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EXECUTIVE SUMMARY
Access to food through markets in Somalia is a crucial determinant of food security. In some cases, market-
based intervention strategies have been the only feasible way to respond to conditions of food insecurity. 
While small-scale cash transfers have been used in Somalia through the past decade, they became a major 
option during the humanitarian crisis in 2011 and this led to their drastic scaling up.  
 
The use of market-based intervention strategies and their scaling-up were based on the assumption that the 
Somali market system is robust and therefore able to handle the increased demand generated through a 
demand-based strategy. Over time some reviews were made of the structure, conduct and performance of 
the cereal market and some attempts were made as well to provide a basic assessment of its integration. 
These analyses provided support to the choice and design of intervention strategy.  
 
Understanding the extent of cereal market integration is useful for understanding the functioning of cereal 
markets and for designing market based food security and agricultural policies and strategies. Accordingly, 
the Food Security and Nutrition Analysis Unit (FSNAU) commissioned a study on cereal markets integration 
in Somalia.  
 
Results from the study are highlighted below. 
 
The analysis of price transmission among market centers has highlighted a varied degree of market 
functioning and interconnection throughout Somalia.  Better-functioning markets and poorly functioning ones 
coexist.  
 
Overall, a stronger network of cointegrating links has been found for rice than for sorghum. In particular, for 
both commodities a higher number of cointegrating relationships was found in Southern Somalia. This is 
justified by the denser sample of markets considered, as well as by shorter distances between markets.1 
 
The largest and strongest networks of markets interconnected in terms of sorghum price transmission were 
found in the regions of Lower Shabelle, Bay and Bakool. They are the most productive area of the sorghum 
belt where the main trading centers are located.  
 
Besides Merka and Baidoa, other major price makers for sorghum have been identified in Qansah Dere, 
Dinsor, Wanle Weyne, Dolo and Lugh. With the exclusion of Merka, all major market centers along the coast 
(Mogadishu, Kismayo, Hara Dhere, Bosasso) are prevalently price takers.  
 
The transmission of sorghum price signals gets weaker when moving to the Central and to the Northern 
zones.  
 
Compared to sorghum, the network of cointegrated markets for rice price transmission is denser and the 
location of the markets which play a major price-making role in this case is more geographically spread. 
Along the imported nature of red rice, the main price makers are major ports – Bosasso and Merka. On a 
secondary level, also a few market centers along the transport routes between North and South – e.g. Hara 
Dhere and Beletwein – play some price-making role.    
 
For both red sorghum and red rice the strength of price transmission is rather diversified when considered at 
market level. Nevertheless, average values are quite similar, both geographically and when comparing the 
two cereals against each other. The speed of transmission of price signals is significantly higher for rice than 
for sorghum throughout Somalia, with the exception of a few regions in the sorghum belt such as Hiiran and 
Bakool.  
 

                                                
1 Information on distances between markets in Somalia is very limited. In the absence, Figure A.1 in the Annex allows a visual 
inspection of distances as well as of the paucity of the road network.   
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Table ES.1 provides the average values estimated in relation to the two aspects of price transmission: 
the strength of price transmission and the speed of adjustment. 

Within the Southern zone, the regions of Middle Shabelle, Middle Juba, Bay and Hiiran record the 
highest capacity of sorghum price transmission. Since coefficients can be interpreted in this case as 
elasticities, the high values of the coefficient recorded in these regions show that price changes in 
dominant markets within the region tend to get more than fully transmitted in the long run to integrated 
markets within the same region. For all other regions in the South, coefficient values range around 
unity, confirming again a substantial price transmission, with the exception of Bakool where the 
average intensity of price transmission is lower. In the Central zone, average values in Galgadud 
and Mudug reflect the same pattern. In Nugal and in the Northern zone, there is a general reduction 
of adjustment, highlighting a weaker – although still significant – transmission of price signals. The 
only exception is Galbeed, which reflects a very strong market connection between Hargeisa and 
Togwajiale. 

Some of those regions in the South which record the largest values of strength of adjustment record 
also the lowest values in terms of speed of adjustment, and the opposite otherwise. This is the case 
of Middle Juba and Middle Shabelle, which register the lowest average speed of adjustment, as 
well as of Bakool, which in this case registers one among the highest values of speed. The same 
inconsistency is evident in the North, with Galbeed recording lower average speed than Sanaag 
and Awdal. A region which seems to combine a relatively large price adjustment and a high speed is 
Hiiran, which in this study is covered only by Beletwein.

