
  

 
 

ESSP WORKING PAPER 56 

 
 
 
Spatial Integration of Cereal Markets in 
Ethiopia 
 

 

Seneshaw Tamru*  
 

* Research Officer, Ethiopia Strategy Support Program, Ethiopian Development Research Institute 

 

 

 

 

 

 

June 2013 



TABLE OF CONTENTS 
Abstract .................................................................................................................................................................................................... 1 
1. Introduction ......................................................................................................................................................................................... 1 
2. Cereals in Ethiopia: Overview of Production, Marketable Surplus, and Consumption ........................................................................ 1 
3. Model .................................................................................................................................................................................................. 4 

3.1. Models of Market Integration ....................................................................................................................................................... 4 
3.2. Threshold Autoregressive (TAR) Model ....................................................................................................................................... 4 
3.3. Data ............................................................................................................................................................................................. 5 

4. Results ................................................................................................................................................................................................ 6 
4.1. Teff .............................................................................................................................................................................................. 6 
4.2. Wheat .......................................................................................................................................................................................... 7 
4.3. Maize ........................................................................................................................................................................................... 7 
4.4. Sorghum ...................................................................................................................................................................................... 8 

5. Summary and Conclusion ................................................................................................................................................................... 9 
Appendix ................................................................................................................................................................................................ 10 
References ............................................................................................................................................................................................. 14 
 
LIST OF TABLES 
Table 2.1—Share of major cereals and enset in total food expenditure by region, percent, 2004/05 ...................................................... 4 
Table 4.1—Summary of comparison of degree of cereal integration between 2001 and 2011 ................................................................ 8 
Table 4.2—Summary of comparison of degrees of cereal integration for six selected markets between 2001 and 2011 ........................ 8 
 

LIST OF FIGURES 
Figure 2.1—Production in Meher season, peasant holdings, 2003/04–2010/11 ...................................................................................... 2 
Figure 2.2—Utilization of major crops in Ethiopia, 2010/11 ...................................................................................................................... 2 
Figure 2.3—Production belts (major production zones) for the major cereals in Ethiopia ........................................................................ 3 
 

APPENDIX 
Appendix Table A.1—Spatial integration of white teff markets in Ethiopia, 2001–2011 ......................................................................... 10 
Appendix Table A.2—Spatial integration of mixed teff markets in Ethiopia, 2001–2011 ........................................................................ 11 
Appendix Table A.3—Spatial Integration of red teff markets in Ethiopia, 2001–2011 ............................................................................ 12 
Appendix Table A.4—Spatial Integration of Addis Ababa and selected white wheat markets in Ethiopia, 2001–2011 .......................... 12 
Appendix Table A.5—Spatial Integration of maize markets in Ethiopia, 2001–2011 .............................................................................. 13 
Appendix Table A.6—Spatial Integration of white sorghum markets in Ethiopia, 2001–2011 ................................................................ 13 
 



 

1 

ESSP II WORKING PAPER XX      

ABSTRACT 
This study looks at the extent of and changes in spatial integration of cereal markets in Ethiopia over the last ten years. 
Based on weekly wholesale prices of the Ethiopian Grain Trade Enterprise (EGTE) and covering all major cereals in the 
country (three major types of teff [i.e., white, mixed, and red], white wheat, maize, and white sorghum), spatial integration 
of Addis Ababa with the most important regional wholesale markets in the country is analyzed. The estimation results 
indicate market integration has considerably improved over the last ten years for teff, wheat, and maize with faster price 
adjustments and lower estimated transaction costs. On the other hand, for white sorghum integration of regional markets 
with Addis Ababa did not improve over the last decade. 

Keywords: Ethiopia, market integration, cereals, TAR model 

 

1. INTRODUCTION 
Knowledge about the extent of market integration is useful for understanding the functioning of markets—and the desire 
for appropriate responses—or for designing successful agricultural price stabilization policies (e.g. whether to adopt 
localized or nationalized intervention strategies). Particularly in a diverse and highly vulnerable country such as Ethiopia, 
market integration is important for agricultural growth and food security. Properly integrated and efficient food markets 
should ensure effective trade between food-deficit and food-surplus locations and can therefore lead to specialization 
and taking advantage of comparative advantages, a major source of economic growth. On the other hand, if prices are 
not properly transmitted, localized scarcities and surpluses can hurt both consumers and producers, and lead to in-
creased price volatility (Goletti, Ahmed, and Farid 1995). Significant attention has been given to agricultural market 
integration in developing countries (e.g., Amikuzuno 2009; Van Campenhout 2006; Abdulai 2000; Dercon 1995; Negas-
sa, Myers, and Gabre-Madhin 2003; Goletti and Babu 1994; Negassa 1998), illustrating its importance for researchers 
and policy makers alike.  

Different strategies have been adopted since the introduction of agricultural extension services in the early 1970s to 
improve the performance of the agricultural sector in Ethiopia. Most of these strategies have focused on increasing 
agricultural productivity at the farm level through the dissemination of improved production technologies, while the 
marketing aspect of agriculture was relatively neglected. It is only recently that the country adopted a market reform 
policy with the objective of improving agricultural market performance and reducing food insecurity through enhancing 
market efficiency. Improving market integration is one of the main objectives of the large investments in road expansion 
and telecommunication infrastructure starting in late 1990s.  

Grain marketing in Ethiopia is important for the agricultural sector for two reasons: (1) It is the largest of all the agricultur-
al markets, based on volume of output and the geographical area covered; and (2) it involves a large number of partici-
pants in production, trade, transportation, storage, and retail (Dessalegn, Jayne, and Shaffer 1998). This study investi-
gates whether regional cereal markets are integrated with Addis Ababa—the capital and geographically one of the most 
central markets—and if integrated, examines the level and speed of price transmission. The study relies on unique high-
frequency (weekly) price data collected on a large number of cereal wholesale markets in the country, giving a good 
overview of the situation at the national level. 

