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Abstract
Black Sea wheat exporters, led by Russia, dominate Egypt’s wheat imports via
a tender system. The tenders are managed by the GASC and their outcomes are
communicatedworldwide by financial news agencies. Building on a transaction-
specific dataset on GASC tenders (2011 - 2019), results of our cointegration anal-
ysis find wheat export markets of Russia, France and the USA highly integrated
with the GASC tender price. Estimates from the multivariate VECM indicate
strong price interdependencies between the GASC tender price and Russian and
French export prices, indicating fierce competition in the GASC tender market.
Despite the high market share of wheat exporters in the Black Sea region and
Russia in particular, tests onweak exogeneity suggest a leading role of the French
wheat export price. We further find that leadership of US wheat prices is weak
in the GASC tender market.

KEYWORDS
Black Sea region, multivariate cointegration, spatial market integration, wheat
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1 INTRODUCTION

Over the past two decades, the expanding grain produc-
tion in the Black Sea region has resulted in growing wheat
exports, particularly to the Middle East and North Africa
(MENA) region. Egypt, the world’s largest wheat importer,
became a key destination market for Black Sea exporters
such as Ukraine, Romania, and especially Russia, which
became the world’s largest wheat exporter in 2017/18. Half
of Egypt’s wheat imports are managed by the General
Authority for Supply Commodities (GASC), a state pro-
curement agency for food commodities. The GASC regu-
larly issues tenders to purchase considerable quantities of
wheat on internationalmarkets, which are closelywatched
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by the global grain industry. In particular, Thompson
Reuters and numerous other business news and consulting
agencies routinely provide detailed information on trad-
ing companies participating in the tenders, the price offers
submitted, as well as the volumes and origins of the wheat
offers accepted by the GASC.
The interest in GASC tenders coincides with Russia

moving to become the largest wheat exporter in the world.
As futuresmarkets for Black Seawheat, which could facili-
tate price discovery are still underdeveloped, reliable infor-
mation on actual prices in this rather opaque market is
scarce. In this situation, GASC wheat tenders provide up-
to-date information on price levels in the Black Sea wheat
market and foster competition between trading companies

Agricultural Economics. 2021;52:819–831. wileyonlinelibrary.com/journal/agec 819

mailto:heigermoser@iamo.de
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/agec
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fagec.12656&domain=pdf&date_stamp=2021-07-15


820 HEIGERMOSER et al.

engaging in the tender calls, which drives the submitted
price offers towards competitive levels. GASC tenders reg-
ularly reveal the trading companies that are able to deliver
wheat to Egyptian ports close to the Suez channel at the
lowest cost, which usually implies competitiveness also
beyond this vital chokepoint of global grain trade.
Given the informational value of GASC tender prices

and Egypt’s key geographical position within global wheat
markets, our study addresses the following research ques-
tions: Towhat degree is theGASC tendermarket integrated
with major export markets and what is the extent, i.e. the
geographic boundaries, of this market? What are the char-
acteristics of price formation processes in the GASC tender
market? In particular, which price relationships and price
leadership can be determined? These research questions
are particularly relevant since the Black Sea region has
advanced to be the global center of physical wheat exports,
with Russia and Ukraine jointly accounting for 29% of
global wheat exports in 2019/20 (USDA, 2020). This signifi-
cance is expected to increase even further, as Russia in par-
ticular bears large additional grain production and export
potential (Schierhorn et al, 2014; Svanidze & Götz, 2019).
On the other hand, the GASC is one of the largest import-
ing institutions within the international wheat market,
implying a high concentration of wheat import demand in
the Black Sea market.
To shed light on the presented research questions, we

study the relationship between the GASC tender price
and export prices of the top eight global wheat exporters
employing the Johansen (1988) multivariate cointegration
framework. We determine the extent of the GASC ten-
der market and its integration with the Black Sea and fur-
thermajor wheat exportmarkets, particularly theUSA and
France. Furthermore, price interdependencies and (weak)
exogeneity of particular market locations are investigated.
We construct a continuous series of GASC tender prices
based on a unique database of transaction-specific records
on prices, quantities, countries of origin and companies
supplying wheat to the GASC within the tender system
between July 2005 and June 2019. This study is unique in
investigating how prices in grain export markets relate to
prices negotiated within a state tender system, which is
common among grain-importing countries in the MENA
region.
This research contributes to the still limited number

of analyses investigating the integration of grain mar-
kets in the Black Sea region. Existing studies to-date typ-
ically follow a bivariate cointegration approach. Götz et al.
(2013), Götz et al. (2016), and Djuric et al. (2015) find that
Russian, Ukrainian and Serbian wheat markets are
strongly integrated with the international wheat market,
while taking into account the disintegrating effects of

export restrictions. Goychuk and Meyers (2014) determine
that French and US export prices adjust to Russian export
priceswithin the time period of 2004 through 2010. Arnade
and Hoffmann (2019) establish that the Black Sea region
plays an important role for the international maize mar-
kets price discovery, especially in periods of high exports.
Araujo-Enciso and Fellmann (2020) show that the harvest
failures in the Black Sea region can have severe effects
on food security in the import-dependent MENA region.
Svanidze et al. (2019) find that wheat import prices of
South-Caucassian and Central Asian countries adjust to
Black Sea export prices. This is in linewith further research
generally suggesting that export prices lead import prices
when grainmarkets are considered (Hassanzoy et al., 2016;
Rosa et al., 2014). Export prices are, however, found to
adjust to import prices in the international rice market
(Jamora & von Cramon-Taubadel, 2015). To the best of our
knowledge, this is the first study that investigates Black
Sea wheat markets following a multivariate cointegration
approach.
Some existing studies employ multivariate cointegra-

