based on QV

pQ Price of output Tenge/kg 3.7 813 225 and Q data

Grain input Constructed based on
M quantities Ton 701.0 1,202,969.0 301,280.1 CSMNERK (j)

Wheat producer CSMNERK (d, 2012: 130;
pM price Tenge/Ton  4,053.7 35,955.0 15,678.7 2011: 84; 2006: 108)
L Labour employed = Employees 16.2 2,299.0 831.3 ICCARKS
pL Labour wage Tenge 2,758.6 57,347.7 15,462.2  ICCARKS
C Capital Thousand 741 14959000 2184094 ICCARKS

depreciation Tenge
pC Capital price index :’(,Z;ce”t 100.0 205.1 1342 CSMNERK (i, 2013: 214)

Consumer price Percent .
CPI index %) 100.0 264.9 157.1  CSMNERK (g, 2013: 203)
NuE Number of 1 98 256 ICCARKS

enterprises

Source: Own illustration based on the panel data from the CSMNERK and the ICCARKS, respectively.

Regarding non-agricultural inputs, three main elements are included
in the analysis: Electricity, Capital and Labour. However, it is possible to
acquire only parts of the necessary electricity variable data. The other
part of the data is either incomplete or not reliable. Therefore, since elec-
tricity costs represent only 3% in the total cost structure® it is excluded
from analysis to avoid bias in estimations. The cost of capital variable (pC)
“Price index in capital goods” is used from annual yearbooks “Regions of
Kazakhstan”. Depreciation data is employed for capital variable (C). The
data for labour covers the number of employees (L) and average monthly
salary of employees (pL) in grain processing industry. Variable for number
of enterprises (NUE) combines records of registered active enterprises in
flour and fodder production sectors. The capital quantity and labour, as

6  Empirical findings based on the correspondence with Kazakh grain experts.



well as, number of enterprises data are obtained from the Information
and Computing Centre of the Agency of Statistics of the Republic of
Kazakhstan.

Consumer Price Index (CPI) is obtained from the Agency of Statistics
of the Republic of Kazakhstan and used for deflation of all the price ob-
servations provided in the dataset. To exclude the inflation factor in price
development, all the price data are deflated to the base year 2000.

It should be noted that the data obtained from abovementioned
sources are incomplete and contain missing values for Atyrau and
Mangystau regions. Therefore, for filling the missing values, the linear in-
terpolation and extrapolation techniques are employed in STATA.

Due to the wheat export ban in 2008, it is justified analysing the time
period separately in order to capture the ban effects on the grain mar-
ket structure. Therefore, the periodical samples are introduced. The total
dataset is disintegrated into three period subsamples and, ultimately,
four different samples are employed for the analyses:

Sample “l"—time period 2000-2011;

Sample “I.A"—time period 2000-2003;
Sample “I.B"—time period 2004-2007;
Sample “I.C"—time period 2008-2011.

HwnN =

uln

The total dataset sample “I" covers the time period 2000-2011 and
comprehends 154 observations. Accordingly, each of the subsamples
comprises 42 observations and is analyzed separately. Samples “.A” and
“I.B" account for the time period 2000-2003 and 2004-2007, respectively,
when the grain sector started to recover and grow annually. Consequent-
ly, sample “I.C" covers the time period 2008-2011, when the government
restrictions were introduced.

In a similar manner the total dataset is analyzed according to the
geographical areas, due to the heterogeneity in the regional grain sector
development. Hence, the four different geographical areas are defined
as follows:



Sample “North”;
Sample “East”;
Sample“South”;

HwnN =

Sample “West".

Each of the geographical samples aggregates the data from certain
regions. Sample “North” comprises Akmola, Kostanay, North Kazakhstan
and Pavlodar regions. Sample “East” covers Almaty, East Kazakhstan, and
Karaganda regions. Sample “South” aggregates the data from Jambyl,
Kyzylorda and South Kazakhstan and sample “West” Aktobe, Atyrau, West
Kazakhstan and Mangystau regions. “North” and “West"” geographical ar-
eas incorporate four regions each and aggregate 48 observations each.
Accordingly, “South” and “East” cover three regions each and combine 36
observations each.

4.1.3 Estimation results

In this subchapter the estimation results obtained from the tests using
Hall’s approach, are discussed. The analyses are undertaken using the
Stata 14.1 software package and the estimations are presented accord-
ing to the samples discussed in the data section. The main focus is on 8
and conducted 6 parameters indicating the existence and the degree of
the market power.

To estimate the degree of the market power, it is compulsory to esti-
mate the grain supply elasticity. Since wheat and wheat flour products
comprise the biggest share in the grain processing industry, wheat sup-
ply elasticity parameter is used as a proxy of the processors grain supply
elasticity. Estimation of the supply function of the grain processors result-
ed in the wheat own price elasticity estimate of 0.2395. Consequently,
the degree of market power is estimated using the conducted parameter
0=0.2395*(BM-1).

The estimations are based on equation (12). The market power test
is conducted by applying ordinary least squares (OLS). However, to



eliminate endogeneity problem in the model 2SLS is introduced, as well.
“The number of active enterprises in milling sector”is applied in 2SLS, as
an instrumental variable. The variable denotes the aggregated registers
for the active enterprises in two NACE 10.6 and NACE 10.9 sectors. The
models are tested for heteroscedasticity and autocorrelation based on
White and Wooldridge tests, respectively. Hausman test is employed to
analyze the consistency of the estimated parameters.

Results are presented in three parameters for the following inputs:
BM for grain, B~ for labour and B¢ for capital factor variables. The model
is estimated with and without constant to exclude the constant factor
in the model; however, in most of the cases where the constant factor
is significant, exclusion of constant does not provide significantly differ-
ent results. Results also combine estimations for conducted parameter 6
which identifies the degree of market power.

Table 4.1.2 depicts the estimates for the sample of total time period
2000-2011. Sample comprises 154 observations. The parameter 8 for
agricultural inputs fluctuates around 0.4 at 1% significance level, which
means that there is no evidence of noncompetitive behaviour on the
market. Taking into account formula (13), the estimation results of the
conducted parameter 3 are negative, due to the fact that the 8 parameter
is less than one. A similar problem is detected in the study of Hall (1988)
and low parameter estimates are interpreted as an indicator of increased
returns to scale. Hyde and Perloff (1995) also conclude that the results ob-
tained by Hall's method are very sensitive to deviations from constant re-
turns to scale: in the case of decreasing returns to scale the test results re-
veals overestimates of the price mark-up, in the case of increasing returns
to scale they obtained underestimates and works well by the industry
with constant returns to scale. Consequently, following Hyde and Perloff
(1995), low estimates for the period samples till 2008 can be related to in-
creased returns to scale, since Kazakh agriculture sector including milling
sector went through wave of investments in grain processing sector after
2000. According to the UNECE (2014, p. 186) report, growth of the mill
plants capacity during the period 1998-2009 facilitated to increased flour
production and raise in flour exports by nine times. Therefore, investing



in new machinery and growth in flour production and export could result
in increased return to scales in flour production sector.

Similar estimates are received for other periodical samples. Just like
in case of total sample the estimates for 2000-2003 and 2004-2007
range between 0.335 and 0.382 (for detailed results see Table A4.1 and
Table A4.2 in the appendix) and are statistically significant.

From the obtained results it can be concluded that there is no evi-
dence that processors exert market power when purchasing grain for the
period samples “I” (2000-2011), “.A” (2000-2003) and “I.B” (2004-2007).
Furthermore, conducted parameter is negative which theoretically
means that input suppliers are getting a higher price than they would
get in case of perfect competition. The results can be partly explained by
the fact that, after 1990’s crisis period, the Kazakh grain sector govern-
ment started to interfere in the market (Pomfret, 2007). By introducing
heavy subsides, the government distorted the market in favor of grain
producers. The distortions occurred in forms of higher subsidized grain
price, from which the grain producers benefited and expanded their pro-
duction. Therefore, it can be argued that the parameters estimated in the
model for the given time periods, might reflect these market distortions.

Similar results are obtained from the samples of the geographical
subsamples. None of the parameters indicate existence of market power.
The parameters are either too low and/or statistically insignificant. The
estimations of the geographical subsamples are summarized in the ap-
pendix in Table A4.3-Table A4.6.