The paper is structured as follows. Section two of this paper briefly presents trends in production, marketable surplus, 
and consumption of major cereals of the country. The next section provides the specification of the model and describes 
the data used. Section four presents the results, while the last section concludes. 

 

2. CEREALS IN ETHIOPIA: OVERVIEW OF PRODUCTION, MARKETABLE SURPLUS, 
AND CONSUMPTION 

There has been significant growth in Ethiopia in the production of major cereals between 2003/04–2010/11 (CSA 2011a). 
The production of teff and sorghum doubled (i.e., 108 percent and 127 percent respectively) over those seven years. 
Maize production also nearly doubled with a 96 percent growth rate, while wheat grew by 77 percent between 2003/04 
and 2010/11 (Figure 2.1).  
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Figure 2.1—Production in Meher season, peasant holdings, 2003/04–2010/11 
 

 

Source: CSA’s 2003/04–2010/11 Agricultural Sample Surveys (CSA 2004, 2005, 2006, 2007, 2008, 2009, 2010a, 2011a). 
 

In spite of increased production over 2003/04–2010/11, the biggest share cereal production is still consumed by the 
producing household. According to CSA’s Crop and Livestock Utilization Survey 2010/11 (CSA 2011b), 65 percent of 
cereal production is consumed by the producers themselves, with only just over 16 percent being supplied to the market. 
Teff and wheat have relatively higher marketable surplus shares at 29 percent and 20 percent of total production respec-
tively, whereas only small shares of maize and sorghum production (11 percent) are offered for sale (Figure 2.2). 

Figure 2.2—Utilization of major crops in Ethiopia, 2010/11

 
Source: CSA’s Crop and Livestock Utilization Survey 2010/11 (CSA 2011b).  
Note: HH Consump. = household consumption. 
 

Given the heterogeneous nature of Ethiopia’s agro-ecologies, we see strong spatial specialization for the production of 
different cereals. Figure 2.3 ranks for each cereal the major production zones in the country, grouped in categories of 
dark to lighter colors reflecting most to less important zones. Teff is mostly concentrated in the center and the northwest 
of the country. East Gojjam, East Shewa, West Shewa, and North Shewa are the four most important teff producing 
zones. The major wheat production zones are located southeast of the capital. The most important production zones are 
Arsi, Bale and West Arsi. The major maize production belts on the other hand are situated mostly west of the country. 
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The four most important maize producing zones are West Gojjam, Jimma, East Shewa, and East Wellega. The produc-
tion of sorghum is less clustered and more spread out. The three most important sorghum production zones are North 
Shewa, West Hararge, and West Shewa. 

Figure 2.3—Production belts (major production zones) for the major cereals in Ethiopia 

 
Source: Based on CSA’s Agricultural Sample Survey 2010/11 (CSA 2011a). 
 

With respect to consumption, Table 2.1 shows that teff is an important component of food consumption in Addis Ababa, 
Amhara, and Tigray regions as proxied by its relatively large share in total food expenditure. Wheat is more preferred in 
Tigray, Amhara, and Afar areas, while maize has a big share in total food expenditure in the regions of Southern Nations, 
Nationalities, and Peoples (SNNP), Oromiya, and Somali. Sorghum, on the other hand, is relatively more consumed in 
the Benishangul Gumuz, Tigray, and Amhara regions. Wheat, maize, and sorghum have very low shares in the total food 
expenditure of households in Addis Ababa, constituting only 3.4 percent, 0.5 percent, and 0.1 percent, respectively, 
indicating low demand for these cereals in the city. 
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Table 2.1—Share of major cereals and enset in total food expenditure by region, percent, 2004/05 
Region Teff Wheat Maize Sorghum Total cereals Enset Other foods 

Tigray  10.0 13.1 2.7 13.7 50.4 0.0 49.6 
Afar 9.6 10.0 6.3 1.4 35.8 0.0 64.2 
Amhara  13.0 10.4 5.3 9.6 49.3 0.0 50.7 
Oromiya  8.2 9.6 10.8 7.9 45.0 4.9 59.9 
Somali  1.0 9.7 7.0 8.1 37.4 0.0 62.6 
Benishangul Gumuz  5.2 0.9 8.4 21.9 44.1 0.0 55.9 
SNNP 4.0 5.5 11.9 5.7 33.1 12.1 79.0 
Harari  6.0 7.0 1.9 9.4 37.6 0.0 62.4 
Addis Ababa 20.0 3.4 0.5 0.1 41.2 0.1 58.9 
Dire Dawa  5.8 7.4 0.7 9.2 45.3 0.0 54.7 
Source: Berhane, Paulos, and Tafere (2011). 
 

Figure 2.3 and Table 2.1 illustrate that cereals are not always consumed in those areas where they are produced and 
therefore have to be marketed from one area to another. The information above allows us to identify the major market 
flows for different cereals in the country. We use this information when we present integration tests for all markets, as 
well as for major supplying and demanding areas separately, reflecting major product flows.  

 

3. MODEL 

3.1. Models of Market Integration 
This study uses a time varying Threshold Autoregressive (TAR) Model. Previously used models include correlation 
analysis, co-integration models, Ravallion’s (1986) radial configuration, and Parity Bounds Models (Baulch 1997). 
Correlation analysis was mainly discredited as it requires filtering to eliminate bias due to problems of non-stationarity1 
(D’Angelo and Cordano 2001), while co-integration analysis was considered less useful as it does not estimate the extent 
of integration 2 (Enders and Sikilos 2001). Even though Ravallion’s (1986) method was an improvement over the previ-
ous methods because it took into account the dynamic aspect of spatial price transmission, it ignores transaction costs. 
Significant improvement came in the form of the Parity Bounds Model (PBM), developed by Baulch (1997), which takes 
transaction costs into consideration. The PBM is often considered an alternative to the Threshold Autoregressive (TAR) 
Model. The main criticisms of the PBM emanate from its static nature and strong distributional assumptions (Dercon and 
Van Campenhout 1999). Consequently, this study adopts a time-varying TAR Model to address some of the limitations of 
the other models and to better capture the existence and degree of spatial integration (Van Campenhout 2006) of cereal 
markets in Ethiopia.  