tion models to analyze the integration and interdepen-
dencies in global wheat markets. Ghoshray (2006) finds
US wheat export prices to lead export price developments
in the international market, accounting for quality differ-
ences between wheat classes. By contrast, Mohanty et al.
(1999), not explicitly distinguishing between different qual-
ity classes, conclude that one single export price leading
the global wheat market does not exist. Arnade and Vocke
(2015) investigate seasonal variations in wheat price lead-
ership and find that Southern Hemisphere exporters dom-
inate price discovery in the first half of the year, while US
prices lead in the second half, after the Northern Hemi-
sphere harvest. In an earlier study, Goodwin (1992) argues
that transportation costs between market locations can-
not be disregarded if the Law of One Price (LOP) in inter-
national wheat markets is investigated. In this study, we
evaluate the role of transportation costs based on freight
cost data recorded in the GASC tender data-base and
transportation costs implied in the multivariate VECM.
Employing the Johansen cointegration framework, fur-
ther multi-locational agricultural commodity markets are
investigated in Asche et al. (2012), Pierre and Kaminski
(2019), Ihle et al. (2012), and González-Rivera and Helfand
(2001).
This article is organized as follows: In the next section,

we provide background information on the GASC wheat
tender market, while the methodological framework is
presented in section three. In section four, the data-base
used in the analysis is described and estimation results are
discussed in section five. Finally, we provide concluding
remarks in the sixth section.
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F IGURE 1 Countries of origin of GASC wheat imports,
2005/06 to 2018/19
Note: Seasonal imports are aggregated based on the tender
date, not the delivery date. ROW denotes “Rest of World” and
aggregates imports from Argentina, Australia, Canada,
Germany, Kazakhstan and Poland.
Source: Zerno Online (2019)

2 EGYPT’S WHEAT TENDERMARKET

Egypt’s state procurement agency for food commodities
(GASC) manages around half of the country’s wheat
imports, while the other half is handled by private trad-
ing companies (Ghoneim, 2015). Over the past five sea-
sons, the GASC imported around 5.5 million tons (mt)
of wheat per season via its tender system. Wheat tenders
are typically held every 10 to 12 days between June and
February, but rarely issued in March through May, when
the agency procures domestically producedwheat (McKee,
2013). Announcing a tender, the GASC asks authorized
trading companies to submit one or several sealed price
offers to supply wheat cargos of 55,000 to 60,000 t. The
offers must contain a “free on board” (FOB) price and a
separate freight offer, both denoted in USD per ton. The
delivery to an Egyptian port is typically scheduled 4 to
6 weeks after the tender date. The companies may source
wheat solely from origins approved by the GASC based on
its quality standards. On average, the agency buys three to
four cargos per tender.
Similar organizations and tender systems exist in the

majority of countries in the MENA region. The most
notable further agencies are the Algerian Office Algérien
Interprofessionnel des Céréals (OAIC) and the Saudi Ara-
bian Saudi Grains Organisation (SAGO, see Table A1 in the
online appendix for details). However, the GASC stands
out versus other such agencies in four respects: tenders
are issued at a relatively high and regular frequency; large
and standardized amounts of wheat are purchased; trans-
parency on tender results is rather high; and the top three
wheat exporters, namely Russia, France and the USA, are
all approved to participate in the tenders.
Figure 1 displays the countries of origin of GASC wheat

imports between 2005/06 and 2018/19. The share of the
Black Sea exporters Russia, Romania and Ukraine con-
stantly increases over this period, ultimately reaching
94%, 99% and 85% in 2016/17 through 2018/19. In 2010/11,

Russia completely bans all wheat exports after severe har-
vest shortfalls, resulting in higher imports fromFrance and
the USA. Over the whole displayed period, 43% of GASC
wheat imports originate from Russia, followed by France
(16%) and the USA (15%). However, after 2011/12 the GASC
purchases only minor quantities from France. An excep-
tion is the 2014/15 season, when French wheat accounted
for 35% due to a record crop in the country. The USA had
been the largest supplier to the GASC prior to the 2006/07
season; however, after 2010/11 it sells wheat to the GASC
only occasionally. By contrast, both Romania and Ukraine
gain market shares from 2011/12 onwards after the GASC
had approved the two countries as additional suppliers
in an effort to ‘boost competition amongst Black Sea ori-
gin wheat’ (Reuters, 2011). Romania and Ukraine success-
fully compete with Russia in the 2012/13 season through to
2015/16. However, from 2016/17 through to 2018/19, Rus-
sian wheat clearly dominates GASC imports, reaching
shares of 65%, 81%, and 59%, respectively.
While Black Sea exporters are the most important sup-

pliers of wheat to the GASC, Egypt is conversely the top
destination market for wheat from Russia, Romania and
Ukraine. Over the past decade, the share of wheat exported
toEgypt amounted to 25%, 20%, and 15%of their totalwheat
exports, respectively (see also Figure A1 in the online
appendix). The share of wheat exports by France to Egypt
decreased from 7% (2009 to 2013) to 4% (2014 to 2018) and
by the USA from 5% to 1% of their total wheat exports,
respectively (UN Comtrade Database, 2019).
In the time period underlying this study, the GASC

closed transaction deals with 15 to 22 trading companies
per season, while numerous additional companies submit-
ted price offers that were not accepted by the agency. The
top five companies supplying wheat to the GASC were
the Louis Dreyfus Company (with a share of 10.9% in
GASC’s wheat imports), Glencore (7.6%), Ameropa (6.9%),
GTCS (6.9%) and Cargill (6.5%). The degree of concentra-
tion in the GASC tender market is characterized by the
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concentration ratio and theHerfindahl-Hirschmann index
(HHI, Rhoades, 1993) for each season (see Table A2 in
the online appendix). Results suggest low concentration
among sellers participating in GASC tenders. We inter-
pret this as further evidence for strong competition among
wheat suppliers in theGASC tendermarket, ensuring com-
petitive price offers.

