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Abstract   
This study looks at whether Kazakh and Russian wheat exporters leverage their dominant 
share of the wheat markets in the South Caucasus to exercise market power. We apply a 
three-stage estimation for systems of simultaneous equations and Zellner’s seemingly 
unrelated regression to analyze residual demand elasticity. The results of both estimations 
provide empirical evidence of Russian market power in the wheat markets of the South 
Caucasus but no evidence of a Kazakh oligopoly. Russian exporters possess greater market 
power in Armenia than in Georgia. Market power depends on the presence of competi-
tors in the destination market. The results show that Kazakh exporters restrict the market 
powers of Russian exporters in the Azerbaijani wheat market, while Russian exporters 
constrain the market power of Kazakh exporters in the Azerbaijani and Georgian wheat 
markets. Ukrainian wheat exporters are able to intervene in the market powers of Russian 
exporters in Azerbaijan and Georgia, while they restrict Kazakh oligopoly in the Geor-
gian market. Some export restrictions imposed by wheat exporting countries significantly 
affected competition in wheat importing countries. Russia’s ongoing war against Ukraine 
and the blockade of Ukrainian ports on the Sea of Azov and the Black Sea are restricting 
wheat trade, severely damaging Ukraine’s competitiveness and export potential, and reduc-
ing food security in the South Caucasus, the Middle East, and North Africa.
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1 � Introduction  

At the beginning of the 2000s, Kazakhstan, Russia, and Ukraine (KRU) became wheat 
exporters in the global market, significantly affecting the shares of the world’s major 
wheat exporters (Gafarova et  al. 2015). Due to their geographic locations and historical 
trade relationships, the countries of the South Caucasus—Armenia, Azerbaijan, and Geor-
gia—are important trade partners of KRU. Indeed, KRU possess significant market shares 
in these countries. Kazakhstan and Russia are the main wheat exporting countries to the 
South Caucasus and are therefore able to affect the wheat export prices to this region. We 
argue that by using their higher market shares Kazakh and Russian wheat exporters are 
able to exercise market power in Armenia, Azerbaijan, and Georgia. We expect this effect 
to be strongest in Armenia, as Russia holds a leading position in Armenia’s wheat market. 
Due to Georgia’s diversified wheat import policy, we expect Kazakh and Russian export-
ers to have less market power there. Similarly, Kazakh and Russian wheat exporters may 
have weaker (or no) market power in the Azerbaijani wheat market, as the country diversi-
fies its wheat imports and is able to meet part of its own demand for wheat through local 
production.

Most of the previous econometric studies analyzing the market behavior of wheat 
exporters in international markets for have been carried out for traditional major wheat 
exporting countries such as Australia, Canada, or the USA (cf. Carter et al., 1999; Yang 
and Lee 2001; Cho et al. 2002). Only a few studies have examined market power and price 
discrimination in international wheat markets for a new global player such as Kazakh-
stan, Russia, and Ukraine. The latter include the studies by Pall et al. (2014) and Uhl et al. 
(2019), which applied the residual demand elasticity (RDE) approach to Russian wheat 
exports, and by Pall et al. (2013) and Uhl et al. (2016), which analyzed the Russian pric-
ing behavior in international wheat trade using a pricing-to-market (PTM) approach. Only 
Gafarova et al. (2015) applied a PTM approach for the analysis of Kazakh, Russian, and 
Ukrainian wheat exporters.

The objectives and contributions of this study are threefold. First, there are a num-
ber of empirical studies that measure the extent of exporters’ market powers in inter-
national markets in the context of the RDE approach (see Table 5 in the Appendix). 
However, there are currently no published studies that measure the magnitude of 
Kazakh wheat exporters’ market powers in any destination country. To fill this research 
gap, this study uses a residual demand elasticity (RDE) approach to explore a range 
of hypotheses on the competitive nature of the Armenian, Azerbaijani, and Georgian 
wheat import markets. Second, most empirical studies that rely on a residual demand 
elasticity approach use a single equation model; only a few publications consider a 
multi-equation model. This study uses a multi-equation model (system of simultaneous 
equation) to measure the extent of the market power that Kazakh and Russian wheat 
exporters exercise in Armenia, Azerbaijan, and Georgia. Third, over the sample period 
from 2004 to 2021, the Kazakh, Russian, and Ukrainian governments enforced export 
bans, export taxes, export quotas, export licenses, and memoranda of understanding 
(see Table 6 in the Appendix). This study looks at the impact of six policy instruments 
on competition and the market behavior of wheat exporters in the South Caucasus. The 
results of this study are particularly relevant for understanding the impact of the export 
restrictions related to Russia’s invasion of Ukraine, which imposed a blockade on 
Ukrainian ports in the Sea of Azov and the Black Sea and its civilian merchant marine, 
and halted Ukrainian exports of wheat and other agricultural commodities and food 
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products, such as maize and sunflower oil, from 24 February to 1 August 2022. To 
date, the Ukrainian wheat exports have been completely blocked in the Sea of Azov, 
and restricted rather than free in the Black Sea, with significant implications for global 
food security and nutrition.

The rest of the study is organized as follows. The next section provides background 
information about the region. This is followed by an overview of the relevant theoretical 
literature and empirical studies on residual demand elasticity. The modelling is outlined 
in Sect. 4. Section 5 presents a description of the data and summary statistics. The regres-
sion results are discussed in Sect. 6. The final section of the study summarizes the main 
findings, addresses policy implications, and discusses the directions and issues for future 
research.

2 � Background Information About the Region

Armenia, Azerbaijan, and Georgia are middle-income countries. Bread and bakery prod-
ucts are the main staple foods in the region, where they play an important role in meeting 
the population’s demand for protein and energy. In 2019, annual per capita consumption 
of wheat in Armenia, Azerbaijan, and Georgia was 131 kg, 244 kg, and 129 kg, respec-
tively (ARMSTAT 2022a; AZSTAT 2022a; GEOSTAT 2022a). None of the South Cauca-
sus countries is able to entirely meet its growing demand for wheat, and all three therefore 
have to import it, mainly from Russia and Kazakhstan. According to the statistics offices, 
the self-sufficiency rates for wheat in Armenia, Azerbaijan, and Georgia are 26%, 53%, 
and 15%, respectively (ARMSTAT 2022b; AZSTAT 2022a; GEOSTAT 2022a). Figures 1, 
2, and 3 below depict the annual wheat export volumes of the main exporters to Armenia, 
Azerbaijan, and Georgia and show how their market shares changed from 2004 to 2021. 

Fig. 1   Wheat exports to Armenia market.  Source: UN COMTRADE (2022)
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Both Kazakhstan and Russia have high market shares in Azerbaijan and Georgia, while 
Ukraine possesses only small shares there. In Armenia, only Russia is a leading wheat exp
orter.

Fig. 2   Wheat exports to Azerbaijani market.  Source: UN COMTRADE (2022)

Fig. 3   Wheat exports to Georgian wheat market.  Source: UN COMTRADE (2022)
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In general, the export quantities coming from Kazakhstan and Russia are not stable, 
and the two countries’ market shares have been frequently disrupted by export restrictions. 
Kazakhstan imposed export restrictions on wheat from April 2008 to September 2008 
(Kim 2010); Russia implemented a wheat export tax from 2007 to 2008 and completely 
banned wheat exports from 2010 to 2011; and Ukraine set export quotas in 2006–2008 and 
2010–2011 (Djuric et al. 2015). A detailed list of export restrictions enforced by Kazakh-
stan, Russia, and Ukraine is provided in Table 6 in the Appendix.

Figures 1, 2, and 3 show that Kazakh and Russian wheat export volumes to all three 
South Caucasus countries changed significantly over the study period. Because of its loca-
tional disadvantage, political instability, and poor infrastructure, Armenia is only able to 
meet its demand for wheat by importing almost exclusively from Russia. Azerbaijan buys 
the most wheat in the South Caucasus, importing twice as much as Georgia and almost five 
times more than Armenia. This is because Azerbaijan’s population (10.1 million) is three 
times greater than Armenia’s (3.0 million) and two times greater than Georgia’s (3.7 mil-
lion) (ARMSTAT 2022b; AZSTAT 2022b; GEOSTAT 2022b). Figure 1 shows that Russia 
began to take a leading position in the Armenian wheat market from 2006, with a market 
share of almost 80% or more. Since 2015, Russia’s share of the Armenian wheat market 
has fluctuated between 95 and 100%. The market shares of the two competing countries, 
Kazakhstan and Ukraine, are relatively small. Therefore, Kazakhstan and Ukraine may 
not be strong competitors for Russia in this market. According to FAOSTAT (2022) Food 
Balances Database calculations, the Import Dependency Ratio (IDR) for wheat (share of 
wheat imports in domestic consumption) ranges from 43.3 to 67.0% in Armenia. This high 
import dependency ratio (IDR) and Russia’s high market share indicate that Armenia is 
heavily dependent on wheat from Russia.

Figure  2 shows that the market shares of Kazakhstan and Russia are relatively high 
in Azerbaijan and changed significantly from 2004 to 2013. Since 2014, Russia’s market 
share has increased from about 50% to almost 100%, and in 2021, the last year of the study, 
Russia alone supplied 100% of the Azerbaijani wheat market (cf. Figure 2). The IDR for 
wheat in Azerbaijan is significantly lower than in Armenia and ranges from 38.2 to 54.4%. 
Because Azerbaijan can partly meet its own demand for wheat through local production 
and there are two supplier countries, Kazakhstan and Russia, the Azerbaijani wheat market 
might be competitive.