3.2. Threshold Autoregressive (TAR) Model 
Consider 

𝑑𝑡= 𝑃𝑖𝑡−𝑃𝑗𝑡           (1) 

where Pt
k:  price in k (k=i, j) market at time t 

𝑑𝑡:  price difference between markets i and j at time t 

Given this, consider an autoregressive process in which two spatially separated markets are said to be integrated when 
deviations in dt-1, the previous period’s price difference between two markets, is transmitted to the current period. 

∆𝑑𝑡 = 𝜌𝑑𝑡−1 + 𝜀𝑡          (2) 

where 𝜌 is the speed of adjustment 3, and 𝜀𝑡  is the error term. 

                                                           
1 It also ignores the role of transaction costs and is static. 
2 Moreover, it also requires a continuous trade flow in one direction (i.e., no trade reversal). 
3 The error correction term should have a negative sign to indicate a move back to the long-run equilibrium. A positive sign indicates a move away from 

the equilibrium. As the coefficients should lie between 0 and 1, 0 suggests no adjustment while 1 indicates full adjustment of the process back to its 
equilibrium position. 
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The above specification is based on the assumption of symmetry and linearity. It also disregards transaction costs, as it 
implicitly assumes that deviation is always above a parity bound (Dercon and Van Campenhout 1999). However, it has 
been noted (Tong 1978; Enders and Sikilos 2001) that for most price series that are integrated, deviations from a given 
equilibrium are corrected in an asymmetric manner.4 Efficient arbitrage is said to occur when |𝑑𝑡| ≥ TCij where |𝑑𝑡| is the 
absolute value of price difference between markets i and j, and TCij is the transaction cost of moving a given commodity 
between markets i and j. Accordingly, if the price difference of a commodity between two markets is greater than the 
transaction cost between them, TCij, traders can make profit by shipping the commodity from the market with a lower 
price to the market with the higher price.  

As often is the case, it is difficult to get transaction cost data and market integration related inference is then usually 
limited to available price data.5 However, spatial integration between markets can be undertaken by categorizing specifi-
cations into three regimes to account for the unobserved transaction costs depending on whether 1) 𝑑𝑡−1 >TCij  ; 2) 𝑑𝑡−1 < 
-TCij ; or 3) |𝑑𝑡−1 |< TCij  where: TCij,  is the transaction cost between markets i and j. In the first and second scenario, 
there is profitable arbitrage6 that can be exploited by traders in moving commodities from market i to j (or j to i); while the 
third case, given markets are integrated, can be considered as a condition for efficient arbitrage and a state where it is 
unprofitable for traders to engage in arbitrage (Van Campenhout 2006). Accordingly, modeling 𝑑𝑡−1 can be considered as 
a long-run process returning to a band [-TCij, TCij] and arbitrage occurs outside the band until the threshold values on the 
band, TCij, are reached. Consequently, upon returning to within the band, there will be some non-linear autoregressive 
process and the magnitude of the adjustment process is a percentage of the deviations in each period, i.e., ∆𝑑𝑡 =
𝑑𝑡 − 𝑑𝑡−1 . The process can be expressed as: 

∆𝑑𝑡 = �
𝜌𝑜𝑢𝑡𝑑𝑡−1 + 𝜀𝑡:         𝑑𝑡−1 > 𝜃

𝜌𝑖𝑛𝑑𝑡−1 + 𝜀𝑡:               𝜃 ≤ 𝑑𝑡−1 ≤ 𝜃
𝜌𝑜𝑢𝑡𝑑𝑡−1 + 𝜀𝑡:         𝑑𝑡−1 < −𝜃

      (3) 

where 𝜀𝑡 is white noise with N(0, δin2), 𝜌𝑜𝑢𝑡 is the speed of adjustment toward the band, 𝜌𝑖𝑛  the speed of adjustment 
inside the band, and 𝜃 is the threshold. The threshold value (𝜃) is estimated through a grid search which is super 
consistent (Chan 1993). However, this specification too has its shortcoming as it assumes a constant threshold value 
(transaction cost) over the study period. However, in reality transaction costs could vary depending on season, direction 
of trade, quality of roads, and fuel prices, among others. Hence, following Van Campenhout (2006) this version of the 
TAR model is extended so that thresholds 7 and adjustment parameters vary with time, t, and the model hence can be 
re-specified as: 

∆𝑑𝑡 = �
𝜌𝑜𝑢𝑡𝑑𝑡−1 + 𝜌𝑜𝑢𝑡  𝑡𝑑𝑡−1 + 𝜀𝑡:         𝑑𝑡−1 > 𝜃𝑡

𝜀𝑡:               −𝜃𝑡 ≤ 𝑑𝑡−1 ≤ 𝜃𝑡
𝜌𝑜𝑢𝑡𝑑𝑡−1 + 𝜌𝑜𝑢𝑡 𝑡𝑑𝑡−1 + 𝜀𝑡:         𝑑𝑡−1 < −𝜃𝑡

     (4) 

where 𝜌𝑜𝑢𝑡𝑡 is a time-varying speed of adjustment towards the band, 𝜃𝑡is a time varying threshold, variable t represents 
time and it runs from 0 to T, and 𝜃= 𝜃0   at t = 0 and 𝜃= 𝜃𝑇 at t = T. In both specifications (3) and (4), adjustment in the 
inner band is assumed to be random as rational traders are expected not to engage in arbitrage when TCij, transaction 
cost of moving a commodity from one market to another, is greater than 𝑑𝑡−1 .  

If ρout = -1, it means there is perfect integration (i.e., deviations from the long-run equilibrium are transferred) and adjust-
ment is instant. If ρout = 0, it means that there is no integration and hence no adjustment in the near future. Consequently, 
the closer ρ is to -1, the higher the degree of integration and the faster the speed of adjustment. If, however, ρ is positive, 
it means that markets are drifting apart and it is an indication that the studied markets are not integrated in the short run.  

