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Abstract
We assess exchange rate pass-through when the Ruble exchange rate was man-
aged in comparison with when it became free-floating. Estimates of the error
correction model for milling wheat prices suggest exchange rate pass-through
to be strongest in Russia’s North Caucasus, the region closest to the Black Sea
ports, and weakest in the remote regions of Volga and West Siberia since the
Ruble exchange rate became free-floating in 2014. In contrast, we find Russian
regional wheat prices and the Ruble/USD exchange rate not cointegrated when
the exchange ratewasmanaged. Further, feedwheat (Class 5) is onlyweakly inte-
grated compared towheat Classes 3 and 4 for human consumption.WithRussia’s
invasion of Ukraine, exchange rate pass-through to Russian wheat prices has
decreased sharply. Thus, the Ukraine war drives the disintegration of Russia’s
wheat sector from international markets and adds to the risks of supply chain
disruption and geopolitical risks, which may increase export supply volatility.
To strengthen trade resilience, countries that are dependent on wheat imports
should diversify their import sources.
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1 INTRODUCTION

Russia advanced from a wheat importer to the primary
global wheat exporter in 2017–2018, surpassing the United
States as the largest global wheat exporter (USDA, 2018).
Between 2000 and 2020, Russia’s wheat production more
than doubled and the share of exports in its production
increased to around 50% (UN COMTRADE, 2023; USDA-
PSD, 2023). Russia’s exports account for about 20% ofworld

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.
© 2024 The Authors. Agricultural Economics published by Wiley Periodicals LLC on behalf of International Association of Agricultural Economists.

wheat exports andmore than 50%of Russia’swheat exports
are delivered to the highly wheat import dependent coun-
tries in Africa and the Near East. For example, in 2018, the
share of Russia’s wheat exports in Egypt’s overall wheat
imports amounted to almost 75% (UNCOMTRADE, 2020).
The fast growth in Russia’s wheat exports was fostered

by the strong devaluation of the Russian Ruble. Having
occurred after the Russian Central Bank’s abandonment of
the managed exchange rate regime in November 2014, this

384 wileyonlinelibrary.com/journal/agec Agricultural Economics. 2024;55:384–411.

mailto:s_yugay@kazguu.kz
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/agec
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fagec.12822&domain=pdf&date_stamp=2024-03-06


YUGAY et al. 385

strongly increased the competitiveness of Russian wheat
exports on international markets. Following a plummet-
ing world oil price, which significantly shrank Russia’s
oil-dependent economy, Russia’s annexation of Crimea in
2014, Russia’s implementation of a food import ban against
western countries, and the West’s economic sanctions
against Russia, the Ruble’s value fell by roughly 70% from
2014 to 2015. On the one hand, this substantial devaluation,
spurredwheat exports, but, on the other, it surged domestic
inflation by increasing import prices. For instance, Russia’s
consumer price index increased from 7.8% in 2014 to 15.5%
in 2015 (IMF, 2021).
On February 24, 2022, Russian military forces invaded

Ukraine, which abruptly disrupted the global value chain
for grains and led to further substantial increases in com-
modity prices on the world markets (Ihle et al., 2022;
Legrand, 2022), reinforcing global food security challenges
(Hellegers, 2022; Mottaleb et al., 2022), with consequences
for populations of low-income countries particularly
(Abay et al., 2023; Arndt et al., 2023; Júnior et al., 2022;
Lin et al., 2023). Nonetheless, Russia’s wheat trading com-
panies have continued to export wheat to the highly
import-dependent countries in the Global South, while the
companies in the grain-exporting western countries have
continued to compete with Russia on global grainmarkets.
For the 2022–2023 marketing season, Russia’s wheat pro-
duction amounted to 95.4 million tons, allowing Russia to
export a record amount of 47.8 million tons of wheat (IGC,
2023).
In the first months of the war in Ukraine, wheat

imports from Russia and Ukraine to the majority of
African countries had decreased (Refinitiv-Eikon, 2022;
UN COMTRADE, 2022). Fourteen African countries have
completely stopped importing wheat from Russia (from
March to September 2022 compared to 2021). In con-
trast, the North African countries of Algeria, Egypt,
Libya, Tunisia, and Sudan, which have close political ties
with Russia, have rather increased their wheat imports
from Russia (Götz & Svanidze, 2023). Price formation
within Russia’s domestic wheat markets also impacts the
size of the Russian wheat export supply on the world
market through producers’ incentives, which depend on
current prices on domesticmarkets, trade costs, and export
restrictions.
Following Russia’s invasion of Ukraine, the Russian

Ruble devaluated from 80 to 120 Ruble/USD within 2
weeks. As a response, the Russian Central Bank imple-
mented capital controls on the exchange rate market, and
the exchange rate started to reverse in themiddle of March
2022, appreciating up to the pre-war level in a few months
(Itskhoki & Mukhin, 2022). This development was caused
by a decline of imports (Lorenzoni&Werning, 2022), while
at the same time Russia’s exports of oil and natural gas sus-

tained when capital controls prevented capital outflows.
Russia accounted for a surplus amounting to $183.1 billion
USD from January to August 2022, which is substantially
higher compared to the $60.9 billionUSD surplus observed
over the same period of the previous year (UN, 2022).
As a result, the strong Ruble observed in 2022 decreased

the competitiveness and slowed down wheat exports from
Russia to world markets in July and August 2022 espe-
cially.1 Moreover, Russia started to export wheat in Rubles
as a response to sanctions from the West (Reuters, 2022).
Nevertheless, wheat is traded in USD on the world market
and Russian traders can be expected to continue account-
ing for the Ruble/USD exchange rate in their trading
activities.
Russia’s import of agricultural inputs, including crop

protection products, agricultural machinery, and seeds, for
which the country is highly import dependent on western
countries and the EuropeanUnion (EU) in particular, have
been sustained since the Ukraine war. It should be noted
that agricultural inputs are exempt from western eco-
nomic sanctions and can continue to be tradedwithRussia.
Nonetheless, the size of the input imports has decreased,
which may have partially resulted from the devaluation of
the Ruble, which has increased the price of those imported
inputs. This may also have contributed to the expected
decrease in Russia’s wheat production by around 8% from
95.4million tons in 2022–2023 to the forecasted 87.4million
tons in 2023–2024 (IGC, September 2023).
However, in order to comply with the western sanc-

tions, multinational agricultural trade companies, which
accounted for up to 30% of Russia’s grain businesses before
the Ukraine war started, put their planned investments in
the Russian grain sector on hold. Investment opportuni-
ties for domestic companies may have also been reduced
by western financial sanctions. Thus, the furthermobiliza-
tion of Russia’s additional grain potential is questionable.2

1 The competitiveness of Russia’s wheat exports is further reduced by: (i) a
variable wheat export tax, implemented by the Russian government since
June 2021; (ii) high transport costs resulting from a high risk for vessels
entering the Black Sea; and (iii) over-compliance of wheat importers and
transport companies with sanctions, implying that less grain is bought
from Russian export companies.
2Wheat exports from Russia might have decreased due to higher trans-
portation costs inside of Russia after the beginning of the war in Ukraine.
In particular, skyrocketing world oil prices might increase domestic gaso-
line prices in Russia. However, in 2022, average prices for diesel fuel and
gasoline in Russia remained fairly stable. Retail gasoline prices fluctuated
within the range from 50.5 to 51 Rubles per liter, while diesel prices vary
from 54.4 to 55.6 Rubles per liter. Slight spikes in diesel fuel prices were
observed in February andOctober 2022, but the growth did not exceed 1%.
Since January to December 2022, the retail price of diesel fuel rose by 8%
and gasoline by 0.9% (Vedomosti, 2022). These developments do rather
not suggest that the oil price development had a significant influence on
inner-Russian transport costs.
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On July 1, 2023, the multinational agricultural trading
companies of Cargill, Louis Dreyfus, Viterra, which
accounted for 16% of Russia’s grain exports, exited the Rus-
sian grain export market (Reuters, 2023 various issues) fol-
lowing operational difficulties emerging from the Ukraine
war and government pressure (Miller Magazine, 2023).
Although their grain trade has been continued via for-
mer local management setups within the new companies,
transport challenges resulting from increased financial
and security risks of ship transport fromRussia’s Black Sea
ports have been occurring and are expected to decrease
export quantities (Reuters, 2023). Nonetheless, according
to estimates from the International Grains Council, wheat
exports are expected to increase by around 1.5% in 2023–
2024 (from 47.8 million tons in 2022-2023 to 48.6 million
tons; IGC, 2023).3
Russia often restricts its wheat exports in order to pro-

tect its domestic markets from rising world market prices
and to stabilize domestic prices. Since the outbreak of
the COVID-19 pandemic in 2020, Russia’s wheat exports
have been subject to an export tax, periodically supple-
mented by an export quota (February toMay) and a ban on
exports to the countries of the Eurasian Economic Union
in 2021. With the implementation of a floating export tax
in June 2021, wheat export restrictions have become per-
manent. The export tax, which amounted to 70% of the
difference between the wheat price and the baseline price
(200 USD/t), was changed to a progressive floating wheat
export tax on February 15, 2022. However, as world wheat
prices surged and the Ruble significantly appreciated after
the strong devaluation directly following Russia’s inva-
sion of Ukraine, the Russian government introduced a
new measure on July 6, 2022, requiring the payment of
the wheat export tax in Rubles instead of USD with the
baseline price also set in Rubles. The current export tax
system implies a 70% duty on the price difference between
the wheat price and the baseline price (15,000 Ruble/t)
paid in Rubles (Global Trade Alert, 2022). The relatively
large wheat export tax negatively affects the profitability
of wheat production and may also have contributed to the
forecasted decrease in wheat production for 2023–2024.
Against this background, we investigate the influence

of the Ruble/USD exchange rate on price developments
in the Russian domestic wheat markets in the six main