In terms of market structure, the Georgian wheat market differs significantly from the 
Armenian wheat market but is almost identical to the Azerbaijani wheat market. Fig-
ure 3 shows that Russia’s market shares have always been relatively high without signifi-
cant variation. From 2004 to 2013, Russia had to share the Georgian wheat market with 
Kazakhstan (predominantly) and with Ukraine (partly). However, since 2014, Russia has 
increased its share of the Georgian wheat market from about 85% to almost 100%, and in 
the last 2 years of the study, 2020 and 2021, Russia alone supplied 100% of the Georgian 
wheat market (cf. Figure 3).

The IDR for wheat in Georgia is significantly higher than in Armenia and Azerbaijan 
and ranges from 75.8 to 98.8%. Compared to the other two South Caucasus countries, 
Georgia enjoys the locational advantage of being closer to Russia and Ukraine, and mainly 
imports wheat from Russia. However, due to its limited ability to produce wheat, Georgia 
can only meet 15% of its own demand for wheat through local production.

Kazakhstan and Russia are the two dominant wheat exporting countries in the South 
Caucasus. This dominant position gives rise to the hypothesis that they may exercise mar-
ket power. RDE analysis can be used to empirically test the competition and market behav-
ior of these two competing countries and the extent of oligopolistic market power in wheat 
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markets in the South Caucasus. While there is an almost similar duopoly structure in the 
Azerbaijani and Georgian markets and both Kazakh and Russian wheat exporters may have 
oligopolistic market power, Russia alone dominates the wheat import market in Armenia.

3 � Review of Empirical Studies

Originally, the RDE approach was introduced by Baker and Bresnahan (1988) and later 
developed by Goldberg and Knetter (1999). The RDE approach not only makes it pos-
sible to identify the extent of market power but also explains it by the combinations of 
demand conditions, market conduct, and market structure. This approach represents the 
effects of export quantity, cost shifters, and demand shifters on export price by taking into 
account the reactions of competing countries (Glauben and Loy 2003). Instead of deal-
ing with a structural demand system involving all firms in an industry, the RDE approach 
focuses only on the estimation of a single equation (Poosiripinyo and Reed 2005). Despite 
its advantages, few studies have applied the RDE approach to agricultural products markets 
(see Table 5 in the Appendix). Rather, most studies have focused on the analysis of market 
power in certain markets, like in beer markets (Baker and Bresnahan 1988; Goldberg and 
Knetter 1999; Glauben and Loy 2003) and meat export markets (Reed and Saghaian 2004; 
Poosiripinyo and Reed 2005; Felt et al. 2011; Xie and Zhang 2014).

The literature pertaining to the analysis of market power in grain markets remains quite 
limited. Very few studies have focused on investigating wheat markets in different countries 
(Carter et al. 1999; Yang and Lee 2001; Cho et al. 2002; Pall et al. 2014). However, with 
the exception of Pall et al. (2014), the majority of these publications have concentrated on 
analyzing the market power of traditional wheat exporters (Argentina, Australia, Canada, 
the European Union, and the USA). For instance, Carter et al. (1999) for 1970–1991 and 
Yang and Lee (2001) for 1993–1999 looked at whether Australia, Canada, and the USA 
have market powers in the Japanese and South Korean wheat markets, respectively. The 
authors found that the USA has significant market power in both wheat markets, whereas 
Australia and Canada have market power only in the South Korean wheat market. Cho 
et al. (2002) also examined the market power of the USA in the Japanese wheat market, 
together with five other destinations over the period 1973–1994. The results showed that 
the USA could exercise significant market power in the Korean, Malaysian, Philippine, and 
Singapore wheat markets but not in the Indonesian and Japanese markets.

Pall et al. (2014) examined the market power exercised by Russian wheat exporters in 
selected destinations using the generalized method of moments and instrumental variable 
Poisson pseudo maximum-likelihood estimators. The authors used quarterly data from 
2002 to 2009 and demonstrated that Russian exporters are able to exercise market power 
in five out of eight destinations, including Azerbaijan and Georgia. Using novel firm-level 
datasets with weekly information on Russian wheat exports, Uhl et al. (2019) applied the 
residual demand elasticity method to analyze Russia’s pricing behavior in its two most 
important export markets: Egypt and Turkey. The estimation results of their study revealed 
that Russia behaves competitively in Egypt, while it exerts market power in Turkey, with 
an estimated mark-up of 13.5%. To capture Kazakh and Russian export restrictions, the 
authors also examined the Russian wheat export tax as an instrumental variable for Egypt 
and Turkey and the Kazakh export ban as an exogenous dummy variable.

The RDE approach has also been used to analyze non-agricultural products markets. 
A study by Yang and Lee (2001) examined market power in the aluminum industry of 
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the USA, while another study by Silveira and Resende (2020) looked at whether Brazilian 
niobium exporters had market powers in the USA and the European Union. Although some 
studies used multi-equation models (system of simultaneous equation) to analyze the RDE 
approach (Baker and Bresnahan 1988; Goldberg and Knetter 1997, 1999; Cho et al. 2002; 
Reed and Saghaian 2004; Song et al. 2009; Chang and Inoue 2013), the majority of the 
related literature preferred the single-equation model.

4 � Theoretical Background and Empirical Model Specifications 

To measure the degree of market power in international markets, Goldberg and Knetter 
(1999) introduce a reduced form of the following equation:

where m and t denote importing market and time, respectively, K is the number of competi-
tors in a specific market, �′ and �

′

 are vectors of parameters, and Q̂ex
mt

 is the instrumented 
quantity exported. Furthermore, export prices,Pex

mt
 , and vector of demand shifters of m 

number of destinations, ��� , are expressed in the destination country’s currency.
Cost shifters of K competitors,��

��
, can be divided into two parts: one that does not 

vary by destination and is expressed in the competing country’s currency (e.g., producer 
price), and the other that is destination-specific (e.g., exchange rate). Cost shifters comprise 
a destination-specific exchange rate and the competitors’ average producer price for wheat; 
both are expressed in the competing country’s currency. �mt, an error term, is independent 
and identically distributed (i.i.d.).

The main coefficient in Eq. (1) is � , which is an inverse of RDE. In case � = 0 , a market 
is perfectly competitive and the exporting country faces a perfectly elastic demand curve. 
Export price is affected not by a change in the quantity exported but by the costs of com-
petitors, which means that the exporting country does not have any market power and is a 
price taker. However, in case 𝜂 < 0 , a market is imperfectly competitive and the exporting 
country is a price maker. Exporting country has market power and it increases as the abso-
lute value of � gets larger.

Coefficients of cost shifters , � ′

, define whether competing countries’ products are a per-
fect or imperfect substitute for an exporting country’s product. In case 𝛽 ′

> 0 , a compet-
ing country’s product is a perfect substitute for an exporting country’s product. Exporting 
country can increase its export price if the competing country’s costs rise. In this way, 
these two countries compete in an importing country and intervene in each other’s market 
powers. On the contrary, in case𝛽 ′

< 0 , a competing country’s product is an imperfect sub-
stitute for an exporting country’s product.

The empirical model specification is undertaken for each of the two major exporters—
Russia and Kazakhstan—in the wheat markets of the South Caucasus. The model speci-
fication for Russian and Kazakh exports and the choice of cost shifters are based on the 
descriptive analysis presented in Sect. 2 and the market share calculation summarized in 1 
for the sample period from 2004 to 2021.

Considering the almost monopoly market structure in the Armenian wheat market 
and similar duopoly market structure in the Azerbaijani and Georgian markets, it can be 
assumed that Russian wheat exporters compete with Kazakh and Ukrainian wheat export-
ers in the three destination markets—Armenia, Azerbaijan, and Georgian (cf. Table 1 and 
Figs. 1, 2, and 3).

(1)lnP
ex

mt
= �m + �mlnQ̂

ex

mt
+ �

�

�ln��� + �
�

ln��
��
+�mt
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The estimation model of the inverse residual demand curve defined by Eq. (2) has 
the form of a linear system of three or two simultaneous equations representing three 
destination markets for Russian wheat exports and two destination markets for Kazakh 
wheat exports, respectively:

The superscript N  indexed by RU indicates the RDE model for Russian wheat 
exports and the superscript N  indexed by KZ indicates the RDE model for Kazakh 
wheat exports, respectively. The terms �N

m
 , �N

m
 , �N

m
 , �N

m
 , �N

m
 , �K

m
,�K

m
 , �N

m,t
 , and �K

m,r
 are 

parameters to be estimated simultaneously. The subscript m represents the specific 
destination markets of wheat exporters in the South Caucasus indexed by subscripts 
AM,AZ, and GE standing for Armenia, Azerbaijan, and Georgia, respectively. PN

mt
 and 

QN
mt

 are the Russian or Kazakh wheat export price approximated by export unit value 
expressed in the importing country’s currency and QN

mt
 is the Russian or Kazakh wheat 

export quantity expressed in metric tons. The gross domestic product (GDP) per cap-
ita, the consumer price index for food items (CPI), and a linear time trend (T) are used 
to capture any shifts in demand in each of the three destination countries (Armenia, 
Azerbaijan, and Georgia) over time t .

The set of cost shifters is represented by a vector of exchange rates 
(

eK
mt

)

 and a vec-
tor of wheat producer prices 

(

PPWK

mt

)

 of exporting countries competing with Russian 
or Kazakh wheat exporters in each of the three destination markets. The superscript K 
stands for Russia’s and Kazakh competitors in each destination market indexed by the 
superscripts KZ for Kazakhstan and UA for Ukraine, and RU for Russia, respectively.

