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Market integration and price transmission in the regional 
grain markets in Ethiopia
Dejene Gizaw Kidane

School of Business and Economics, UiT the Arctic University of Norway Postboks: 6050 Langnes, Tromsø, 
Norway

ABSTRACT
Persistent increases in basic food prices have become a critical 
challenge in Ethiopia since 2006. This paper assesses whether the 
structure of the grain market has contributed to the price increases. 
Traders having market power could create commodity price sticki-
ness, implying that what goes up does not come down, leading to 
price increases. The study examines price linkages between princi-
pal grain markets in Ethiopia, using monthly prices from the wheat, 
maize, and teff markets. The Engle-Granger cointegration test is 
used to check for cointegration, while the Threshold Autoregressive 
Model is employed to investigate potential asymmetric price trans-
mission. The findings indicate that major grain markets in Ethiopia 
are well integrated. Moreover, the threshold cointegration model 
reveals that they are characterized by symmetric adjustment. 
Hence, I argue that there is insufficient evidence to support the 
claim that market structure contributes to the price increase in 
Ethiopian grain markets.
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1. Introduction

In Ethiopia, persistent increases in basic food grain prices have become a critical chal-
lenge since 2006. For instance, as illustrated in Figure 1 below, the 2020 national average 
wholesale prices of both wheat and maize have increased by about four times compared 
to their 2010 levels. Moreover, the rate of growth of food price inflation in Ethiopia has 
been among the highest in sub-Saharan Africa (SSA). For instance, according to esti-
mates from the World Bank, the average annual consumer price inflation in Ethiopia 
grew from 8% to 16% between 2010 and 2020, while generally, it declined from 4.0% to 
3.3% in the SSA region over the same period. Understanding what explains the persistent 
increase in food prices in Ethiopia might contribute to designing targeted government 
interventions that stabilize the market.

According to the literature, food prices in any market may change as a result of various 
factors including, price-shock diffusion from international markets, changes in the 
exchange rate and the domestic demand and supply conditions, and market structure. 
If a country is a net importer of food commodities, high world-price-shock transmission 
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to the domestic market may affect commodity prices (Baquedano & Liefert, 2014; 
Ceballos, Hernandez, Minot, & Robles, 2017; Conforti, 2004; Minot, 2011; Mundlak & 
Larson, 1992). However, the extent and speed of price shock diffusion from international 
to domestic market depends on several factors, including the exchange rate, border 
policies (such as import tariffs), and transfer costs (Baquedano & Liefert, 2014; Dawe, 
2008; Ozturk, 2020; Rapsomanikis, Hallam, & Conforti, 2006). For instance, when a local 
currency appreciates (depreciates) against the US dollar, an increase in the commodity 
price in the local currency would be less (more) than an increase in the international 
price in dollars (Ozturk, 2020).

Domestic demand and supply dynamics are also important. In a country with a self- 
sufficient position, domestic demand, and supply factors (such as income growth, popula-
tion growth, weather shocks, and production input costs) determine commodity price 
formation and stability (Brækkan, Thyholdt, Asche, & Myrland, 2018). The other important 
factor in commodity price formation, and what motivated this study, is market structure 
(Abdulia, 2000). In a non-competitive market structure, middlemen with high market 
power may dominate the pricing of the commodities along the supply chain or across 
spatially distinct markets. In such circumstances, price increases in some markets may 
completely and quickly transmit to other markets, whereas price reduction might remain 
sticky, implying, what goes up does not come down, hence leading to price increases.

In Ethiopia, a profound agricultural market liberalization process started in the early 
1990s, when all the restrictions on official prices, quotas, and private trade were removed 
(Gabre-Madhin & Goggin, 2005; Negassa, Myers, & Gabre-Madhin, 2004). The reform 
has massively changed the structure of the grain market in the country (Shahidur & 
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Figure 1. National nominal average monthly commodity price trends in Ethiopia (Jan 2010 – 
Oct 2020).
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Asfaw, 2011). After the reform, private sector participation in grain marketing activities 
has increased, and this contributed to an increase in market integration and grain 
production (Kindie, 2008; Negassa & Myers, 2007). On the other side, however, the 
reform created a grain market structure where market power is concentrated around 
a few dominant firms because of a shortage of initial capital, which is the major obstacle 
to entering the market (Gebremeskel, Jayne, & Shaffer, 1998; Sassi & Mamo, 2019). This 
may create a substantial impact on the price transmission process, implying price shocks 
in some markets affect price behavior in others (e.g., von Cramon-taubadel & Meyer, 
2004). In fact, there is a growing perception in the Ethiopian grain market that once 
prices have started to increase, they never come down, even during the harvest seasons 
when producer prices are falling (Sassi & Mamo, 2019; Tadesse & Guttormsen, 2011).

Often economists who assess overall market performance investigate price transmis-
sion mechanisms in the market. In perfectly integrated markets, price changes in one 
market completely and quickly transmit to another market (Fackler & Goodwin, 2001). 
Moreover, in well-integrated markets, price shocks in one market would elicit the same 
response in other markets, regardless of whether the shock reflected a decrease or an 
increase in prices (e.g., von Cramon-taubadel & Meyer, 2004). Such a price adjustment is 
called symmetric price transmission. However, as documented in the literature on price 
transmission, certain characteristics associated with imperfect competition (e.g., market 
concentration), government intervention, transaction cost, and inventory behavior of 
traders can contribute to asymmetric price responses (Abdulia, 2000). Moreover, the 
presence of transaction costs may prevent economic agents from continually adjusting. 
Only when the deviation from the equilibrium surpasses a critical threshold do the 
benefits of adjustment exceed the costs, and economic agents act to move the system 
back to equilibrium (Abdulia, 2000). The above implies that while investigating price 
transmission, it is relevant to consider price asymmetry and/or nonlinearity.