3 The OECD/FAO Outlook (June 2022) expects that Russia’s wheat pro-
duction and exports will further increase in the near, medium, and
long-run future. In particular, Russia’s wheat exports are forecasted to
increase from 39.9 million tons in 2022–2023 to 43 million tons in 2023–
2024. This mobilization of additional production potential is based on
the assumption of slight increases in the wheat area harvested as well as
yields per hectare. A USDA-WASDE report (2023) forecasts an increase in
Russian wheat exports by around 6%, from 46 million tons in 2022–2023
to 49 million tons in 2023–2024.

wheat producing regions of Russia (North Caucasus, Black
Earth, Central, Volga, Urals, andWest Siberia), focusing on
the possible influence of the Ukraine war. Regional price
relationships within Russia’s wheat market have been
investigated before, focusing on the influence of export
restrictions on the relationship between the world wheat
price and Russian domestic wheat prices (Götz et al., 2013,
2016). However, the importance of macroeconomic factors
in the price formation of domestic wheat prices in Rus-
sia have barely been explored before. To the best of the
authors’ knowledge, this is the first study addressing the
effects of the Ruble exchange rate on wheat prices under
the free-floating exchange rate regime that was established
in Russia in 2014. Burakov (2016) does not find exchange
rate pass-through to wheat prices in Russia during
themanaged exchange rate regime over the 1999–2015 time
period. Results by Liefert (2009) suggest that the exchange
rate plays an important role in determining price gaps
between domestic and border wheat prices in Russia.
We distinguish the period before and after the introduc-

tion of the free-floating exchange rate regime in November
2014 and consider the period of theUkrainewar separately.
Applying an error correctionmodel, we account for the dif-
ferent classes of wheat, that is, milling wheat of Classes 3
and 4 and feed wheat of Class 5, which are commonly sold
through different channels along the wheat supply chain.
We assume that different supply networks with diverse
degrees of foreign currency dependency might influence
the relationship between the prices of the various wheat
classes and the exchange rate differently.
We also compare the influence of the exchange rate with

the world wheat price on domestic Russian wheat prices.
Furthermore, to complement the analysis of the exchange
rate pass-through to wheat prices in Russia, we extend the
analysis to thewheatmarket in France,which is among the
leading wheat exporters and, therefore, serves as an empir-
ical benchmark in our study. In contrast to the Russian
Ruble, the Euro exchange rate has remained rather stable
throughout the underlying time period.
This study also adds to the strand of literature examining

the exchange rate’s influence on agricultural prices, which
was first investigated by Schuh (1974). While some authors
have followed a price transmission approach (Frank &
Garcia, 2010; Hatzenbuehler et al., 2016; Ma et al., 2015;
Mao et al., 2021; Swift, 2004), others have applied a price
volatility framework to address this issue (Jumah &Kunst,
2001; Ott, 2014; Serra & Gil, 2013).
Only a few papers analyze exchange rate pass-through

to domestic grain prices. For example, Hatzenbuehler
et al. (2016) show that US corn and soybean prices are
more responsive to the exchange rate under low stock
conditions. Nazlioglu and Soytas (2011) find evidence for
long-run causality of the exchange rate for maize and
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F IGURE 1 Map of wheat production regions in Russia.

Source: own illustration.

sunflower, while causality was not confirmed for wheat,
cotton, and soybeans in Turkey. Furthermore, Ma et al.
(2015) show that agricultural prices of wheat, colza oil, and
japonica rice in China were neutral to the fluctuations of
the exchange rate in the long run, except for soybeans.
In addition, the number of studies that address the

importance of the exchange rate regime for exchange rate
pass-through to commodity prices is limited. Bergin and
Feenstra (2009) find that increased share of imports from
the United States to China, which had a fixed exchange
rate regime, reduced exchange rate pass-through to import
prices in theUnited States. Furthermore,Mallick andMar-
ques (2010) find incomplete exchange rate pass-through
to Indian export prices after having transformed to a
free-floating exchange rate regime. Results by Ge et al.
(2010) suggest that transformation to themanaged floating
exchange rate regime in China influenced cotton’s future
prices in the United States and China.
The remainder of this paper is structured as follows:

Characteristics of the Russian wheat market, export mar-
ket conditions and competition are discussed in the fol-
lowing Section 2. The methodological framework and
model estimation are presented in Section 3, while Sec-
tion 4 discusses data and data properties, and Section 5
presents empirical results. Finally, conclusions and policy
implications are drawn in Section 6.

2 RUSSIANWHEATMARKET
CHARACTERISTICS, EXPORTMARKET
CONDITIONS, AND COMPETITION

Wheat production in Russia is spread over the six primary
grain production regions of North Caucasus, Black Earth,
Central, Volga, Urals, and West Siberia (Figure 1). North
Caucasus is the main exporting region of Russia, which
has direct access to the Black Sea ports. With a more than
4000 kmdistance to the Black Sea ports,West Siberia is the
most peripheral wheat producing region. Therefore, West
Siberia almost exclusively supplies wheat to the domestic

wheat market, and especially to the Central region, where
the wheat consuming core of Moscow is found along with
a large livestock producing sector. With their distance to
the Black Sea amounting to around 1900 and 2600 km,
respectively, Volga andUrals are also large grain producing
regions.
In this study, we propose that the effect of the exchange

rate is not homogenous across domestic wheat prices in
Russia. We build on Svanidze and Götz (2019), who have
identified heterogeneity in the strength of price linkages
within Russia’s regional wheat markets, attributable to
distance, transportation infrastructure, and market infor-
mation systems. We acknowledge anecdotal evidence that
indicates that the strong devaluation enabled Russian
wheat producers to raise wheat producer prices vis-à-
vis wheat export companies by exerting market power
(Rusagrotrans, 2018).
The strong devaluation of the Russian Ruble in 2014–

2015 increased the competitiveness of Russian traders
on the world market and enabled them to earn higher
incomes from wheat export activities. Due to economic
sanctions imposed by the United States, EU, and other
western countries, Russia was cut off from foreign invest-
ments and credits and experienced substantial capital
flight, which led to the devaluation of the Ruble. In order
to stabilize the Ruble’s exchange rate, the Russian Cen-
tral Bank increased its lending rate from 10.5% to 17% in
December 2014, whichwas reduced to 15% in January 2015,
in order to increase demand for the Ruble’s counteracting
devaluation (Liefert & Liefert, 2015). Moreover, Figure 2
displays the importance of the plummeting world oil price
for the devaluation of the Ruble after the removal of the
managed exchange rate regime. In 2020, the share of crude
oil, oil products, and natural gas in total Russian exports
was about 43%, while the share of agricultural and food
products was 8.8% (Rosstat, 2021).
We suppose that the Russian Ruble depreciation against

the USD had a strong increasing effect on regional wheat
prices. This may be explained by the increase in export
demand on the domestic market and wheat producers’
incentives to increase their profits by raising producer
prices, which requires some degree of market power.4
Wheat production costs are supposed to have increased,
since inputs, such as seeds and machinery, were partially
imported or, even if they were produced domestically, they
could have been nominated in foreign currency, as in
the case of fertilizers. Eventually, higher production costs
raise internal prices for wheat with timely delay. There-
fore, the influence of macroeconomic conditions, such as

4 In April 2018, the Ruble’s devaluation led to an increase in Russian
domestic wheat prices by 10% and raised incentives for wheat exports
(Rusagrotrans, 2018).

 15740862, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/agec.12822, W

iley O
nline L

ibrary on [20/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



388 YUGAY et al.

F IGURE 2 Wheat prices of Class 3, exchange rate and world oil prices.

Note: the vertical line corresponds to the change in the exchange rate regime in Russia.
Source: Russian Grain Union, Central Bank of Russia, the US Energy Information Administration (EIA), own illustration.

the exchange rate, on the wheat price developments have
to be considered, especially when the fluctuation of the
exchange rate is high, as in the case of Russia.
Other factors that directly determining exchange rate

pass-through to commodity prices are agricultural trade
policies, the market power of export markets and along
food value chains, the quality of transportation systems,
and the availability of market information (Liefert &
Persaud, 2009). Nevertheless, exchange rates might be
transmitted to domestic prices indirectly via imports and
production inputs denominated in foreign currency (Al-
Abri & Goodwin, 2009). However, the incomplete trans-
mission of exchange rate changes can prevent exporting
countries from attaining higher levels of wheat exports
(Liefert, 2009).
As an example, the lockdown restrictions introduced

due to the COVID-19 pandemic in 2020 led to a substan-
tial decline in world oil prices, resulting in a devaluation
of the Ruble. In particular, world oil prices declined by
70% within 2 months since the middle of February 2020
and reached its lowest level over the last two decades
(Heigermoser & Glauben, 2020). Moreover, the Russian
Ruble devaluated by 22%, from 63.6 to 77.7 Rubles against
the USD (February 14, 2020, and March 28, 2020, respec-
tively) (The Central Bank of the Russian Federation,
2022).
In the context of the war in Ukraine, grain imports from

the European Union and especially France have gained in
importance for wheat importing countries due to the war
risks associated with wheat imports from the Black Sea
region. For instance, amounting to 815,000 tons, Egypt pur-

chased its largest wheat tender inmore than a decade from
France, Romania, Russia, and Bulgaria in order to increase
its wheat reserves in June 2022, with France accounting
for the largest share. Moreover, in the first half of 2022–
2023, France heavily increased wheat exports to Algeria
and Morocco. Despite higher free on board (FOB) prices
of French wheat, the country has a competitive advantage
in lower transportation costs due to geographical proxim-
ity to North Africa in comparison to other exporters such
as Australia.
With nearly 20million tons supplied to theworldmarket

in 2022, France is the largest wheat producer in the EU and
the fourth largest wheat exporter in the world (UN COM-
TRADE, 2023). The mainland French territory has 56%
arable land and around 10 million hectares of land is used
for the production of cereals, corresponding to around half
of the arable land in the country. Similar to Russia, France
predominantly produces winter wheat. In addition, wheat
production in France is impacted byweather anomalies, as
was also observed for the case of Russia. However, the pro-
ductivity of French wheat is more than two times higher
compared to Russia (6.9 and 2.7 tons per ha, respectively).
In 2020–2021, the main importers of French wheat were
China, Algeria, Morocco, and Egypt.
A study by Heigermoser et al. (2021) reveals inter-

dependencies between the Egyptian General Authority
For Supply Commodities (GASC) tender price and Rus-
sian and French export prices. Accordingly, there is high
competition between French and Russian wheat traders
in the GASC tender system. Consequently, we consider
the French wheat price as a suitable benchmark for
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comparison with the Russian wheat market. We there-
fore complement the analysis of the exchange rate pass-
through to wheat prices in Russia, with exchange rate
pass-through to wheat prices in France.