3 METHODOLOGICAL APPROACH

Spatial market integration analysis typically investigates
the relationship between prices for one homogenous com-
modity at n different locations. If a homogenous commod-
ity is physically traded between n locations within one
market, and prices in these locations follow a common
trend, i.e. share the same long-run information (González-
Rivera & Helfand, 2001), a spatially integrated market
exists. The physical flow of goods from surplus location
i to deficit location j is triggered if the price difference
between i and j exceeds the costs of transporting the good
between the locations. This process of spatial arbitrage
causes the co-movement of prices at the different locations
and ensures that deviations from the common long-run
equilibrium only occur in the short-run until corrected.
The Law of One Price (LOP) describes this spatial price
relationship. Considering the bivariate case of 𝑛 = 2, the
LOP in its weak (strong) form states that the difference
between prices at locations i and j does not exceed (is
equal to) the costs of transporting the commodity between
the locations (Fackler & Goodwin, 2001). In a multivariate
framework with 𝑛 > 2, two market locations can also be
integrated indirectly if trade flows to or from other market
locations occur.
Bivariate models are frequently estimated to analyze

the spatial market integration of various price pairs. This
approach is justified if one of the 𝑛 (𝑛 > 2) locations is a
central market exogenous to all other market locations,
while independent price interlinkages between non-
central locations do not exist. However, as the number of
considered locations increases, market prices are likely
determined simultaneously at various locations (i.e. price
series are endogenous in the system). To account for
interdependence structures that are more complex, the
relationships between 𝑛 locations are investigated within
a multivariate cointegration framework (Johansen, 1988).
Herein, an integrated market with 𝑛 locations shows
exactly 𝑛 − 1 cointegration vectors, which implies pair-
wise cointegration of prices at any two market locations
(Johansen & Juselius, 1994). In a bivariate approach,
(𝑛2 − 𝑛)∕2 price pairs could be considered that can,
however, only be normalized differently to represent a
maximum of 𝑛 − 1 cointegration relationships. The caveat

of a bivariate approach is that the 𝑛 − 1 long-run price
transmission elasticities can vary in size depending on the
choice of the considered price pairs, which is theoretically
implausible (Asche, Guttormsen, & Gjolberg, 2012).
Within a multivariate approach, this problem is
avoided.
Following Johansen (1988), a multivariate cointegrated

system can be represented as a vector error correction
model (VECM). The basic intiuition of a VECM is that
present price changes are a function of lagged deviations
from long-run equilibria shared by cointegrated prices,
lagged price changes, as well as a constant. Formally, a
VECM is represented by

Δ𝒑𝒕 = 𝝁 + 𝚷𝒑𝒕−1 +

𝒌∑

𝒊 = 1

𝚪𝒊𝒑𝒕−𝒊 + 𝒆𝒕 (1)

where 𝒑𝑡 corresponds with a n-dimensional vector of
prices in natural logarithm for a good traded at n differ-
ent locations, while Δ𝒑𝑡 denotes the price changes from
period 𝑡 − 1 to period 𝑡 and 𝜇 represents a vector of con-
stant terms. The 𝑛 × 𝑛 matrix 𝚷 has reduced rank 𝑟 =

𝑛 − 𝑠, with 𝑠 = 1 if all n prices share exactly one com-
mon trend. The matrix 𝚷 can be rewritten as 𝚷 = 𝜶𝜷′,
where 𝜶 and 𝜷 are both 𝑛 × 𝑟 matrices. The matrix 𝜷 con-
tains the (normalized) cointegrating vectors characteriz-
ing long-run equilibria for r linear combinations of prices.
To include a constant in the cointegration relationships,
the matrix characterizing the long-run equilibrium rela-
tionship has been modified to 𝚷𝒑𝑡−1 = 𝜶(𝜷1

′
𝒑𝒕−1 + 𝜷0),

where the 𝜷1 matrix includes the coefficients measuring
themagnitude of the cointegration relationships and the𝜷0

vector contains the constant terms.1 The loading matrix 𝜶

contains the speed of adjustment coefficients denoting the
speed at which Δ𝒑𝑡 moves to correct r past short-run dise-
quilibria. To ensure that the n-dimensional error term 𝒆𝑡 is
serially uncorrelated, k lagged price changes are included
in the model. The 𝑛 × 𝑛 matrix 𝚪𝑖 thus denotes the reac-
tion of Δ𝒑𝑡 to price changes lagged by i periods, with 𝑖 =

1, 2, … , 𝑘.
Referring to the definition of market integration pro-

posed by González-Rivera and Helfand (2001), we expect
the rank of matrix 𝚷 to be 𝑟 = 𝑛 − 1, which implies 𝑟

cointegrating vectors and one common stochastic trend. If
this condition holds, the cointegrating vectors can be nor-
malized to represent pairwise cointegration between any

1 To give better intuition, consider the bivariate (i.e. 𝑛 = 2) case with 𝑟 = 1

cointegration relationship. Δ𝑝1
𝑡 then depends on the deviations from the

long-run price equilibrium it shares with 𝑝2
𝑡 . The long-run equilibrium

can be represented as 𝑝1
𝑡 = 𝛽0 + 𝛽1𝑝

2
𝑡 + 𝜀𝑡 . In the bivariate case, 𝜀𝑡−1

denotes the disequilibrium, or the error correction term. In amultivariate
VECM, Δ𝑝𝑡 can be a function of various (i.e. 𝑟 > 1) lagged disequilibria.
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TABLE 1 Database utilized in the spatial market analysis

Group Country Price type Data Source
GASC Egypt, tender prices Highest accepted CFR offer,

monthly, USD/t
Zerno Online (2019)

Black Sea exporters Kazakhstan, milling, Aktau port FOB, monthly, USD/t FAO (2019)
Russia, milling, deep-sea ports FOB, monthly, USD/t FAO (2019)
Ukraine, milling FOB, monthly, USD/t FAO (2019)

Non-Black Sea
exporters

Argentina, Trigo Pan, up river FOB, monthly, USD/t FAO (2019)
Australia, ASW, Eastern states FOB, monthly, USD/t FAO (2019)
Canada, CRWS, St Lawrence FOB, monthly, USD/t FAO (2019)
France, grade one, Rouen port FOB, monthly, USD/t FAO (2019)
USA, no. 2 SRW, Gulf ports FOB, monthly, USD/t FAO (2019)

Note: The sample period ranges from July 2011 to June 2019. CFR and FOBdenote ‘cost and freight’ and ‘free on board’ and refer to prices at importing and exporting
port facilities, respectively (see ICC, 2019).
Source: Authors’ illustration.