Goldberg and Knetter (1999) point out that demand shifters must take into account 
trade restrictions imposed by the destination markets and the resulting effects 
on trade volumes and prices. Because export restrictions on wheat exports were 
introduced by the Kazakh, Russian, and Ukrainian governments, it can further be 
assumed that export restrictions on wheat exports might have extraordinary effects 
on exporters’ behavior in the destination markets. ERDK

mt
 is a vector of dummy varia-

bles capturing trade restrictions on wheat exports imposed by the governments of all 
three competing countries—Kazakhstan, Russia, and Ukraine—in the sample period 
from 2004 to 2021. Table 6 in the Appendix provides an overview of a wide range 
of trade restrictions on wheat exports, including export licenses, export bans, export 
transport subsidies, export taxes, export duties, export quotas, and memoranda of 
understanding (MoU) regulating grain export volumes.QRTDmt is a vector of dummy 

(2)
lnPN

mt
= �N

m
+ �N

m
lnQN

mt
+ �N

m
lnGDPmt + �N

m
lnCPImt + �N

m
Tmt

+ �K
m
lneK

mt
+ �K

m
lnPPWK

mt
+�N

m,t
QRTDmt + �K

m,r
ERDK

mt
+ �

mt

Table 1   Market shares of the 
wheat exporting countries 
(competitors), 2004–2021

RoW is rest of world. Source: UN COMTRADE (2022)

Destination markets Wheat exporting countries (competitors)

Russia Kazakhstan Ukraine RoW

Armenia 84.2 0.2 2.7 12.8
Azerbaijan 64.2 34.5 0.7 0.5
Georgia 76.3 17.4 3.8 2.5
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variables for the second, third, and fourth quarters to capture seasonality in the quar-
terly data series.

5 � Data Samples and Sources

Two quarterly time series datasets were used for the econometric analysis of the RDE model 
for Russian and Kazakh wheat exports, which is represented by a system of simultaneous 
equations in Eq.  (2). Table 7 in the Appendix provides a description of the model varia-
bles, their descriptive statistics, and data sources for the dataset of Russian wheat exports 
to Armenia, Azerbaijan, and Georgia. Table 8 in the Appendix provides a description of 
the model variables, their descriptive statistics and data sources for the dataset of Kazakh 
wheat exports to Azerbaijan and Georgia. Quarterly time series data for wheat export quan-
tity and wheat export value were collected from the Global Trade Information Services 
(GTIS) database for the period from the first quarter of 2004 to the fourth quarter of 2021. 
GTIS provides wheat export data by disaggregated 6-digit Harmonized System (HS) codes 
for the commodities: 100,190 (wheat except durum wheat, and meslin) for the period from 
2004:Q1 to 2011:Q4 and 100,199 (wheat and meslin, not durum wheat, other than seed) for 
the period from 2012:Q1 to 2021:Q4. A detailed description of the model variables, their 
descriptive statistics, and data sources is available from the authors upon request.

The dataset of Russian wheat exports to Armenia, Azerbaijan, and Georgia contains 
a total of 66 quarterly observations. Six observations are missing because Russia did not 
export wheat to any of the three countries in the South Caucasus in those quarters (cf. 
Table 7 in the Appendix). The dataset of Kazakh wheat exports to Azerbaijan and Geor-
gia consists of 53 quarterly observations, meaning that 19 observations are missing (cf. 
Table 8 in the Appendix). Like Russia, Kazakhstan did not export wheat to the two destina-
tion countries in the South Caucasus in every quarter.

6 � Results and Discussion

The vast majority of empirical studies on RDE use single-equation models with a range of 
limited information estimation methods (cf. the columns “Model” and “Method” in Table 5 
in the Appendix). In addition to the reasons for jointly estimating a linear system of simul-
taneous equations for RDE models for Kazakh and Russian wheat exports to the South Cau-
casus, it should be emphasized that the wheat markets of the South Caucasus are geographi-
cally and economically both highly interconnected with and dependent on only two major 
wheat suppliers. Furthermore, the South Caucasus wheat market is interdependent, and deci-
sions on the export price to one country depend on decisions on the export price to the other 
countries. Therefore, this study uses a system of simultaneous equations and jointly estimates 
individual equations in order to increase efficiency and achieve more precise results. As the 
first, Zellner’s Seemingly Unrelated Regressions (SUR) method was applied. The advantage 
of this method is that it accounts for potential correlation in the error terms across the des-
tination market equations (Goldberg and Knetter 1997, 1999). However, its disadvantage is 
that it does not correct for simultaneity bias. Second, three-stage least squares (3SLS) estima-
tion for systems of simultaneous equations was used, which corrects for simultaneity bias.
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Estimation of the system of simultaneous equations by 3SLS also raises some problems 
(Goldberg and Knetter 1999). First, the number of instruments might be too large, as the 
number of Russian and Kazakh competitors is different and varies by destination. Russia 
competes with Ukraine in the Armenian wheat market and with Kazakhstan in the Azer-
baijani wheat market. In the Georgian wheat market, Russia competes with both Kazakh-
stan and Ukraine. The joint 3SLS estimation of the system of three simultaneous equations 
implies that cost shifters for the destination countries have to be included in the list of the 
instrumental variables for all simultaneous equations, even though Kazakh or Ukrainian 
cost shifters are relevant for the Armenian wheat market (Russia and Ukraine) or for the 
Azerbaijani wheat market (Russia and Kazakhstan).

To circumvent this problem, endogeneity tests of endogenous regressors of the RDE 
models were performed for three instrumented variables lnQRU

AM
 , lnQRU

AZ
 , and lnQRU

GE
 for 

Russian wheat exports, and for two instrumented variables lnQKZ
AZ

 and lnQKZ
GE

 for Kazakh 
wheat exports (cf. Tables  A.5 and A.6 in the Appendix). The test results show that the 
producer price of wheat in Russia 

(

PPWRU
)

 is a strong instrument in all three destination 
markets. In the case of Armenia and Azerbaijan, the Durbin-Wu-Hausman chi-square test 
rejects the null hypothesis that the quantity of Russian wheat exports is exogenous at the 
5% significance level (cf. Table 9 in the Appendix). For the Georgian destination market, 
an additional instrumental variable, Russian total wheat export quantity 

(

TQRU

WD

)

 , must be 
included in the analysis. Similar to Russian wheat exports, the producer price of wheat 
in Kazakhstan 

(

PPWKZ
)

 is a strong instrument in the Azerbaijani destination market. The 
Durbin-Wu-Hausman chi-square test rejects the null hypothesis that the quantity of Kazakh 
wheat exports is exogenous at the 1% significance level (cf. Table 10 in the Appendix). 
For the Georgian destination, an additional instrument, total Kazakh wheat export quantity 
(

TQRU

WD

)

 , needs to be considered in the RDE analysis.
The results of the RDE model without and with export restrictions estimated by the 

3SLS and SUR methods are shown below in Tables 2 and 3 for Russia and Kazakhstan, 
respectively. All exogenous variables are treated as instruments together with the producer 
price of wheat and the total export quantity of the exporting country. Because only two 
excluded instrumental variables were used to estimate the two RDE models, the problem 
of a large number of instruments discussed by Goldberg and Knetter (1999) was avoided.

6.1 � Russian Wheat Exports

Table  2 presents the results for the RDE model of Russian wheat exports estimated by 
two alternative estimation methods, 3SLS and SUR. Both methods were used to estimate 
simultaneous Eqs.  (2) for Russian wheat exports jointly for all three destinations in the 
South Caucasus region: Armenia, Azerbaijan and Georgia, without and with dummy vari-
ables to account for export restrictions. The 3SLS and SUR results show that the R-squared 
values are quite high and range between 0.6878 in 3SLS for Armenia and 0.93 for Azerbai-
jan. The Durbin–Watson (DW) statistics from the 3SLS estimation are 2.0048 for Armenia, 
1.7181 for Azerbaijan, and 1.4026 for Georgia, indicating that serial correlation might not 
be a significant problem. The same conclusions could be drawn regarding the R-squared 
and DW statistics for the 3SLS and SUR estimates estimated without dummy variables for 
export restrictions.