3 METHODOLOGICAL FRAMEWORK
ANDMODEL ESTIMATION

To investigate the exchange rate pass-through to Russian
wheat prices, we employ a two-step error correctionmodel
(ECM) developed by Engle and Granger (1987). In our
model framework, the wheat price in one of the Rus-
sian wheat production regions (endogenous variable) is
depicted as a function of the exchange rate and world
wheat price (exogenous variables):

𝑃𝑑𝑡 = 𝛽0 + 𝛽1𝐸𝑅𝑡 + 𝛽2𝑃
𝑤
𝑡 + 𝜀𝑡 (1)

Δ𝑃𝑑𝑡 = 𝛿0𝜀𝑡−1 +

𝐾∑
𝑘=1

{
𝛿1𝑘Δ𝑃

𝑑
𝑡−𝑘

+ 𝛿2𝑘Δ𝐸𝑅𝑡−𝑘 + 𝛿3𝑘Δ𝑃
𝑤
𝑡−𝑘

}
+ 𝜔𝑡

(2)
where 𝑃𝑑𝑡 is the domestic wheat price in the corresponding
Russian region, ERt is the Ruble/USD exchange rate, 𝑃𝑤𝑡
is the world wheat price, and εt and ωt are statistical error
terms. Equation (1) characterizes the long-run price equi-
librium between the regional wheat price, the Ruble/USD
exchange rate, and the world wheat price. Parameters
β1 and β2 denote the exchange rate pass-through and
long-run price transmission elasticity, measuring the per-
centage change in the regional wheat price associated with
a 1% change in the exchange rate and world wheat price,
respectively.
We assume that the exchange rate is exogenous to

domestic wheat prices in Russia. This assumption is moti-
vated by the rather low share (3.2%) of cereal crops in
Russia’s total export revenues, whereas crude oil exports
amounted to 51.3% in 2020 (Rosstat, 2021). Further, we
assume that the world wheat price is exogenous to the
Russian wheat prices,5 which is an assumption based on
the findings of the existing literature. Based on results of
the test on weak exogeneity for the 2011–2019 time period,
Heigermoser et al. (2021) find a leading role of the French
wheat export price in the Egyptian GASC tender market,
despite the high market share of wheat exporters in the
Black Sea region and Russia. This is confirmed by results
of Svanidze and Duric (2021) suggesting that the French
wheat export market transmits price signals to the Rus-

5 The importance of Russian wheat prices in price discovery on the world
market due to increased grain exports needs further investigation.

sian market but not vice versa. Also, the raising role of
the EURONEXT wheat futures market in France for price
discovery on the world wheat market compared to the
CBOT in the USA is confirmed by Janzen and Adjemian
(2017), who argue that the French futures market better
reflects the market fundamentals in the Black Sea wheat
market.
Considering that the highest share of Russian wheat

exports is supplied to the Middle East and North Africa
(MENA) region, we consider the French export price as
the corresponding world wheat price for Russian domes-
tic wheat prices. Also, Russian wheat prices might adjust
to French wheat prices due to an underdeveloped futures
market in the Black Sea region.
Equation (2) depicts short-run dynamics, where 𝜀𝑡−1,

error correction term, is the lagged residual from the
long-run price equilibrium (1) representing temporary
deviations from the long-run parity relationship and k is
the number of lags. The short-run speed of adjustment
parameter, 𝛿0, indicates the speed at which domestic
wheat prices inRussia adjust to eliminate temporary devia-
tions and restore the long-run price equilibrium. The ECM
is estimated individually for each Russian wheat produc-
tion region (North Caucasus, Black Earth, Central, Volga,
Urals, and West Siberia) and wheat class (Class 3, Class 4,
and Class 5).
To assess the influence of the exchange rate on Rus-

sian wheat prices in the context of the war in Ukraine,
we build on the price transmission framework applied by
Baffes et al. (2019), and employ the ECM with price differ-
entials accordingly. The ECM assumes that the underlying
nonstationary variables are cointegrated if they share a
common long-run stochastic trend so that their linear com-
bination is a stationary process. However, if the presence
of the long-run equilibrium between the Russian wheat
price, the exchange rate, and the world wheat price is
not confirmed by the Johansen test, the unit root test
may be applied to the error correction term retrieved
from the long-run equilibrium between the Russian wheat
price and the world wheat price to check for cointegra-
tion. Therefore, the presence of a stationary error term
indicates cointegration between two non-stationary price
series.
Nevertheless, Equation (1) shows a few limitations.

First, commodity prices usually contain a unit root that
may invalidate econometric tests. In this case, validity of
the model may be checked by the Engle and Granger pro-
cedure (Engle & Granger, 1987). Furthermore, if β2 is not
equal to one due to high transfer costs, price differen-
tials may be growing, despite the cointegration of the price
series. The existing literature indicates the weakness of a
non-unity slope coefficient as the interpretation of price
cointegration (Baffes, 1991; Baffes, 2019; Barrett, 1996).
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390 YUGAY et al.

In this case, price differentials may be tested for a unit
root instead:

(
𝑃𝑑𝑡 − 𝑃𝑤𝑡

)
∼ 𝐼 (0) (3)

Therefore, the effect of the war in Ukraine on the rela-
tionship between Russian wheat prices and the exchange
rate can be estimated within an ECM model with price
differentials in the short-run dynamics:

Δ𝑃𝑑𝑡 = 𝛼0 + 𝜌0
(
𝑃𝑑
𝑡−1

− 𝑃𝑤
𝑡−1

)
+ 𝜌1Δ𝑃

𝑑
𝑡−𝑘

+ 𝜌2Δ𝐸𝑅𝑡−1

+𝜌3Δ𝐸𝑅𝑡−1 ∗ 𝐷
𝑤𝑎𝑟 + 𝜌4Δ𝑃

𝑤
𝑡−1

+ 𝜑𝑡 (4)

where (𝑃𝑑
𝑡−1

− 𝑃𝑤
𝑡−1

) represents the parameter estimates of
the lagged price difference between the Russian wheat
price and the world wheat price. These price differentials
imply the presence of an error correction mechanism in
the framework of the Engle-Granger theorem (Engle &
Granger, 1987). Dwar is the dummy variable of the war in
Ukraine, taking the value of 1 after February 24, 2022, and
0 otherwise.

4 PRICE DATA AND TIME SERIES
PROPERTIES

Our empirical analysis is based on the weekly prices of
Russian wheat (Ruble/t) for Classes 3, 4, and 5 for each
of the six wheat producing regions. Wheat of Class 3 is
themost widely traded type of wheat for human consump-
tion within Russia, whereas wheat of Class 4 is primarily
exported to the international market, and wheat of Class 5
is used as a feed grain in Russia.
To explicitly take into account the possible influence

of the change to the floating exchange rate regime, we
conduct an econometric analysis for two sub-periods
separately: the first subset from September 12, 2008, to
November 7, 2014, and time period for the second subset
is between November 14, 2014, and January 27, 2017, cor-
responding to the period with a freely floating exchange
rate regime after the abolishment of themanaged exchange
rate.
We consider the time period from November 14, 2014,

to January 27, 2017, as a period of substantial devalua-
tion of the Russian Ruble, induced by the plummeting
world oil prices in 2014–2015. In order to reduce the impact
of the world oil price changes on the Russian economy,
the Russian government returned to the fiscal rule at the
end of January 2017. In particular, the oil and gas rev-
enues that were received in excess of the cut-off price on
the world market should be distributed to the Russian

National Wealth Fund.6 On the other hand, when world
oil and gas prices are below the cut-off price, the National
Wealth Fund’s revenues should be directed to cover the
budget deficit. The Russian government preserved addi-
tional oil and gas revenues when oil prices exceeded the
40 USD per barrel mark and carried out currency pur-
chase/sale operations on the open market. As a result,
since February 2017, there has been a noticeable decrease
in the correlation between the exchange rate dynamics and
world oil prices.
Furthermore, we build our analysis of the effects of

the Ukraine war on data for the time period November
14, 2014 to September 16, 2022, which includes the time
periodwhenwheat exportswere strongly and permanently
restricted (Figure 3, Figure A1 and Table 1).
Additionally, we use milling wheat prices (Euro/t) from