3.3. Data 
The study is based on Ethiopian Grain Trade Enterprise (EGTE) weekly price data covering the period July 2001 to 
November 2011. The study focuses on four major staples of Ethiopia: teff, wheat, maize, and sorghum. The three 
varieties of teff (i.e. white, mixed, and black/red) and the most important varieties of each of the other cereals are 
considered. Markets in the top producing zones together with the most populous towns are selected and their level and 
speed of integration with Addis Ababa is examined. An average of 16 regional wholesale markets are selected for white 
                                                           
4 And also non-linear due to such factors as reversals in direction of trade flow (Amikuzuno 2009). 
5 According to Barrett (1996), studies that rely on price data alone are labeled level I. 
6 Arbitrage is when traders take advantage of price differences (profitable differences) between two or more markets. 
7 The threshold is modeled as a simple linear function of time: ϴt = Ө0 + ((ϴT- Ө0)/T)*t. Where t is the time running from 0 to T, and like the standard TAR 

model the thresholds are estimated through a grid search (Van Campenhout 2006). 
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teff, mixed teff, red teff, white wheat, maize, and white sorghum and each one is paired with Addis Ababa for a test of 
market integration between July 2001 and November 2011. The number of markets paired with Addis Ababa varies from 
4 (white sorghum) to 20 (white teff). About two-thirds of the selected markets are from the top ten producing zones 
(reflecting supply), while the others include the most populous towns (reflecting demand). 

Results are analyzed in two ways. First, all available regional wholesale markets are used. Consequently, 20, 19, 17, 12, 
16, and 4 regional markets are paired with Addis Ababa for white teff, mixed teff, red teff, white wheat, maize, and white 
sorghum, respectively. Second, results of the most important cereal specific markets are analyzed. Half of the most 
important cereal specific markets are selected from top producing zones while the others are selected from high demand 
areas (as proxied by population size). Accordingly, six markets are selected for each teff variety, wheat, and maize, while 
due to data limitation only four regional markets are paired with Addis Ababa for sorghum.  

The markets under this study were selected based on two broad criterions. In the first stage, markets with a relatively 
larger number of observations (i.e., markets with 10 percent or less missing values) were considered. In the second 
stage, these markets were tested for stationarity and those that were non-stationary in level terms (i.e., qualified for the 
analysis) were chosen. Given this, a test of existence and degree of market integration is undertaken on the selected 
markets. 

 

4. RESULTS 

4.1. Teff 
Teff is one of the major food staples of Ethiopia accounting for 15 percent of calories consumed (Refera 2001), the most 
important crop in crop area coverage, and the third crop (after maize and sorghum) in volume of production (CSA 
2011a). Generally, there are three varieties of teff: white, red/black, and mixed (i.e., the combination of white and 
red/black)—each with characteristics best suited to specific conditions. White teff, the most preferred type, only grows in 
the highlands of Ethiopia and is the most expensive teff variety. It is considered as luxury by the majority of Ethiopian 
consumers. The preference for white teff as well as its more stringent growing conditions contributes to its relatively high 
price. Red/black teff, the least expensive form and the least preferred type, has slightly higher iron content; and therefore 
it is becoming increasingly popular today in Ethiopia (Fufa et al. 2011).  

Looking at results of spatial integration8 of the three teff types, out of the 20, 19, and 17 regional white, mixed, and red 
teff markets considered, 13 (65 percent), 13 (68 percent), and 12 (71 percent), respectively, were found to be integrated 
with Addis Ababa in 2001 (Appendix Table A.1 and Table 4.1). In 2011, the number of integrated markets for white, 
mixed, and red teff was 17, 16, and 16 respectively; this is an improvement of 31 percent, 24 percent, and 32 percent for 
the three types, respectively. Average speed of price adjustment also considerably improved for all three teff types over 
the decade. The speed of integration improved by 94 percent, 71 percent, and 150 percent, respectively, for the three 
types over the examined period.  

Looking into further disaggregation, in general for white and mixed teff in 2011 more markets in teff deficit areas seemed 
to be integrated with Addis Ababa compared to markets in the top producing zones9. In contrast, more markets in the 
latter area were integrated with Addis Ababa for red teff. For example, white teff markets in three top producing zones 
(i.e., Dejen, Bichena, and Ambo) were not integrated with Addis Ababa in 2011 (Appendix Table A.1). Threshold values 
as a percentage of average price between the market pairs considered indicate that transaction costs declined by 
24 percent, 13 percent, and 0 percent for white, mixed, and red teff types respectively over the examined period. 

Focusing on the six most important markets (i.e., three from top producing zones and three from the biggest receiving 
markets) 83, 100, and 100 percent of white, mixed, and red teff regional wholesale markets were respectively integrated 
with Addis Ababa in 2011 (Table 4.2). Only 50 percent of these markets were integrated with Addis Ababa in 2001 for 
each of the three types of teff. The speed of adjustment significantly improved over the last ten years. The speed of 
adjustment of white teff is -0.27 in 2011, compared to its level of -0.09 in 2001; for mixed teff, it increased from -0.12 in 
2001 to -0.39 in 2011; while for red teff it changed from -0.06 in 2001 to -0.24 in 2011. Again, comparisons of the six 
important markets for the three types of teff indicate that more markets in deficit areas were integrated with Addis Ababa 
compared to markets in top producing zones—although with slightly lower speeds of adjustment. Here also, transaction 

                                                           
8 Consistent with the TAR model’s requirement, all the markets considered for all categories of cereals are tested for a unit root and only those that are 

non-stationary in level terms and stationary in the price differences for any market pair were considered for the analysis. 
9 However, this does not mean they are better integrated. In fact, if one looks at level of speed of adjustment, markets in top producing zones are 

generally better integrated compared to markets in deficit areas for white and red teff. Markets for mixed teff in deficit areas are better integrated with 
Addis Ababa. 
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costs show a decline: transaction costs for the six selected white, mixed, and red teff markets paired with Addis Ababa 
decreased by 11 percent, 13 percent, and 47 percent respectively over the decade.  