Comparison of the 3SLS and SUR estimates with and without export restrictions 
provides insight into the presence of simultaneity bias due to a potential correla-
tion of Russian wheat export quantities with the error term of the residual demand 
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Table 2   RDE estimation results by 3SLS and SUR estimator for Russia

Parameters With export restrictions Without export restrictions

3SLS SUR 3SLS SUR

Coefficient Std. err Coefficient Std. err Coefficient Std. err Coefficient Std. err

�RU
AM

 − 0.1783*** [− 4.42]  − 0.1303*** [− 5.89]  − 0.1090*** [− 3.50]  − 0.1036*** [− 5.05]

�RU

AM
1.0911** [2.29] 0.9036** [2.25] 1.0189*** [2.82] 0.9960*** [3.23]

�RU

AM
0.6005 [1.10] 0.6262 [1.23] 0.6053 [1.60] 0.5999 [1.63]

�RU
AM

 − 0.0228*** [− 2.58]  − 0.0221*** [− 2.70]  − 0.0283*** [− 4.14]  − 0.0280*** [− 4.25]

�UAH
AMD

0.4754*** [3.47] 0.5266*** [4.09] 0.5051*** [4.54] 0.5093*** [4.62]

�UA

AM
0.5409*** [3.77] 0.5821*** [4.25] 0.6229*** [5.33] 0.6256*** [5.37]

�RU
AM,Q2

0.0880 [1.57] 0.0896* [1.70] 0.0874 [1.60] 0.0871 [1.60]

�RU
AM,Q3

0.3119*** [4.81] 0.2736*** [4.76] 0.2536*** [4.25] 0.2476*** [4.33]

�RU
AM,Q4

0.2188*** [3.67] 0.1920*** [3.66] 0.1856*** [3.28] 0.1814*** [3.34]

�KZ,BN
AM

 − 0.0509 [− 0.30]  − 0.0519 [− 0.33]

�KZ,EL
AM

0.1847*** [2.62] 0.1320** [2.27]

�
UA,EQ

AM
0.1366 [1.36] 0.1232 [1.30]

�UA,EL
AM

 − 0.0495 [− 0.39]  − 0.0711 [− 0.60]

�RU,ED

AM
 − 0.0017 [− 0.03] 0.0016 [0.03]

�RU,ET

AM
 − 0.0830 [− 0.92]  − 0.0385 [− 0.49]

�RU
AM

 − 8.5741* [− 1.92]  − 7.2849* [− 1.88]  − 8.8614** [− 2.49]  − 8.6454*** [− 2.71]

�RU
AZ

 − 0.0815*** [− 3.86]  − 0.0583*** [− 3.47]  − 0.0911*** [− 3.68]  − 0.0674*** [− 3.45]

�RU

AZ
 − 0.1129 [− 0.88]  − 0.1172 [− 0.92] 0.0267 [0.21] 0.0477 [0.38]

�RU

AZ
0.7879* [1.65] 0.9168* [1.96]  − 0.1166 [− 0.29]  − 0.0980 [− 0.25]

�RU
AZ

 − 0.0042 [− 0.48]  − 0.0073 [− 0.86] 0.0174*** [2.81] 0.0159*** [2.65]

�KZT
AZN

0.5379** [2.02] 0.4541* [1.73] 1.0902*** [4.89] 1.0233*** [4.69]

�KZ
AZ

0.5941*** [6.64] 0.5798*** [6.58] 0.5461*** [5.87] 0.5250*** [5.77]

�RU
AZ,Q2

 − 0.0374 [− 0.81]  − 0.0252 [− 0.56]  − 0.0906* [− 1.75]  − 0.0845* [− 1.66]

�RU
AZ,Q3

0.0641 [1.26] 0.0423 [0.86] 0.0175 [0.31]  − 0.0119 [− 0.23]

�RU
AZ,Q4

0.0870** [2.04] 0.0670 [1.64] 0.0631 [1.25] 0.0404 [0.84]

�KZ,BN
AZ

0.2265* [1.81] 0.2038* [1.66]

�KZ,EL
AZ

 − 0.2077*** [− 3.75]  − 0.2156*** [− 3.94]

�
UA,EQ

AZ
0.0257 [0.36] 0.0215 [0.30]

�UA,EL
AZ

0.1180 [1.50] 0.1421* [1.85]

�RU,ED

AZ
0.0477 [0.91] 0.0433 [0.83]

�RU,ET

AZ
0.1450*** [2.70] 0.1399*** [2.64]

�RU
AZ

0.3580 [0.15]  − 0.6439 [− 0.27] 6.2621*** [3.55] 5.6799*** [3.34]

�RU
GE

 − 0.2561*** [− 3.70]  − 0.1590*** [− 4.28]  − 0.3068*** [− 3.87]  − 0.1396*** [− 3.90]

�RU

GE
1.4461*** [3.72] 1.5334*** [3.98] 1.3459*** [3.22] 1.7843*** [4.97]

�RU

GE
 − 1.3217** [− 2.02]  − 0.9521 [− 1.54]  − 1.5362*** [− 3.06]  − 1.3839*** [− 3.05]

�RU
GE

 − 0.0154 [− 1.22]  − 0.0286*** [− 2.70]  − 0.0002 [− 0.02]  − 0.0252*** [− 2.73]

�KZT
GEL

0.4230 [1.39] 0.2892 [0.97] 0.6550*** [2.63] 0.3861* [1.81]

�UAH
GEL

0.0582 [0.37] 0.1434 [0.98] 0.1082 [0.75] 0.2705** [2.27]

�KZ
GE

0.2099* [1.77] 0.2734** [2.35] 0.0483 [0.43] 0.1548 [1.57]
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Eqs. (2). The endogeneity test of endogenous regressors of RDE for Russia reported 
in Table 9 in the Appendix performed using the Wu-Hausman F test and Durbin-Wu-
Hausman chi-square test shows that the producer price of wheat in Russia 

(

PPWRU
)

 
and the total wheat export quantity of Russia 

(

TQRU

WD

)

 are strong instruments in addi-
tion to the exogenous variables for all estimating equations. It is worth noting that 
these two instrumental variables are excluded from the simultaneous estimation of 
RDE; however, they must satisfy two requirements: (i) they must be correlated with 
the included endogenous variables (in this case, Russian export quantities) and (ii) 
they must be orthogonal to the error terms. The results of the Wu-Hausman F test and 
the Durbin-Wu-Hausman chi-square test indicate that the null hypotheses for Russian 
export quantities can be rejected as exogenous regressors at the 1% significance level. 
The test results of the Hansen-Sargan statistic reported in Table 2 are 70.432 for 3SLS 
and 196.144 for SUR. This suggests that the specified instruments are exogenous and 
are not correlated with the error term. The null hypotheses for both estimators cannot 
be rejected at the 1% significance level.

The primary interest of the estimation results is in the coefficients represented by the 
parameters �RU

m
 corresponding to RDE. The absolute value of RDE represents the mark-up 

Table 2   (continued)

Parameters With export restrictions Without export restrictions

3SLS SUR 3SLS SUR

Coefficient Std. err Coefficient Std. err Coefficient Std. err Coefficient Std. err

�UA

GE
0.1927* [1.69] 0.2593** [2.44] 0.1716 [1.31] 0.3490*** [3.33]

�RU
GE,Q2

0.1261** [2.32] 0.1042** [2.01] 0.1337** [2.18] 0.0888* [1.67]

�RU
GE,Q3

0.2397*** [2.96] 0.1517** [2.50] 0.2842*** [3.01] 0.1208** [2.00]

�RU
GE,Q4

0.2412*** [3.58] 0.1745*** [3.27] 0.2893*** [3.69] 0.1705*** [3.10]

�KZ,BN
GE

 − 0.2941* [− 1.78]  − 0.1921 [− 1.29]

�KZ,EL
GE

0.0253 [0.38]  − 0.0098 [− 0.16]

�
UA,EQ

GE
 − 0.0270 [− 0.24] 0.0186 [0.18]

�UA,EL
GE

0.1579 [1.34] 0.1210 [1.07]

�RU,ED

GE
0.0279 [0.39] 0.0608 [0.90]

�RU,ET

GE
 − 0.0756 [− 0.86]  − 0.0517 [− 0.61]

�RU
GE

2.8657 [0.74]  − 1.6889 [− 0.57] 7.6058* [1.83]  − 0.7151 [− 0.28]

Equations R-square DW-stat R-square DW-stat R-square DW-stat R-square DW-stat

ln PRU

AM
0.6878 2.1708 0.7164 2.0920 0.6897 1.9711 0.6906 1.9681

lnP
RU

AZ
0.9321 1.5444 0.9339 1.4292 0.8988 1.0173 0.9010 0.9070

lnP
RU

GE
0.7839 1.5011 0.8099 1.5006 0.7175 1.4090 0.7939 1.4521

Hansen-
Sargan 
stat

70.432 196.144 74.885 197.355

(p-value) (0.0000) (0.0000) (0.0000) (0.0000)

Asterisks ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Values 
in brackets are t-statistics. The instruments for ln QRU

m
 consist of all independent variables for the 3SLS and 

SUR estimators and are also augmented with the log of Russia’s producer prices for wheat 
(

PPWRU
)

 and 
Russia’s total wheat export quantity 

(

TEQRU
)

 for the 3SLS estimator
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Table 3   RDE estimation results by 3SLS and SUR estimator for Kazakhstan

Param-
eters

With export restrictions Without export restrictions

3SLS SUR 3SLS SUR

Coefficient Std. err Coefficient Std. err Coefficient Std. err Coefficient Std. err

�KZ
AZ

 − 0.0423* [− 1.81]  − 0.0309** [− 2.08]  − 0.0571** [− 2.47]  − 0.0308** [− 2.17]

�KZ
AZ

0.0388 [0.18] 0.0826 [0.43] 0.1458 [0.72] 0.0763 [0.47]

�KZ
AZ

0.4048 [0.68] 0.4207 [0.79] 0.4699 [0.94] 0.6140 [1.47]

�KZ
AZ

 − 0.0111 [− 1.02]  − 0.0147 [− 1.39]  − 0.0183*** [− 2.78]  − 0.0195*** [− 3.08]

�RUB
AZN

0.8361** [1.98] 0.8712** [2.10] 0.9025** [2.38] 1.0567*** [2.89]

�UAH
AZN

 − 0.1945 [− 0.62]  − 0.2457 [− 0.80]  − 0.1778 [− 0.57]  − 0.3422 [− 1.16]

�RU

AZ
0.8368*** [5.60] 0.8707*** [6.23] 0.8475*** [5.74] 0.9152*** [6.68]

�UA

AZ
 − 0.0318 [− 0.18]  − 0.0562 [− 0.35] 0.0277 [0.16]  − 0.0606 [− 0.39]