France (La Pallice) as a corresponding benchmark for Rus-
sian wheat prices. La Pallice is a deep-water port in France.
Therefore, French domestic wheat prices from La Pal-
lice are comparable to wheat prices in North Caucasus,
which has direct access to the Black Sea port. We utilize
the Ruble/USD and Euro/USD as corresponding exchange
rates in our analysis. The French Rouen spot wheat
price (FOB USD/t) serves as a corresponding world wheat
price provided by the Agriculture and Horticulture Devel-
opment Board (Figure A2). We use the standard Rouen
wheat price from the International Grain Council as a cor-
responding world wheat price to investigate the effect of
the war in Ukraine7 (Figure A3). All variables are trans-
formed into natural logarithms, and we impute missing
observations with the average values of the preceding and
succeeding values.8
We apply the Dickey-Fuller generalized least squares

(GLS) test (Elliott et al., 1996) to check time series

6 The stabilization fund of the Russian Federation was founded in 2004.
It was divided into the Reserve Fund and the National Wealth Fund in
2008. In 2018, the Reserve Fund became part of the NationalWealth Fund
(Russian Ministry of Finance, 2023).
7 The recent FrenchRouenwheat price (FOB/USD) is not available on the
AHDB’s website.
8 From September 12, 2008, to November 7, 2014, 14 (4.3%) and 32 (9.9%)
price observations are missing for all regional Russian wheat prices
(Classes 3, 4, and 5) and theworldwheat price, respectively. FromNovem-
ber 14, 2014, to January 27, 2017, six (4.3%) price observations are missing
for North Caucasus, Volga, Urals, and West Siberia and five (5.1%) obser-
vations for Black Earth and Central (Classes 3, 4, and 5), whereas 10
(8.6%) price observations are absent for the French Rouen spot wheat
price from the AHDB. There are three (0.93%) and two (0.48%) missing
values for the Ruble/USD exchange rate for time period from September
12, 2008, to November 7, 2014, and fromNovember 14, 2014, to September
16, 2022, respectively. From November 14 to September 16, 2022, there is
one (0.24%)missing observation for the Standard Rouenwheat price from
the International Grain Council.
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YUGAY et al. 391

F IGURE 3 Wheat prices of Class 3 in North Caucasus and the Ruble/USD exchange rate.

Note: Officially, the Russian government returned to the fiscal rule in July 2017. However, the government has already set a cut-off price at the end of January
2017.
Source: Russian Grain Union, Central Bank Russian Federation, own illustration.

TABLE 1 Data bases of the analyses.

Research focus
Managed exchange
rate regime

Free-floating
exchange rate regime The war in Ukraine

Time period From Sep 12, 2008 to Nov
7, 2014

From Nov 14, 2014 to Jan
27, 2017

From Nov 14, 2014 to Sep 16, 2022

Number of observations 322 116 410
Price series, Sep 2008 to Sep
2022 Source
Russian wheat (Ruble/t) Russian Grain Union
French wheat (Euro/t) Agriculture and Horticulture Development Board
World wheat (USD/t) Agriculture and Horticulture Development Board, International Grain Council
Exchange rate (Ruble/USD) The Central Bank of the Russian Federation
Exchange rate (Euro/USD) Federal Reserve System (Central Bank of the US)

properties. The results of the test are presented in
Tables A1–A6.

5 EMPIRICAL RESULTS

5.1 Test on cointegration

We apply the cointegration test by Johansen (1995) to Rus-
sian regional wheat prices, the Ruble/USD exchange rate,
and the world wheat price for the time period with a man-

aged exchange rate regime and a free-floating exchange
rate regime separately. The existence of one common lin-
ear trend for all price series implies that prices must be
cointegrated, and theremust be (n-1) cointegrating vectors,
which is two in our case. For wheat of Classes 3, 4, and 5
in the six different regions of Russia, the empirical results
of the cointegration test indicate the absence of two cointe-
grating vectors between the Ruble/USD exchange rate, the
world wheat price, and the Russian wheat prices during
the period with the managed exchange rate regime. How-
ever, cointegration between the price series is confirmed
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392 YUGAY et al.

TABLE 2 Johansen trace test results, Russian wheat prices, the exchange rate, and the world wheat price.

Managed exchange rate regime Free-floating exchange rate regime

Price series Specification
Trace
statistic P-value Specification

Trace
statistic P-value

Wheat of class 3
North Caucasus 1 lag, intercept (restricted), no

trend
7.99 .82 1 lag, intercept (restricted), no

trend
20.66 .04

Black Earth 1 lag, intercept (restricted), no
trend

8.57 .77 1 lag, no intercept or trend 12.39 .04

Central 1 lag, intercept (restricted), no
trend

8.32 .79 1 lag, no intercept or trend 12.32 .04

Volga 2 lags, intercept (restricted), no
trend

8.09 .81 1 lag, intercept (restricted), no
trend

21.17 .03

Urals 2 lags, intercept (restricted), no
trend

7.74 .84 1 lag, intercept (restricted), no
trend

19.57 .06

West Siberia 2 las intercept (restricted), no
trend

8.89 .74 1 lag, no intercept or trend 11.52 .06

Wheat of Class 4
North Caucasus 1 lag, intercept (restricted), no

trend
8.26 .80 1 lag, intercept (restricted), no

trend
21.16 .03

Black Earth 1 lag, intercept (restricted), no
trend

8.64 .76 1 lag, intercept (restricted), no
trend

21.01 .03

Central 1 lag, intercept (restricted), no
trend

8.43 .78 1 lag, no intercept or trend 12.71 .04

Volga 2 lags, intercept (restricted), no
trend

8.23 .80 2 lags, intercept (restricted), no
trend

10.86 .55

Urals 3 lags, intercept (restricted), no
trend

7.64 .85 2 lags, intercept (restricted), no
trend

10.45 .59

West Siberia 2 lags, intercept (restricted), no
trend

9.13 .72 1 lag, intercept (restricted), no
trend

21.26 .03

Wheat of Class 5
North Caucasus 1 lag, intercept (restricted), no

trend
8.19 .80 2 lags, intercept (restricted), no

trend
18.84 .07

Black Earth 2 lags, intercept (restricted), no
trend

8.66 .76 1 lag, no intercept or trend 12.41 .04

Central 1 lag, intercept (restricted), no
trend

8.39 .79 1 lag, no intercept or trend 12.47 .04

Volga 4 lags, intercept (restricted), no
trend

6.39 .93 1 lag, intercept (restricted), no
trend

16.05 .17

Urals 2 lags, intercept (restricted), no
trend

8.05 .81 2 lags, intercept (restricted), no
trend

10.17 .62

West Siberia 2 lags, intercept (restricted), no
trend

8.87 .74 1 lag, intercept (restricted), no
trend

18.39 .08

Note: Trace statistic and P-value for at most one cointegration vector.

in 10 out of 18 cases within the free-floating exchange rate
regime9 (Table 2).

9 In addition, we estimate the Johansen test with wheat prices of Class 3
from all six wheat producing regions and the exchange rate as the exoge-
nous variable. The empirical findings confirm cointegration only between
NorthCaucasus, BlackEarth, Central, Volga andUrals. However, the esti-

5.2 Exchange rate pass-through under
the free-floating exchange rate regime

To assess exchange rate pass-through to the Russian
domestic wheat prices, we apply the ECM model frame-

mation results of the multivariate vector error correction model do not
yield economically interpretable results.
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YUGAY et al. 393

TABLE 3 Exchange rate pass-through to Russian wheat prices (free-floating exchange rate regime).

Price series
Exchange rate
pass-through (β1)

World wheat price
transmission elasticity
(β2) Intercept (α)

Speed of
adjustment (δ1)

Wheat of Class 3
North Caucasus .60 .17 5.85 −.09*** (.03)
Black Earth .35 .20 6.68 −.09*** (.02)
Central .35 .25 6.42 −.09*** (.02)
Volga .32 .11 7.26 −.14*** (.03)
Urals – – – –
West Siberia – – – –
Wheat of Class 4
North Caucasus .64 .31 4.88 −.06** (.02)
Black Earth .49 .32 5.36 −.05*** (.01)
Central .47 .33 5.41 −.06*** (.02)
Volga – – – –
Urals – – – –
West Siberia .22 .53 5.37 −.07*** (.02)
Wheat of Class 5
North Caucasus – – – –
Black Earth .55 .33 5.02 −.04** (.01)
Central .50 .33 5.20 −.05** (.02)
Volga – – – –
Urals – – – –
West Siberia – – – –

Notes: ‘-’ no cointegration.
Standard errors in parentheses, significance at 1%*** and 5%** level.

work to cointegrated time series variables during the
free-floating exchange rate regime. Table 3 shows the esti-
mated parameters of the ECM as specified in Equations (1)
and (2). Parameter estimates of the ECM indicate that
wheat prices of Class 3 in North Caucasus (.60)are inte-
grated most strongly with the exchange rate followed by
Black Earth (.35), Central (.35) and Volga (.32). We trace
this back to the vicinity of North Caucasus to the Black
Sea ports. Exchange rate pass-through to wheat prices of
Class 4 is also highest in North Caucasus (.64), while coin-
tegration was not confirmed in the remote regions of Volga
and Urals. In contrast to wheat prices of Classes 3 and
4, exchange rate pass-through to wheat prices of Class 5
(feed wheat) is not identified in North Caucasus, while
estimated parameters for other regions closer to the Black
Sea port (Black Earth and Central) amount to .55 and .50,
respectively.10

10 In addition, we apply the Wald test to estimate the equality of long run
parameters from Equation 1 between Russian wheat prices from various
production regions. These results show that 6 out of 13 exchange rate
pass-through parameters are not equal at the 5% level, while test results

Additionally, Table 3 shows that the size of the esti-
mated transmission elasticities is higher for the exchange
rate compared to the world wheat price in all cases, except
for wheat prices of Class 4 in West Siberia. In particular,
the exchange rate pass-through is more than three times
higher than the price transmission elasticity of the world
wheat price (.60 and .17, respectively) for Russian wheat
prices of Class 3 in North Caucasus.11
Our findingsmake evident that corrections of deviations

from the long-run equilibrium are not instantaneous with
weekly adjustment rates, ranging between 4% for wheat of
Class 5 in Black Earth and 14% forwheat of Class 3 inVolga.
Furthermore, all short run speed of adjustment parame-
ters have the expected negative sign and are statistically
significant at the 5% level.

do not allow for the rejection equality of all price transmission elasticity
parameters with respect to world wheat price (Table A7).
11 In addition, we estimate a panel error correction model between Rus-
sian wheat prices of Class 3, the exchange rate and world wheat price.
Estimation findings confirm the results of the time series model; these
results are available upon request.
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394 YUGAY et al.