In contrast, different results are obtained for the periodical sample
“I.C" (2008-2011). In this sample, the parameter 5™ estimates range from
1.234 to 1.296 at the 1% significance level. Consequently, estimated con-
ducted parameter varies between 0.06 and 0.07. Even though 6 param-
eter is closer to O rather than to 1, still it can be argued that the grain
processors behaved noncompetitively.



Table 4.1.2: Estimation results of the sample

ul "

Coefficient oLS 2SLS OoLS 2SLS
B M 0.400%** 0.381*** 0.425%** 0.375%**
[6.31] [9.27] [6.40] [9.02]
ﬁL 0.019 0.015 0.008 0.013
[0.84] [0.72] [0.38] [0.67]
ﬁc 0.006 0.006 0.006 0.005
[1.06] [1.52] [1.07] [1.50]
Constant 11158.298*** 2493.444
[3.31] [0.59]
9 -0.143 —0.148 -0.137 —-0.149
[-9.49] [-15.08] [-8.65] [-15.06]
Observations 154 154 154 154
R-squared 0.40 0.45 0.41
Adjusted R-squared 0.39 0.43 0.40
. 0.83 0.83 0.83 0.83
Wooldridge test (0.38) (038) (038) (0.38)
. . (31.89) (31.75)
White test (Prob > chi2) 0.0002 0.0002

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 based on the panel data from the CSMNERK and the ICCARKS, respectively.

The results for the time period 2008-2011 can be better explained by
closely observing and analysing the processes occurring at that time. Par-
ticularly, after the government intervention in 2008, most of the grain
produced in the country could only be sold at the local market since ex-
port was banned and traders were not be able to operate in foreign mar-
kets. The grain processors had opportunity to use the situation in their
favor. Intuitively it is expected that increased grain supply in the Kazakh
grain market would push the price down. Interestingly, that was not the
case and, furthermore, the wheat price increase was observed in the mar-
ket (Oskenbayev 2014). Along with the wheat price, wheat flour and
wheat bread prices increased during the same time period, as well. As it
can be seen from the price development graph on Figure 2.12, the price



increase on wheat flour and wheat bread was much higher than wheat
price shift. Furthermore, the bakery industry maintained increased prices
in the following periods, despite the fact that flour and wheat prices de-
creased substantially during 2008-2011. Accordingly, even estimated 6
parameter is relatively small, it can still be concluded that grain proces-
sors exerted oligopsony market power while purchasing grain.

Table 4.1.3: Estimation results of the sample “I.C"

Coefficient oLS 2SLS OoLS 2SLS
[), M 1.276%** 1.234%** 1.296%** 1.2471%**
[6.88] [11.89] [6.88] [12.03]
ﬁl‘ 0.013 0.010 0.011 0.011
[0.49] [0.34] [0.45] [0.39]
Bc 0.011 0.009 0.011 0.009
[1.03] [1.49] [1.03] [1.55]
Constant 6848.553* —4547.414
[1.86] [—0.88]
0 0.066 0.056 0.071 0.058
[1.49] [2.26] [1.57] [2.34]
Observations 42 42 42 42
R-squared 0.83 0.85 0.82
Adjusted R-squared 0.81 0.83 0.81
. 436 4.36 436 4.36
Wooldridge test (0.06) (0.06) (0.06) (0.06)
White test (25.23) (25.64)
(Prob > chi2) 0.0027 0.0023

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 based on the panel data from the CSMNERK and the ICCARKS, respectively.

To summarize, the results suggest that grain processors do not exert
market power for overall analyzed period 2000-2011.The only significant
parameters indicating market power are found for 2008-2011, which can
be explained as a consequence of the government intervention in the
grain market. Export ban prompted the price spikes on wheat and flour



product. Yet, shift in flour prices were higher compared to the local wheat
prices, indicating that the processors benefited from increased profit
margin more than grain suppliers.

The findings are similar to the results obtained by Hall (1988), Levin-
sohn (1993), Boyle (2004), Crespi et al. (2005), and Crépon (2005). Accord-
ing to their findings the estimates of 8 range from —1.2 to 2.17 and are
statistically significantly different from zero, demonstrating that the pric-
es paid for inputs by the processing industry are lower than would prevail
under competitive conditions.

414 Conclusions

The analyses of the Kazakh grain processing industry covers the time
period 2000-2011. The study employs the Hall’s (1988) approach to test
the industry for oligopsony market power. The model applied is originally
developed by Crespi et al. (2005). The analyses are conducted by regional
level data using OLS and 2SLS estimation tools. The results are reported
and interpreted in estimated parameters.

The estimation results suggest that there is no evidence of oligop-
sony market power in the grain processing industry for the time periods
2000-2011, 2000-2003 and 2004-2007. Low market power parameter
demonstrates that the grain processors were not able to influence the
price on the grain market.

Yet, the estimations are different for 2008-2011. For the period, the
analysis revealed statistically significant results of noncompetitive be-
haviour. Compared to the other time periods, the market power param-
eter has increased which can be explained by the export ban in 2008,
probably having caused distortions on the grain market. The ban effects
can be divided into two, short and medium term effects. In the short run,
wheat, wheat flour and bread prices in Kazakhstan increased. However,
the price changes were not symmetrically transferred along the supply
chain. The flour and bread mark ups were much higher than the one
of wheat. It means that the grain processors were able to influence the



wheat price and push it down, as they were among few to purchase the
grain on the local market as export of the wheat flour was still allowed.
In the medium term, the ban was lifted and the world market started to
influence the local prices. Local producers and processors had to adjust
the prices. Yet, interestingly, the bread price remained at the same level as
during the ban period, whereas wheat and wheat flour prices decreased.

Despite the fact that the local market received extra amounts of the
grain during the ban period, the wheat price still went up. Considering
that approximately half of the grain produced in Kazakhstan is exported
raw, intuitively the wheat price should have been pushed down. Yet, it
was not the case that can be explained by expectation effect. The ban
lasted only six months and grain suppliers expected it to end soon, so
they could store and keep grain before the market was stabilized.

Overall no market power was detected on Kazakh grain market for
2000-2011. However, the export ban in 2008 had destabilizing effect and
distorted the market. Grain processors used export ban in their favor and
were able to influence the wheat price on the local level.



4.2 MEASURING THE DEGREE OF
OLIGOPSONY POWER:
EVIDENCE FROM GIM APPROACH

4.2.1 Empirical specification of the model

The derivation of the empirical model is based on Perekhozhuk et al.
(2017). Production function (8) defined in the theoretical framework is
rewritten in the following way:

3 3 3
1
InY =ay + Z amlnXm+Ez Zamn InX,InX, +a;T

m=1 m=1n=1
3

(14)

+%aTTTT + Z AurInX;, T
m=1
where X, and X,, represent industry inputs (m, n=M, L, K,), accordingly,
M, L, K, indicating grain inputs, labour employed and capital. Time trend
variable T is used to capture the technical change factor.
In a similar way inverse supply function (9) defined in the theoretical
framework can be rewritten in the following way:

InM =ﬁo+2ﬁiani +Z,8,-1n1,- +BsalnA + BT

i ! (15)
1

+BiT ln WLT+ﬂ]T ]an +,BSAT lnAT+EﬁTTTT

where W; (i=M, E, C, P) are (in respective order) the price of grain de-
livered from agricultural producers to the processing industry (Wy,), the
price for wheat exported from Kazakhstan to international markets (W),
the price received for cattle (W), the price received for potatoes (Wp),
Jj=(Py, T,y Eyr Sy) is the price for I=(P, T, F, S) inputs of agricultural pro-
ducers. P, T, F, S represent pesticide-fertilizers, tractors, fuel, workers
salary and P,, T, F,, Sy, their relative prices respectively.