�KZ
AZ,Q2

 − 0.0029 [− 0.05] 0.0037 [0.07]  − 0.0087 [− 0.16] 0.0083 [0.16]

�KZ
AZ,Q3

0.1260** [2.09] 0.1266** [2.18] 0.1316** [2.42] 0.1412*** [2.74]

�KZ
AZ,Q4

0.0847* [1.69] 0.0806* [1.66] 0.1095** [2.20] 0.0921* [1.93]

�KZ,EL
AZ

0.0519 [0.70] 0.0394 [0.54]

�
UA,EQ

AZ
 − 0.0081 [− 0.14]  − 0.0180 [− 0.32]

�RU,ET

AZ
0.1216 [1.32] 0.1054 [1.16]

�RU,ED

AZ
0.0611 [0.41] 0.0950 [0.68]

�KZ
AZ

 − 0.5632 [− 0.24]  − 1.0746 [− 0.50]  − 1.4451 [− 0.82]  − 1.6309 [− 1.00]

�KZ
GE

 − 0.1072 [− 1.55] 0.0619*** [3.09]  − 0.0800 [− 1.46] 0.0573*** [3.00]

�KZ
GE

 − 0.0656 [− 0.06] 0.6311 [0.87] 0.4444 [0.63] 0.5008 [0.95]

�KZ
GE

 − 0.5432 [− 0.46]  − 0.1832 [− 0.24] 0.4139 [0.57] 0.0083 [0.02]

�KZ
GE

0.0422 [1.07]  − 0.0131 [− 0.57]  − 0.0014 [− 0.07]  − 0.0131 [− 0.95]

�RUB
GEL

 − 1.6240 [− 1.26] 0.0471 [0.06]  − 0.7393 [− 0.73] 0.2595 [0.36]

�UAH
GEL

2.3363** [2.11] 0.3424 [0.59] 1.5441* [1.88] 0.0988 [0.20]

�RU

GE
 − 0.0231 [− 0.04] 1.0041*** [3.90] 0.3369 [0.88] 0.9987*** [4.22]

�UA

GE
0.6467 [1.39]  − 0.1264 [− 0.49] 0.3943 [1.08]  − 0.1760 [− 0.74]

�KZ
GE,Q2

 − 0.0753 [− 0.64]  − 0.0957 [− 1.20]  − 0.0511 [− 0.49]  − 0.0997 [− 1.26]

�KZ
GE,Q3

0.0343 [0.26] 0.0543 [0.60] 0.0957 [0.88] 0.0868 [1.04]

�KZ
GE,Q4

0.1403 [1.06] 0.0011 [0.01] 0.1522 [1.27]  − 0.0035 [− 0.04]

�KZ,EL
GE

0.1971 [1.27] 0.0886 [0.86]

�
UA,EQ

GE
0.0986 [0.61]  − 0.0901 [− 0.89]

�RU,ET

GE
0.1675 [0.68]  − 0.0320 [− 0.20]

�RU,ED

GE
0.1212 [0.44] 0.0773 [0.41]

�KZ
GE

3.0231 [0.42]  − 5.1720 [− 1.18]  − 3.8236 [− 0.88]  − 4.3578 [− 1.33]
Equations R-square DW-stat R-square DW-stat R-square DW-stat R-square DW-stat

lnP
KZ

AZ
0.9151 1.3093 0.9146 1.3194 0.9075 1.3435 0.9104 1.3774

lnP
KZ

GE
0.4668 1.9467 0.7137 1.8929 0.5119 1.8262 0.7043 1.8181

Hansen-
Sargan 
stat

32.279 103.317 25.619 104.018

(p-value) (0.0001) (0.0000) (0.0012) (0.0000)
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over marginal cost; the larger its absolute value, the larger the mark-up over marginal cost, 
and the more market power an exporter has over export price. According to the results of 
the 3SLS and SUR estimates, the estimated parameter for RDE is significant for all three 
destination markets. However, the simultaneity bias of the estimated parameters for RDE 
appears to be quite large in all three destination markets. The estimated coefficient of RDE 
for Armenia is − 0.1783 with 3SLS and − 0.1303 with SUR; for Azerbaijan, it is − 0.0815 
with 3SLS and − 0.0583 with SUR; and for Georgia, it is − 0.2561 with 3SLS and − 0.159 
with SUR.

The mark-up on the marginal cost of Russian wheat exports in the Armenian mar-
ket estimated by 3SLS is almost 18%. This can be explained by several facts. First, in 
terms of wheat transportation, Armenia is not as favorably located as Azerbaijan and 
Georgia. Second, due to the current political tensions, Armenia has closed its bor-
ders to Azerbaijan and Turkey. Therefore, as a landlocked country, Armenia can only 
import wheat from Russia through the Black Sea via Georgia. Third, in terms of wheat 
transportation, Armenia still has weak infrastructure and predominantly uses Russia’s 
rail wagons, which gives Russia an advantage (Gafarova 2018, 95). Fourth, according 
to calculations based on wheat export data provided by APK Inform (2015), on aver-
age only 19 Russian companies exported wheat to Armenia from 2006 to 2014, while 
40 and 39 Russian companies exported wheat to Azerbaijan and Georgia, respec-
tively, during the same period. Furthermore, the concentration ratio of the top 5 (top 
10) Russian wheat companies exporting wheat to Armenia was 77% (91%) from 2006 
to 2014. The concentration ratios of the top 5 (top 10) Russian companies exporting 
wheat to Azerbaijan and Georgia were 65% (81%) and 65% (79%), respectively. The 
Herfindahl–Hirschman Indexes (HHIs) are 0.211, 0.154, and 0.146, respectively, for 
Armenia, Azerbaijan, and Georgia from 2006 to 2014. The HHI indicate a moder-
ate concentration of Russian companies in the Armenian wheat market. This might 
lead to a non-competitive environment in the Armenian wheat market compared to in 
Georgia and Azerbaijan.

The results of the 3SLS and SUR methods demonstrate that Russian wheat exporters 
do not have significant market power in the Azerbaijani wheat market, since the RDE coef-
ficient is significant but rather small, with an absolute value of 0.0815 for 3SLS and 0.0583 
for SUR (cf. Table 2).

This might be explained by several facts. First, self-sufficiency rates for wheat are 
higher in Azerbaijan (53%) than in Armenia (26%) and Georgia (15%) (ARMSTAT 
2022a; AZSTAT 2022a; GEOSTAT 2022a). Second, since 2007, wheat producers in 
Azerbaijan receive AZN 80 (around EUR 45) of direct subsidies per planted hectare, 
and the government covers 50% of their seed costs and 70% of their fertilizer costs 
(Gafarova 2018, 97). This encourages local wheat producers to expand their wheat pro-
duction. Third, according to calculations based on wheat export data provided by APK 
Inform (2015), the average number of Russian companies exporting wheat to Azer-
baijan from 2006 to 2014 was around 40, which is twice as many as the number of 

Table 3   (continued)
Asterisks ***, **, and * denote statistical significance at the 1%, 5% and 10% levels, respectively. Values 
in brackets are t-statistics. The instruments for ln QKZ

m
 consist of all independent variables for the 3SLS and 

SUR estimators and are also augmented with the log of Kazakhstan’s producer prices of wheat 
(

PPWKZ
)

 
and Kazakhstan’s total wheat export quantity 

(

TEQKZ
)

 for the 3SLS estimator
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companies exporting wheat to Armenia. Moreover, the concentration ratio of the top 5 
(top 10) Russian wheat companies exporting wheat to Azerbaijan from 2006 to 2014 
was 65% (81%) compared to 77% (91%) in Armenia. The HHI demonstrate that Rus-
sian firms are less concentrated in the Azerbaijani wheat market (HHI = 0.154) than in 
the Armenian market (HHI = 0.211). This might confirm a more competitive environ-
ment in the Azerbaijani wheat market than in the Armenian or Georgian wheat mar-
kets. This could mean that the market structure of the Azerbaijani wheat market has 
significantly better structural conditions for perfect competition than the market struc-
tures of the Armenian or Georgian wheat markets.

The 3SLS results suggest that Russian exporters are able to obtain a slightly more 
than 25% mark-up over marginal costs (15% obtained from SUR) in the Georgian 
wheat market. The absolute value of the estimated RDE parameters �RU

GE
 is 0.2561 for 

3SLS and 0.159 for SUR (cf. Table  2). This result might be explained by the fol-
lowing: first, Russia has the highest market share in the Georgian wheat market (cf. 
Figure 3 above). Second, Russia shares a land border with Georgia and enjoys loca-
tional advantages compared to Kazakhstan; this makes the export process faster and 
less costly. Third, even though Russia has on several occasions implemented export 
restrictions on wheat, Georgia still continues to import wheat from Russia because of 
their longstanding trade relationship. Fourth, the average number of Russian compa-
nies exporting wheat to Georgia (39 companies) was twice as high as the number of 
Russian companies exporting wheat to Armenia (19 companies) in 2006–2014. More-
over, the concentration ratio of the top 5 (top 10) Russian wheat companies exporting 
wheat to Georgia was 65% (79%) compared to Armenia, where it was 77% (91%). 
The HHI show that Russian firms are less concentrated in the Georgian wheat market 
(HHI = 0.146) than in the Armenian market (HHI = 0.211) but more concentrated than 
in the Azerbaijani wheat market (HHI = 0.154). This might weaken the competitive 
environment in the Georgian wheat market compared to the Armenian wheat market 
but not compared to the Azerbaijani wheat market. It should be noted that these cal-
culations of the market concentration of Russian wheat exports only cover the period 
2006–2014. Since then, market concentration may have changed significantly.