Previous price transmission studies in the Ethiopian grain market include explora-
tions of price transmission along the vertical chain (Sassi & Mamo, 2019; Usman & Haile, 
2017) and across spatially distinct markets (Getnet, 2007; Getnet, Verbeke, & Viaene, 
2005; Kifle, 2015; Negassa & Myers, 2007; Yami, 2020). While these available studies 
might be sufficient to illustrate the presence or lack of effective price transmission in the 
Ethiopian grain market, they generally have two shortcomings.

First, the data used by most of these studies are old. Thus, a new study using the most 
up-to-date data may help us understand the causes of the price increases observed in the 
Ethiopian grain market in recent years. Second, most of the studies mentioned do not 
consider price asymmetry and/or nonlinearity in their analysis. Results obtained without 
considering price asymmetry and/or nonlinearity might be biased when an asymmetric 
response is misspecified as symmetric (e.g., Barrett & Li, 2002). Moreover, while three 
studies (i.e., Kifle, 2015; Sassi & Mamo, 2019; Usman & Haile, 2017) investigate price 
asymmetries, results from these are inconclusive due to the diversity of the good 
analyzed, methodology, and time periods considered.

The purpose of this article is thus to investigate the possible existence of asymmetric 
price transmission between major regional grain markets in Ethiopia. Asymmetric price 
transmission is investigated in the three important grain markets: wheat, maize, and teff. 
The main method used is the threshold cointegration model with both zero and non-zero 
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thresholds. The threshold cointegration model is used because it is suitable for investi-
gating the presence of any asymmetric price transmission between distinct markets 
across space.

The remainder of this paper is organized as follows. Section 2 is the literature review. 
Section 3 covers my methodology and the data used in the study is presented in Section 4. 
The empirical results are contained in section 5 and the concluding remarks in Section 6.

2. Literature review

This section presents theoretical concepts of market integration and spatial price trans-
mission, followed by a general overview of grain markets in Ethiopia, and finally, a review 
of previous empirical evidence concerning these markets.

2.1. Market integration, spatial price transmission, and asymmetric price 
transmission

Economic theory postulates that the proper functioning of markets and marketing 
channels is vital for the optimal allocation of resources (Abdulia, 2000). Price transmis-
sion has become a common tool used to assess the proper functioning (or integration) of 
spatially separated markets. According to the well-known Law of One Price (LOP), under 
free trade, price differences of a homogeneous good in two distinct markets separated in 
space will be, at most, equal to the transaction costs involved in transferring the goods 
from one market to the another (Fackler & Goodwin, 2001; Serra & Gil, 2006). If the price 
spreads between the markets exceed the transaction costs, the activity of profit-seeking 
arbitrageurs will reduce the spread, allowing prices to move toward the LOP condition.

However, certain characteristics of agricultural production, marketing, and consump-
tion, such as inadequate infrastructure, market-entry barriers, and unreliable market and 
price information, may render arbitrage a risky activity for traders (Abdulia, 2000). In 
such a circumstance, spatial markets may be partially integrated or completely segmen-
ted. When spatially separated markets are not well integrated, profitability opportunities 
will not be fully exploited by spatial arbitrageurs, thus resulting in efficiency losses (e.g., 
Fackler & Goodwin, 2001). Inefficient price signal transmission between markets can 
distort producer decisions and lead to inefficient product movement, and ultimately 
increase consumer prices (Goodwin & Schroeder, 1991). Hence, assessing whether spatial 
price transmission is efficient is highly relevant and has policy implications.

Spatial price transmission is characterized by the speed, extent, and nature of price 
signal transmission between markets. In the case of perfectly integrated markets, price 
changes in one market are completely and immediately transmitted to other markets. 
However, when markets are not well integrated, price transmission will be incomplete, 
and prices will take time to adjust. This might reflect inefficiency and welfare losses in the 
economic system.

Another concern that has driven the interest of price analysts when dealing with 
markets’ responses to one another is whether they adjust symmetrically or asymmetri-
cally. If a shock to a market (for instance, to the central market) would elicit the same 
magnitude of response in local markets, regardless of whether the shock reflected an 
increase or decrease in prices, the transmission is called symmetric; otherwise, it is called 

JOURNAL OF APPLIED ECONOMICS 787



asymmetric (Serra & Gil, 2006; von Cramon-taubadel & Meyer, 2004). von Cramon- 
taubadel and Meyer (2004) indicate that symmetric adjustments are often assumed to be 
representative of competitive markets, whereas asymmetric price responses are linked 
with the existence of certain market imperfections (e.g., market power) that cause 
rational market participants to deviate from their preferred risk level. Moreover, the 
presence of asymmetry in price transmission implies potential welfare loss for some 
groups of market participants; welfare distribution could be different under asymmetry 
(von Cramon-taubadel & Meyer, 2004).