From production function (14) marginal product of grain can be estimat-
ed in the following way:

3

Y

fM=<aM+ZaMnlan+aMTT>M,n=M,L,K (16)
n=1

For an estimating model in GIM approach minimum two equations are
necessary both production or supply function, and FOC. Therefore, for
deriving FOC for profit maximization marginal product (16) can be substi-
tuted in supply function (11) in the following way:

3
Y 0
Wy = <aM+ZaMnlan+aMTT>PM/<1+;) (17)

n=1

Own price elasticity and cross-price elasticities can be estimated by the
partial derivatives of supply function with respect to prices:

BlnM/aanL=ﬂ,+ZBm1an+ﬁlgAlnA+ﬁ,T (18)
n

Similarly, elasticities for the quasi fixed factor sown area of the supply
function can be derived in the following way:

dInM/9InSA = sy + Psaln A + Z Bsaln Wi + BsurT (19
i
And for time variable
alnM/aT =BT +ﬁTTT+ZﬁI.TanL +ﬁSAT lnA (20)
i

And substituting the own price elasticity (18) in FOC (17) will lead to the
following derivation:



(aM + Zn Oyn In Xn + aMTT)P%

Wy = (21)
(A +6/(Bu + XnBun In Wy, + Bysaln A + ByrT))

Considering that supply elasticity is not constant and, therefore,
& = By + BurT , FOC can be rewritten in the following way:

3
Y
Wy = <05M + Z ayn In Xy, + aMTT) PM/(l +6/(By + BurT)) (22)

n=1

To maintain homogeneous degree of zero subsequent parameter restric-
tions are implemented in the model:

ZﬁFOZﬁm:OZﬁzSA:OZﬁiT 23)

Applying the GIM approach, SF (15) and FOC (22) have been estimated
simultaneously in a system of equations. However, theoretically, it is pos-
sible to estimate the FOC with PF, as well. By estimating structural model
using two endogenous variables M and W, it was possible to test the
market power parameter.

4.2.2 Data and descriptive statistics

In the GIM approach the model consists of two equations: a supply func-
tion (SF) and first order conditions (FOC). Accordingly, the data employed
in the analyses consists of the data necessary to estimate supply function
together with the first order conditions. More specifically, apart from the
variables used in the Hall approach (see Chapter 4.1.2), additionally, in-
put price data of the grain production is employed for estimating supply
function parameters.

Table 4.2.1 summarizes the complete variable set used in GIM ap-
proach, including ones for estimating supply function parameters. In



order to estimate the parameter, the price data of five major factors on
input side of the grain producers is collected for the analysis. The factor
variables included in the model are the following:

1. Average salary of workers employed S,,;

2. Price index of tractors T,,;

3. Price index of pesticides and fertilizers P,,;

4. Price index for fuel F,;

5. The total grain sown area SA.

Despite the variables described above, other factors that influence the
price and quantity of the grain supplied to the processors, are also con-
sidered. Namely, grain export price index Ep, cattle price index Cp and
price index for potatoes Pp are included in the analysis. That is due to
the fact that the grain export and animal feeding industries, along with
processing industry are the important distribution channels for grain pro-
ducers (for the detailed grain supply chain distribution see Chapter 2.2.2).
Hence, the prices in those sectors can compete with the processors pur-
chasing price and impact the grain flow within the distribution channels
including the quantity delivered to the processors.

As it regards to the potato price index the reason it is included in
analysis is its potential to be substitute crop to grain produced on arable
lands. Put otherwise grain producer can switch their arable land in potato
production in case of higher profitability. The price data used in the anal-
ysis is deflated by consumer price index (CPI).



Table 4.2.1: Variables used in GIM approach

Variable | Definition ‘ Unit MIN ‘ MAX ‘ MEAN ‘ Source

Aggregated out- CSMNERK (b, 2012: 82-86;
Q put quantitiesof ~ Ton 493 1,025,995  230,910.5 2008:95-96;2006: 99;

grain processors 2002:76)

Output price Constructed based on QV
PQ of processors Tenge/kg 37 813 25 and Q data

Grain input quanti- Constructed based on
M ties for processors Ton 701.0 11,202,969 301,280.1 CSMNERK (j)

Wheat producer CSMNERK (d, 2012: 130;
pM price Tenge/Ton 4,053.7 35955 15,678.7 2011: 84: 2006: 108)
L Labour employed = Employees 16.2 2,299 831.3  ICCARKS
K Capital Thousand ;7810 1495909 2184094 ICCARKS

depreciation Tenge

Consumer price Percent CSMNERK (g, 2013: 203;
Cpl index %) 1000 2649 1571 3008: 399; 2004: 476)

Price index for

pesticides and Percent CSMNERK (d, 2012: 127;
Pw fertilizers of grain (%) 986 2514 1334 2005:101)

producers

Price for tractors Percent CSMNERK (d, 2012: 124;
Tw of grain producers = (%) 100.0 2539 1330 2005:99)

Price index for fuel = Percent CSMNERK (d, 2012: 126;
Fw of grain producers = (%) 100.0 6001 2332 2005:100)

Average Salary
Sw of workers in Tenge
grain production

3,619.0 50,8470  18537.0 CSMNERK (k, 2012: 204;
a,2006: 111; 2003: 94)

Total grainsown  Thousand CSMNERK (3, 2012: 57-61;

SA Tota m 01 45371 1,0588 2010:69-72; 2006: 150-155;
2003: 109-115)

o R e owsm Gumemo

Ep \;\::Zatexport TengefTon 126349 624765 213943 oo

Pp Potato price Tenge/Ton 11,1510 70,0000 314837 CoMNERK(d,2012:133;

2008:121)

Source: Own illustration based on the panel data from the CSMNERK and the ICCARKS, respectively.



From the processors side the output data combines the quantity
amount variable (Q) which represents the total production of the grain
processed products; the price of the processors’ output products (pQ).
On the input side of processors quantity (M) indicates the amount of the
grain supplied to processors; and the purchased grain price represented
by the average wheat price (pM). The details how these variables are ac-
quired and constructed are already explained in the Chapter 4.1.2.

The panel dataset covers the time period 2000-2011 and combines
168 regional level observations. Some variables suffered from missing
values and they are either imputed by interpolation method or replaced
by national level observations. Such an example is potato price data miss-
ing for Atyrau, Kyzylorda and Mangystau regions for the whole period
and for West Kazakhstan and Jambyl regions for the years 2000 and 2003
years accordingly.

4.7 .3 Estimation results

In this chapter the estimation results for GIM approach are discussed. The
model is estimated using the software SAS (SAS, 2008), since it provides
possibility for simultaneous estimation of system of equations.

The model is estimated applying two different N3SLS and GMM
methods and, therefore, the results are presented and discussed for both
cases. Supply function is specified as truncated translog function and
hence in estimation supply function, the variables are used as exogenous
variables along with the time trend interaction terms. Regional dummies
are reported, as well to capture the regional effect in the grain supply
function. The estimates of the full model with regional dummies are pre-
sented separately in appendix Table A4.7.

In total 53 parameters are estimated, out of which 33 parameters be-
long to SF and 20 parameters to FOC. As it can be seen from Table 4.2.2,
in case of N3SLS, R-squared and adjusted R-squared are 0.97 and 0.96,
respectively, for supply function and 0.79 and 0.76 for FOC. Similar pic-
ture can be observed in case of GMM method where the difference with



N3SLS is minor and provides high estimate of model explanation. DW test
is applied to test for serial autocorrelation and it ranges from 1.4 to 1.71.

Market power parameter 6, unexpectedly, has a negative sign, how-
ever it is close to zero in both N3SLS and GMM cases, and is statistically
insignificant. To test whether it is statistically zero, the Wald test is em-
ployed. Consequent estimations and discussion are provided at the end
of the chapter.

Table 4.2.2: GIM model summary

N3SLS GMM
Number of observations 168 168
Objective Value 115 0.30
Ko, 2 2
SF 33 33
FOC 20 20
R-Squared:
SF 0.97 0.96
FOC 0.79 0.78
Adj R-Squared:
SF 0.96 0.96
FOC 0.76 0.75
Durbin Watson:
SF 1.40 1.44
FOC 1.71 1.71

Source: Own illustration based on the panel data from the CSMNERK and the ICCARKS, respectively.



Table 4.2.3 summarizes the estimated parameters for the SF and
FOC. SF parameters combine estimations of inputs, such as ™ for pes-
ticides and fertilizers, B™ for tractors, ™ for fuel and 5" for salary in
grain production. As for ", it is the estimate used for calculating own
price elasticity, however significance of the parameter and negative sign
is unexpected. Sown area parameter 5 as quasi-fixed factor provides
strong estimate ranging from 0.677 to 0.695 and is statistically significant
in N3SLS and GMM cases, respectively. The rest of the SF parameters pro-
vide estimates of above discussed parameters in interaction with time
trend variable.