Note: Estimations have been conducted with two different approaches. Regional estimates are averages of coefficients derived 
through bivariate cointegration, while zonal and national estimates are averages of coefficients derived through multivariate 
cointegration.

Data source: At regional level: Tables A.6 and A.7. At zonal level: Tables 9-12.

Region / Zone average range average range average range average range

Lower Juba 1.15 0.58 - 1.84 0.97 0.89 - 1.03 0.25 0.16 - 0.35 0.28 0.26 - 0.31

Middle Juba 1.94 1.41 - 2.47 1.05 1.05 - 1.05 0.08 0.08 - 0.08 0.30 0.26 - 0.35

Gedo 1.17 0.79 - 1.72 0.96 0.68 - 1.35 0.16 0.09 - 0.25 0.29 0.17 - 0.47

Bay 1.81 1.69 - 1.95 1.05 0.99 - 1.12 0.16 0.09 - 0.25 0.22 0.16 - 0.26

Bakool 0.52 0.36 - 0.69 0.79 0.61 - 0.97 0.24 0.18 - 0.30 0.17 0.15 - 0.19

Hiiran 1.68 1.68 - 1.68 0.97 0.97 - 0.97 0.25 0.25 - 0.25 0.13 0.13 - 0.13

Lower Shabelle 1.19 1.05 - 1.38 1.08 1.05 - 1.12 0.18 0.12 - 0.22 0.20 0.15 - 0.23

Middle Shabelle 2.40 0.86 - 3.94 0.93 0.79 - 1.07 0.06 0.02 - 0.11 0.20 0.17 - 0.22

Mogadishu 1.10 1.10 - 1.10 1.85 1.85 - 1.85 0.24 0.24 - 0.24 0.20 0.20 - 0.20

Galgadud 1.00 0.69 - 1.47 0.88 0.73 - 1.03 0.15 0.10 - 0.22 0.17 0.13 - 0.22

Mudug 1.30 1.14 - 1.47 1.27 1.06 - 1.48 0.16 0.16 - 0.16 0.16 0.08 - 0.23

Nugal 0.66 0.66 - 0.66 0.79 0.79 - 0.79 0.16 0.16 - 0.16 0.23 0.23 - 0.23

Bari 0.25 0.25 - 0.25 0.08 0.08 - 0.08

Sool 0.86 0.86 - 0.86 0.90 0.90 - 0.90

Sanaag 0.83 0.83 - 0.83 1.36 1.36 - 1.36 0.16 0.16 - 0.16 0.13 0.13 - 0.13

Galbeed 2.57 1.33 - 3.81 1.40 1.03 - 1.77 0.12 0.12 - 0.12 0.15 0.06 - 0.24

Awdal 0.88 0.82 - 0.94 1.76 1.75 - 1.78 0.27 0.27 - 0.27 0.23 0.21 - 0.25

North 12.76 3.09 - 34.10 1.06 0.27 - 2.73 0.12 0.03 - 0.26 0.29 0.17 - 0.43

Center 0.74 0.29 - 1.39 1.00 0.21 - 2.89 0.14 0.05 - 0.28 0.18 0.08 - 0.31

South 0.75 0.17 - 1.80 1.19 0.15 - 5.01 0.21 0.10 - 0.47 0.27 0.06 - 0.73

All 0.88 0.52 - 1.87 1.37 0.11 - 4.73 0.12 0.08 - 0.24 0.28 0.12 - 0.60

Red sorghum Red rice Red sorghum Red rice

Strength of adjustment Speed of adjustment

Table ES.1:  Average estimates of price transmission
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About red rice, coefficients of long-term adjustment seem to be generally lower than the ones reported 
above for sorghum in the South. This hints to a less intense process of price transmission and adjustment 
for rice than for sorghum in the South. At the same time, the degree of price adjustment is slightly larger 
in the North than in the South. Both considerations were somehow expected considering that rice is one 
of the food staples in the North, but not in the South. Nevertheless, two remarkable exceptions are the 
minimum value of Bosasso in the North and the maximum value of Mogadishu. 

In terms of speed of adjustment, a certain increase in speed rates is found in southern regions compared 
to the values recorded for sorghum. Contrary to what considered earlier on about the speed of sorghum 
price adjustment in Beletwein, the speed of price adjustment in Beletwein is in this case only faster than 
Bosasso. 