two analyzed price series (Johansen& Juselius, 1994). After
normalization, the coefficients of the 𝑗𝑡ℎ column of the
𝜷 matrix, 𝑗 = 1, … , 𝑟, correspond to the long-run price
transmission elasticity, a measure of the degree of long-
run price transmission, in the 𝑗𝑡ℎ cointegration relation-
ship. The closer the coefficients are to unity, the stronger
is the market integration between the respective locations
and the more likely the LOP is to hold. The elements in
the 𝑗𝑡ℎ row of the loading matrix 𝛼 represent the short-
run characteristics of price transmission. Each of the n
prices within the multivariate framework adjusts to each
of the 𝑟 past disequilibria (error correction terms) within
the system. The closer the adjustment parameters are to
unity in absolute value, the faster the speed at which the
respective price adjusts to correct a deviation from a long-
run equilibrium. In a cointegrated system, a large adjust-
ment parameter thus indicates that the respective price is
strongly adjusting to changes of another price and is thus
following it. By contrast, low (close to zero) adjustment
rates of a price indicate only slight adjustment to changes
of other prices, which suggests that the respective price is
leading the price developments in the system.
The extent of the GASC wheat tender market is speci-

fied based on the largest set of prices (including the GASC
tender price) for which the condition of common long-
run information (i.e. a 𝚷 matrix of rank 𝑟 = 𝑛 − 1)
holds, following a sequential specific-to-general approach
(Gonzalez-Rivera &Helfand, 2001; Jha et al., 2008; Rashid,
2004; Sekhar, 2012). We start the cointegration analysis
considering the GASC tender price and one export price
exclusively (𝑛 = 2). If 𝑛 − 1 cointegrating vectors are
identified within this system, further export prices are
successively added until the inclusion of an additional
price series results in 𝑟 < 𝑛 − 1 or 𝑟 = 𝑛 cointegrat-
ing vectors. The order in which export prices are added

to the multivariate framework corresponds to the size
of the export country’s share in the GASC tender mar-
ket, i.e. countries with the largest share are considered
first.

4 DATA CHARACTERISTICS AND
PROPERTIES

The analysis is conducted for a data-base consisting of nine
monthly wheat price series, namely the GASC ‘cost and
freight’ (CFR) wheat tender price and eight FOB wheat
export price series of the world’s largest wheat export-
ing countries (see Table 1, and Table A3 in the online
appendix for descriptive statistics). The data set lasts from
July 2011—after the Russian grain export ban, when no
wheat export prices were recorded—through to June 2019.
Within our investigation period, the GASC issued 201 ten-
ders and purchased 694 wheat cargos.
The monthly GASC wheat tender price series is con-

structed based on a comprehensive data-base comprising
information on each individual wheat tender transaction
(see Figure 2). We select the highest “cost and freight”
(CFR) price accepted by the GASC within all wheat ten-
ders issued in 1 month as the respective GASC wheat
tender price, which is motivated by the following theo-
retical considerations: Exporters from different countries
provide price -quantity offers to the GASC within an open
wheat tender, theoretically representing the wheat supply
curve of the GASCwheat tender market. The GASCwheat
tender equilibrium price 𝑝

𝑒𝑞
𝑡 is given by 𝑎𝑠𝑘

𝑎𝑐𝑝𝑡
𝑡 ≤ 𝑝

𝑒𝑞
𝑡 <

𝑎𝑠𝑘
𝑟𝑗𝑐𝑡
𝑡 , with 𝑎𝑠𝑘

𝑎𝑐𝑝𝑡
𝑡 , the highest offer price accepted, and

𝑎𝑠𝑘
𝑟𝑗𝑐𝑡
𝑡 , the lowest offer price rejected by the GASC. Since

rejected price offers (𝑎𝑠𝑘𝑟𝑗𝑐𝑡
𝑡 ) are not recorded in the ten-

der transaction data-base, the highest accepted offer price
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(𝑎𝑠𝑘𝑎𝑐𝑝𝑡
𝑡 ) represents the best approximation of the specific

market equilibrium price.2
The resulting tender price series contains 16 missing

values (16.7% of the observations of the price series), cor-
responding to the periods when no wheat tenders were
issued. As missing values are also observed in consecu-
tive months, linear interpolation is not feasible here. We
therefore employ a linear imputation technique (similar to
Goodwin, 1992, and Svanidze et al., 2019) and simulate the
missing values building on French export prices, which are
highly correlated with the GASC tender prices.3
The analysis covers monthly FOB wheat prices of Rus-

sia, USA, Canada, France, Ukraine, Argentina, Australia
and Kazakhstan, which jointly account for 90% of global
wheat exports (USDA, 2020). Comparing the exporters’
shares in global wheat exports and the Egyptian tender
market, Table A4 in the online appendix shows that the
US share in the Egyptianwheat tendermarket has recently
decreased to 2.2%. As discussed in section two, Romania
also exports considerable quantities of wheat to Egypt.
However, since data on Romanian wheat prices could not
be accessed for the time period underlying our analy-
sis, Romania is not covered in this study. Russia typically

2 For comparison, we have also constructed a series of average tender
prices, as well as a series based on the lowest CFR price within 1 month.
While the model results do not change qualitatively, the estimated price
transmission elasticities and speed of adjustment parameters are smaller
in size. We interpret this as evidence for the highest CFR price containing
the largest informational value on the export markets under considera-
tion.
3 As a robustness check, all subsequent estimations were also conducted
using a linearly interpolated series of GASC tender prices. The results
do not change fundamentally, and the overall conclusions of the paper
remain unaffected. Additionally, we estimated the VECM with interac-
tion dummy variables to filter out the effect of the missing observations
(see TableA6 in the online appendix). Also here, the results do not change
significantly and the overall conclusions remain unaffected. Detailed esti-
mation results are available from the authors upon request.

exports soft winter wheat of class four with a protein con-
tent of between 12% and 13%, while France also exclusively
exports soft wheat. To ensure comparability, we select soft
redwinter (SRW)wheat to representwheat exported by the
USA, although hard red winter (HRW) wheat is the class
primarily exported from the USA. SRW wheat has a lower
protein content compared to HRW wheat and is the class
preferred by the GASC.4
Prior to our cointegration analysis, the time series prop-

erties of the nine wheat price series are examined. The
order of integration of each series is determined employ-
ing Augmented Dickey-Fuller unit root (Dickey & Fuller,
1979) and the Kwiatkowski-Phillips-Schmidt-Shin station-
arity tests (Kwiatkowski et al., 1992). The lag length in the
ADF and KPSS test is determined by the Schwarz Infor-
mation Criterion and the Newey-West bandwidth method,
respectively. Both tests suggest that all price series are non-
stationary mostly at the 1%, and at least at the 5% level of
significance. The Kazakh price series is an exception with
a rejection of stationarity only at the 10% significance level
(see Table A5 in the online appendix). The non-stationarity
of the data motivates us to investigate the price relation-
ships within a cointegration framework.