As documented in the literature on price transmission, several factors can contribute 
to asymmetric price responses. Some of the most common causes include imperfect 
competition; adjustment, search, and menu costs; government intervention; and ineffi-
cient inventory management (Frey & Manera, 2007; von Cramon-taubadel & Meyer, 
2004). Non-competitive behavior (or market power) is the main cause of asymmetric 
price transmission identified in the literature (Sexton, Kling, & Carman, 1991; von 
Cramon-taubadel & Meyer, 2004). Oligopolistic intermediaries in spatial trade may act 
more quickly to shocks that squeeze their profit margin than to those that stretch their 
margin. Such marketing behavior can lead to asymmetric price transmission in the short 
run (Abdulia, 2000). In this case, increases in central market prices may more quickly and 
completely transmit to the local markets than will a corresponding decrease in prices. 
Asymmetric price transmission in the spatial market may also occur if local-market 
traders assume that competitors in the local market will follow a price rise but not a price 
decrease in the central market (Abdulia, 2000).

Adjustment costs are the second important cause of asymmetric price transmission 
(Abdulia, 2000). Adjustment (or transaction) costs are those incurred due to changing 
market conditions; these arise when firms change the quantities and/or outputs. If the 
cost of adjustment is different with respect to cost increases and decreases, asymmetric 
price transmission can occur (Abdulia, 2000). Search costs are another cause of 
asymmetric price transmission (von Cramon-taubadel & Meyer, 2004). These are 
costs incurred by consumers when searching for market information about 
a product they are interested in buying; customers may have incomplete information 
about a particular market since obtaining information is costly. Thus, a firm in a local 
market may possess local market power over their customers, who may have insuffi-
cient information on what other firms in other local markets charge for the same 
product.

Inventory management can also lead to asymmetric price transmission. For storable 
commodities such as grains, farmers (particularly in developing countries) may lack the 
storage and capital needed to get their goods to distant markets. They are thus left selling 
locally to intermediaries who now have more suppliers from which to choose (Abdulia, 
2000). Moreover, if firms think the prices in the central market will increase, they will 
hold their products, and if they think the prices in the central markets will decrease, they 
sell their products (Abdulia, 2000). Finally, government policy intervention can also lead 
to asymmetric price transmission (Kinnucan & Forker, 1987; von Cramon-taubadel & 
Meyer, 2004). If the government intervenes in the market, for instance, by establishing 
price floors, firms may assume that the increase is permanent and respond 
asymmetrically.
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2.2. An overview of grain market in Ethiopia and previous empirical evidence

Grain is a staple food crop in Ethiopia, accounting for more than 40% of a typical 
household’s food expenditure, and more than 60% of total caloric intake by households 
(Rashid, 2011). Grain production in Ethiopia is highly specialized due to the hetero-
geneous nature of the country’s agro-ecologies. Wheat, maize, and teff are the most- 
produced grains within the country.

In terms of production regions, the main wheat production zones (provinces) 
are Arsi and Bale (Negassa & Myers, 2007), located southeast of the capital city of 
Ethiopia (Addis Ababa). Figure A1 in the appendix shows wheat production and 
market flow maps. The major maize-producing zones are west Gojjam (in the 
north), Jimma (in the west), East Shewa (in the center), and East Wellega (in the 
west). Teff production is mainly concentrated in the center and the northwest of 
the country. In terms of consumption, wheat is preferred in three regions, Afar (in 
the northeast), Tigray, and Amhara (in the north), whereas teff is the preferred 
commodity in Addis Ababa, Amhara, and Tigray. Maize is preferred in the center, 
eastern, and southern parts of the country.

Differences in grain production and consumption regions in Ethiopia make 
spatial domestic-grain trade highly relevant. In general, grain trade in Ethiopia has 
a radial structure, where grain trades typically flow from the surplus areas to Addis 
Ababa either for consumption or transshipment to deficit areas (Negassa & Myers, 
2007).1 While minor retailers and small wholesalers dominate the local and regional 
markets, larger firms engage in spatial arbitrage. However, these firms are relatively 
few due to a shortage of capital, creating a barrier to entry (Gebremeskel et al., 
1998; Osborne, 2004). This, coupled with the poor market infrastructure in the 
country, makes it highly likely that the country’s spatial grain markets are 
inefficient.

In the empirical literature on price transmission in the Ethiopian grain market 
mentioned earlier, there are only three studies that consider asymmetric price 
transmission. Kifle (2015) investigates asymmetry in the prices of white teff, red 
teff, and maize between the central market (Addis Ababa) and two local deficit 
markets (Mekelle and Dire Dawa). Usman and Haile (2017) find that symmetric 
adjustment generally characterizes the price transmission along the supply chains of 
teff, wheat, and maize in Amhara and Oromia, the two major cereal markets in 
Ethiopia. Sassi and Mamo (2019) identify asymmetric price transmission in the 
white teff market between producers and the wholesale market in Oromia and 
Tigray regions but identify symmetric price adjustment in the Amhara region and 
the Southern Nations, Nationalities, and People’s region. The remaining two studies, 
in addition to Kifle (2015), focus on price transmission asymmetries along grain 
supply chains. In this study, I focus on spatial asymmetric price transmission in 
three important grain markets (wheat, maize, and teff) using more recent data and 
the threshold cointegration model proposed by Enders and Siklos (2001) and 
discussed below.

1However, there are also direct trade flows from the local surplus areas to the deficit areas without passing through Addis 
Ababa.
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3. Methodology

The empirical procedure followed in this study comprises a series of tests and model 
estimations. First, stationarity of prices is confirmed using the Augmented Dickey-Fuller 
(ADF) (Dickey & Fuller, 1981) and Perron (1997) tests on individual price series. The 
Engle-Granger cointegration test is then employed to check the presence of linear long- 
run relationships between the central and local grain-market prices. Then, the threshold 
cointegration model is estimated to investigate the presence of possible asymmetric price 
adjustment between central- and local-market prices. For price pairs demonstrating 
asymmetric adjustment, the threshold asymmetric error correction model is estimated; 
otherwise, the traditional error correction model is estimated.