4.2. Wheat 
Of the 12 regional markets paired with Addis Ababa, 67 percent in 2001 and 75 percent in 2011 were integrated, a 
12 percent improvement over 10 years (Table 4.1). Of those integrated in 2011, 44 percent demonstrated improvement 
in speed of adjustment compared to the degree of integration at the start of the last decade. However, average speed of 
adjustment for all markets declined by 35 percent over the period and reached -0.11 in 2011 from its -0.17 level in 2001. 
Both surplus and deficit areas show a similar level of integration, with slightly more markets in the former zones display-
ing integration with Addis Ababa in 2011. However, the speed of adjustment has come down considerably in 2011 for 
markets from both areas with adjustment speeds of markets in wheat surplus areas declining from -0.27 in 2001 to -0.13 
in 2011 while those of markets in deficit areas declined from -0.22 in 2001 to just -0.04 in 2011. 

Assela, Bale Robe, Nazreth, Gondar, Mekelle, and Dire Dawa are the six most important wheat markets considered 
(Appendix Table A.4). The first three markets are located in the top three wheat-producing zones, while the latter three 
are in the most populous zones. Results indicate that all three markets from the top wheat-producing zones were 
integrated with Addis Ababa in 2001, but only two of those three markets—Assela and Bale Robe—were still integrated 
in 2011, while Nazreth showed positive speed of adjustment at the end of the decade (indicating drifting apart from long 
run equilibrium). In addition, average speed of adjustment of those integrated significantly decreased to -0.09 in 2011 
from its level of -0.19 in 2001. For the wheat deficit areas on the other hand, even though only one market, i.e., Dire 
Dawa, was integrated with Addis Ababa in 2001, all three showed evidence of integration in 2011. There is no change in 
average speed of adjustment between Dire Dawa and Addis Ababa over the two periods. The other two wheat deficit 
markets (i.e., Gondar and Mekelle), indicate existence of integration with Addis Ababa in 2011 though the speed of 
adjustment is sluggish. Estimated transaction costs for all and for the six selected markets were almost halved in 2011 
(i.e., 46 percent and 52 percent, respectively) from their level in 2001. 

4.3. Maize 
Sixteen regional maize markets are paired with Addis Ababa, of which 94 percent demonstrated existence of market 
integration in 2011 with an average adjustment of speed improvement of -0.28 (Appendix Table A.5). In 2001, only 63 
percent of these markets were integrated with an average adjustment speed of -0.16. This means an improvement of 
49 percent over the period 2001–2011 (Table 4.1). Of those integrated in 2011, 27 percent show an improvement in 
degree of integration, while 67 percent show a similar level of integration. 

Of eleven regional market pairs considered from top producing zones, 82 percent were integrated in 2011 compared to 
64 percent in 2001. Of the five regional markets considered from maize deficit areas all were integrated in 2011, while 
only 60 percent of them were integrated in 2001. Furthermore, Addis Ababa is better integrated with the deficit markets 
as evidenced by a faster speed of adjustment (i.e., -0.36 and -0.45) compared to the speed of adjustment with markets 
from top producing zones (i.e., -0.22 and -0.24) in 2001 and 2011, respectively. 

Like the wheat markets, estimated transaction costs came down significantly in 2011 compared to their level in 2001—
declining by 52 percent. Transaction costs for markets from surplus areas decreased more—declining by 57 percent—
compared to those for markets from deficit areas which declined by 13 percent over the last ten years. 

Focusing on six important maize markets (i.e., Bahir Dar, Jima, and Nekemte from maize producing zones and Gondar, 
Mekelle, and Dire Dawa from maize deficit zones), only 50 percent were integrated at the beginning of the decade while 
all the six markets were integrated at the end of the decade (Appendix Table A.5). The speed of adjustment also consid-
erably increased from -0.06 in 2001 to -0.34 in 2011, with 40 percent of those integrated in 2011 showing improvement 
from their 2001 level.  

Maize surplus and deficit areas demonstrate similar behavior in their integration with Addis Ababa in 2011, except that 
the maize deficit markets reveal faster speed of adjustment with an average of -0.41 compared to that of surplus markets 
with an average of -0.28. In addition, estimated transaction costs as a percentage of average prices reduced from 
45 percent in 2001 to 17 percent in 2011—a decline of 62 percent. 
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4.4. Sorghum 
Due to lack of data, only four white sorghum markets (i.e., Mekelle, Dessie, Debre Birhan, and Dire Dawa) are consid-
ered. The first three markets are in the top ten sorghum-producing zones while Dire Dawa is a sorghum deficit area. 
Integration tests indicate that level and degree of regional sorghum market integration with Addis Ababa has not im-
proved over the last ten years (Appendix Table A.6). Mekelle was not integrated with Addis Ababa, neither at the 
beginning or the end of the last decade. Dessie was integrated in 2001, but was found to be non-integrated in 2011. Dire 
Dawa, a market integrated in both periods, however displayed no improvement in the degree of integration over the last 
ten years. Only Debre Birhan, a market not integrated with Addis Ababa in 2001, demonstrated existence of a strong 
level of integration with Addis Ababa in 2011. The average speed of adjustment remained the same over the last ten 
years with an average of -0.19 at both the start and the end of the decade. Estimated transaction cost, as a percentage 
of average prices, on average, reached 27 percent in 2011 from its level of 19 percent in 2001—an increase of 
42 percent.  