5 ESTIMATION RESULTS

5.1 Integration and extent of the GASC
wheat tender market

The extent of the GASC tender market is determined
by sequential trace tests for multivariate cointegration,

4 The GASC frequently adjusts the minimum protein levels it requests
from suppliers. In February 2018, the levels were adjusted to 11.5% for
wheat from Russia, Romania and Ukraine and 11% for French and US-
SRW wheat, respectively (Reuters, 2018)
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TABLE 2 Johansen (1988) likelihood ratio test for the number
of cointegrating vectors

Market locations (n) included
Rank (r) of
matrix𝚷

Trace
statistic

GASC; Russia 0 27.12***
1 2.66

GASC; Russia; France 1 16.95*
2 3.29

GASC; Russia; France; USA 2 16.24*
3 3.20

GASC; Russia; France; USA;
Ukraine

3 15.11

4 2.56
GASC; Russia; France; USA;
Argentina

3 12.67

4 4.01
GASC; Russia; France; USA;
Kazakhstan

3 15.02

4 3.98
GASC; Russia; France; USA;
Canada

3 10.55

4 3.75
GASC; Russia; France; USA;
Australia

3 11.20

4 3.32

Note: Null hypothesis for trace test is 𝑟 = ℎ against the alternative of 𝑟 > ℎ,
with ℎ specified in the second column. Sample period lasts from July 2011 to
June 2019 (96 observations). The lag length in the VAR models is set to three
to ensure that error terms are serially uncorrelated. Critical values are from
Osterwald-Lenum (1992). ***, **, * denote rejection of null hypothesis at 1%, 5%,
and 10% level of significance, respectively.
Source: Authors’ estimations.

following the specific-to-general approach outlined in
section four.5 Results suggest that Russia, the biggest
supplier of wheat to the GASC, clearly belongs to the ten-
der market (Table 2). The wheat markets of France and
the USA are included in the multivariate system since the
respective null hypotheses of 𝑛 ≤ 2 and 𝑛 ≤ 3 cointegra-
tion vectors is rejected at the 10% significance level. We
explain the weaker evidence for cointegration of France
and the USA by the lower frequency of their wheat exports
to Egypt. The test results for Ukraine, Argentina, Kaza-
khstan, Canada and Australia indicate that their inclu-
sion would result in 𝑟 < 𝑛 − 1 cointegration vectors. This
implies that the respective price series do not belong to the

5 As a robustness check, we also conducted sequential trace tests follow-
ing a general-to-specific approach, consecutively excluding price series on
the basis of resulting increases in themodel log likelihood. This approach
also determines that the system containing GASC, Russian, French and
US prices represents the largest set of prices containing 𝑛 − 1 cointegrat-
ing relationships. Detailed results are available from the authors upon
request.

same economic market. Therefore, Ukraine, Argentina,
Kazakhstan, Canada and Australia are not included in
the multivariate system. We explain the exclusion of
Ukraine from the GASC tender market by its geographi-
cal proximity to Russia’s wheat export market, leading to
a high correlation of .996 between Russian and Ukrainian
wheat export prices. Thus, the two price series likely
share an additional, independent common trend implying
𝑟 < 𝑛 −1.6 The exclusion of Argentina, Kazakhstan,
Canada and Australia from the GASC tender market is in
line with their rather low share in GASC wheat tenders.
Further, Canada and Kazakhstan predominantly export
higher protein wheat, while the exclusion of the South-
ern Hemisphere exporters Argentina and Australia likely
results from greater geographical distance, as well as sea-
sonal factors (Arnade & Vocke, 2015). We conclude that
there exist three cointegrating vectors in the system that
includes the GASC, Russia, France and the USA. Prices in
these four locations are cointegrated in all possible pairings
and share one common stochastic trend.7
The 𝑛 − 1 normalized parameter estimates of the coin-

tegration relationships are presented in Table 3. The 𝛽𝑖
1

coefficients characterizing the long-run price transmission
elasticities between the GASC tender price and the export
prices of Russia, France and the USA equal .88, .89, and
.91, respectively. Following Asche et al. (2012), the LOP is
tested using a multivariate likelihood ratio (LR) test dis-
tributed as 𝜒2(3) by jointly restricting 𝛽1

1
= 𝛽2

1
= 𝛽3

1
= 1.

The test statistic of 5.80 (p-value: .122) does not allow
for rejection of the null hypothesis of complete price
transmission within the whole multivariate system in the
long-run. This provides evidence for a highly integrated
market. However, LR tests on the LOP holding for sin-
gle market locations individually (i.e. 𝛽𝑖

1
= 1), suggests

that the respective null hypothesis for the GASC-Russia
and GASC-France price pairs can be rejected at the 5%
significance level.
The GASC tender price is a CFR import price equal to

the sum of the FOB price observed in an exporting loca-
tion and the costs of transporting wheat to Egypt. Thus, if
𝛽𝑖
1
is restricted to 1 for 𝑖 = 1, 2, 3, the constant term 𝛽𝑖