The set of demand shifters consists of GDP per capita represented by the param-
eters �RU

m
 of the importing countries, the CPI for food in the importing countries �RU

m
 , 

and the time trend by the parameters �RU
m

 . The results show that, with the exception of 
Azerbaijan, an increase in the GDP of the importing countries stimulates demand for 
Russian wheat and consequently causes an upsurge in Russian wheat export prices to 
those countries. The highest increase is observed in Russian wheat export prices to 
Georgia, while the estimated parameter �RU

m
 is not statistically significant. The estima-

tion results for the parameter �RU
m

 appear to be plausible for Armenia and Azerbai-
jan but not for Georgia. Time trend, the other demand shifter, is statistically negative 
in Armenia and Georgia according to the SUR model results, and statistically nega-
tive only in Georgia according to the 3SLS model results. This suggests that, as time 
passes, Armenian and Georgian demand for Russian wheat decreases slightly, which 
shifts Russian wheat export prices down. Although the time trend is also negative for 
Azerbaijan, it is not significant.

The coefficients of the cost shifters determine the factors that constrain the export-
ing country’s market power in the destination market. On the one hand, the posi-
tive and statistically significant parameters of the cost shifters indicate an increase 
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in a competitor’s export costs in the destination market, allowing wheat exporters to 
charge higher export prices in the destination market. Table  2 shows that the esti-
mated parameters for the exchange rate of the Ukrainian hryvnia 

(

�UAH
AMD

)

 and the 
Ukrainian producer price of wheat 

(

�UA

AM

)

 is statistically significant in the Armenian 
market. This means that the pricing behavior of Russian exporters is restricted in the 
Armenian wheat market by their Ukrainian competitors. The exchange rate between 
the Kazakh tenge and the Azerbaijani manat 

(

�KZT
AZN

)

 and the Kazakhs producer price of 
wheat 

(

�KZ
AZ

)

 are positive and statistically significant, indicating that Russian export-
ers’ market power is constrained by Kazakh wheat exporters in the Azerbaijani mar-
ket. The interesting conclusion is that the magnitude of the estimated parameters of 
the cost shifters between Ukrainian and Kazakh wheat exporters competing with Rus-
sian exporters is almost the same. Similarly, the destination-specific exchange rate 
and producer price of Ukrainian wheat are statistically significant in the Georgian 
wheat market, meaning that the pricing behavior of Russian exporters is restricted 
by Ukrainian competitors in the Georgian market. On the other hand, the sign of the 
coefficients of the cost shifters defines whether the competing countries’ products 
are perfect or imperfect substitutes for the exporting country’s product. Therefore, 
it can be concluded that Kazakh wheat in the Armenian and Azerbaijani markets, 
and Ukrainian wheat in the Azerbaijani and Georgian markets are perfect substitutes 
for Russian wheat. However, this result should be considered with caution, since the 
quality of Russian wheat is considered lower than that of Kazakh wheat, but higher 
than that of Ukrainian wheat (Gafarova et al. 2015).

The wheat export ban and export license imposed by the Kazakh government, 
the wheat export tax and export duty imposed by the Russian government, and the 
wheat export quota and wheat license imposed by the Ukrainian government are used 
as exogenous dummy variables in this analysis. The estimation results for the wheat 
export restrictions appear plausible and provide further explanations as demand shift-
ers. According to both estimators, the 3SLS and SUR, the estimated parameters �KZ,BN

m
 

representing the wheat export ban imposed by the Kazakh government are positive and 
statistically significant for the Armenian and Azerbaijani wheat markets. However, the 
estimated parameters �KZ,EL

AZ
 , which represent the wheat export license imposed by the 

Kazakh government, are negative and statistically significant only for Azerbaijan. It 
thus has a negative effect on Russia’s market power in the Azerbaijani wheat market. 
At the same time, the estimated parameters �RU,ET

AZ
 , which represent the wheat export 

tax imposed by the Russian government, are positive and statistically significant only 
for Azerbaijan. None of the wheat export restrictions imposed by the Ukrainian gov-
ernment is statistically significant. They therefore have no impact on the market behav-
ior of Russian wheat exporters in the South Caucasus.

6.2 � Kazakh Wheat Exports

Table 3 shows the 3SLS and SUR results for Kazakh wheat exports that are jointly esti-
mated for two destinations in the South Caucasus region: Azerbaijan and Georgia. The sta-
tistical inference of both estimators indicates a good fit of the RDE model, with R-squared 
values ranging from 0.4668 to 0.9151 for the 3SLS and from 0.7137 to 0.9146 for the 
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SUR. The value of the DW statistics for the 3SLS estimation ranges from 1.3093 for Azer-
baijan to 1.9467 for Georgia, and for the SUR estimation from 1.3194 for Azerbaijan to 
1.8929 for Georgia, indicating that there is no autocorrelation problem in the RDE model 
estimated by Eq.  (2). Almost the same statistical goodness of fit was obtained from the 
3SLS and SUR estimates of the RDE model for Kazakh wheat exports without considering 
the dummy variables for wheat export restrictions.

Table 10 in the Appendix presents the results of the endogeneity test for the endog-
enous regressors of the RDE model for Kazakhstan and shows that the producer price of 
wheat in Kazakhstan 

(

PPWKZ
)

 and the total wheat export quantity of Kazakhstan 
(

TQKZ
WD

)

 
are good instruments in addition to the exogenous variables for the two simultaneous 
estimated equations. The results obtained from the Wu-Hausman F test and the Durbin-
Wu-Hausman chi-square test showing the null hypotheses for Kazakh export quantities 
as exogenous regressors can be rejected at the 1% significance level. The test results of 
the Hansen-Sargan statistics reported in Table 3 are 32.279 for the 3SLS and 103.317 for 
the SUR, indicating that the null hypotheses for both estimators cannot be rejected at the 
1% significance level.

The estimation results of both models and estimators (3SLS and SUR) demonstrate that 
Kazakh wheat exporters do not have any market power in the Azerbaijani wheat market 
and they are price takers (cf. Table 3). The estimated parameters �KZ

AZ
 corresponding to the 

RDE are statistically significant for Azerbaijan, but the absolute values of 0.0423 for the 
3SLS and 0.0309 for the SUR are close to zero. This could be due to several facts that 
have already been discussed in Sect. 6.1: first, the relatively higher self-sufficiency rates for 
wheat in Azerbaijan (53%) compared to Armenia (26%) and Georgia (15%) play an impor-
tant role in building a competitive environment in the Azerbaijani wheat market (ARM-
STAT 2022a; AZSTAT 2022a; GEOSTAT 2022a). Second, since 2007, Azerbaijani wheat 
producers have received government support in the form of a direct subsidy (Gafarova 
2018, 99). This increases the number of local wheat producers and contributes to local 
wheat production in Azerbaijan.

Contrary to the results for Azerbaijan, the 3SLS results for Georgia do not match 
the SUR results. Rather, the 3SLS results suggest that Kazakh wheat exporters are not 
able to exercise market power in the Georgian market. The parameter �KZ

GE
 estimated 

for the Georgian wheat market is − 0.10 but not statistically significant for the 3SLS. 
A notable feature of this parameter �KZ

GE
 obtained from the SUR is that the coefficient 

is positive and statistically significant at the 1% significance level, but the absolute 
value of 0.0619 is close to zero.

Again, this result could be due to reasons that have already been discussed in the pre-
vious sub-section: first, Kazakh exporters have a weaker market share of the Georgian 
wheat market than Russian wheat exporters; therefore, Kazakh exporters are not able 
to exercise market power in Georgia (cf. Figure 3 above). Second, Kazakhstan does not 
share a border with Georgia, and Kazakh wheat is usually exported to Georgia through 
Azerbaijan. The transaction costs make the export process slower and more expensive.

The estimation results for the set of demand shifters represented by the parameters 
�KZ
m

 for GPD per capita, �KZ
m

 for CPI, and �KZ
m

 for the time trend are not statistically sig-
nificant. It is worth noting that the time trend did not significantly affect the estimation 
results for both models and estimators for Kazakh wheat exports. However, the partial 
seasonal quarterly dummies represented by the parameters �KZ

m,Q2
 , �KZ

m,Q3
 , and �KZ

m,Q4
 are sta-

tistically significant for the Azerbaijani wheat market but not for the Georgian market.
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The estimated parameters for the set of cost shifters containing the exchange rate 
of the Russian ruble to the Azerbaijani manat 

(

�RU

AZ

)

 and the producer price of wheat 
in Russia 

(

�RU

AZ

)

 are positively significant in the Azerbaijani market, according to the 
results of both estimators and models (see Table 3). However, the exchange rate of the 
Ukrainian hryvnia to the Azerbaijani manat 

(

�UA

AZ

)

 and the Ukrainian producer price 
of wheat 

(

�UA

AZ

)

 are not statistically significant in the Azerbaijani market, according to 
the results of both estimators and models. On the one hand, this probably reflects the 
fact that Kazakhstan’s potential market power in the Azerbaijani wheat market is con-
strained by Russian exporters but not by Ukrainian exporters. On the other hand, the 
estimation results suggest that Russian wheat is considered a much better substitute 
for Kazakh wheat than Ukrainian wheat.