TABLE 4 Exchange rate pass-through, Russia and France.

Price series
Exchange rate
pass-through

World wheat price
transmission elasticity

Speed of
adjustment

Russia
North Caucasus (Class 3) .60 .17 −.09*** (.03)
North Caucasus (Class 4) .64 .31 −.06** (.02)
France
La Pallice (milling wheat) −.87 1.11 −.23** (.09)
Wald test on equality of long run parameters

Z-statistic P-value
Exchange rate
North Caucasus (Class 3) - La Pallice 12.29 .00
North Caucasus (Class 4) - La Pallice 12.10 .00
World wheat price
North Caucasus (Class 3) - La Pallice −10.13 .00
North Caucasus (Class 4) - La Pallice −7.91 .00

Standard errors in parentheses, significant at the 1%***, 5%**, and 10%* level.

5.3 Exchange rate pass-through to
Russian wheat prices in comparison to
France

We compare exchange-rate pass-through for Russian
wheat prices with wheat prices in France (La Pallice). The
results of the Johansen test indicate that French wheat
prices are integratedwith theUSD/EUR exchange rate and
the world wheat price (Table A8). The empirical results
indicate that the USD/EUR exchange rate pass-through
to wheat prices in La Pallice amounts to −.87 and higher
compared to Russia (.60 and .64 for Classes 3 and 4, respec-
tively) (Table 4). Exchange rate pass-through parameters
for France have a negative sign,which is opposite towhat is
observed for wheat prices in Russia. This difference results
from quoting USD in Rubles for the Ruble/USD exchange
rate and Euro inUSD for theUSD/EUR exchange rate. The
negative connection between the USD exchange rate and
agricultural prices was confirmed by a number of studies
(e.g., Baffes & Dennis, 2013; Gardner, 1981). Regarding the
long-run price transmission elasticity of the world wheat
price to domestic prices, this is higher in France (1.11),
even exceeding the magnitude of the exchange rate pass-
through compared to Russia, amounting to .17 and .31 for
wheat of Class 3 and Class 4, respectively.12 Moreover, the
speed of adjustment parameters indicates that a temporary
price disequilibrium is eliminated faster by wheat prices in

12 The Wald test confirms that the parameters of the exchange rate pass-
through and estimates of the long-run price transmission elasticity with
respect to the world wheat price for the Russian and French wheat prices
are not equal at the 1% significance level.

La Pallice (−.23) in comparison to wheat prices in North
Caucasus (−.09 and −.06).
In addition, we estimate historical volatility of the

RUB/USD and the USD/EUR exchange rate for Russia and
France, respectively. Figure 4 presents the estimated his-
torical USD/RUB exchange rate volatility in every trade
year.13
The estimated historical volatility parameters of the

Ruble exchange rate show that exchange rate volatility is
highest in the 2014-2015 trading year (4.1), which is more
than two times higher than for the USD/EUR exchange
rate for the same period. Moreover, in the 2015-2016 trad-
ing year, the Ruble exchange rate volatility is more than
three times higher in comparison to theEuro exchange rate
(3.1 and 1.0, respectively). In the 2016–2017 marketing year,
the Ruble exchange rate volatility is almost two times
higher than for the Euro exchange rate.

5.4 The effect of the war in Ukraine

We further proceed our empirical analysis by investigat-
ing the effects of the war in Ukraine on the relationship
between the exchange rate and domestic wheat prices.
Empirical results of the Johansen test do not confirm

13 Exchange rate historical volatility is estimated non-parametrically
as the returns standard deviation (𝜎𝑖) in every trade year: 𝜎𝑖 =

100

√
1

𝑇

𝑇∑
𝑡=1

(𝑝𝑡 − �̄�𝑡), where 𝑝𝑡 denotes exchange rate return in time t cal-

culated as 𝑝𝑡 = 𝑙𝑛(
𝑃𝑡

𝑃𝑡−1
) with 𝑝𝑡 being the USD/RUB exchange rate and

�̄�𝑡 denoting the mean of exchange rate: �̄�𝑡 =
1

𝑇

𝑇∑
𝑡=1

𝑝𝑡 .
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YUGAY et al. 395

F IGURE 4 Historical RUB/USD and USD/EUR exchange rate volatility.

Note: Estimation period for each trade year from the beginning of July to the end of June.
Source: Own illustration.

TABLE 5 Johansen test (Russian wheat, the exchange rate and world wheat price).

Price series Specification Trace statistic P-value
Nov 14, 2014–Sep 16, 2022
Wheat of Class 3
North Caucasus 1 lag, intercept (restricted) no trend 10.27 .61
Black Earth 2 lags, intercept (restricted) no trend 9.31 .70
Central 2 lags, intercept (restricted) no trend 8.90 .74
Volga 3 lags, intercept (restricted) no trend 8.09 .81
Urals 4 lags, intercept(restricted) no trend 6.49 .92
West Siberia 2 lags, intercept (restricted) no trend 7.20 .88
Wheat of Class 4
North Caucasus 2 lags, intercept (restricted) no trend 11.64 .48
Black Earth 2 lags, intercept (restricted) no trend 9.55 .68
Central 2 lags, intercept (restricted) no trend 8.65 .76
Volga 3 lags, intercept (restricted) no trend 8.28 .80
Urals 3 lags, intercept (restricted) no trend 6.73 .91
West Siberia 2 lags, intercept(restricted) no trend 7.15 .88
Wheat of Class 5
North Caucasus 2 lags, intercept (restricted) no trend 10.40 .60
Black Earth 2 lags, intercept (restricted) no trend 8.93 .74
Central 1 lag, intercept (restricted) no trend 6.82 .90
Volga 3 lags, intercept (restricted) no trend 8.93 .74
Urals 2 lags, intercept (restricted) no trend 6.51 .92
West Siberia 3 lags, intercept (restricted) no trend 7.50 .86

Note: Trace statistic and P-value for at most one cointegration vector.

cointegration between Russian wheat prices, the exchange
rate and the world wheat price from November 14, 2014,
to September 16, 2022 (Table 5). We explain this finding
with Russia’s wheat export restrictions, which have been
in place since the Covid-19 pandemic, implying that the

Russian wheat market became less integrated with the
world wheat market (please see Section 1 for more detailed
information). This assumption is in line with the existing
literature, which confirms that the integration of the Rus-
sian wheat market with the world wheat market loosened
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396 YUGAY et al.

during export restrictions in 2007–2008 (Götz et al., 2013)
and the 2010–2011 trade year (Götz et al., 2016). We there-
fore assess the effect of thewar on the relationship between
the exchange rate and Russian wheat prices within the
ECM framework as specified in Equation (4).
Results of the GLS test suggest that price differentials

between Russian wheat prices and the world wheat price
and error correction terms are stationary at the 5% signifi-
cance level (Table 6). Therefore, we conclude that Russian
wheat prices of Classes 3, 4, and 5 are cointegrated with the
world wheat price within the framework of the Engle and
Granger procedure.
Further, the estimated short-run dynamics for wheat

prices of Class 3 reveal that the influence of the exchange
rate is the highest in Central (.15), North Caucasus (.13)
and Black Earth (.13), while this effect was not identified
for Volga, Urals, and West Siberia (Table 7). We trace this
back to the fact that North Caucasus, Black Earth and Cen-
tral are the regions spatially closest to the Black Sea ports.
Also, Central is the main wheat consumption region of
Russia. Empirical findings reveal a decreasing effect of the
war in Ukraine on the exchange rate’s influence, which is
the highest in Central (−.13) and North Caucasus (−.11).
Moreover, empirical results do not confirm an impact of
the war on the relationship between the exchange rate and
Russian wheat prices of Class 3 in the remote regions of
Volga, Urals, and West Siberia.
The empirical findings for wheat of Class 4, which is

usually exported to the world wheat market, identify the
highest influence of the exchange rate on wheat prices in
North Caucasus (.17) and Central (.16), which is similar to
results for wheat of Class 3. Furthermore, the decreasing
effect of the war in Ukraine on the relationship between
Russian wheat prices and the exchange rate is identified
only in Central (−.16). This implies that the exchange rate’s
influence has come to a full stop during the Ukraine war
in the Central region.
Furthermore, the estimation results for wheat of Class 5

(feed wheat) confirm the pattern that an influence of the
exchange rate is the highest in the regions spatially clos-
est to the world market, that is, North Caucasus (.18) and
Black Earth (.12), while this effect is the lowest in Urals
(.09) and was not confirmed in West Siberia. Parameters
for the Central and Volga regions are similar to each other
and amount to .11 and .12, respectively.Moreover, the effect
of the war is not revealed for wheat prices of Class 5.
Moreover, the empirical results reveal the most substan-

tial influence of the world wheat price on Russian wheat
prices in the main grain exporting regions of North Cauca-
sus for all wheat classes (.11 for Classes 3 and 4 and .09 for
Class 5).