Table 4.2.4 depicts the elasticities of the supply function. As it can
be observed input price elasticities, £, , £, and €, are negative in both
N3SLS and GMM methods, which is expected: intuitively, increased input
prices should lead to increased price and reduced sales of grain accord-
ingly. However, exception is the fuel price with positive sign, which can
be reflecting the high subsidies directed in grain production for diesel
purchases. The table also contains the parameters for estimation of the
rate of technical change 6, and production elasticities of the inputs of
the processors a, the index I indicating the inputs of the processors
(I=M, L, K). As it can be seen depending on the estimation method, the
own price elasticity £, for the materials was estimated 0.023 and 0.033 in
case of N3SLS and GMM, respectively.

All cross-price elasticities have negative signs, yet they are statistically
insignificant. Exceptions are statistically significant elasticities for cattle.
Theoretical explanation behind the negative sign for cattle is that higher
price on cattle should yield to increase in cattle production and, there-
fore, increase grain purchase by this sector.



Table 4.2.3: Estimation results of GIM approach

Parameters Coefficient t-Stat. Coefficient t-Stat.
g° 17.642* 1.67 20.719%* 2.12
B —0.532%** —2.66 —0.493*** -3.09
g™ -1.976** -1.98 —2.197%%* -2.98
g™ 1.459 1.14 1.340 133
B 0.859 1.55 0.894** 2,02
B 0.074 0.15 -0.072 -0.18
B 0.677%** 2.79 0.695%* 25
B —0.948 —1.49 —0.957** -2.03
- g® —0.849** -2.01 —1.075%** -3.95
'% B> 0.448 1.19 0.572* 1.85
._.c? g 0.272 0.25 0.01 0.01
_E g 0.085%** 272 0.081*** 312
a B 0.253** 231 0.262%** 3.04
g™ —0.279** -2.21 —0.306%** -2.96
B -0.122% -1.81 —0.096* -1.85
B —0.073 -1.11 —0.040 —0.68
B 0.002 0.59 0.003 0.87
BT 0.013 0.21 0.020 0.46
BE" 0.114%* 2.05 0.133%** 3.85
BT -0.077 —1.56 —0.099** -2.15
B 0.016 0.92 0.011 0.68
a, —0.548** -2.15 —0.494%* -2.23
[ 0.127%** 3.42 0.135%** 493
v a,, —0.067 —1.28 -0.071* -1.76
8 [ -0.021 -1.09 —0.030%* -2.39
a,, 0.013* 1.67 0.013** 207
0 —0.007 -0.6 —-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 based on the panel data from the CSMNERK and the ICCARKS, respectively.



Consequently, increased grain flow to the cattle industry will lead to
the decreased amount delivered to the processing sector. As it is depict-
ed in the supply chain description the feeding industry for the time pe-
riod analyzed was already consuming on average 22% of the total grain
production. In a similar way, higher export prices can have negative im-
pact on the amount of grain delivered to the grain processors. Potatoes,
as substitutes to grain production, have influence on grain prices, as well
reflected in the negative elasticity parameter.

Table 4.2.4: Supply function elasticities

Parameters Coefficient t-Stat. Coefficient t-Stat.
&, 0.023 0.73 0.033* 1.86
&, -0.334 -0.71 —-0.493 -1.59
£, -0.356 -0.6 -0.650 -1.44
£, 0.068 0.22 0.267 1.04

o -0.399 -1.04 -0.331 -1.11
£, —0.866** -2.36 —0.825*** -2.97
&, —-0.105 -0.71 —0.208** —-2.06

oo —-0.051 -0.28 -0.073 -0.56
&, 0.694*** 2.74 0.716** 245
6, 0.378 0.32 0.082 0.08
a 0.377%** 7.15 0.400%** 10.07

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 based on the panel data from the CSMNERK and the ICCARKS, respectively.

As expected, supply elasticity of quasi-fixed factor for the total sown
area (g,,) is positive and statistically significant at 1% confidence interval,
indicating higher sown areas lead to the higher grain amount delivered
to the grain processors.



Table 4.2.5: Market power test results

Market power parameter

Statistics Pr>ChiSq Statistics Pr>ChiSq

6=0 Wald 0.37 0.545 0.22 0.637
6=0.01 Wald 2.14 0.144 2.87 0.091
0=0.02 Wald 538 0.020 8.49 0.004
Homogeneity of degree zero in price Wald 6.13 0.013 12.93 0.000

Source: Own estimation based on the panel data from the CSMNERK and the ICCARKS, respectively.

As for the tests for the market power parameter, the estimate was test-
ed for detecting the true value using Wald test. Therefore, the parameter
0 was tested for different values. As it can be seen from Table 4.2.5 test
results suggest with high degree of confidence that 6=0 in both N3SLS
and GIM cases.

Therefore, the findings are in line with the results of Perekhozhuk et al.
(2017) implying that oligopsony parameter from Ukrainian dairy market
in most of the cases is close to zero. In a comparable manner the oligop-
sony power parameter for the tea market in Kenya and ROW obtained by
Weerahewa (2003) is estimated as 0.0015 and 0.0091, respectively. The
estimates are very close to the findings of Muth and Wohlgenant (1999)
the oligopsony parameter ranging from —0.00015 to 0.00008. Similar es-
timates are obtained by Grau et al. (2017) while testing the German dairy
supply chain. The range of the parameter for oligopsony power of proces-
sors on the raw milk market is ranging from 0.04 to 0.07, implying rather
competition on the market. However, higher estimates were received by
O’Donnell et al. (2007) on Australian Flour and cereal market, where the
oligopsony parameter for wheat input is 0.180.



4.2.4 Conclusions

By applying the GIM approach, the equations of supply function and first
order conditions are estimated in a system. The analyses are conducted
at the regional level with GMM and N3SLS estimation methods. Total 53
parameters are estimated in a system and, accordingly, the elasticities are
calculated.

Own price and cross price elasticities are in line with expected results.
In both of the estimation methods, coefficients have a positive sign. How-
ever, they are low and statistically insignificant. The same applies to the
other factor elasticities. All of them are negative and statistically insignifi-
cant. The only unexpected sign is fuel factor elasticity, which can be relat-
ed to the subsidies provided to the producers. Similarly, as expected, the
cross price elasticities are negative, as well. For sown area, the coefficients
are positive and highly statistically significant.

Overall testing market power parameter results indicate that 6 is sta-
tistically 0. Consequently, it suggests that the Kazakh grain processors do
not have enough bargaining power to influence the grain prices for the
time period 2000-2011. Hence, no oligopsony power exists on the mar-
ket and it is competitive.



43 MEASURING THE DEGREE OF
OLIGOPSONY POWER: EVIDENCE
FROM PTA MODEL

43.1 Empirical specification of model

In case of PTA the estimation of the structural model occurs with three
equations. That is PF, SF and FOC are being estimated in a system. Since
the GIM approach has been formulated in the same framework the der-
ivation of the equations are not presented in this chapter (for derivation
of the equations see Chapter 4.2.1). Therefore, below are presented only
the equations estimated within PTA.

Hence the production function that has been already derived in case
of GIM approach had the same equation:

3 3 3
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Accordingly, by estimating structural model using three endogenous
variables Y, M and W, it is possible to test the market power parameter.

4.3.2 Data and descriptive statistics

In PTA three equations are estimated. Accordingly, the list of the variables
estimated in the system is different from the one in GIM. In PTA, the pro-
duction function is additionally estimated that provided the factor pa-
rameters and relative elasticities for the labour and capital. In the GIM ap-
proach the labour and capital data of processors is used, as well however,
only as interaction terms with grain parameters in estimating FOC. In
PTA these variables are used in PF and FOC, as well with their interaction
terms. Also regional dummies are incorporated in the model. However,
the number of equations required the same data set that is used in GIM.

Table 4.3.1 summarizes the variables used in the PTA approach. It is
identical to the GIM approach variable list yet, for the informative point of
view it is still provided in the chapter.