In a system of spatially related markets, as discussed in Asche, Gjølberg, and 
Guttormsen (2012), there is sometimes a leading market that has a dominant influence 
on the other markets. The price changes in the leading market can affect the prices and 
quantities in the other markets, but the opposite is not the case. Based on the character-
istics of the Ethiopian grain markets discussed above, the market in the capital Addis 
Ababa can be taken as the central market. Given the central wholesale price (pt

c) and 
local market price (pt

l) (expressed in log form), the basic price transmission model can be 
expressed as follows: 

pt
l ¼ αþ β pt

c þ μt (1) 

where μt is the error term, which is assumed to be independent and identically distrib-
uted with mean zero. Parameters α and β define the relationship between the prices or 
whether the markets are integrated. Specifically, the parameter β is interpreted as the 
price transmission elasticity. If β ¼ 1, the LOP holds (i.e., there is complete price 
transmission), while β ¼ 0 implies there is no relationship between the prices.2 If 
0< β< 1, there is a relationship between the prices, but their transmission is not 
complete.

Using Equation (1) for price transmission analysis raises two major conceptual and 
practical concerns. First, Equation (1) is a static model. However, price adjustment is 
a dynamic process, and hence temporary deviations from the long-run equilibrium are 
inevitable. Second, agricultural product prices appear to be non-stationary. The applica-
tion of Equation (1) to a non-stationary price series may generate spurious results; 
estimated models will indicate a relationship between the prices when in fact, no 
theoretical relationship exists. A cointegration test provides a means to distinguish 
a true relationship from one that is spurious.3

There are two commonly used approaches to investigating a cointegrating relationship 
between prices: the Engle-Granger approach (Engle & Granger, 1987) and the Johansen 
cointegration approach (Johansen & Juselius, 1990). In this study, we use the Engle-Granger 

2As it is common in most price transmission literature, transportation costs and quality differences are treated as constant 
in this study. Nevertheless, if transportation costs are not constant, this assumption may cause rejections of the LOP.

3Cointegration implies if the prices are non-stationary of same order (i.e., order one, denoted ; I 1ð Þ), only a stationary 
linear combination of them represents the true price relationship. Specifically, the prices in Equation (1) are said to be 
cointegrated if the error term,μt , is stationarity (i.e., I 0ð Þ).
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cointegration approach, of which the threshold cointegration model is an extension. The 
Engle-Granger approach involves extraction of the estimated residuals μt from the OLS 
regression in Equation (1) to estimate the parameter ρ in Equation (2): 

Δμt ¼ ρμt� 1 þ
Xp

i¼1
γiΔμt� i þ υt (2) 

where υt is a white-noise disturbance, and γi are parameters included in the model to 
account for serial correlation. According to the Engle-Granger approach, rejection of the 
null hypothesis of no cointegration (ρ ¼ 0Þ implies stationarity of the estimated residuals 
(i.e., μtÞ, and hence cointegration of the prices.

The Engle-Granger model given in Equation (2) relies on an assumption of symmetric 
(or linear) price adjustment since ρ is estimated as an average effect of the lagged error 
term μt� 1 regardless of whether μt� 1 is positive or negative. Taking asymmetry into 
consideration, Enders and Siklos (2001) extend the Engle-Granger procedure to 
a Threshold Autoregressive (TAR) model given by Equation (3): 

Δμt ¼ Itρ1μt� 1 þ 1 � Itð Þρ2μt� 1 þ
Xp

i¼1
γiΔμt� i þ υt (3) 

where It is an indicator function that can be defined by either Equation (4) or Equation 
(5) as: 

It ¼
1 if μt� 1 � τ
0 if μt� 1 < τ

�

(4) 

It ¼
1 if Δμt� 1 � τ
0 if Δμt� 1 < τ

�

(5) 

where τ is a threshold value, and ρ1 and ρ2 are the parameters to be estimated. If the 
indicator function is defined by Equation (4), the model in Equation (3) is said to be 
a TAR model, whereas if the indicator function is defined by Equation (5), the model in 
Equation (3) is known as a Momentum-Threshold Autoregressive (MTAR) model. In the 
literature, if τ�0, the TAR model is said to be consistent TAR, whereas the MTAR model 
is called consistent MTAR.

In Equation (3), the parameter ρ1 captures the local market price adjustment when the 
local market price is “too high” with respect to the central market price (i.e., when the price 
differential is above its long-run equilibrium value), while the parameter ρ2 is the adjust-
ment when the local market price is “too low” with respect to the central market price (i.e., 
when the price differential is below its long-run equilibrium value).

As indicated by Equations (2) and (3), the Engle-Granger procedure is a special case of 
the Enders and Siklos’s (2001) model when ρ1 ¼ ρ2. From Equation (3), cointegration exists 
if the null hypothesis ρ1 ¼ ρ2 ¼ 0 is rejected. This leads to the test of symmetry ρ1 ¼ ρ2. If 
both hypotheses are rejected, the process is called threshold cointegration. According to 
Enders and Siklos (2001), the cointegration test follows a non-standard F-test; hence, results 
are compared to the critical values given in Enders and Siklos (2001). The symmetry test, 
however, is a standard F-test. Following the procedure proposed by Chan (1993), the best 
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threshold value is used. The estimated residuals (in the case of the TAR model) or the first 
differences of the estimated residuals (in the case of the MTAR model) are first sorted in 
ascending order, then 15% of the largest and smallest values are excluded before selecting 
the best threshold value, that is, the value that yields the lowest residual sum of squares.