6 CONCLUSIONS AND POLICY
IMPLICATIONS

This study has investigated the Ruble/USD exchange rate
pass-through to regional domestic Russian wheat prices.
Our results do not confirm exchange rate pass-through
until the managed exchange rate regime was transformed
to a free-floating regime in November 2014. Our empiri-
cal results show that the exchange rate pass-through to
wheat prices of Classes 3 and 4 is the highest in North
Caucasus, which has direct access to the Black Sea port,
in comparison to other regions. Moreover, exchange rate
pass-through to Russian wheat prices is not confirmed for
the most remote regions of Urals (all wheat classes) and
West Siberia (Classes 3 and 5). These findings are in line
with Götz et al. (2016), which identify strong integration of
the wheat market in North Caucasus, within direct access
to the internationalmarkets, to the world wheatmarket, in
case trade is freely possible. Differently, the integration of
regional markets in the remote regions of Urals and West
Siberia in theworldwheatmarket could not or onlyweakly
be confirmed, which is traced back to the minor role inter-
national trade plays and thus the larger importance of local
market factors, such as local weather disturbances, for
price formation. Moreover, Svanidze and Götz (2019) iden-
tify that distance plays an important role in the regional
spatial integration of the Russian wheat market.
Our empirical results reveal that in contrast to wheat

prices of Classes 3 and 4, exchange rate pass-through to
wheat prices of Class 5 is not identified in the main wheat
exporting region of North Caucasus. We trace this back to
the fact that wheat of Class 5 is used as feed wheat for live-
stock production inside of Russia and thus is tradedmainly
within Russia but rarely exported to the world market.
Therefore, in addition to the distance to the world market,
exchange rate-pass through to Russian wheat prices might
also depend on the quality of wheat, which differs in the
degree to which the wheat is traded internationally. Differ-
ent to wheat of Classes 3 and 4, wheat of Class 5 is used
for feeding animals and may be substituted by maize and
soybean meal, which are both traded on the world market
as well.
Our empirical results indicate that the exchange rate

pass-through to wheat prices in North Caucasus is lower
compared to wheat prices in La Pallice, France. More-
over, our results suggest that the influence of the world
wheat price is stronger on French wheat prices than on
domestic Russian wheat prices. Also, we find empirical
evidence that the exchange rate influenced Russian wheat
prices more strongly compared to the world wheat price in
most cases within the free-floating exchange rate regime.
This might be explained by the repeated implementation
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YUGAY et al. 397

TABLE 6 DF-GLS unit root test (Russian wheat prices and world wheat price).

Constant and trend Constant
Price Series Specification (lag length) Test statistic Specification (lag length) Test statistic
Nov 14, 2014–Sep 16,
Wheat of Class 3
Price differentials
North Caucasus 1 −4.05*** 1 −3.27***
Black Earth 1 −4.07*** 1 −3.98***
Central 1 −3.94*** 1 −3.84***
Volga 1 −3.64*** 1 −3.54***
Urals 1 −3.59*** 1 −3.56***
West Siberia 1 −3.42** 1 −2.73***
Error correction term
North Caucasus 1 −3.93*** 1 −3.63***
Black Earth 1 −3.78*** 1 −3.72***
Central 1 −3.63*** 1 −3.58***
Volga 1 −3.27** 1 −3.25***
Urals 1 −3.29** 1 −3.26***
West Siberia 1 −3.03** 1 −2.80***
Wheat of Class 4
Price differentials
North Caucasus 1 −4.14*** 1 −3.55***
Black Earth 1 −4.16*** 1 −3.78***
Central 1 −4.00*** 1 −3.63***
Volga 1 −3.82*** 1 −3.43***
Urals 1 −3.90*** 1 −3.65***
West Siberia 1 −3.70*** 1 −2.54**
Error correction term
North Caucasus 1 −3.97*** 1 −3.83***
Black Earth 1 −3.71*** 1 −3.72***
Central 1 −3.55*** 1 −3.55***
Volga 1 −3.27** 1 −3.29***
Urals 1 −3.38** 1 −3.38***
West Siberia 1 −3.09** 1 −2.74***
Wheat of Class 5
Price differentials
North Caucasus 1 −3.93*** 1 −3.59***
Black Earth 1 −3.66*** 1 −3.44***
Central 1 −3.60*** 1 −3.36***
Volga 1 −3.35** 1 −3.12***
Urals 1 −3.35** 1 −3.21***
West Siberia 1 −3.89*** 1 −3.36***
Error correction term
North Caucasus 1 −3.64*** 1 −3.65***
Black Earth 1 −3.37** 1 −3.39***
Central 1 −3.29** 1 −3.30***
Volga 1 −3.02** 1 −3.02***
Urals 1 −3.08** 1 −3.07***
West Siberia 1 −3.47** 1 −3.42***

Note: Null hypotheses: Presence of unit root.
***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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TABLE 7 The effect of the war in Ukraine.

Price series Price differential (ρ0) Exchange rate (ρ2) Effect of the war (ρ3) World wheat (ρ4)
Wheat of Class 3
North Caucasus −.07 .13*** −.11* .11***
Black Earth −.01** .13** −.10 .02
Central −.01** .15*** −.13* .03
Volga −.01** .08 −.06 .04
Urals −.01** .07 −.02 .01
West Siberia −.01** .02 .006 .02
Wheat of Class 4
North Caucasus −.01 .17*** −.11 .11***
Black Earth −.01** .11** −.10 .04
Central −.01** .16*** −.16** .02
Volga −.01** .11** −.08 .03
Urals −.01*** .06 −.02 .006
West Siberia −.01** .02 .009 .03
Wheat of Class 5
North Caucasus −.002 .18*** −.10 .09**
Black Earth −.002 .12** −.11 .03
Central −.002 .11** −.09 .006
Volga −.001 .12*** −.09 .04
Urals −.001 .09** −.03 −.007
West Siberia −.002 .04 −.01 .03

Notes: Effect of the war in % calculated as percentage of parameter effect of the war (ρ3) to parameter of exchange rate (ρ2).
***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

of wheat export restrictions by Russia, which decrease
world market price transmission and ensure that local
market conditions (e.g., regional supply and demand) gain
in importance vis-à-vis world market factors. Also, large
distances to the ports and deficient transport infrastructure
in Russia may influence this finding.
Results on the importance ofmacroeconomic conditions

for domestic wheat prices in emerging (Russia) and devel-
oped (France) countries that export wheat complement
insights provided by Liefert and Persaud (2009), which
focused on developing countries. Moreover, our findings
regarding exchange rate pass-through to domestic grain
prices are in line with Hatzenbuehler et al. (2016), which
identified exchange rate pass-through to corn and soybean
prices in the USA. However, exchange-rate pass through
to wheat prices in Turkey was not identified in the study
by Nazlioglu and Soytas (2011). This might indicate that
exchange rate pass-through is more important for grain
exporting countries, especially the United States, France,
and Russia, than for grain importers such as Turkey. In
addition to wheat, Burakov (2016) investigated the Ruble
exchange rate pass-through to other kinds of agricultural
commodities, that is, buckwheat, grain crops, potatoes,
oat, rye, and barley. Considering the time period from
January 1999 to October 2015, the existence of a long-run

relationship with the Ruble exchange rate is only con-
firmed for buckwheat, the only crop among those that was
imported by Russia.
Trade policies and poor market conditions cause incom-

plete exchange rate pass-through to domestic agricultural
prices. These poor market conditions might be related
to physical infrastructure, such as transport, road, and
storage systems, or to institutional or commercial infras-
tructure, such as systems of law, finance, and market
information (Liefert & Persaud, 2009). Moreover, spatial
market efficiency and transport infrastructure play an
important role for interregional trade from surplus regions
to deficit regions (Svanidze & Götz, 2019), especially in the
periods of harvest shortfalls (Svanidze et al., 2021). There-
fore, exchange rate pass-through to wheat prices in remote
regions could be strengthened by investing in market con-
ditions such as transportation infrastructure and market
information services to improve their functioning. Sec-
ond, incomplete exchange rate pass-through in the closest
regions to the world market might indicate market power
of Russian producers and traders on domestic markets,
which might also be connected to poor market conditions
(compare Section 2).
Thus, the empirical results of our study have policy

implications for the Russian government. Tomobilize Rus-
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sia’s additional unutilized wheat production (Schierhorn
et al., 2014; Swinnen et al., 2017) and export (Svanidze &
Götz, 2019) potential, it is important to ensure that the
exchange rate changes are largely transmitted to domes-
tic wheat prices in the most remote regions of Urals and
West Siberia. Therefore, the functioning of the grain supply
chain should be improved by investing in transportation
infrastructure and market information services.
Exchange rate pass-through is important to ensure that

the market remains in equilibrium and that the market
adjusts to macroeconomic changes to guarantee efficient
resource allocation. Therefore, a lower degree of exchange
rate pass-through in Russia in comparison to Francemight
imply a higher risk of disequilibrium and thus inefficient
resource allocation. This is particularly relevant for Rus-
sia where the Ruble exchange rate variability is higher
compared to the Euro exchange rate in France. Conse-
quently, domestic prices inRussia donot sufficiently adjust
to changes in the exchange rate market, with respective
consequences for domestic production incentives, which
might result in a large variability of export supply, with
possible negative consequences for the import countries.
Our results further reveal that with Russia’s invasion

of Ukraine, the influence of the exchange rate on Rus-
sian wheat prices has decreased strongly. In particular, for
wheat of Class 3, it has come to a full stop in the Central
region and become substantially inhibited in North Cau-
casus and Central. We trace back the weakened influence
of the exchange rate on domestic wheat prices in Russia to
the following three factors: first, wheat export restrictions
and the substantial increase in transaction costs resulting
from, for example, the increased insurance costs for ships
in the Black Sea region due to war risk and the risk of
importers facing secondary sanctions, which have damp-
ened the influence of the world market price and thus the
exchange rate. Second, the Ruble appreciation observed
from March to June 2022 might have been passed through
to a lower degree to domestic wheat prices than a depre-
ciation, since this implies the decrease of the domestic
price level, which decreases wheat producers’ revenues.14
Therefore, the Russian wheat market was on a “wait-and-
see” mode as it was also observed on the world market
in the first months after the Russian invasion of Ukraine
(Legrand, 2022). And third, the influence of exchange rate
changes on domestic wheat prices was also dampened by
switching to a Ruble-denominated export tax system and
the new baseline price (15,000 Ruble/t) at the beginning
of July 2022. More specifically, when the Ruble appreci-