Therefore, the dataset applied for PTA analysis covers the time peri-
od 2000-2011 and combines 168 observations on regional level. Since
the detailed explanation of the dataset and its sources with references is
provided in the previous chapters (see Chapters 4.1.2 and 4.2.2), in this
chapter further description is not repeated.



Table 4.3.1: Variables used in PTA approach

Variable

pQ

pM

CPI

Pw

Tw

Fw

Sw

SA

Cp

Ep

Pp

Definition

Aggregated out-
put quantities of
grain processors

Price of output
Grain input quanti-
ties for processors

Wheat producer
price

Labour employed

Capital
depreciation

Consumer price
index

Price index for
pesticides and
fertilizers of grain
producers

Price for tractors
of grain producers

Price index for fuel
of grain producers

Average Salary

of workers in
grain production

Total grain sown
area

Price index
for cattle

Export price
for wheat

Potato price

| Unit

Ton

Tenge/kg

Tenge/Ton

Employees

Thousand
Tenge

Percent
(%)

Percent
(%)

Percent
(%)

Percent
(%)

Tenge

Thousand
ha

Percent
(%)

Tenge/Ton

Tenge/Ton

MIN | MAX | MEAN |Source

493

37

701.0

4,053.7

16.2

1,781.0

100.0

98.6

100.0

100.0

3,619.0

0.1

99.2

12,634.9

11,151.0

1,025,995

81.3

1,202,969

35,955

2,299

1,495,909

264.9

2514

253.9

600.1

50,847.0

4,537.1

501.3

62,476.5

70,000.0

230,910.5

22.5

301,280.1

15,678.7

8313

218,409.4

1571

1334

133.0

233.2

18,537.0

1,058.8

2021

21,3943

31,4837

CSMNERK (b, 2012: 82-86;
2008: 95-96; 2006: 99;
2002:76)

Constructed based on QV
and Q data

Constructed based on
CSMNERK (j)

CSMNERK (d, 2012: 130;
2011: 84; 2006: 108)

ICCARKS

ICCARKS

CSMNERK (g, 2013: 203;
2008: 399; 2004: 476)

CSMNERK (d, 2012: 127;
2005:101)

CSMNERK (d, 2012: 124;
2005:99)

CSMNERK (d, 2012: 126;
2005:100)

CSMNERK (k, 2012: 204;
a,2006: 111; 2003: 94)

CSMNERK (a, 2012:
57-61;2010: 69-72; 2006:
150-155; 2003: 109-115)

CSMNERK (d, 2012: 109;
2006: 95)

GTA (2017)

CSMNERK (d, 2012: 133;
2008: 121)

Source: Own illustration based on the panel data from the CSMNERK and the ICCARKS, respectively.



4.3.3 Estimation results

The estimation results from the PTA approach are being presented and ana-
lyzed below. Similar to the GIM approach, the PTA model is also estimated
as system of simultaneous equations using the software SAS (SAS, 2008).
For estimation, N3SLS and GMM methods are used and the results
compared. Production function estimated within PTA is specified as

translog function (equation 14) and supply function is specified as trun-

cated translog function (equation 25). Regional dummies are incorporat-
ed in both supply and production functions, and the parameter estimates
are summarized in appendix Table A4.8.

Table 4.3.2: PTA model summary

N3SLS GMM
Number of observations 168 168
Objective Value 1.78 0.37
';:’:’Z::tgt;?r of estimated 76 76
TPF 25.5 255
TSF 33 33
FOC 17.5 17.5
R-Squared:
TPF 0.99 0.98
TSF 0.96 0.97
FOC 0.77 0.79
Adj R-Squared:
TPF 0.99 0.98
TSF 0.96 0.96
FOC 0.75 0.76
Durbin Watson:
TPF 1.98 1.73
TSF 1.44 1.46
FOC 1.87 1.78

Source: Own estimation based on the panel data from the CSMNERK and the ICCARKS, respectively.



From total 76 parameters estimated, 34 parameters refer to the
translog supply function (TSF) and 28 parameters to the translog produc-
tion function (TPF). The FOC (equation 22) has 18 parameters, of which
two are shared by the TSF (equation 15) and five by the TPF (equation 14).

As Table 4.3.2 shows, high R? and adjusted R? indicate high explana-
tory power of the model. For FOC, the estimates are lower however the
model explanatory power still remains high. The estimates for DW test
for serial autocorrelation are relatively strong ranging between 1.44 and
1.98, rejecting the hypothesis of the presence of serial autocorrelation.

The estimated parameters are depicted in Table 4.3.3. The parameters
are presented in three sections since the estimated structural model com-
bines three equations. Production function estimates include factor pa-
rameters with interaction terms and most of them are statistically signifi-
cant in GMM method. A similar picture can be observed in case of supply
function estimated parameters. The parameters also provide the factor
estimates with interaction terms. Slightly different estimates are received
by N3SLS method, where not all the parameter estimates are statistically
significant. The grain parameter a,, in production function is negative in
both estimation methods, however statistically significant only in GMM.
Similarly, B,,in supply function is also negative and statistically significant
in both estimation methods. Moreover, it is close to the value obtained in
GIM approach. At the end of the table, the 6 parameter is given which is
the indicator of the oligopsony power. As it can be observed, its estimates
range from —0.019 to —0.009, and are statistically significant. Normally,
6 parameter is 0 or positive; however, in some empirical analysis it can be
negative, as well (Azzam, 1997).

In the PTA approach, unlike to GIM, the factor elasticity estimates for
production function are additionally received. The estimates are statisti-
cally significant and positive for grain as main factor in processing pro-
duction function. The other factors, such as labour and capital generated
contrasting results in case of N3SLS and GMM. In case of N3SLS, the es-
timates are positive and statistically significant only for labour, however
in case of GMM the estimates are negative and statistically significant.



Negative factor estimates can be explained by unutilized capacities exist-
ing in grain processing industry.

Table 4.3.3: Estimation results of PTA approach

Parameters Coefficient t-Stat. Coefficient t-Stat.
a, —-0.875 —0.64 3.162%** 5.57
a, -0.015 -0.09 —0.238*** =272
a, 1.061*** 3.16 0.464*** 3.15
_ a, 0.449*% 1.74 -0.126 -1.1
E a; —0.093* -173 —0.061*** -3.03
é Ay 0.060%*** 9.57 0.104*** 24.31
u§_ a, 0.004 0.22 —0.044*** -4.08
s Ty -0.037** ~2.49 ~0.037%** -5.49
';i a,, 0.013%** 2.19 0.015%** 497
E\é.‘ a, —0.098** -2.25 0.032 1.52
g a, 0.018 041 -0.030 -1.56
= a,; —-0.012 -1.09 —0.023*** —4.86
Ay —-0.004 -0.21 0.030*** 3.05
a,; —0.001 —-0.08 -0.003 -0.88

a 0.003 1.44 0.006*** 4.54




Table 4.3.3: Estimation results of PTA approach (cont.)

Parameters Coefficient t-Stat. Coefficient t-Stat.
B° 12.153 1.26 17.990%** 2.76
B —0.518%** -2.87 —0.413%** -4.02
B —1.582* -1.73 —2.260%** —4.48
g™ 1.720 1.47 1.461** 2.19
B 0.357 0.71 1.027*** 3.81
B 0.271 0.61 0.086 0.33
B 0.615%** 2.76 0.687*** 4.01
E B —0.835 —1.43 —1.088*** -3.74
[
c B —0.476 -1.24 —1.029%** —5.48
(=}
E B 0.398 1.16 0.583%** 2.76
b
> B’ 0.728 0.72 0.409 0.69
[}
5 B 0.083%%* 289 0.066%** 402
§ BT 0.220%* 2.2 0.274%** 5.06
=
= g™ —0.295** -2.52 —0.293*** —4.44
BT -0.073 -1.18 —0.1471%** -4.18
BT —0.082 -1.35 —-0.063 -1.55
BT 0.002 0.48 0.004* 1.72
BT 0.016 0.28 0.016 0.59
BT 0.076 1.49 0.140%** 5.92
BT —-0.081* -1.79 —0.108*** -3.55
BT 0.017 1.01 0.022%* 2.14
[¢] -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 based on the panel data from the CSMNERK and the ICCARKS, respectively.