Table 4.1—Summary of comparison of degree of cereal integration between 2001 and 2011 

  White teff  Mixed teff  Red Teff  White wheat  Maize  Sorghum 

  2001 2011  2001 2011  2001 2011  2001 2011  2001 2011  2001 2011 
Total pairs 20 20  19 19  17 17  12 12  16 16  10 10 
Percent integrated 65 85  68 84  71 94  67 75  63 94  70 70 

Speed of adjustment over 2001–2011 (among those integrated):  
   Improved (%)  41   25   31   44   27   29 
   Same (%)  59   75   69   56   67   57 
   Reduced (%)  0   0   0   0   7   14 
Average speed*,** -0.16 -0.31  -0.14 -0.24  -0.10 -0.25  -0.17 -0.11  -0.16 -0.28  -0.08 -0.26 
Half-life (weeks) 14 10  11 5  8 4  1 -7  4 5  15 13 
Threshold (% of price) 17 13  15 13  11 11  22 12  23 11  17 39 
Source: Author’s calculations 
Notes: *Average of statistically significant (i.e., at 1, 5, and 10 percent levels) individual pairs. If a market is not integrated with Addis Ababa and, 
hence, statistically insignificant, its speed of adjustment is made to be zero in calculating the average speed. 
** If average speed is -1, it indicates deviations from long-run equilibrium are quickly cleared and, hence, markets are perfectly integrated; if it is zero, it 
shows no adjustment toward long-run equilibrium and no degree of integration in the short run; the closer the speed of adjustment to -1, the higher level 
of integration. If, on the other hand, the adjustment speed is positive, it shows markets are drifting apart and are not integrated in the short run.  
 

Table 4.2—Summary of comparison of degrees of cereal integration for six selected markets between 2001 and 
2011 

  White teff  Mixed teff  Red Teff  White wheat  Maize  Sorghum 

  2001 2011  2001 2011  2001 2011  2001 2011  2001 2011  2001 2011 
Total pairs 6 6  6 6  6 6  6 6  6 6  4 4 
Percent integrated 50 83  50 100  50 100  67 83  50 100  50 50 
Speed of adjustment over 2001–2011 (among those integrated):  
   Improved (%)  40   67   33   40   50   50 
   Same (%)  60   33   67   60   50   50 
   Reduced (%)  0   0   0   0   0   0 
Average speed*,** -0.09 -0.27  -0.12 -0.39  -0.06 -0.24  -0.05 -0.06  -0.06 -0.34  -0.19 -0.19 
Half-life (weeks) 4 3  12 6  9 7  11 6  6 4  28 25 
Threshold (% of price) 9 8  8 7  15 8  33 16  45 17  19 27 
Source: Author’s calculations 
Notes: *Average of statistically significant (i.e., at 1, 5, and 10 percent levels) individual pairs. If a market is not integrated with Addis Ababa and, 
hence, statistically insignificant, its speed of adjustment is made to be zero in calculating the average speed. 
** If average speed is -1, it indicates deviations from long-run equilibrium are quickly cleared and, hence, markets are perfectly integrated; if it is zero, it 
shows no adjustment toward long-run equilibrium and no degree of integration in the short run; the closer the speed of adjustment to -1, the higher level 
of integration. If, on the other hand, the adjustment speed is positive, it shows markets are drifting apart and are not integrated in the short run.  
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5. SUMMARY AND CONCLUSION 
We test the extent of cereal market integration in Ethiopia based on high-frequency weekly price data. Estimation results 
generally indicate that markets are better integrated in 2011 compared to 2001. This is shown in two ways. First, we 
analyze the integration test results of all market pairs with Addis Ababa. On average, 16 percent more wholesale 
markets—increasing from 67 percent to 84 percent—are estimated to be integrated with Addis Ababa in 2011 compared 
to 2001. Similarly, estimated transaction costs (i.e., thresholds as percentage of average price between pairs) for the 
major cereals—except for white sorghum—declined by 30 percent during 2001–2011. When we look at the considered 
cereals separately, we find that prices of maize, red teff, white teff, mixed teff, and white wheat show the existence of 
more and better integration with Addis Ababa at the end of 2011 in terms of number of integrated markets, speed of price 
adjustment, and estimated transaction cost, while white sorghum shows mixed results. 

Second, we look at the integration results of wholesale prices when Addis Ababa is paired with the six most important 
regional wholesale markets only. This is done in a crop-specific way and thus reflects the major cereal flows in the 
country. It is found that more markets are integrated in 2011 (33 percent more) compared to 2001. The speed of price 
adjustment also considerably improved, reaching -0.25 in 2011 from its level of -0.09 in 2001 (i.e., 163 percent faster 
speed of adjustment). Between 33 percent and 50 percent of the market pairs show an improvement in the speed of 
adjustment for price changes while it stayed the same for between 50 percent and 60 percent of the market pairs. None 
of the market pairs shows deterioration in the speed of adjustment. Estimated transaction costs (i.e., thresholds), 
excluding those of white sorghum, declined by 50 percent between 2001 and 2010.  

In general, the results show that markets—as measured through price integration tests—seem to be functioning much 
better in 2010 than they were in 2001. This seems to be linked to major structural changes that have happened in the 
cereal trading system over the last ten years, i.e. improvements in roads, mobile phone availability, income growth, and 
urbanization leading to bigger commercial flows (Minten, Stifel, and Tamru 2012). It remains a puzzle however why the 
sorghum market does not show improvements over time. This might be linked to the low share of sorghum in the 
consumption basket of consumers in Addis Ababa; as such, the tested market pairs reflect thin markets and little effec-
tive flows. The general improvement is good news for Ethiopia, but continuous investment to improve market integration 
is desired, given the important benefits for producers and consumers alike of having integrated cereal markets. 
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APPENDIX 
Appendix Table A.1—Spatial integration of white teff markets in Ethiopia, 2001–2011 

Market pairs 
ρout (Speed of adjustment) 

 
Half-life 

 Estimated transaction 
cost (θ) as percentage of 

average price   

July 2001  
(t1) 