The Granger representation theorem (Engle & Granger, 1987) states that an error 
correction model can be estimated when variables are cointegrated. The standard vector 
error correction model (VECM) can be written as: 

Δpt
l ¼ β0 þ β1ECTt� 1 þ

Xp

i¼1
δiΔpl

t� i þ
Xq

j¼1
γjΔpc

t� j þ e1;t (6) 

Δpt
c ¼ η0 þ η2ECTt� 1 þ

Xp

j¼1
γjΔpl

t� j þ
Xq

i¼1
δiΔpc

t� i þ e2;t (7) 

where ECTt� 1 ¼ pl
t� 1 � α � β pc

t� 1 is the error correction term and the coefficients β1 
and η2 capture the speed of error correction. Parameters β0 and η0 are intercepts, γj 

capture short-run price dynamics, and δi are added to capture serial correlation. The 
parameters p and q are optimal lag lengths to be chosen using the Schwarz information 
criteria (SC).

However, a conventional error correction model as given by Equations (6) and (7) 
cannot be used to consider the issue of asymmetric transmission since the error term has 
not been decomposed into positive and negative components. In this study, by following 
Balke and Fomby (1997) and Enders and Granger (1998), the conventional VECM is 
extended to a threshold VECM, which is then capable of analyzing the asymmetric price 
transmission by decomposing the error correction terms into positive and negative 
components, as presented by Equations (8) and (9). 

Δpl
t ¼ β0 þ βþ1 ECTþt� 1 þ β�1 ECT �t� 1 þ

Xp

i¼1
δiΔpl

t� i þ
Xq

j¼1
γjΔpc

t� j þ e1;t (8) 

Δpt
c ¼ η0 þ ηþ1 ECTþt� 1 þ η�1 ECT �t� 1 þ

Xp

j¼1
γjΔpl

t� j þ
Xq

i¼1
δiΔpc

t� i þ e2;t (9) 

where the error correction terms ECTþt� 1 and ECT �t� 1 are defined as follows: 

ECTþt� 1 ¼ It pl
t� 1 � α � β pc

t� 1
� �

ECT �t� 1 ¼ ð1 � ItÞ pl
t� 1 � α � β pc

t� 1
� �

where It is either the TAR or MTAR indicator function with the consistent threshold.
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4. Data

The price series used in this study were obtained from the Food and Agriculture 
Organization Global Information and Early Warning System database.4 Based on data 
availability, monthly data covering the period from January 2010 to October 2020 were 
used for the wheat and maize markets, whereas monthly data that ranges from 
January 2010 to July 2018 were used for the teff market.5 Prices are measured in local 
currency per 100 kilograms. All the prices are deflated using the Ethiopian consumer 
price index (obtained from the International Monetary Fund database) to account for 
inflation.

Regional markets with the most populous towns are selected for this study, and the 
extent and nature of price transmission between the central market (i.e., Addis Ababa) 
and local markets are then considered. Based on data availability, five market pairs are 
considered for the wheat market. Three of these pairs represent trade flows to Addis 
Ababa from the wheat surplus regions surrounding Robe and Shashemene (located south 
of Addis Ababa) and Debre Markos (to the northwest). Two pairs represent trade flows 
from Addis Ababa to deficit areas surrounding Dire Dawa (in the east) and Jimma (in the 
west). Four market pairs are investigated for the teff market. The first pair represents 
trade flows from the teff surplus region surrounding Bahirdar (in the northwest) to Addis 
Ababa. The other three pairs represent trade flows from Addis Ababa to the teff deficit 
areas surrounding Mekelle (in the north) and Shashemene and Jimma. In the maize 
market, three price pairs are investigated.

Table 1 below presents summary statistics of the prices considered in this study. As 
Table 1 indicates, there is, in general, no noticeable difference in volatility between the 
markets in each of the commodity markets, measured with the standard deviation and 
coefficient of variation. Figure 1 illustrates the national trends for the nominal monthly 
average prices for wheat, teff, and maize at the wholesale level. Figure 1 indicates that 
each commodity prices show an increasing trend.

5. Empirical results

The time-series properties of the prices were investigated individually using the ADF and 
Perron tests. The test statistics indicated that the prices are non-stationary in levels but 
stationary in their first differences.6 Hence, a cointegration test can be applied to 
determine the presence of long-run relationships between the central and local market 
prices in the Ethiopian grain market. Table 2 reports the results of the Engle-Granger 
cointegration tests, including the results of the LOP tests.

The Engle-Granger cointegration test results (reported in column 3 of Table 2) 
rejected the null hypothesis of no cointegration between each pair of prices investigated 
in each commodity market, suggesting the presence of a linear long-run relationship 

4The FAO GIEWS collects monthly grain prices from the national grain board of several countries to support its technical 
activities. The FAO source in the case of Ethiopia is the Ethiopian Grain Trade Enterprise (EGTE).

5There are three types of teff in Ethiopia, white, mixed, and red. White teff and mixed teff are the types widely consumed 
in Ethiopia. Although both have the same purpose, white teff has superior quality, and is preferred by consumers with 
relatively high purchasing power, whereas mixed teff is consumed mainly by consumers who have low purchasing 
power. In this study, mixed teff markets are considered since no previous studies have done so.

6For brevity, the unit root test results are not reported here but can be obtained from the author upon request.
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Table 1. Descriptive statistics of monthly real grain prices, Birr/kg (prices in 
log form).

Commodity & Markets Mean Min Max St. Dev. CV1 Obs.