14 The asymmetric effect in theRuble’s exchange rate pass-through toRus-
sian wheat prices, however, was not confirmed within an ECM model
framework and by the Wald test (November 14, 2014, to September 16,
2022). These results are available upon request.

ates, the size of the export tax decreases, counteracting the
negative effects of the exchange rate appreciation onwheat
export sales.15 In contrast, when the Ruble depreciates, the
15,000 Ruble reference price expressed in USD decreases,
whereas the corresponding export tax increases, hence
making it “more bearable” for Russian wheat exporters to
pay higher taxes as the depreciated Ruble has made the
Russian wheatmore competitive on the worldmarket. The
flexible export tax system designed as such implies that the
size of the export tax adjusts to exchange rate variations,
eventually reinforcing that the exchange rate pass-through
to domestic wheat prices in Russia is hampered. As a result
of the combined effect of these three factors, Russianwheat
exports in July and August 2022 were about 22% lower in
comparison to the previous year (Refinitiv-Eikon, 2022),
despite a record wheat harvest in 2022.
It can be expected that the high Ruble/USD exchange

rate volatility will sustain in the short-run future since
political and thus macroeconomic risks will remain high
during the Ukraine war. For example, additional sanction
packages implemented by western countries would have
a strengthening effect on the Russian Ruble exchange rate
given that they would ensure that Russia’s import possi-
bilities would become more limited. The appreciation of
the Russian Ruble would decrease the competitiveness of
Russia’s wheat exports to international markets and would
thus induce decreasing effects on Russia’s wheat exports.
Conversely, if Russian exports of oil and gas would shrink,
the Ruble/USD exchange rate would depreciate, which
would increasewheat export competitiveness and thus fos-
ter Russia’s wheat exports. Also, it can be expected that
the large dependence of Russia’s economy on oil and gas
exports will be sustained, which will continue to drive
the Ruble exchange rate volatility due to generally highly
volatile world market prices for oil and gas.
However, if the exchange rate pass-through and the inte-

gration in world wheat markets remain low and if they
potentially even further decrease, while the exchange rate
volatility remains high, the disintegration of Russia’s grain
sector might amplify. In a disintegrated grain sector, world
market price developments are less transmitted to the
domestic market, such that incentives for grain produc-
tion in the medium-run and investments in the Russian
grain sector in the long-run may weaken, with respective
negative consequences for the wheat import-dependent
countries in the Global South.
The risk of disintegration of the Russian wheat mar-

ket from international markets and thus decreased wheat
exports from Russia coupled by increased volatility

15When the Ruble appreciates, the USD equivalent baseline price of
15,000 Ruble/t increases, which reduces the taxable base and, respec-
tively, the size of export tax.
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presents several additional risks with regards to Russian
wheat exports since the Ukraine war. In particular, the
risk that wheat exports become more volatile since trans-
port along the export supply chain in the Black Sea is
disrupted due to war activities, for example attacks on
port infrastructure facilities. Also, there is a risk that Rus-
sian wheat exports could decrease temporarily due to an
increase of the permanent wheat export tax level. Also,
the government might again impose a minimum wheat
export price, as recently tried for wheat tender exports,
which might reduce the demand for Russian wheat. Fur-
ther, there is also a risk thatwheat exports could be reduced
due to a reduction of ship transport capacity following
the exclusion of multilateral wheat export companies from
the Russian grain sector that play a large role in the
organization of the sea transport of grains. Moreover, there
is even a risk that grain export businesses follow economic
rules less but rather geopolitical aims of the government,
the primary of which is increasing its influence of the
management of the Russian export companies. In order to
strengthen trade resilience of the highly import-dependent
countries in the Global South, situations of a high depen-
dence on wheat imports from Russia should be decreased
by trade diversification beyond the Black Sea region.
To increase food availability in theMENA region, which

is the main destination of Russian wheat exports, buffer
stocks might be an effective policy measure for mitigating
negative consequences of price shocks in times of macroe-
conomic instability and volatile grain prices. Furthermore,
governments should provide food aid and financial trans-
fers (Berndt et al., 2022) to vulnerable households. Larson
et al. (2014) argue that strategic wheat reserves can be
effective in mitigating price volatility in the MENA region,
but targeted transfers to vulnerable households might be a
more efficient policymeasure. In the context of the current
food crisis, the government of Egypt opened its strategic
wheat stocks and expanded social security programs to
protect vulnerable low-income populations (Abay et al.,
2023). Also, increasing local wheat production might fur-
ther diversify risks. However, those measures are not free
of costs, andmight increase food prices, and thusmeasures
to increase supply chain resilience need to bewell balanced
to actually improve food security.
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Appendix A
Time series properties
Results of the GLS and Phillips-Perron (PP) unit root tests with constant and trend as well as without trend suggest that all
price series are non-stationary at 5% during the managed exchange rate regime (Tables A1 and A2). Furthermore, results
of the tests show that all price series are stationary at first differences. Results of the tests indicate that price series in levels
are stationary in several cases during the free-floating exchange rate regime (Tables A3 and A4).
However, the GLS test results with price series in the first differences show that all price series are stationary at the

5% significance level, except for wheat prices of Classes 3 and 4 in West Siberia during the free-floating exchange rate
regime. The PP test results with price series in the first differences show that all price series are stationary. Finally, results
of unit root tests with constant and trends for the time period November 14, 2014, to September 16, 2022 show stationarity
of price series in several cases. The test results with price series in first differences reveal that all price series are stationary
(Table A5 and A6); we therefore conclude that all variables are integrated of order one.

F IGURE A1 Wheat prices of Class 4 and Ruble/USD exchange rate.

Source: Russian Grain Union, the Central Bank of Russian Federation, own illustration.
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F IGURE A2 Wheat prices of Class 3 and the world wheat price.

Note: the vertical line corresponds to the change in the exchange rate regime in Russia.
Source: Russian Grain Union, Agriculture and Horticulture Development Board (AHDB), own illustration.

F IGURE A3 Wheat prices of Class 3 and the world wheat price.

Source: Russian Grain Union, International Grain Council, own illustration.
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TABLE A1 DF-GLS unit root test (managed exchange rate regime).

Constant and trend Constant 1st difference

Price series
Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Sep 12, 2008–Nov 7, 2014
Wheat of Class 3
North Caucasus 1 −2.40 1 −1.45 0 −9.32***
Black Earth 1 −2.53 1 −1.90* 0 −7.39***
Central 1 −2.38 1 −1.75* 0 −7.94***
Volga 2 −2.39 2 −1.79* 1 −6.95***
Urals 2 −2.51 2 −1.98** 1 −5.77***
West Siberia 2 −2.28 2 −1.86* 1 −5.82***
Wheat of Class 4
North Caucasus 1 −2.83* 1 −1.52 0 −7.29***
Black Earth 1 −2.85* 1 −1.68* 0 −6.32***
Central 1 −2.44 1 −1.44 0 −8.13***
Volga 2 −2.59 2 −1.61 1 −6.74***
Urals 2 −2.55 2 −1.91* 1 −5.44***
West Siberia 2 −2.06 1 −1.43 1 −5.88***
Wheat of Class 5
North Caucasus 1 −2.57 1 −1.14 0 −8.92***
Black Earth 2 −2.73* 2 −.95 1 −6.25***
Central 1 −2.55 1 −.88 0 −7.66***
Volga 3 −2.47 3 −.86 2 −6.80***
Urals 2 −2.53 2 −1.68* 1 −5.62***
West Siberia 2 −2.22 2 −1.72* 1 −5.89***
Exogenous variables
Exchange rate
(USD/Ruble)

2 −1.46 2 1.19 1 −7.23***

World wheat 1 −1.51 1 −1.51 0 −14.97***

Abbreviation: DF-GLS, Dickey-Fuller generalized least squares.
***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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TABLE A2 Phillips-Perron unit root test (managed exchange rate regime).

Constant and trend Constant 1st difference

Price series
Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Sep 12, 2008–Nov 7, 2014
Wheat of Class 3
North Caucasus 6 −2.86 6 −1.31 9 −9.03***
Black Earth 10 −2.66 10 −1.50 7 −7.31***
Central 10 −2.60 10 −1.49 3 −8.01***
Volga 10 −2.50 10 −1.52 4 −10.00***
Urals 12 −2.39 12 −1.76 7 −8.36***
West Siberia 11 −2.33 11 −1.56 6 −8.96***
Wheat of Class 4
North Caucasus 6 −3.02 6 −1.44 10 −8.37***
Black Earth 10 −2.52 10 −1.48 7 −6.72***
Central 10 −2.45 10 −1.45 1 −8.07***
Volga 11 −2.48 10 −1.49 7 −10.44***
Urals 12 −2.37 12 −1.71 9 −8.93***
West Siberia 11 −2.27 11 −1.52 7 −9.59***
Wheat of Class 5
North Caucasus 7 −2.58 7 −1.33 10 −8.75***
Black Earth 11 −2.28 11 −1.46 5 −9.66***
Central 11 −2.30 11 −1.48 3 −8.35***
Volga 10 −2.23 10 −1.48 1 −8.71***
Urals 12 −2.40 12 −1.68 10 −10.00***
West Siberia 12 −2.38 12 −1.59 10 −9.98***
Exogenous variables
Exchange rate
(USD/Ruble)

10 −1.47 9 −.70 8 -13.37***

World wheat 6 −1.68 6 −1.59 2 −14.92***

***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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TABLE A3 DF-GLS unit root test (free-floating exchange rate regime).