November 2011 
(t504)  t1 t504  t1 t504 

Addis Ababa–Debre Markos -0.028 -0.532***  24.4 0.9  25.6 20.5 
Addis Ababa–Dejen -1.0583*** 0.433***  . -1.9  20.6 21.0 
Addis Ababa–Bichena -0.812*** 0.196***  0.4 -3.9  21.1 22.2 
Addis Ababa–Ambo -0.054 -0.054  12.5 12.5  8.9 3.9 
Addis Ababa–Woliso -0.165*** -0.165**  3.8 3.8  20.0 9.3 
Addis Ababa–Shewarobit  0.279*** -1.737***  -2.8 .  11.4 11.1 
Addis Ababa–Debre Birhan -0.051 -0.555***  13.2 0.9  8.0 7.9 
Addis Ababa–Debre Zeit -0.041 -0.545***  16.6 0.9  9.6 12.8 
Addis Ababa–Nazreth -0.158*** -0.158*  4.0 4.0  4.8 1.7 
Addis Ababa–Shashemene -0.12** -0.12**  5.4 5.4  10.0 6.0 
Addis Ababa–Bahir Dar -0.019 -0.019**  36.1 36.1  10.1 14.1 
Addis Ababa–Adet -0.076** -0.076**  8.8 8.8  26.2 22.6 
Addis Ababa–Jimma -0.19*** -0.19**  3.3 3.3  13.0 3.9 
Addis Ababa–Dessie -0.287*** -0.287***  2.0 2.0  11.9 10.9 
Addis Ababa–Gondar -0.282*** -0.282*  2.1 2.1  4.5 14.0 
Addis Ababa–Hosaena -0.009 -0.009***  76.7 76.7  26.8 18.3 
Addis Ababa–Nekemte -0.065** -0.065**  10.3 10.3  26.6 17.6 
Addis Ababa–Assela -0.21*** -0.21***  2.9 2.9  6.3 1.4 
Addis Ababa–Mekelle  -0.039 -0.543***  17.4 0.9  14.9 12.3 
Addis Ababa–Dire Dawa -0.093*** -0.093***  7.1 7.1  9.9 11.8 
Source: Author’s calculations. 
Note: *** Significant at 1 percent level; ** Significant at 5 percent level; * Significant at 10 percent level. 
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Appendix Table A.2—Spatial integration of mixed teff markets in Ethiopia, 2001–2011 

Market pairs 
ρout (Speed of adjustment) 

 
Half-life 

 Estimated transaction 
cost (θ) as percentage of 

average price   

July 2001  
(t1) 

November 2011 
(t504)  t1 t504  t1 t504 

Addis Ababa–Adet -0.081** -0.081**  8.2 8.2  7.6 14.0 
Addis Ababa–Ambo -0.264*** -0.264***  2.3 2.3  9.0 4.2 
Addis Ababa–Woliso -0.227*** -0.227**  2.7 2.7  27.7 11.9 
Addis Ababa–Dejen -0.254** -0.254**  2.4 2.4  22.6 4.9 
Addis Ababa–Bichena -0.444*** 0.06**  1.2 -11.9  21.5 12.2 
Addis Ababa–Jiga -0.047* -0.047*  14.4 14.4  28.1 22.4 
Addis Ababa–Debre Birhan -0.196** -0.196**  3.2 3.2  2.3 3.9 
Addis Ababa–Nazreth -0.271*** -0.271***  2.2 2.2  5.7 10.3 
Addis Ababa–Dangila -0.018 -0.018  38.2 38.2  21.1 25.7 
Addis Ababa–Maksegnit -0.207*** -0.207***  3.0 3.0  3.1 22.8 
Addis Ababa–Bahir Dar -0.02 -0.524***  34.3 0.9  16.2 3.7 
Addis Ababa–Jimma -0.117** -0.117**  5.6 5.6  8.0 9.5 
Addis Ababa–Gondar -0.187*** -0.187***  3.3 3.3  5.5 12.4 
Addis Ababa–Dessie -0.07 -0.574***  9.6 0.8  2.4 1.7 
Addis Ababa–Hosaena -0.022 -0.526***  31.2 0.9  24.5 20.1 
Addis Ababa–Nekemte -0.074 -0.074  9.0 9.0  29.1 24.5 
Addis Ababa–Assela -0.206*** -0.206***  3.0 3.0  5.7 3.4 
Addis Ababa–Mekelle -0.167* -0.671*  3.8 0.6  9.1 4.8 
Addis Ababa–Dire Dawa -0.022 -0.022***  31.2 31.2  5.4 14.9 
Source: Author’s calculations. 
Note: *** Significant at 1 percent level; ** Significant at 5 percent level; * Significant at 10 percent level. 
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Appendix Table A.3—Spatial Integration of red teff markets in Ethiopia, 2001–2011 

Market pairs 
ρout (Speed of adjustment) 

 
Half-life 

 Estimated transaction 
cost (θ) as percentage of 

average price   

July 2001  
(t1) 

November 2011 
(t504)  t1 t504  t1 t504 

Addis Ababa–Debre Markos -0.083* -0.083*  8.0 8.0  12.2 14.6 
Addis Ababa–Jiga -0.048 -0.552***  14.1 0.9  20.9 12.1 
Addis Ababa–Nazreth -0.179*** -0.179**  3.5 3.5  2.3 8.5 
Addis Ababa–Shashemene -0.122*** -0.122***  5.3 5.3  21.7 12.7 
Addis Ababa–Adet -0.248*** -0.248***  2.4 2.4  5.8 5.7 
Addis Ababa–Bahir Dar -0.048 -0.552***  14.1 0.9  3.6 3.7 
Addis Ababa–Dangila -0.225*** -0.225***  2.7 2.7  6.0 4.5 
Addis Ababa–Maksegnit -0.086* -0.59***  7.7 0.8  4.6 27.3 
Addis Ababa–Jimma -0.141* -0.141*  4.6 4.6  14.5 3.5 
Addis Ababa–Dessie -0.027 -0.531***  25.3 0.9  16.1 3.0 
Addis Ababa–Gondar -0.04 -0.544***  17.0 0.9  16.2 4.3 
Addis Ababa–Nekemte -0.174*** -0.174***  3.6 3.6  19.0 17.6 
Addis Ababa–Assela -0.181*** -0.181***  3.5 3.5  9.1 10.3 
Addis Ababa–Bale Robe -0.1* -0.1*  6.6 6.6  6.3 22.3 
Addis Ababa–Ziway -0.062 -0.062  10.8 10.8  18.3 13.8 
Addis Ababa–Mekelle -0.065* -0.065*  10.3 10.3  22.8 4.6 
Addis Ababa–Dire Dawa -0.044** -0.044*  15.4 15.4  23.5 13.0 
Source: Author’s calculations. 
Note: *** Significant at 1 percent level; ** Significant at 5 percent level; * Significant at 10 percent level. 
 