In this case the estimate can be considered 0 since its values in both
N3SLS and GMM are close to zero. Nevertheless, to test the values statis-
tically, the Wald test is applied and the results are presented at the end of
the chapter.
Table 4.3.4: Production and Inverse Supply Function Elasticities

Parameters Coefficient t-Stat. Coefficient t-Stat.
& 0.389*** 9.7 0.385%** 17.88
g 0.622** 232 —0.353*** —2.66
& 0.072 0.30 —0.436%** -3.64
- 1.083* 241 -0.404* -1.72
&, 0.023 1.29 0.018** 1.88
£, —-0.151 -0.35 —0.481** -2.09
£, -0.199 -0.37 —0.446 -1.45
g, -0.115 -0.41 0.107 0.74
&, —0.265 -0.74 -0.323* -1.80
g, —0.734%* -2.19 —0.985%** -5.23
&, 0.017 0.13 -0.119* -1.64
&, -0.128 -0.76 —-0.120 -1.60
&, 0.628*** 2.70 0.716%** 3.95

6, 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 based on the panel data from the CSMNERK and the ICCARKS, respectively.

Contrasting results are received for the returns to scale estimates.
The N3SLS result is positive and statistically highly significant, implying
increasing returns to scale. Conversely, the GMM estimate is negative
and statistically insignificant. None of the statistically significant factor
elasticity estimates are received for the supply function. However, all of
them are negative as expected, except fuel prices in case of the GMM
estimation method. The own price elasticities for grain are positive, how-
ever statistically significant with the GMM approach only. From cross



price elasticities, statistically significant estimates are obtained for cattle
price and export prices and the latter only in case of the GMM estimation
method. In case of N3SLS the estimates are statistically insignificant ex-
cept cattle price elasticity. Sown area estimates are positive and highly
statistically significant in both N3SLS and GMM methods.

Table 4.3.5: Market Power Estimation Results

Market power parameter

Statistics Pr>ChiSq Statistics Pr>ChiSq

6=0 Wald 2.74 0.098 3.1 0.078
6=0.01 Wald  108.67 0.000 501.85 0.000
Constant returns to scale (CRS) Wald 0.03 0.854 35.84 0.000
homogeneity of degree zero in price ~ Wald 434 0.037 26.65 0.000

Source: Own estimation based on the panel data from the CSMNERK and the ICCARKS, respectively.

As it was described above in this chapter, the market power param-
eter is negative, but close to zero. Consequently, to test the parameter
value statistically, the Wald test is used. Two different values 0 and 0.01
were taken as possible options for the estimates. As it can be observed
from Table 4.3.5, in both N3SLS and GMM estimation methods parame-
ter @ is statistically 0 which implies that for the analyzed period, there is
no evidence of market power.

The findings from the PTA approach stand very close to the one of
Morrison Paul (2001), who also obtained low negative, but close to zero,
estimate —0.0083 analysing the U.S. beef packing market. Negative esti-
mates are also detected by Azzam (1997) and Perekhozhuk et al. (2017) in
investigating the U.S. beef packing and Ukrainian dairy markets, respec-
tively. Low estimates for oligopsony power are received by Quagrainie et
al. (2003), Hockmann & Voneki (2009) and Bakucs et al. (2009), as well. The
results are also similar to the finding of Hovhannisyan and Gould (2012),
testing the U.S. dairy market for oligopsony power. The estimated param-
eters range between 0.000 and 0.022.



434 Conclusions

In this chapter, the PTA approach is discussed and applied to the Kazakh
grain processing sector testing for oligopsony market power. The anal-
yses are conducted using 168 regional level observations and applying
N3SLS and GMM estimation methods. Production and supply functions,
and first order conditions are estimated in a system of structural model.
For the estimation, the structural model estimates 76 parameters and rel-
ative factor elasticities for the production and supply functions.

Regarding the factor analysis, the grain production and supply func-
tions elasticities approximate to 0.38 and 0.018, and are statistically sig-
nificant. The coefficients can be considered low and the supply defined
as, relatively, inelastic. On the other hand, the estimates of the other neg-
ative factor elasticities for production function indicate that processors
did not utilized capacities with respect to labour and capital. Similar out-
come is received with the GIM approach and the reasons regarding sur-
plus in capacities are discussed in details in the Chapter 4.1.3.

The main finding of the PTA analysis is that for the time period 2000-
2011 the Kazakh grain processors did not have oligopsony power over
the grain suppliers. The value of market power parameter 6 being statisti-
cally 0 implies that the grain processing industry does not have oligopso-
ny characteristics. These results are in line with the estimations obtained
from the from Hall's and GIM approaches estimated in previous chapters.



5 SUMMARY,
DISCUSSION,
AND CONCLUSION




5.1 DISCUSSION OF THE THEORETICAL
FRAMEWORK

After examining empirical studies, three different approaches are re-
vealed compatible for market power analysis in the Kazakh grain pro-
cessing sector. The Hall's approach, the General Identification Method
(GIM) and the Production-Theoretical Approach (PTA) are chosen for their
advantages in testing agricultural markets, including grain markets, for
oligopsony power. However, the models endure limitations, which are
analyzed and taken into account.

The Hall's approach provides possibility to undertake analysis based
on only one equation demanding, relatively, smaller range of the dataset.
However, the strong assumption regarding the constant returns to scale
appears to be the Achilles heel of the approach. The analysis shows the
low or even negative estimates of a market power parameter, which con-
tradicts the normally assumed parameter range between 0 and 1, and
the assumption regarding constant return to scale. As empirical literature
suggests, negative parameters may indicate increasing returns to scale
that also characterized Kazakh grain processing sector during 2000-
2011.This implies that the assumption of constant returns to scale within
the Hall's approach cannot be justified for the Kazakh grain market.

Estimating two equations in the GIM approach, supply function and
first-order conditions, provides more detailed results. Specifically, esti-
mates regarding the supply function and its input and output elasticities,
returns to scale and test of the market power parameter are obtained.
GIM provides possibility to conduct more comprehensive analysis of
the supply side of the grain processors compared to more parsimonious
Hall's approach.

The PTA approach allows more solid analyses. A three equation sys-
tem, incorporating supply and production functions and first order con-
dition, is estimated simultaneously. Thus, in comparison to GIM approach,
production function is estimated additionally allowing estimations of the



input elasticities of the grain processors and determination of the func-
tional forms.

Despite the fact that the GIM and PTA approaches cover wider range
of dataset required for analyses, they also have their limitations. The mod-
els are sensitive to functional specifications (Hyde and Perloff, 1995; Per-
ekhozhuk et al., 2016) and deviations might result in biased estimates.
Therefore, to avoid misspecifications of two different estimation meth-
ods, N3SLS and GMM, are applied additionally for the analyses and the
results are compared. The differences in results are insignificant.

5.2 SUMMARY OF THE FINDINGS

The aim of the study is to analyze the market power in Kazakh grain sup-
ply chain. More specifically, emphasis is on the grain processors exerting
oligopsony power on grain suppliers. The study is motivated with the fact
that a) the consolidation process has been observed in the grain pro-
cessing sector for the last decade; b) the intensive government interven-
tions on each level of the grain supply chain distorts the grain market;
c) underdeveloped infrastructure and limited accessibility of the grain
producers to financial resources and markets. Accordingly, the research
question is formulated to test whether there is oligopsony market power
exerted by grain processors on the local grain market.

According to the results, the processing industry does not have
enough bargaining power to influence the price when purchasing grain
for the total time period analyzed (2000-2011). The results are confirmed
by the three different approaches applied for the analyses. However,
the contrasting estimates are obtained for the time period 2008-2011.
The increased market power parameter indicates that during the peri-
od with the wheat export ban between 2008 and 2011 processors had
the possibility to influence the grain price, since the export ban limited
an access of the grain suppliers to the international market. Moreover,
the grain processing sector was the only distribution channel that could
purchase the grain, since during the ban period wheat flour export was



still allowed. Even though statistical results could not confirm the oli-
gopsonistic behaviour of grain processors, the increase in the parameter
during 2008-2011 compared to the time period before suggests that the
processors increased their bargaining power.

Overall, the main findings of the study can be that split in two parts:
1) The grain processing market does not have oligopsonistic structure for
the time period 2000-2011; 2) During the government interventions for
the time period 2008-2011, when the grain export restrictions were intro-
duced, the grain processors managed to the increase their the bargaining
power. Yet, the market distortions were not enough to confirm the oli-
gopsonistic market structure.