0
is

expected to reflect the respective transportation costs. As

6We also conducted subsequent VECM estimations replacing Russian
with Ukrainian export prices. The results were qualitatively similar. This
finding suggests that subsequent findings regarding to Russian prices can
be generalized to further Black Sea exporters such as Ukraine and Roma-
nia, which grow wheat of a similar quality.
7 Applying more recently developed wavelet methodologies to daily price
data, Nigatu and Adjemian (2020) show that wavelets are equipped to
portray more complex time-varying price interdependence patterns that
linear cointegration tests might disregard. However, as the conducted
Johansen tests suggest linear cointegration in our case, we leave the ques-
tion of non-linearity of price relationships to future research.
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TABLE 3 Market integration and transportation costs in the GASC tender market

Price pair containing GASC and exporter i: Russia France USA
Long-run price equilibrium
Price transmission elasticities (𝛽𝑖

1
) .883 [.040] .885 [.045] .914 [.076]

Constant term for unrestricted 𝛽𝑖
1
(𝛽𝑖

0
) .706 [.220] .696 [.247] .577 [.410]

Law of One Price (LOP)
Joint LOP test ( 𝛽1

1
= 𝛽2

1
= 𝛽3

1
= 1) (.122)

Individual LOP test (𝛽𝑖
1
= 1) (.022) (.044) (.313)

Constant term for 𝛽𝑖
1
restricted to 1 (𝛽𝑖, 𝑟𝑒𝑠𝑡𝑟

0
) .069 [.011] .075 [.013] .116 [.017]

Implied vs. observed freight costs
Average observed export price (𝑝̄𝑖) 237.9 USD/t 236.9 USD/t 227.1 USD/t

Average observed freight cost (𝑡𝑐
𝑖, 𝑜𝑏𝑠

) 13.5 USD/t 15.5 USD/t 29 USD/t
Implied transaction costs (𝑡 𝑐𝑖𝑡 = 𝛽

𝑖, 𝑟𝑒𝑠𝑡𝑟
0

×𝑝̄𝑖) 16.5 USD/t 17.8 USD/t 26.3 USD/t

LR test on equality of implied and observed freight costs (𝛽𝑖, 𝑟𝑒𝑠𝑡𝑟
0

=
𝑡𝑐

𝑖, 𝑜𝑏𝑠

𝑝̄𝑖
) (.133) (.168) (.173)

Note: Cointegrating vectors are normalized to represent pairwise cointegration with GASC tender prices.
Standard errors are in []. P-values are in (). Multivariate likelihood ratio test of the LOP distributed as 𝜒2(3).
Source: Authors’ estimations.

all prices are denoted in natural logarithm, the transporta-
tion costs implied in 𝛽𝑖

0
are a constant proportion of the

FOB price.8 We compare the average transportation costs
implied by the constant terms (𝑡𝑐𝑖𝑡)with the observed aver-

age freight rates recorded in the GASC tender data set (𝑡𝑐
𝑖
),

which amounted to 13.5, 15.5, and 29 USD/t for the trans-
port of wheat from Russia, France and the USA to Egypt,
respectively. The implied transportation costs (given by
𝛽𝑖
0
∗ 𝑝̄𝑖 , with 𝑝̄𝑖equal to the mean of prices observed at

location 𝑖 as given in Table A3) are equal to 16.65, 18.95, and
27.25 USD/t, for Russia, France and the USA, respectively.
The 𝜒2 test does not allow rejecting the null hypotheses on
statistical equality of the implied and observed transporta-
tion costs for Russia, France and the USA, respectively.
We interpret this as evidence for high substitutability and
thus small quality differences between the wheat classes
included in the model.9

8 Besides arbitrage costs, substitution costs that result from quality differ-
ences between goods traded within one market will also be reflected in
the constant terms (see Asche et al., 1999).
9We additionally estimate a VECM includingHRWprices instead of SRW
for the USA. While the price transmission elasticity parameter remains
unaffected, the respective intercept term turns negative when the elas-
ticity is restricted to unity. This suggests that the FOB price for higher-
quality HRW wheat is on average higher than the GASC import price,
which comprises an FOB price for lower-quality soft wheat plus freight
costs. This result illustrates the quality segmentation of the international
wheatmarket and affirms that SRWwheat is the appropriate quality class
in the given context. Detailed results are available from the authors upon
request.

5.2 Interdependencies and price
leadership

We estimate a multivariate VECM to assess the interde-
pendencies between the GASC tender price and the export
prices of Russia, France and the USA (Table 4). Each
VECM equation contains the error correction terms of the
three cointegration relationships, as well as three lags for
each endogenous price series on the right-hand side of the
equation. The number of lags was selected based on the
Akaike Information Criterion (AIC). Portmanteau auto-
correlation andWhite heteroscedasticity tests indicate that
the model residuals are free from autocorrelation and het-
eroscedasticity.
The estimated speed of adjustment coefficients suggest

strong interdependencies between the GASC tender price
and export prices of Russia andFrance,while theUS export
price adjusts to price changes in the othermarket locations
at a lower speed. The Russian wheat price corrects dise-
quilibria with the GASC tender price at the highest speed
observed in theVECM (-.7). TheGASC tender price adjusts
to deviations from its equilibrium with French (Russian)
export prices, correcting 53% (31%) of a deviation within 1
month. The slow adjustment of the US wheat export price
to the price changes in the other market locations is statis-
tically significant only for the equilibrium shared with the
GASC tender price (-.22).
Moreover, our results show that particular export prices

adjust to error correction terms from multiple coin-
tegration relationships. These additional, ‘off-diagonal’
adjustments represent a unique extension of multivari-
ate over bivariate VECM and denote one exporter’s price
adjustment to deviations from a long-run price equilib-
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TABLE 4 Adjustment parameter estimates from multivariate VECM

Deviations from long-run
equilibrium of price pair Russia France USA GASC
Russia-GASC −.70*** [.13] −;.36** [.15] −;.31 [.20] −;.31** [.15]
France-GASC .37** [.13] .10 [.14] .29 [.19] .53*** [.14]
USA-GASC .10 [.08] .09 [.09] −;.22* [.12] .00 [.09]
Weak exogeneity tests 26.36*** (.00) 6.23 (.10) 7.31* (.06) 14.42*** (.00)
Adjusted R2 .44 .17 .14 .14
Autocorrelation
testHeteroscedasticity test