 

Appendix Table A.4—Spatial Integration of Addis Ababa and selected white wheat markets in Ethiopia, 2001–
2011 

Market pairs 
ρout (Speed of adjustment) 

 
Half-life 

 Estimated transaction 
cost (θ) as percentage of 

average price   

July 2001  
(t1) 

November 2011 
(t504)  t1 t504  t1 t504 

Addis Ababa–Eteya -0.051 -0.051**  13.2 13.2  9.5 13.1 
Addis Ababa–Bale Robe -0.062* -0.062*  10.8 10.8  51.6 21.7 
Addis Ababa–Assela -0.121*** -0.121***  5.4 5.4  28.3 5.9 
Addis Ababa–Arsi Negele -0.115** -0.115**  5.7 5.7  29.2 15.1 
Addis Ababa–Shashemene -0.464*** 0.04***  1.1 -17.7  26.5 4.6 
Addis Ababa–Nazreth -0.399*** 0.105***  1.4 -6.9  11.8 11.1 
Addis Ababa–Debre Zeit -0.465*** -0.465***  1.1 1.1  12.5 10.3 
Addis Ababa–Hosaena -0.049 -0.049*  13.8 13.8  19.1 16.9 
Addis Ababa–Gondar -0.035 -0.035***  19.5 19.5  8.7 8.4 
Addis Ababa–Jima -0.396*** 0.108***  1.4 -6.8  21.9 7.6 
Addis Ababa–Mekelle -0.031 -0.031***  22.0 22.0  19.6 22.7 
Addis Ababa–Dire Dawa -0.044* -0.044*  15.4 15.4  20.3 19.3 
Source: Author’s calculations. 
Note: *** Significant at 1 percent level; ** Significant at 5 percent level; * Significant at 10 percent level. 
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Appendix Table A.5—Spatial Integration of maize markets in Ethiopia, 2001–2011 

Market pairs 
ρout (Speed of adjustment) 

 
Half-life 

 Estimated transaction 
cost (θ) as percentage of 

average price   

July 2001  
(t1) 

November 2011 
(t504)  t1 t504  t1 t504 

Addis Ababa–Bahir Dar -0.038 -0.542***  17.9 0.9  19.8 4.1 
Addis Ababa–Chagni -0.075 -0.579***  8.9 0.8  46.9 18.3 
Addis Ababa–Jima -0.214*** -0.214***  2.9 2.9  48.0 22.3 
Addis Ababa–Nekemte -0.08* -0.08*  8.3 8.3  49.7 21.7 
Addis Ababa–Aje -0.099* -0.099*  6.6 6.6  30.6 17.5 
Addis Ababa–Alaba -0.092 -0.092  7.2 7.2  11.8 14.0 
Addis Ababa–Bedele -0.074 -0.074*  9.0 9.0  58.9 24.3 
Addis Ababa–Woliso -0.551*** -0.047*  0.9 14.4  20.8 2.2 
Addis Ababa–Nazreth -0.223** -0.223**  2.7 2.7  13.6 1.4 
Addis Ababa–Shashemene -0.163** -0.163**  3.9 3.9  6.1 7.3 
Addis Ababa–Ziway -0.206*** -0.206***  3.0 3.0  11.8 4.0 
Addis Ababa–Gonder -0.098 -0.602**  6.7 0.8  8.6 11.0 
Addis Ababa–Debre Markos -0.314*** -0.314***  1.8 1.8  12.9 4.0 
Addis Ababa–Debre Birhan -0.682*** -0.682***  0.6 0.6  7.4 8.2 
Addis Ababa–Mekelle -0.084* -0.084**  7.9 7.9  37.9 20.9 
Addis Ababa–Dire Dawa -0.04 -0.544***  17.0 0.9  11.4 23.4 
Source: Author’s calculations. 
Note: *** Significant at 1 percent level; ** Significant at 5 percent level; * Significant at 10 percent level. 
 
 

Appendix Table A.6—Spatial Integration of white sorghum markets in Ethiopia, 2001–2011 

Market pairs 
ρout (Speed of adjustment) 

 
Half-life 

 Estimated transaction 
cost (θ) as percentage of 

average price   

July 2001  
(t1) 

November 2011 
(t504)  t1 t504  t1 t504 

Addis Ababa–Mekelle -0.007 -0.007  98.7 98.7  14.4 26.3 
Addis Ababa–Dessie -0.593*** 0.415***  0.8 -2.0  26.2 33.3 
Addis Ababa–Debre Birhan -0.085 -0.589***  7.8 0.8  18.1 24.6 
Addis Ababa–Dire Dawa -0.167*** -0.167***  3.8 3.8  15.4 24.9 
Mekelle–Dessie -0.514*** -0.01**  1.0 69.0  19.5 24.9 
Mekelle–Debre Birhan 0.015 -0.489**  -46.6 1.0  9.8 64.4 
Mekelle–Dire Dawa -0.078* -0.078*  8.5 8.5  5.8 97.1 
Dessie–Debre Birhan -0.991*** 0.017***  0.1 -41.1  13.8 24.3 
Dire Dawa–Debre Birhan -0.109*** -0.109***  6.0 6.0  25.8 19.4 
Dessie–Dire Dawa -0.141*** -0.141***  4.6 4.6  29.8 32.8 
Source: Author’s calculations. 
Note: *** Significant at 1 percent level; ** Significant at 5 percent level; * Significant at 10 percent level. 
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