None of the estimated parameters for the destination-specific exchange rate of Russia 
�RUB
GEL

 is statistically significant in the Georgian wheat market. However, the destination-
specific exchange rate of Ukraine is positively significant in the Georgian market for the 
3SLS of both models. This means the 3SLS results argue that Kazakhstan’s market power 
in the Georgian market is constrained by Ukrainian exporters but not by Russian export-
ers. Additionally, Kazakhstan’s market power is restricted more effectively by Ukrainian 
exporters in the Georgian wheat market than it is by Russian exporters in the Azerbai-
jani market. Again, this finding might be explained by the geographic proximity of the 
exporting countries to the importing countries. As the sign of the cost shifters could pro-
vide an indication of the product type and whether it is a perfect or imperfect substitute 
for the competing countries’ products, it can be concluded that Russian wheat is a perfect 
substitute for Kazakh wheat in the Azerbaijani market. On the other hand, in the Geor-
gian market, Russian wheat is an imperfect substitute (only 3SLS results), while Ukrain-
ian wheat is a perfect substitute for Kazakh wheat. However, this result again should be 
considered with caution, since Kazakh wheat is considered to be of much higher quality 
than both Russian and Ukrainian wheat.

With respect to export restriction policies, none of the estimated parameters for the 
wheat export license imposed by the Kazakh government, the wheat export tax and the 
export duty imposed by the Russian government, and the wheat export quota imposed by 
the Ukrainian government is statistically significant in either the Azerbaijani or the Geor-
gian wheat markets (see Table 3).

Table 4   RDE estimated by 3SLS and competitors’ market share, 2004–2021

Source: Own compilation based on Tables 2 and 3 and the UN COMTRADE trade database for the sample 
period 2004–2021 (UN Comtrade 2022)

Russian exports of wheat

Destinations RDE coefficient Russian share Kazakh share Ukrainian share
Armenia  − 0.1783*** 84.2% 0.2% 2.7%
Azerbaijan  − 0.0815*** 64.2% 34.5% 0.7%
Georgia  − 0.2561*** 76.3% 17.4% 3.8%
Kazakh exports of wheat
Destinations RDE coefficient Kazakh share Russian share Ukrainian share
Azerbaijan  − 0.0423* 34.5% 64.2% 0.7%
Georgia  − 0.1072 17.4% 76.3% 3.8%
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Table 4 below summarizes the results achieved from the 3SLS estimation for the RDE 
model of Russian and Kazakh wheat exports and compares their market share in the South 
Caucasus countries.

The general conclusion is that there is an inverse relationship between the RDE coef-
ficient and the market shares of the competing countries over the period 2004–2021. 
When competitor countries can only achieve a smaller market share, an exporting coun-
try maintains its higher market power. Russian exporters have a higher market share 
than their competitors (Kazakhstan and Ukraine) in Armenia, Azerbaijan and Georgia. 
Therefore, they can achieve greater market power in those importing countries. Russian 
exporters have a relatively higher market share in the Azerbaijani and Georgian wheat 
markets than Kazakh exporters, but have less market power in the Azerbaijani wheat 
market than in the Armenian and Georgian ones.

The results obtained in this study are partially consistent with a previous study 
by Pall et  al. (2014), who used an RDE model consisting of a single-equation 
estimation. The authors found that the market powers of Russian wheat export-
ers is much stronger in the Azerbaijani market (− 0.17**) than in the Georgian 
market (− 0.06***). Our results for Kazakh wheat exporters support the findings 
of Glauben et al. (2014), as they argue that Kazakh, Russian, and Ukrainian wheat 
exporters are not able to exercise market power, and face perfect competition in 
the South Caucasus region.

7 � Conclusions and Policy Implications

The estimation results of both models, with and without the inclusion of dummy variables 
for export restrictions, and of both estimators, the 3SLS and the SUR, show that Kazakh 
exporters are not able to exercise market power in the Azerbaijani and Georgian wheat 
markets. However, the estimation results for both models point to empirical evidence that 
Russian wheat exporters are able to exercise market power in all three target markets in 
the South Caucasus region—Armenia, Azerbaijan, and Georgia. The estimation results for 
the RDE coefficients show that the SUR results significantly underestimate the residual 
demand elasticity of Russian exports to all three South Caucasus countries and of Kazakh 
exports, except to Georgia. Similar results using the 3SLS and SUR methods were also 
obtained by Goldberg and Knetter (1999).

The results of the cost shifters obtained using both models and methods show that 
both exporting countries significantly affect each other’s market powers in the Azer-
baijani wheat market. Similarly, Ukrainian wheat exporters constrain Kazakh and 
Russian market powers in the Georgian markets. Russian exporters more effectively 
constrain Kazakh market powers in the Georgian market than in the Azerbaijani mar-
ket. Similarly, Kazakh exporters more effectively constrain Russian market powers in 
the Armenian market than in the Azerbaijani market, and Ukrainian exporters more 
effectively constrain Russian market powers in the Azerbaijani market than in the 
Georgian market.

Wheat export restrictions applied by the exporting countries have a positive and sta-
tistically significant impact on increasing Russian market power in the South Caucasus. 
The wheat export license imposed by the Kazakh government significantly contributed 
to the exercise of market power by Russian exporters in the Armenian wheat market but 
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not in the Azerbaijani wheat market. It should be noted that the estimated RDE of Rus-
sian exporters is higher in the Armenian wheat market than in the Azerbaijani wheat 
market. However, the wheat export tax imposed by the Russian government had a posi-
tive and statistically significant effect on the growing market power of Russian export-
ers in the Azerbaijani wheat market. It is very interesting that wheat export restrictions 
imposed by the Kazakh government had a negative impact on Russian market power in 
the Azerbaijani market (export license) and in the Georgian market (export ban). How-
ever, none of the wheat export restrictions (quotas and licenses) imposed by the Ukrain-
ian government was statistically significant, nor did they affect the RDE results, given 
the market powers of the Russian and Kazakh exporters.

This study shows that imperfect competition exists in the Armenian and Georgian 
wheat markets but not in the Azerbaijani wheat market. These results are plausible and 
consistent with the market structures of the importing countries (number of firms, mar-
ket concentration, market shares, government intervention and regulation). Therefore, 
considering the findings of this study, the following three policy implications could 
contribute to reducing the market power of Russian exporters in the wheat importing 
countries of the South Caucasus: First, trade negotiations between the countries of the 
South Caucasus and non-KRU wheat exporting countries could encourage diversifica-
tion and limit Russian market power. Second, to improve the competitiveness of the 
domestic market, domestic wheat production should be promoted in all three South 
Caucasus countries, especially in Armenia, as wheat self-sufficiency is very important 
for food security. Third, wheat importing countries should establish a government food 
procurement agency similar to the General Authority for Supply Commodities (GASC) 
in Egypt. GASC manages nearly half of Egypt’s wheat imports and promotes competi-
tion among trading companies participating in tenders (Heigermoser et al. 2021). GASC 
tenders create market and price transparency by having wheat exporting companies sub-
mit price bids.

Further empirical research is needed to extend the analysis of the increasing food 
security problems related to wheat production and competition in international and 
domestic wheat markets in light of the following. First, a large number of wheat 
importing countries on the one hand and a small number of wheat exporting countries 
on the other may lead to increasing market concentration in the world wheat market. 
High market concentration can lead to rising world prices and the exercise of market 
power by wheat exporting countries in the wheat markets of importing countries that 
are highly dependent on wheat imports. Second, many countries are highly dependent 
on wheat from the Black Sea region. Wheat exporting countries such as Kazakhstan 
and Russia have a strong position not only in the South Caucasus but also in Central 
Asia and the Middle East and North Africa. Russia’s ongoing war against Ukraine, its 
occupation of the main wheat growing area in southeastern Ukraine and its blockade 
of most of the Ukrainian Black Sea and Sea of Azov ports, is seriously affecting global 
food security. Ukraine is also Russia’s major competitor in the world wheat market, 
and the destruction of infrastructure, reduction of production capacity, and lack of 
investment could cause Ukraine to lose its position in the world wheat market. Third, 
climate change and warming temperatures could negatively impact wheat production 
not only in Ukraine and Kazakhstan but also in other countries around the world. This 
could further lead to a reduction in the supply of wheat and competition on the world 
market, thus threatening food security in many countries.
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Table 6   Export restrictions on wheat imposed by the Kazakh, Russian, and Ukrainian governments, 2004–
2021

MoU abbreviates memorandum of understanding
Source: Global Trade Alert (GTA 2022)

Implementing country Restriction policy Implemented period

Kazakhstan Export license August 2007–January 2012
Export ban April 2008–September 2008
Export transport subsidy January 2009–December 2012

Russia Export tax 12 November 2007–1 July 2008
Export ban 15 August 2010–30 June 2011
Export tax 1 February 2015–15 May 2015
Export tax 1 July 2015–23 September 2016
Export duty 23 September 2016–15 February 2021

Ukraine Export license 28 September 2006–21 May 2008
Export quota 11 October 2006–31 December 2006
Export quota 1 January 2007–16 May 2007
Export quota 1 June 2007–21 May 2008
Export quota 4 October 2010–25 May 2011
Export tax 1 June 2011–7 October 2011
MoU to regulate grain export volume 19 October 2011–open ended
Export quota 1 January 2015–2 July 2015
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Table 7   Description of the model variables with descriptive statistics and data sources for the Russian 
wheat exports dataset

Variable Description Unit Mean Min Max Source

PRU

AM
Russian export price to Armenia AMD/ton 86,574.403 46,772.488 207,939.09 GTIS (2022)

PRU

AZ
Russian export price to Azerbaijan AZN/ton 226.312 93.365 534.173 GTIS (2022)