Price series Constant and trend Constant 1st difference
Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Nov 14, 2014–Jan 27, 2017
Wheat of Class 3
North Caucasus 1 −2.36 1 −1.97** 1 −2.70***
Black Earth 1 −3.28** 1 −2.27** 0 −2.78***
Central 1 −3.15** 1 −2.16** 0 −2.89***
Volga 4 −2.68 4 −1.42 1 −2.15**
Urals 1 −2.00 1 −1.60 1 −3.58***
West Siberia 1 −2.42 1 −1.98** 1 −1.46
Wheat of Class 4
North Caucasus 1 −2.47 1 −2.29** 0 −3.03***
Black Earth 1 −2.45 1 −2.15** 0 −2.36**
Central 1 −2.23 1 −1.96** 0 −3.75***
Volga 1 −1.61 1 −1.40 1 −2.44**
Urals 1 −1.56 1 −1.30 1 −3.09***
West Siberia 1 −2.73* 1 −2.36** 0 −3.69***
Wheat of Class 5
North Caucasus 2 −2.79* 2 −2.59*** 1 −3.09***
Black Earth 1 −2.23 1 −2.00** 0 −3.39***
Central 1 −2.09 1 −1.89* 0 −3.45***
Volga 1 −1.71 1 −1.53 1 −2.14**
Urals 2 −1.43 2 −1.40 2 −1.81*
West Siberia 1 −2.37 1 −2.06** 1 −1.78*
Milling wheat, France
La Pallice 0 −1.68 0 −1.10 0 −10.63***
Exogenous variables
Exchange rate
(Ruble/USD)

1 −1.56 1 −.88 2 −3.87***

Exchange rate
USD/Euro

2 −1.51 2 −.17 1 −8.02***

World wheat 0 −1.97 0 −.90 0 −11.31***

Abbreviation: DF-GLS, Dickey-Fuller generalized least squares.
***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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TABLE A4 Phillips-Perron unit root test (free-floating exchange rate regime).

Price series Constant and trend Constant 1st difference
Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Nov 14, 2014–Jan 27, 2017
Wheat of Class 3
North Caucasus 6 −2.22 6 −2.26 1 −6.47***
Black Earth 5 −2.99 5 −3.02** 10 −4.65***
Central 6 −3.17* 6 −3.20** 5 −5.05***
Volga 6 −3.13 6 −3.20** 4 −6.55***
Urals 6 −3.33* 6 −2.68 0 −6.35***
West Siberia 6 −4.09*** 6 −3.11** 3 −6.41***
Wheat of Class 4
North Caucasus 5 −2.23 5 −2.21 1 −6.32***
Black Earth 6 −2.64 6 −2.31 1 −5.24***
Central 6 −2.75 6 −2.30 4 −5.75***
Volga 6 −2.78 6 −2.06 1 −5.60***
Urals 6 −3.66** 7 −2.30 1 −6.08***
West Siberia 6 −3.65** 6 −2.41 2 −5.37***
Wheat of Class 5
North Caucasus 6 −2.10 6 −2.06 5 −6.91***
Black Earth 6 −2.44 6 −2.03 4 −4.85***
Central 6 −2.55 6 −2.00 4 −5.39***
Volga 7 −2.63 7 −1.90 2 −5.40***
Urals 7 −2.91 7 −1.68 5 −6.63***
West Siberia 7 −3.52** 7 −2.28 2 −5.22***
Milling wheat, France
La Pallice 5 −1.81 5 −2.01 5 −11.54***
Exogenous variables
Exchange rate
(Ruble/USD) 6 −2.56 6 −2.93** 5 −8.37***
Exchange rate
USD/Euro

6 −2.89 6 −3.01** 12 −7.66***

World wheat 2 −2.06 0 −2.33 0 −11.90***

***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

 15740862, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/agec.12822, W

iley O
nline L

ibrary on [20/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



YUGAY et al. 409

TABLE A5 DF-GLS unit root test (the war in Ukraine).

Price series Constant and trend Constant 1st difference
Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Nov 14, 2014–Sep 16, 2022
Wheat of Class 3
North Caucasus 1 −3.03** 1 −.88 1 −3.85***
Black Earth 2 −2.17 2 −.80 4 −2.10**
Central 2 −2.16 2 −.77 3 −3.26***
Volga 3 −2.07 3 −.85 3 −3.20***
Urals 4 −2.08 2 −.49 3 −2.71***
West Siberia 2 −1.67 2 −1.03 3 −3.14***
Wheat of Class 4
North Caucasus 2 −3.18** 2 −1.07 2 −2.92***
Black Earth 2 −2.35 2 −1.08 3 −2.38**
Central 2 −2.26 2 −1.07 3 −3.18***
Volga 3 −2.24 3 −1.16 3 −3.16***
Urals 2 −1.74 2 −.77 3 −2.64***
West Siberia 2 −1.83 2 −1.20 3 −3.13***
Wheat of Class 5
North Caucasus 2 −2.99** 2 −1.32 1 −5.29***
Black Earth 1 −2.12 1 −1.22 1 −4.82***
Central 1 −1.93 1 −1.19 3 −2.99***
Volga 2 −2.31 2 −1.37 2 −2.65***
Urals 3 −2.21 3 −1.30 2 −2.63***
West Siberia 2 −2.16 2 −1.35 3 −2.11**
Exogenous variables
Exchange rate
(Ruble/USD)

1 −2.58* 1 −1.19 5 −3.53***

World wheat 0 −1.32 0 −.71 5 −4.11***

Abbreviation: DF-GLS, Dickey-Fuller generalized least squares.
***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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TABLE A6 Phillips-Perron unit root test (the war in Ukraine).

Price series Constant and trend Constant 1st difference
Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Specification
(lag length)

Test
statistic

Nov 14, 2014–Sep 16, 2022
Wheat of Class 3
North Caucasus 8 −2.64 8 −1.66 3 −11.40***
Black Earth 10 −1.96 10 −1.45 7 −14.65***
Central 11 −2.00 10 −1.46 8 −15.19***
Volga 11 −1.72 11 −1.44 10 −18.02***
Urals 12 −1.57 12 −1.33 11 −17.57***
West Siberia 12 −1.63 12 −1.27 10 −14.97***
Wheat of Class 4
North Caucasus 7 −2.62 7 −1.65 0 −12.93***
Black Earth 11 −1.98 11 −1.66 8 −14.66***
Central 11 −1.97 11 −1.64 9 −14.88***
Volga 12 −1.78 12 −1.64 11 −17.30***
Urals 12 −1.64 12 −1.48 11 −17.22***
West Siberia 12 −1.70 12 −1.40 10 −14.40***
Wheat of Class 5
North Caucasus 8 −2.20 8 −1.66 1 −11.47***
Black Earth 12 −1.83 12 −1.70 4 −10.14***
Central 12 −1.78 12 −1.67 6 −10.68***
Volga 13 −1.58 13 −1.62 7 −9.95***
Urals 13 −1.55 13 −1.48 9 −11.91***
West Siberia 11 −1.90 11 −1.72 9 −13.32***
Exogenous variables
Exchange rate
(Ruble/USD)

6 −3.78** 6 −3.72*** 6 −13.82***

World wheat 4 −2.76 4 −.85 8 −17.86***

***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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TABLE A7 Wald test for the comparison of long run parameters.

Exchange rate World wheat
Beta 1 Beta 2 Z-statistic P-value Beta 1 Beta 2 Z-statistic P-value

Wheat of Class 3
North Caucasus-Black
Earth

.60 .35 2.83 .00 .17 .20 −.30 .76

North Caucasus-Central .60 .35 2.63 .00 .17 .25 −.68 .49
North Caucasus-Volga .60 .32 3.30 .00 .17 .11 .61 .54
Black Earth-Central .35 .35 −0.08 .93 .20 .25 −.45 .64
Black Earth-Volga .35 .32 0.30 .76 .20 .11 1.11 .26
Central-Volga .35 .32 0.37 .70 .25 .11 1.54 .12
Wheat of Class 4
North Caucasus-Black
Earth

.64 .49 1.34 .17 .31 .32 −.11 .90

North Caucasus-Central .64 .47 1.46 .14 .31 .33 −.15 .87
North Caucasus-West
Siberia

.64 .22 3.75 .00 .31 .53 −1.71 .08

Black Earth-Central .49 .47 0.14 .88 .32 .33 −.03 .96
Black Earth-West Siberia .49 .22 2.42 .01 .32 .53 −1.61 .10
Central-West Siberia .47 .22 2.22 .02 .33 .53 −1.53 .12
Wheat of Class 5
Black Earth-Central .55 .50 .31 .75 .33 .33 −.02 .97

Note: Table contains parameters for Russian wheat prices which cointegrated with exchange rate and world wheat price (Table 2).

TABLE A8 Johansen trace test results: France.

Price series Specification Trace Statistics P-value
France 1 lag, intercept (restricted),

no trend
22.93 .02

Note: Trace statistic and P-value for at most one cointegration vector. Time period: November 14, 2014–January 27, 2017.
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