5.3 CONCLUSIONS AND FURTHER
RESEARCH

The increase in bargaining power of grain processors for the time period
2008-2011 indicate that the government interventions can trigger non-
competitive tendencies on the Kazakh grain market. Export bans can re-
sult in increased oligopsony power for grain processors allowing them
to influence the grain purchasing prices. The short and medium term re-
strictions might have, relatively, severe consequences due to the produc-
ers’ expectations on the duration of the export ban. Furthermore, main-
taining such interventions in long term can lead to oligopsony market
structure, if the export ban is not lifted. Oligopsony market, consequent-
ly, can be additional barrier for the further development of inefficient Ka-
zakh grain sector.

Market power research in the Kazakh grain supply chain can be fur-
ther enhanced. For the comprehensive analyses, it will be valuable to cov-
er the grain trading sector, as well. It will provide the complete picture
of the grain supply chain structure. Since around 26-27% of the grain is
exported annually, large agroholdings represented in the trading sector
might have possibility to influence the grain price, as well. Moreover, the



cooperation in the Kazakh grain production sector is not developed and
individual enterprises are too small to have bargaining power against the
grain processors. Therefore, investigating the grain trading sector sep-
arately or in combination with the processing sector will lead to more
comprehensive outcomes of the Kazakh grain supply analysis.

The bakery industry could be the focus of interest, as well. As the cur-
rent study shows, after 2008 wheat bread prices increased and remained
high in the following years, despite the fact that the wheat and wheat
flour prices eventually decreased. Particularly, testing the Kazakh bakery
industry for market power over the grain processors might provide solid
results for the grain supply chain analysis. Moreover, the bread is consid-
ered as staple food in the country and strictly regulated by government
for social stability reasons.
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Table A4.1: Estimations of sample “I.A”

Coefficient (0] 8 2SLS OoLS 2SLS
B 0.362%** 0.352%** 0.382%** 0.342%**
[4.34] [6.36] [4.58] [6.31]
B -0.014 -0.022 -0.018 -0.017
[-0.61] [-1.17] [-0.70] [-0.91]
B 0.005** —-0.003 0.006** —0.001
[2.65] [-0.63] [2.63] [-0.12]
Constant 5375.927 —9315.388
[1.17] [-1.53]
0 -0.15 -0.16 -0.15 -0.16
[-7.66] [-11.7] [-7.4] [-12.16]
Observations 42 42 42 42
R-squared 0.50 0.53 0.55
Adjusted R-squared 0.46 0.48 0.51
. 9.06 9.06 9.06 9.06
Wooldridge test 0.01) 0.01) (0.01) (0.01)
White test (7.9) (8.4)
(Prob > chi2) 0.54 0.49

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * denote statistical signifi-
cance at the 1%, 5%, and 10% levels, respectively. ~ Source: Own estimation based on the panel data from the CSMNERK

and the ICCARKS, respectively.

Table A4.2: Estimations of sample “1.B”

Coefficient OoLS 2SLS oLS 2SLS
B 0.335*** 0.361*** 0.338** 0.366***
[3.60] [6.35] [2.55] [6.55]
B 0.174** 0.139*** 0.097 0.127***
[2.21] [2.72] [1.26] [2.66]
B —0.006 —0.006 0.001 —0.005
[-0.59] [-0.89] [0.09] [-0.83]
Constant 29,235.758*** 6381.444
[3.49] [0.68]
0 -0.15 -0.15 -0.15 -0.15
[-7.14] [-11.24] [-5.01] [-11.36]
Observations 42 42 42 42
R-squared 0.44 0.63 0.32
Adjusted R-squared 0.39 0.58 0.26
. 233 233 233 233
Wooldridge test 0.15) 0.15) (0.15) (0.15)
White test (23.4) (24)
(Prob > chi2) 0.0054 0.0043

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **,and * denote statistical signifi-
Source: Own estimation based on the panel data from the CSMNERK

cance at the 1%, 5%, and 10% levels, respectively.

and the ICCARKS, respectively.



Table A4.3: Estimations of sample “North”

Coefficient OoLS 25LS OoLS 2SLS
B 0.345%** 0.325%** 0.366*** 0.327%**
[3.67] [4.11] [3.64] [4.05]
B -0.001 —0.003 -0.012 -0.003
[-0.02] [-0.07] [-0.40] [-0.09]
B 0.016 0.015 0.017 0.015
[1.12] [1.55] [1.08] [1.53]
Constant 16,347.692* 3018.155
[1.80] [0.23]
0 -0.16 -0.16 -0.15 -0.16
[-6.97] [-8.53] [-6.3] [-8.56]
Observations 44 44 44 44
R—squared 0.37 0.41 0.38
Adjusted R-squared 0.32 0.35 0.33
. 2.75 2.75 2.75 2.75
Wooldridge test 0.20) 0.20) (0.20) (0.20)
White test (14.98) (14.98)
(Prob > chi2) 0.09 0.09

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * denote statistical signifi-
cance at the 1%, 5%, and 10% levels, respectively. ~ Source: Own estimation based on the panel data from the CSMNERK

and the ICCARKS, respectively.

Table A4.4: Estimations of sample “East”

Coefficient oLS 2SLS oLS 2SLS
B 0.402%** 0.397*** 0.448*** 0.422%**
[4.27] [4.86] [4.41] [5.14]
B 0.068 0.071 0.046 0.057
[1.20] [1.32] [0.73] [1.05]
B 0.001 0.001 0.001 0.001
[0.20] [0.16] [0.16] [0.26]
Constant 15,197.223* 20,591.784
[2.03] [1.55]
0 -0.14 -0.14 -0.13 -0.14
[-6.34] [-7.38] [-5.43] [-7.03]
Observations 33 33 33 33
R-squared 0.44 0.44 0.46
Adjusted R-squared 0.39 0.36 0.40
. 6.50 6.50 6.50 6.50
Wooldridge st (0.126) (0.126) (0.126) (0.126)
White test (7.76) (16.52)
(Prob > chi2) 0.559 0.057

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * denote statistical signifi-
cance at the 1%, 5%, and 10% levels, respectively. ~ Source: Own estimation based on the panel data from the CSMNERK
and the ICCARKS, respectively.



Table A4.5: Estimations of sample “South”

Coefficient OoLS 25LS OoLS 2SLS
B 0.458%** 0.443%** 0.517%** 0.436***
[3.18] [4.83] [3.09] [4.69]
B 0.099* 0.066 0.057 0.051
[1.78] [0.97] [1.08] [0.79]
B 0.011 0.01 0.013 0.009
[0.95] [0.84] [0.86] [0.80]
Constant 12,576.444* 3756.688
[1.96] [0.60]
0 -0.13 -0.13 -0.12 -0.13
[-3.77] [-6.07] [-2.89] [-6.07]
Observations 33 33 33 33
R-squared 0.57 0.65 0.58
Adjusted R-squared 0.53 0.60 0.54
. 31.72 31.72 31.72 31.72
Wooldridge test (0.03) (0.03) (0.03) (0.03)
White test (7.53) (9.99)
(Prob > chi2) 0.58 0.35

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * denote statistical signifi-
cance at the 1%, 5%, and 10% levels, respectively. ~ Source: Own estimation based on the panel data from the CSMNERK

and the ICCARKS, respectively.



Table A4.6: Estimations of sample “South”

Coefficient OoLS 25LS OoLS 2SLS
B 0.310%** 0.305%** 0.326%** 0.284***
[6.14] [4.30] [5.15] [4.01]
B 0.023** 0.022* 0.021** 0.015
[2.54] [1.72] [2.23] [1.31]
B 0.006** 0.005** 0.006** 0.005**
[2.06] [1.98] [1.92] [1.82]
Constant 2369.468** 1975.225
[2.21] [1.14]
0 -0.17 -0.17 -0.16 -0.17
[-13.67] [-9.82] [-10.67] [-10.11]
Observations 44 44 44 44
R-squared 0.36 0.38 0.36
Adjusted R-squared 0.32 0.32 0.31
. 61.60 61.60 61.60 61.60
Wooldridge test (0.004) (0.004) (0.004) (0.004)
White test (0.86) (0.63)
(Prob > chi2) 1.00 1.00

Notes: The values in parentheses are asymptotic standard errors. The superscripts ***, **, and * denote statistical signifi-
Source: Own estimation based on the panel data from the CSMNERK

cance at the 1%, 5%, and 10% levels, respectively.

and the ICCARKS, respectively.