PRU

GE
Russian export price to Georgia GEL/ton 401.351 192.038 719.607 GTIS (2022)

QRU

AM
Kazakh export quantity to Armenia Ton 57,014.611 433.6 172,675.34 GTIS (2022)

QRU

AZ
Kazakh export quantity to Azerbaijan Ton 211,626.4 6568.88 600,107.94 GTIS (2022)

QRU

GE
Kazakh export quantity to Georgia Ton 123,657.93 7871.439 310,199.72 GTIS (2022)

GDPAM Armenian GDP per capita AMD 368,740.23 140,676.03 588,152.56 WB-WDI 
(2022)

GDPAZ Azerbaijani GDP per capita AZN 1313.325 226.917 2288.215 WB-WDI 
(2022)

GDPGE Georgian GDP per capita GEL 1941.28 562.69 4060.255 WB-WDI 
(2022)

CPIAM Armenian CPI for food 
(2015 = 100)

Index 87.204 55.85 124.279 FAOSTAT 
(2022)

CPIAZ Azerbaijani CPI for food 
(2015 = 100)

Index 98.307 41.092 172.885 FAOSTAT 
(2022)

CPIGE Georgian CPI for food 
(2015 = 100)

Index 91.839 46.034 156.813 FAOSTAT 
(2022)

T Time trend (T = 1… , 66) Index 33.5 1 66 Calculated

eAMD
UAH

Exchange rate of UAH to AMD UAH 44.093 17.363 106.038 IMF-IFS 
(2022)

eAZN
KZT

Exchange rate of KZT to AZN KZT .005 .004 .008 IMF-IFS 
(2022)

eGEL
KZT

Exchange rate of KZT to GEL KZT .01 .007 .015 IMF-IFS 
(2022)

eGEL
UAH

Exchange rate of UAH to GEL UAH .198 .088 .386 IMF-IFS 
(2022)

PPWUA Producer price of wheat in 
Ukraine

UAH/ton 2384.213 399.897 7018.329 UKRSTAT 
(2022)

PPWKZ Producer price of wheat in 
Kazakhstan

KZT/ton 33,939.37 11,568 92,835.485 KAZSTAT 
(2022)

PPWRU Producer price of wheat in Russia RUB/ton 7253.497 2207.38 20,570.162 ROSSTAT 
(2022)

TQRU

WD
Total wheat export quantity of 

Russia
Ton 5,435,945.5 140,851.53 13,404,944 GTIS (2022)

QRTDQ2 Seasonal dummy for the second 
quarter

Binary .212 0 1 Calculated

QRTDQ3 Seasonal dummy for the third quarter Binary .273 0 1 Calculated
QRTDQ4 Seasonal dummy for the fourth quarter Binary .258 0 1 Calculated

ERDKZ,BN Dummy for Kazakh export ban Binary .015 0 1 Calculated

ERDKZ,EL Dummy for Kazakh export license Binary .212 0 1 Calculated

ERDRU,ET Dummy for Russian export tax Binary .076 0 1 Calculated

ERDRU,ED Dummy for Russian export duty Binary .212 0 1 Calculated

ERDUA,EQ Dummy for Ukrainian export 
quota

Binary .121 0 1 Calculated

ERDUA,EL Dummy for Ukrainian export license Binary .106 0 1 Calculated

For abbreviations and variable descriptions see Table 8 below
Source: Own estimation using STATA software (version 17.0)
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Table 8   Description of the model variables with descriptive statistics and data sources for the Kazakh 
wheat exports dataset

Variable Description Unit Mean Min Max Source

PKZ
AZ

Kazakh export price to Azerbaijan AZN/ton 197.215 85.975 433.365 GTIS 
(2022)

PKZ
GE

Kazakh export price to Georgia GEL/ton 400.952 109.939 878.219 GTIS 
(2022)

QKZ
AZ

Kazakh export quantity to Azer-
baijan

Ton 138,462.8 1362 417,549 GTIS 
(2022)

QKZ
GE

Kazakh export quantity to Georgia Ton 35,294.6 22 198,411.66 GTIS 
(2022)

GDPAZ Azerbaijani GDP per capita AZN 1168.1 226.917 2035.442 WB-WDI 
(2022)

GDPGE Georgian GDP per capita GEL 1623.256 562.69 3496.455 WB-WDI 
(2022)

CPIAZ Azerbaijani CPI for food 
(2015 = 100)

Index 87.728 41.092 156.808 FAOSTAT 
(2022)

CPIGE Georgian CPI for food 
(20,015 = 100)

Index 83.735 44.98 141.967 FAOSTAT 
(2022)

T Time trend (T = 1… , 53) Index 29.943 1 69 Calculated
eRUB
AZN

Exchange rate of RUB to AZN RUB .028 .017 .035 IMF-IFS 
(2022)

eUAH
AZN

Exchange rate of UAH to AZN UAH .117 .049 .187 IMF-IFS 
(2022)

eRUB
GEL

Exchange rate of RUB to GEL RUB .055 .036 .072 IMF-IFS 
(2022)

eUAH
GEL

Exchange rate of UAH to GEL UAH .230 .091 .386 IMF-IFS 
(2022)

PPWRU Producer price of wheat in Russia RUB/ton 6045.526 2456.86 17,899.022 ROSSTAT 
(2022)

PPWUA Producer price of wheat in Ukraine UAH/ton 1762.593 422.52 7018.329 UKRSTAT 
(2022)

PPWKZ Producer price of wheat in Kazakh-
stan

KZT/ton 27,235.314 11,568 83,648.64 KAZSTAT 
(2022)

TEQKZ Total wheat export quantity of 
Kazakhstan

Ton 1,075,825.2 268,012 2,738,929 GTIS 
(2022)

QRTDQ2 Seasonal dummy for the second 
quarter

Binary .264 0 1 Calculated

QRTDQ3 Seasonal dummy for the third 
quarter

Binary .208 0 1 Calculated

QRTDQ4 Seasonal dummy for the fourth 
quarter

Binary .264 0 1 Calculated

ERDKZ

EL
Kazakh wheat export license Binary .340 0 1 Calculated

ERDRU

ET
Russian wheat export tax Binary .057 0 1 Calculated

ERDRU

ED
Russian wheat export duty Binary .189 0 1 Calculated

ERDUA

EQ
Ukrainian wheat export quota Binary .189 0 1 Calculated
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AM, AZ, GE, KZ, RU, and UA are the ISO 3166 Alpha-2 country codes for Armenia, Azerbaijan, Geor-
gia, Kazakhstan, Russia, and Ukraine, respectively. GDP and CPI stand for the gross domestic product per 
capita and consumer price index for food of the wheat destination country. AMD, AZN, GEL, KZT, RUB, 
and UAH are ISO 4217 currency alphabetic codes for Armenian dram, Azerbaijani manat, Georgian lari, 
Kazakh tenge, Russian ruble, and Ukrainian hryvnia, respectively. GTIS is Global Trade Information Ser-
vices. WB-WDI stands for the World Bank’s World Development Indicators. FAOSTAT stands for the Food 
and Agriculture Organization statistical database; IMF-IFS stands for the International Monetary Fund’s 
International Financial Statistics. UKRSTAT is the State Statistics Service of Ukraine; KAZSTAT is the 
Agency of the Republic of Kazakhstan on Statistics; ROSSTAT is the Russian Federal State Statistics Ser-
vice; and GTA is the Global Trade Alert
Source: Own estimation using STATA software (version 17.0)

Table 8   (continued)

Table 9   Endogeneity test of endogenous regressors of RDE for Russia

PPWRU is producer price of wheat in Russia; TQRU

WD
 is total wheat export quantity of Russia

Source: Own estimation using STATA software (version 17.0)

H0: Regressor is exog-
enous

with export restrictions without export restrictions

lnQRU

AM
lnQRU

AZ
lnQRU

GE
lnQRU

AM
lnQRU

AZ
lnQRU

GE

Number of instruments 16 16 19 10 10 13
Number of excluded 

instruments
1 1 2 1 1 2

Excluded instruments PPWRU PPWRU PPWRU , TQRU

WD
PPWRU PPWRU PPWRU , TQRU

WD

Wu-Hausman F test 4.11954 53.64843 3.67096 3.53802 72.54987 2.52586
(p-value) (0.04784) (0.00000) (0.06146) (0.06527) (0.00000) (0.11794)
Durbin-Wu-Hausman chi-

square test
5.11845 34.49441 4.78150 3.98902 37.54054 3.00233

(p-value) (0.02367) (0.00000) (0.02877) (0.04580) (0.00000) (0.08314)

Table 10   Endogeneity test of endogenous regressors of RDE for Kazakhstan

PPWKZ is producer price of wheat in Kazakhstan; TQKZ
WD

 is total wheat export quantity of Kazakhstan
Source: Own estimation using STATA software (version 17.0)

H0: Regressor is exogenous RDE model with export restric-
tions

RDE model without export 
restrictions

lnQKZ
AZ

lnQKZ
GE

lnQKZ
AZ

lnQKZ
GE

Number of instruments 16 17 12 13
Number of excluded instruments 1 2 1 2
Excluded instruments PPWKZ PPWKZ , TQKZ

WD
PPWKZ PPWKZ , TQKZ

WD

Wu-Hausman F test 23.65711 11.50336 22.06642 7.71705
(p-value) (0.00002) (0.00170) (0.00003) (0.00829)
Durbin-Wu-Hausman chi-square test 21.01722 12.83442 18.84305 8.57144
(p-value) (0.00000) (0.00034) (0.00001) (0.00341)
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