135.97 (.75)
322.25 (.18)

Note: Three lags are included in the VECM. Lag-adjusted sample runs from November 2011 to June 2019. ***, ** and * denotes statistical significance at the 1%, 5%,
and 10% level. Standard errors in []. P-values in ().Test statistics of LR tests for weak exogeneity distributed as𝜒2(3). Portmanteau test statistic for no autocorrelation
up to lag 12 distributed as 𝜒2(148). Joint White heteroscedasticity test distributed as 𝜒2(300).
Source: Authors’ estimations.

rium shared by the GASC tender price and the export price
of a competing origin. Russian prices show statistically sig-
nificant adjustment of 37% to disequilibria in the France-
GASC cointegration relationship, similar to the French
export price adjusting to the Russia-GASC cointegration
relationship by almost the same degree (-.36). These results
suggest strong competition between the two largest wheat
suppliers in the GASC tender market, namely France and
Russia.
Testing for weak exogeneity corresponds to jointly

restricting the three adjustment parameters of each col-
umn of Table 4 to zero. Results indicate that weak exogene-
ity of Russian andGASCprices can be rejected at the 1% sig-
nificance level, suggesting that Russian and GASC prices
adjust to price developments in the whole market. How-
ever, regarding France and theUSA, we cannot reject weak
exogeneity at the same level of confidence. The test pro-
vides some evidence that French and—at a lower level of
confidence—US prices are weakly exogenous to the coin-
tegration system.10 We interpret this finding as indication
that price offers by Black Sea wheat sellers to the GASC
are intentionally set at a level closely related to the com-
peting Frenchwheat export price. This explanation implies
that the Russianwheatmarket is not perfectly competitive,
which was also suggested in Pall et al. (2013).

5.3 Comparison of multivariate with
bivariate VECM results

To gain insights into the differences between a bivari-
ate and a multivariate approach, we estimate three

10 As outlined above, a weakly exogenous market is not sufficient to jus-
tify the use of bivariate models. Only if “we were to find both a single
exogenous state and all other locations responding only to error correc-
tion terms involving this exogenous state” (González-Rivera andHelfand,
2001), a bivariate approachwould be justified. The second condition is not
fulfilled in our case.

bivariate VECMs, each containing the GASC tender
price and the wheat export price observed in Russia,
France and the USA, respectively (Table 5). We find the
long-run price transmission elasticities obtained from
the multivariate approach (𝛽𝑖

1
) presented in Table 3 to

be similar in size compared to the estimates retrieved
from the bivariate approach (𝛽𝑗

1
presented in Table 5).

Results of 𝜒2 tests on statistical equality of the long-run
price transmission elasticities ( 𝛽𝑖

1
= 𝛽

𝑗

1
) suggest that the

respective coefficients are in no case significantly different
from each other.
While the speed of adjustments coefficients obtained

from the bivariate models are qualitatively similar, as well,
they exhibit a downward bias compared to themultivariate
models in the majority of cases. This finding is in line with
a similar camparison conducted by González-Rivera and
Helfand (2001), who report that bivariate models under-
estimate the comparable speed of adjustment coefficients
in 13 out of considered 14 cases. While the estimation of
bivariate models would not result in qualitatively differ-
ent overall conclusions in case of this dataset, multivari-
ate tests are still necessary to detect and potentially prevent
bias resulting frommisspecified bivariate models. Further,
the chosenmultivariate approach offers additional insights
into off-diagonal adjustment processes, which provide
a more comprehensive analysis of the interdependen-
cies between competing exporters compared to bivariate
models.

6 IMPULSE-RESPONSE ANALYSIS

As a direct interpretation of the adjustment coefficients
obtained from multivariate cointegrated systems can
be difficult, impulse response functions (IRF) can pro-
vide a straightforward visualization of the interrelations
between the considered variables (Lütkepohl & Reimers,
1992; Lütkepohl & Saikkonen, 1997). Within an impulse
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TABLE 5 Bivariate VECM estimations

Russia-GASC France-GASC USA-GASC
Price transmission elasticity (PTE), 𝛽𝑗

1
.891 [.038] .891 [.045] .950 [.085]

Constant term (𝛽𝑗

0
) .659 [.209] .664 [.244] .387 [.461]

Speed of adjustment GASC −.041 [.130] .383*** [.111] .103 [.082]
Speed of adjustment Exporter −.477*** [.118] −.015 [.111] −.219** [.104]
Equality of bivariate and multivariate PTE estimates ( 𝛽𝑖

1
= 𝛽

𝑗

1
) (.837) (.891) (.690)

Note: Three lags are included in each VECM. Lag-adjusted sample runs from November 2011 to June 2019. ***, ** and * denotes statistical significance at the 1%, 5%,
and 10% level. Standard errors in []. P-values in ().
Source: Authors’ estimations.

response analysis, the response of an individual variable
to a shock in another variable is presented relative to a
baseline scenario, where the system is not affected by any
shock (Koop et al., 1996). Following a convention out-
lined by Lütkepohl and Reimers (1992), the effect of a vari-
able shock is considered temporary if it reverts to zero,
while the effect is considered permanent if the affected
variable stabilizes at a new equilibrium in response to
the initial shock. While permanent effects are common
in cointegrated autoregressive systems like VECM, the
impulse responses obtained from classic vector autoregres-
sive (VAR) systems are expected to revert to zero, i.e. to be
temporary (Naka & Tufte, 1997).
One important shortcoming of standard IRFs is that

they require the imposition of an ordering of the con-
sidered variables. This ordering determines the temporal
sequence by which each variable can affect other vari-
ables within a multivariate autoregressive system. How-
ever, within our analysis any ordering of the considered
price series appears arbitrary, while the results obtained
from an impulse response analysis can vary considerably
depending on the chosen ordering.11 Addressing these
shortcoming of standard orthogonalized IRFs, Pesaran and
Shin (1998) propose generalized impulse response func-
tions (GIRF). GIRFs do not require an ordering of the vari-
ables and produce one unique set of impulse responses,
which is invariant to any ordering of the variables (Ihle
et al., 2012). Due to this advantage, we opt to present GIRF
in the following.
Figure 3 displays the responses of each variable to unit

shocks of one standard deviation originating from the
four considered market locations over a time horizon of
20months.Most notably, shocks originating in theRussian
market have a temporary effect on the other prices, which
reverts to zero after 6 months. By contrast, price shocks
originating in all three other market locations show per-