Table A4.7: Estimation results of GIM approach

Parameters Coefficient t-Stat. Coefficient t-Stat.
B° 17.642* 1.67 20.719%* 2.12
B —0.532%** —2.66 —0.493%** -3.09
B —1.976** -1.98 —2.197** -2.98
g™ 1.459 1.14 1.340 133
B 0.859 1.55 0.894%* 2.02
B 0.074 0.15 —-0.072 -0.18
B 0.677%** 2.79 0.695%* 25
B —0.948 —-1.49 —0.957%* -2.03
B —0.849%* -2.01 —1.075%** -3.95
B 0.448 1.19 0.572* 1.85
BT 0.272 0.25 0.011 0.01
g 0.085%** 2.72 0.081%** 3.12
BT 0.253** 231 0.262%** 3.04
BT —0.279** =221 —0.306*** -2.96
BT -0.122* -1.81 —-0.096* -1.85
.§ B —0.073 -1.11 —0.040 —0.68
§ B 0.002 0.59 0.003 0.87
= BT 0.013 0.21 0.020 0.46
§ BT 0.114** 2.05 0.133%** 3.85
2 BFT -0.077 -1.56 —0.099** -2.15
B 0.016 0.92 0.011 0.68
B -0.124 —0.28 —-0.028 —-0.06
B 1.656*** 3.07 1.739%** 2.88
B 1.725 0.82 2.118 0.85
B 0.990% 1.92 1.091** 1.83
B 0.104 0.17 0.092 0.12
B —0.065 —-0.13 —0.026 —0.05
B 0.860%* 1.99 0.910%* 1.89
B 0.918 0.95 1.119 0.98
Bt 0.619%** 331 0.594%** 3.92
B 1314 0.51 1.586 0.53
B —-0.137 -0.27 —0.053 -0.1
Bt 0.203 1.2 0.240%* 1.83

Bt 1.788** 243 1.889%** 2.29




N3SLS GMM

Parameters Coefficient t-Stat. Coefficient t—Stat.
a, —0.548*%* -2.15 —0.494** -2.23
Ay 0.127*** 342 0.135%** 493
a,, —0.067 -1.28 —0.071** -1.76
Ay —0.021 -1.09 —0.030** -2.39
[ gy 0.013* 1.67 0.013 2.07
0 —0.007 -0.6 —0.004 -0.47
' 11,636.62%** 7.54 11,385.6%** 7.68
s —67.44 —0.05 —159.47 -0.18
o 13,625.03%** 12.08 13,023%** 8.72
) s 8746.70%** 7.01 8398.26%** 10.09
crd6 8216.22%** 5.57 8109.65*** 9.22
e 9268.90*** 7.53 8934.08*** 10.57
cr® 8396.31*** 6.37 8335.75%** 9.39
c® 9590.17*** 6.18 9422 37%** 7.07
crdro 7889.96%** 5.85 7563.81%** 9.3
¢ 13,422.51%%* 9.3 12,197.5%%* 7.71
¢ 9886.17*** 7.83 9334.11%** 1.1
B 9922.68*** 8.98 9528.95%** 11.75
¢ 7221.06%** 5.44 6846.1%** 5.97

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 based on the panel data from the CSMNERK and the ICCARKS, respectively.



Table A4.8: Estimation results of PTA approach

Parameters Coefficient t-Stat. Coefficient t-Stat.
a, -0.875 -0.64 3.162%%* 5.57
a, -0.015 -0.09 —0.238*** -2.72
a, 1.061%** 3.16 0.464%** 3.15
a, 0.449* 174 -0.126 -1.1
a, —0.093* -1.73 —0.061%** -3.03
. 0.060%** 9.57 0.104%** 24.31
a,, 0.004 0.22 —0.044%%* -4.08
oy, —0.037** -2.49 —0.037%%* -5.49
A, 0.013** 2.19 0.015%** 497
o a, —0.098** -225 0.032 1.52
= a, 0.018 041 —0.030 ~1.56
o
2 a, -0.012 -1.09 —0.023%** -4.86
v
f = — —
5 o, 0.004 0.21 0.030%** 3.05
s a, -0.001 -0.08 -0.003 -0.88
'§ a, 0.003 1.44 0.006%** 454
3 a'™® 0.238% 1.8 0.727%** 7.95
'3.'.. a'® 0.059 0.55 -0.012 -0.13
(=]
2 a 0.516%* 221 1.300%** 10.45
E a'® 0.057 0.54 0.215%** 3.43
' 0.301* 1.93 0.634%** 5.8
a?” 0.161 1.16 0.665%** 9.08
a -0.018 -0.14 —0.215%** -2.85
a® 0.169 1.06 0.889%** 10.51
ard —0.057 -0.56 —0.249%** -2.89
a ' 0.658%* 2.18 1.293%* 9.65
ar? 0.198 1.38 0.490%** 5.89
aB —0.069 -0.62 —0.310%** -4.12

™ 0.011 0.11 —0.124* -1.83




Table A4.8: Estimation results of PTA approach (cont.)

Parameters Coefficient t-Stat. Coefficient t-Stat.
B 12.153 1.26 17.990%** 2.76

B —0.518*** -2.87 —0.413%* -4.02

B —1.582% -1.73 —2.260% -4.48

g™ 1.720 147 1.461%* 219

B 0357 071 1.021%%* 3.81

B 0.271 0.61 0.086 033

B 0.615%** 276 0.687*** 401

B -0.835 -1.43 —1.088%** -3.74

B —0.476 -1.24 —1.029%#* —5.48

B 0398 1.16 0.583%** 2.76

B’ 0.728 0.72 0.409 0.69

BT 0.083* 2.89 0.066*** 402

5 B 0.220%* 22 0.274% 5.06
E g™ —0.295%* -2.52 —0.293%** -4.44
"g B -0.073 -1.18 —0.147% -4.18
it B -0.082 -1.35 -0.063 -1.55

>
—% BT 0.002 0.48 0.004* 1.72
7 Be" 0.016 0.28 0.016 0.59
g BeT 0.076 1.49 0.140%* 592
wv

s BT -0.081% -1.79 —0.108%** -3.55
= B 0.017 101 0.022% 214
B -0215 -0.53 -0.042 -0.14

B 1.501%%* 3.02 1.750%** 461

B 1.201 0.63 1.958 1.28

B 0.833* 1.75 1.097%%* 3.01

k -0.05 0. 1 4

a6 0.053 0.09 0.192 042

B -0.134 -0.29 0.010 0.03

B 0.755* 1.89 0.900%* 297

B 0.643 0.73 1.099 1.56

B 0.582%** 3.3 0.681%** 6.68

B 0.643 0.27 1.564 0.85

B -0.235 -05 -0.112 -034

B 0.164 0.99 0.229%** 274

BréH 1.639%* 243 1.8771%** 3.66




Table A4.8: Estimation results of PTA approach (cont.)

Parameters Coefficient t-Stat. Coefficient t-Stat.
2 10,178.260*** 8.16 11,184.93*** 12.91
¢ 206.779 0.17 483.71 0.86
™ 12,741.570%** 1217 12,965.43%** 16.16
s 8846.273*** 7.73 8643.77%** 14.35
¢ 7589.316*** 6.04 7664.80%** 14.77
a4 8974.123*** 7.86 8978.81*** 13.01
c® 9383.796*** 8.96 8884.79*** 18.62
c® 8888.295%** 6.36 9396.36*** 11.75
crdno 88,11.330%** 7.47 8228.42%** 16.33
(sl 11,660.300*** 9.06 11,973.52%** 15.65
¢ 10,212.650*** 9.4 9884.39*** 16.8
¢ 10,520.290%** 10.63 10,142.98%** 16.79
¢ 7487.909%** 6.18 7552.77%%* 10.18
3 6 —-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 based on the panel data from the CSMNERK and the ICCARKS, respectively.
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