Wheat
Addis 1.54 1.23 1.84 0.125 0.081 130
Robe 1.39 1.03 1.76 0.147 0.106 130
Dire Dawa 1.62 1.40 1.86 0.093 0.056 130
Debre Markos 1.44 0.86 1.73 0.167 0.115 130
Shashemene 1.48 1.06 1.86 0.149 0.101 130
Jimma 1.60 1.13 1.89 0.116 0.073 130
Teff
Addis 1.93 1.59 2.12 0.09 0.051 103
Bahirdar 1.98 1.74 2.21 0.116 0.059 103
Mekelle 1.87 1.61 2.11 0.114 0.061 103
Shashemene 1.99 1.69 2.26 0.130 0.065 103
Jimma 1.89 1.65 2.15 0.106 0.056 103
Maize
Addis 1.01 0.71 1.50 0.171 0.171 130
Dire Dawa 1.11 0.64 1.59 0.182 0.164 130
Mekelle 1.07 0.73 1.45 0.171 0.160 130
Bahirdar 1.01 0.53 1.44 0.193 0.191 130

Notes: Data for wheat and maize are from January 2010 to October 2020, while data for 
teff are from January 2010 to July 2018. CV1 denotes the coefficient of variation, which 
measures relative variability or dispersion around the mean.

Table 2. Engle-Granger(E-G) cointegration test results (pt
l ¼ αþ β pt

c þ μtÞ.
α β E-G test on the residuals LOP 1

Wheat
Addis & Robe −0.07 

(−0.788)
0.95 

(15.519)
−4.737** 15.52(0.000)

Addis & Dire Dawa 0.81 
(11.23)

0.52 
(11.12)

−4.939** 25.19(0.00)

Addis & Debre Markos −0.15 
(−1.268)

1.03 
(13.874)

−4.067** 7.85(0.02)

Addis & Jimma 0.99 
(8.672)

0.389 
(5.240)

−4.684** 11.19(0.000)

Addis & Shashemene −0.12 
(−1.48)

1.04 
(19.948)

−4.479** 9.52(0.01)

Teff
Addis & Bahir Dar 0.23 

(1.574)
0.90 

(12.00)
−3.824** 10.99(0.00)

Addis & Shashemene 0.04 
(0.238)

1.01 
(11.97)

−4.878** 12.71(0.000)

Addis & Mekelle 0.24 
(1.551)

0.85 
(10.744)

−3.345* 5.3(0.07)

Addis & Jimma 0.40 
(2.747)

0.77 
(10.249)

−4.535** 5.08(0.08)

Maize
Addis & Dire Dawa 0.30 

(4.802)
0.80 

(13.029)
−5.455** 23.06(0.000)

Addis & Mekelle 0.19 
(4.462)

0.87 
(20.18)

−4.468** 11.73(0.000)

Addis & Bahirdar 0.05 
(0.928)

0.96 
(18.09)

−4.705** 34.19(0.00)

Note ***, **, and * denotes significance level at the 1%, 5% and 10% levels, respectively. Critical 
values for the cointegration test with a constant are −3.96, −3.37, and −3.07 for the 1%, 5%, and 
10% levels, respectively. Numbers in brackets in the estimated coefficients are t-values. 1. LOP 
denotes the Law of One Price test result using the likelihood ratio statistics.
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between the central and local market prices. However, the Johansen likelihood test results 
(reported in column 4 of Table 2) rejected the LOP, indicating the presence of incomplete 
price transmission between the central and local grain markets in Ethiopia. The incom-
plete price transmission might result from inefficient arbitrage due to market power in 
the grain markets or the presence of high transportation costs due to poor market 
infrastructure in Ethiopia.

Next, the estimated residuals from Equation (1) are estimated as a threshold model 
using both zero (τ ¼ 0) and non-zero (τ�0) threshold values in each commodity market. 
For brevity, only the model with the best fit, based on the value of the Akaike information 
criterion (AIC), are reported. Table 3 reports the results of the selected model.7

As reported in the table, the estimates of ρ1 and ρ2 are significantly different from zero 
in general and satisfy the conditions of convergence (i.e., ρ1 < 0; ρ2 < 0; and 
1þ ρ1
� �

1þ ρ2
� �

< 1). Hence, we can proceed with the cointegration test. As reported 

Table 3. Consistent threshold cointegration & asymmetry test in grain market in Ethiopia.

Commodity and price pairs

(2) (3) (4) (5) (6) (7)

Modelρ1 ρ2 γ1 τ AIC ρ1 ¼ ρ2 ¼ 01 ρ1 ¼ ρ2
2

Wheat
Addis & Robe −0.31 

(−3.17)
−0.49 

(−3.80)
−0.20 

(−2.32)
−0.059 −323.13 14.94 1.19 

(0.276)
TAR

Addis & Dire Dawa −0.26 
(−3.54)

−0.39 
(−3.49)

0.20 
(2.27)

−0.056 −440.82 8.81 0.96 
(0.328)

TAR

Addis & Debre Markos −0.06 
(−0.53)

−0.26 
(−4.53)

NA 0.062 −348.04 10.41 2.08 
(0.152)

MTAR

Addis & Jimma −0.32 
(−3.47)

−0.49 
(−3.54)

−0.08 
(−0.94)

−0.105 −265.76 11.14 0.50 
(0.48)

TAR

Addis & Shashemene −0.23 
(−2.57)

−0.48 
(−4.36)

−0.09 
(−1.11)

−0.013 −378.56 11.54 2.4039 
(0.124)