11 In a case of 𝑛 = 4 variables, there exist 𝑛! = 24 possible orderings of the
variables. For each of the four considered variables there are thus six sets
of responses to an initial shock, while there is no clear guidance onwhich
ordering is appropriate in the considered case.

manent effects, as prices settle at new equilibria, around
8 months after the initial shocks. Typically, the responses
of all four prices stabilize at similar values in the long-run,
while often showing similar patterns also in the short-run.
The US-SRW price, however, shows more distinct short-
run responses to shocks originating in Russia and France,
compared to the other responses. Conversely, shocks orig-
inating from the US market prompt rapid responses in
the other market locations, which settle at new equilibria
already 2 months after the shock. However, compared to
shocks originating in the GASC and the French markets,
these new equilibria are considerably lower than the initial
shock in the US price. These findings likely result from the
minor share of US wheat on the GASC wheat tender mar-
ket relative to its share on the overall world wheat market
(see Table 2). Further, quality differencesmight play a role,
as the majority of wheat exported from the USA is hard
wheat, while Russia and France export soft wheat, which
bettermeets the quality requirements set in GASC tenders.
It is worth underlining that our results only apply to the
global market for soft wheat.

7 SUMMARY AND CONCLUSIONS

This study on international wheat market integration is
unique in considering the prices at which the Egyptian
GASC purchases large amounts of wheat within its ten-
der system. Building on a transaction-specific dataset on
GASC tenders for the time period of July 2011 through to
June 2019, results of the multivariate cointegration anal-
ysis suggest that Russia, France and the USA, the three
largest wheat exporters worldwide, are strongly cointe-
grated with the GASC tender price. Conversely, Ukraine,
Argentina, Kazakhstan, Canada and Australia cannot be
included in the multivariate cointegration framework. We
find the LOP to hold in theGASC tendermarket, indicating
that price changes are fully transmitted between market
locations. The impulse response analysis hasmade evident
that GASC tender prices play a key role in price discovery
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F IGURE 3 Generalized impulse responses to a unit shock
Source: Authors’ estimations

on international wheatmarkets, which research disregard-
ing this tender data might have missed.
The speed of adjustment estimates retrieved from the

VECM suggest strong interdependencies between the
GASC tender price and the export prices from the twomost
important suppliers to the GASC, Russia and France. Dis-
equilibria with the GASC tender price are corrected fastest
by the Russian wheat price, while the speed of adjustment
is low and statistically not significant for the French export
price. The GASC tender price itself only adjusts to restore
the long-run price equilibrium it shares with the French
export price. Moreover, the Russian (French) export price
shows substantial statistically significant error correction
behavior to deviations from the equilibria between the
French (Russian) export price and the GASC tender price,
which suggests strong competition between the two major
exporters. We find that US-SRWwheat prices solely adjust
to the GASC tender price, and at a rather low speed, which

can be interpreted as evidence for US price leadership.
However, our results also do not provide evidence for sig-
nificant adjustment of wheat export prices neither in Rus-
sia nor in France towards US prices, which does not sup-
port leadership of US prices in the system. We attribute
these findings to the fact that the USA has a relatively
small share in theGASC tendermarket. Further, theGASC
imports soft wheat, which is the type primarily exported
from Russia and France, while the USA predominantly
exports hard wheat.
AlthoughRussia is themost important supplier ofwheat

to Egypt and the largest exporter worldwide, tests for weak
exogeneity of single market locations provide evidence for
price leadership of French export prices, as well as US
export prices to a lesser extent. This finding is supported by
the impulse response analysis suggesting temporary effects
of shocks originating on the Russian wheat market. We
interpret the price leadership of the French export price as
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an indication that Russianwheat traders use French export
prices, which are transparently discovered at the Euronext
commodity futures exchange in Paris, as a reference when
submitting price offers in GASC wheat tender. Overall,
our findings are in line with the study by Janzen and
Adjemian (2017), finding that the Euronext wheat futures
market recently has gained importance in international
wheat price discovery versus the Chicago Board of Trade,
as it better reflects supply fundamentals in the Black Sea
region. The chosen multivariate cointegration approach,
comprising the wheat export prices of Russia, France, and
the USA and one single import price, namely the GASC
tender price, has proven particularly suitable to depict the
GASC tender market. This is reflected in the high confor-
mity of the transportation costs implied in themodel inter-
cepts with the observed freight costs, given unity of the
long-run price transmission elasticities. This conformity
also suggests that quality differences between the consid-
ered wheat prices are minimal.
The comparison of the estimated parameters of themul-

tivariate and the bivariate VECMs shows that the price
transmission elasticities and speed of adjustment coeffi-
cients retrieved from both approaches are qualitatively
similar. The bivariate approach is, however, more limited,
as the multivariate framework offers additional insights
into adjustments between prices from different exporting
countries that compete on the GASC tender market.
The results of this analysis only partly support the price

leaderhsip of US prices in the international wheat mar-
kets identified by Ghoshray (2006). Further, our findings
do not confirm Goychuk and Meyers (2014) in suggest-
ing that Russian export prices lead French and US wheat
prices. However, both studies investigated price relation-
ships solely between wheat export prices and over dif-
ferent time periods. We therefore assume that our find-
ings referring to the time period 2011 thorugh to 2019
reflect the changes in the international wheat market that
resulted from the rising importance of Russia and the
Black Sea region in general. As GASC tenders provide
wheat traders with valuable pricing information from the
rather opaque Black Sea wheat markets, it remains to be
seen whether the Chicago Mercantile Exchange group’s
recently established Black Sea wheat futures contracts will
rather be a complement or a substitute to GASC tenders. In
this respect, future research should focus on price discov-
ery and price interdependency dynamics between futures,
Black Sea cash and tender prices.
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