TAR

Teff
Addis & Bahir Dar −0.23 

(−2.56)
−0.37 

(−3.12)
−0.08 

(−0.81)
−0.074 −319.53 6.82 1.23 

(0.271)
TAR

Addis & Shashemene −0.35 
(−2.48)

−0.46 
(−4.36)

0.15 
(1.44)

0.074 −258.54 8.27 0.27 
(0.604)

TAR

Addis & Mekelle −0.06 
(−0.37)

−0.30 
(−3.59)

−0.18 
(−1.80)

0.046 −293.39 7.57 1.64 
(0.203)

MTAR

Addis & Jimma −0.28 
(−2.99)

−0.69 
(−3.93)

0.01 
(0.09)

−0.072 −290.96 8.99 4.09 
(0.046)

TAR

Maize
Addis & Dire Dawa −0.25 

(−2.748)
−0.47 

(−4.765)
NA −0.052 −252.71 15.13 2.73 

(0.101)
MTAR

Addis & Mekelle −0.61 
(−4.487)

−0.25 
(−3.523)

NA 0.069 −357.89 16.27 5.49 
(0.021)

MTAR

Addis & Bahirdar −0.30 
(−3.089)

−0.63 
(−5.771)

NA −0.010 −268.74 21.42 5.267 
(0.023)

MTAR

Notes. Numbers in brackets in columns (1) – (3) are the t-statistics. 1: Entries in this column are the sample values of the 
TAR & MTAR statistics. 2 : Entries in this column are the sample F-statistics for ρ1 ¼ ρ2 and significance levels are in 
parentheses below. Enders and Siklos’s (2001) critical values for MTAR for two variables and none lagged are approx. 
5.45, 6.51, & 8.78 for 10%, 5%, & 1% resp. Critical values of MTAR for two variables and one lagged are approx. 5.47, 
6.51, & 8.85 for 10%, 5%, & 1% resp. Critical values of TAR for two variables and one lagged are approx. 4.99, 6.01, & 8.30 
for 10%, 5% & 1% resp. Critical values for TAR for two variables and no lagged are approximately 5.01, 5.98, & 8.24 for 
10%, 5%, & 1% resp. τ represents the threshold value and γ1 is the parameter included in the models to account for 
autocorrelation.

7Results of all estimated models are available upon request from the author.
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in column 6 in Table 3, the estimated statistics for cointegration ρ1 ¼ ρ2 ¼ 0
� �

suggest 
that each pair of prices investigated for each commodity market is cointegrated, which 
confirms the Engle-Granger cointegration test results.

Next, as cointegration was not rejected in each commodity market, symmetric versus 
asymmetric price adjustment is tested. Column 7 in Table 3 reports the estimated 
F-statistic and the p-value of corresponding significance for the symmetry test 
ρ1 ¼ ρ2
� �

. The results in the wheat market show that the null hypothesis of symmetric 
price transmission is not rejected in any of the market pairs investigated. In the teff 
market, symmetric price adjustment is rejected only in one out of the four pairs of prices 
investigated. In the maize market, however, asymmetric price transmission is confirmed 
in two out of the three pairs of prices investigated. This result indicates the possibility of 
asymmetric adjustment in the maize market, although it is necessary to consider more 
regional maize markets for a more robust conclusion about the nature of the price 
adjustment.

In general, the null hypothesis of symmetric price adjustment is not rejected in nine 
out of the twelve pairs investigated, which implies that symmetric price adjustment 
generally characterizes the Ethiopian grain market. This means that, in the Ethiopian 
grain markets, increases and decreases in central-market prices transmit to local markets 
at equal speed. This could indicate the existence of efficient price transmission in the 
Ethiopian grain markets. However, given the discussion above, the presence of efficient 
price adjustment in these markets is unexpected. The active presence of the state-led 
trading enterprise, Ethiopian Grain Trade Enterprise (EGTE), and government restric-
tions on traders holding large stocks of grain might contribute to the efficient adjustment.

Based on these results, I estimate symmetric or threshold asymmetric ECMs for each 
commodity market. Tables 4, 5, and 6 present estimates of the ECMs from the wheat, teff, 
and maize markets, respectively. Results for the post-estimation tests in each estimated 
model (such as the Breusch-Godfrey serial correlation test, the Breusch-Pagan test, and 
the Jarque-Bera test) reveal that the estimated ECMs perform reasonably well, and there 
are no major misspecification problems.8

First, concerning the wheat market, symmetric ECMs are estimated for each pair of prices 
since symmetric transmission is not rejected. As shown in Table 4, the adjustment parameter, 
ECTt for the central and local markets is statistically significant at a 5% level (at least) in each 
of the local-market models. By contrast, in the central market models ECTt is statistically 
significant only in some of the models, and its significance level is not much stronger than in 

Table 4. Symmetric error correction models (wheat markets).

Indep. Var.
Addis & 
Robe

Addis & 
Dire Dawa

Addis & 
Debre Marko s

Addis & 
Jimma Addis & Shashemene

Δpt
c Δpt

l Δpt
c Δpt

l Δpt
c Δpt

l Δpt
c Δpt

l Δpt
c Δpt

l

ECTt 0.04 −0.29* −0.20** −0.36* 0.07*** −0.16** −0.09** −0.41* 0.03 −0.33*
Ps

i¼1
γi ¼ 0

4.64 0.022 1.45 0.20 1.79 0.70 0.00 0.01 4.04** 0.14

Note: *, ** and *** denote significance at 1%, 5% and 10% levels, respectively. γi ¼ 0 shows the joint significance of the 
short-run cross-price parameters.

8To save space and for clarity, the diagnostic tests were not reported here. However, can be obtained upon the request 
from the authors.
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the local models. This implies that the local market adjusts to changes in central-market 
prices, whereas the central market might not adjust to changes in local-market prices. The 
central market not adjusting to changes in the local market price is an indication of the central 
market’s leadership or market power, which is consistent with the central market being larger 
than local markets. Furthermore, the estimated speed-of-adjustment parameters for the local 
market models are low (ranging from 16% to 41%), indicating the presence of a slow 
correction speed following a shock in the central market. The joint significance of short- 

run, cross-price effects is indicated by 
Ps

i¼1
γi ¼ 0 in Table 4 for each pair of prices estimated. 

The reported values are the F-statistics, and the significant parameter indicates that the 
central and local market prices for wheat are not generally integrated in the short run.

In the teff market, the estimated ECMs (as results shown in Table 5) indicated that the 
error correction term is statistically significant in both the central and local market 
models in each estimated model, indicating the presence of bi-directional adjustment. 
The joint significance of the short-run cross coefficients indicated that only the Addis and 
Jimma pair are integrated in the short run.

In the maize market, the estimated ECMs (results reported in Table 6) indicate that in 
all pairs of prices estimated, the central market price does not adjust to local price 
changes, whereas the local market prices do adjust to changes in central market prices. 
This indicates the presence of uni-directional price adjustment in the maize market. The 
joint significance of the short-run cross-coefficients indicates that prices in the central 
and three local maize markets are not integrated in the short run.

Table 5. Symmetric & asymmetric error correction models model (teff markets).
Indep. Var. Addis & Bahirdar Addis & Shashemene Addis & Mekelle Addis & Jimma

Δpt
c Δpt

l Δpt
c Δpt

l Δpt
c Δpt

l Δpt
c Δpt

l

ECTt 0.16** −0.14*** 0.14** −0.28* 0.11*** −0.21** - -
ECTþt - - - - - - 0.03 −0.29*
ECT�t - - - - - - 0.43** −0.43**
Ps

i¼1
γi ¼ 0

5.74** 0.09 0.88 0.00 10.37*** 1.68 0.88 3.18***

Note: *, ** and *** denote significance at 1%, 5% and 105 levels, respectively. γi ¼ 0 shows the joint significance of the 
short-run cross-price parameters.

Table 6. Symmetric & asymmetric error correction models model (maize markets).
Indep. Var. Addis & Bahirdar Addis & Mekelle Addis & Dire Daw

Δpt
c Δpt

l Δpt
c Δpt

l Δpt
c Δpt

l

ECTt - - - - 0.05 −0.33*
ECTþt 0.08 −0.10 0.21 −0.43** - -
ECT�t 0.13 −0.36* 0.11 −0.16*** - -
Ps

i¼1
γi ¼ 0

0.01 2.06 0.04 1.01 0.57 0.87

Note: *, ** and *** denote significance at 1%, 5% and 10% levels, respectively. γi ¼ 0 shows the joint significance of the 
short-run cross-price parameters.
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6. Conclusion and discussion

Persistent increases in basic food crop prices have become a critical challenge in Ethiopia 
since 2006. This study examines the market dynamics of prominent grain categories and 
possible insights relevant to potential price-stabilization interventions by the govern-
ment. Spatial markets for wheat, maize, and teff were evaluated, and symmetric and 
asymmetric convergences for disequilibria. Engle-Granger cointegration test, threshold 
cointegration, and asymmetric ECMs were estimated between the central (Addis Ababa) 
and major local grain markets.

The findings suggest that spatial market dependencies exist between the central and 
local markets and affect the formation of complete markets. Price transmission is similar 
for the wheat and teff markets as symmetric transmission characterizes the price trans-
mission process. In the maize market, evidence of asymmetric price transmission is 
obtained, although considering more local markets is required to reach a more robust 
conclusion as only a few maize markets are investigated in this study. Overall, the 
findings of this study show that symmetric price adjustment characterizes the 
Ethiopian grain market, suggesting the existence of efficient price transmission between 
spatial grain markets in Ethiopia.

The presence of symmetric price adjustment in the Ethiopian grain market is 
surprising, given that the literature shows the existence of inefficiency in the market 
(Negassa & Myers, 2007; Sassi & Mamo, 2019). However, three main factors may 
contribute to this phenomenon. First, the state trading enterprise (the EGTE) plays 
an active role in the grain market. The EGTE occasionally buys and sells grains when 
there is a rise in price and bumpy harvest seasons due to drought (Kifle, 2015; Rashid, 
2011). Second, the government imports grain (wheat particularly) from the interna-
tional markets and distributes it at a subsidized price to wholesalers and millers to 
stabilize the markets (Rashid, 2011). Third, the government restricts traders from 
holding large stocks of grains on the assumption that such hoarding could exacerbate 
price increases.

Thus, this study argues that the sustained grain price increases that have been 
observed in the Ethiopian grain market have little or nothing to do with the grain 
market structure. Further investigation is needed to identify the contributing 
factors of the sustained increases in grain prices in Ethiopia. Possible contributing 
factors could be supply fluctuation due to drought, rainfall fluctuation, exchange 
rate fluctuation, world price shocks, and income and population growth.

Finally, the estimated results of the (asymmetric) ECMs suggest the leading role of the 
central wheat and maize markets since it was the local market prices that adjusted to 
changes in the central market, not vice versa. However, there exist bi-directional adjust-
ments in the teff market.
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Appendix

Figure A1. Wheat production and market flow maps in Ethiopia. source: USAID.
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