At a higher degree of aggregation, average values indicate similar strength of price transmission for red 
rice through the various zones and the entire Somalia as a whole. The same applies for sorghum, with 
the exception of the Northern zone, where an excessively high price transmission rate was found. The 
speed of adjustment is higher in the South for red sorghum and lower for red rice in the Central zone.  

The comparison of the two commodities against each other highlights that average values of the 
strength of adjustment are equal in the Central and Southern zones and throughout Somalia taken as 
a whole, while the speed of adjustment is higher for red rice in the North and in the country as a whole.

Overall, average values in Table ES.1 reflect a good level of price transmission, although they hide a 
remarkable range of variation. From an aggregate perspective, approximately between 94% and 137% 
of price signals get on average transmitted and the time required for transmission is on average double 
for red sorghum than for red rice (approximately 8 months for the former against 4 months for the latter).

In order to consider the results of this study in relative terms, estimates of price transmission have been 
compared against similar estimates in neighbouring countries. Average values of strength and speed 
of price transmission are in line with similar estimates for other basic food commodities in remote areas 
in neighbouring countries.

Overall, the immediate implications of the findings of this study refer to their contribution towards 
the design of transfer interventions in response to food insecurity. The effectiveness and efficiency 
of market-based intervention strategies are increased when operated in presence of functioning and 
integrated markets. Therefore, the analysis conducted in this study is expected to assist in the design 
of interventions and in their geographical targeting. The best functioning market centers are found 
in Southern Somalia, particularly in the regions of Middle Shabelle, Lower Shabelle, Hiiran, Bay and 
Middle Juba. A good degree of market functioning is found also in the Northern zone, although weaker 
than in the South. A structural problem in the Northern zone, as well as in the Central zone, is given by 
the long distances between market centers. Along this line of thought, a group of well integrated market 
centers is found in West Galbeed and Awdal. Sadly, the lack of information about Berbera does not 
allow us to get a full grasp of the market networks in the North. Following from these considerations, it 
is reasonable to say that, considering everything else equal, including security conditions, the regions 
identified in the South provide the highest degree of market functionality currently available in Somalia 
and therefore the most appropriate conditions for market-based interventions. In the North as well as in 
the Center, the degree of market functionality is generally lower; in this case market-based interventions 
are expected to be less efficient and effective than if operated in the South.1

Cash-based interventions – including FAO’s cash for work programme and similar cash transfer 
interventions operated by FAO partners and other organizations – are expected to maximize their 

1 Of course, this consideration is based solely on the expected degree of market functioning, while it is understood that a 
proper analysis of intervention strategy should take into account a whole set of other factors which are ignored here. It is to be 
considered as well that, even limiting the discussion to market functioning, an eventual decision to implement market-based  
strategies in presence of modestly functioning markets may be justified by a long-term strategy of local development. 
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effectiveness and efficiency if focused on the Southern zone. Similar interventions in the Northern 
and Central zones, and in general in the surroundings of poorly integrated markets, are less 
recommended and, if justified by other reasons, they should be implemented on a small scale.

In terms of monitoring activities, efforts should be made to increase market coverage in the Northern 
and Central zones, as well as in areas throughout Somalia identified as poorly integrated.
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1. INTRODUCTION
This section provides some background about market integration in Somalia and describes the rationale 
of the present report.

1.1 Scope of work
Access to food through markets in Somalia is a crucial determinant of food security. In some cases, 
market-based intervention strategies have been the only feasible way to respond to conditions of food 
insecurity. While small-scale cash transfers have been used in Somalia through the past decade, they 
became a major option during the humanitarian crisis in 2011 and this led to their drastic scaling up.3 

The use of market-based intervention strategies and their scaling-up were based on the assumption 
that the Somali market system is robust4 and therefore able to handle the increased demand generated 
through a demand-based strategy. Over time some reviews were made of the structure, conduct and 
performance5 of the cereal market and some attempts were made as well to provide a basic assessment 
of its integration.6 These analyses provided support to the choice and design of intervention strategy. 

Nevertheless, as market price data is among the best and most reliable data sets currently available on 
Somalia, it is felt that the studies conducted so far have made only limited use of the resources available. 
Furthermore, the consideration that the analysis of market integration can provide useful insights into the 
degree of market functioning justifies further efforts are made.

Finally, a major limitation of the analysis conducted so far is its use of nominal prices. Considering that the 
available price dataset spans over almost two decades, and in view of the high inflation rates estimated 
in Somalia, it is reasonable to expect that the analysis conducted on nominal prices may be misleading.

Following from the above, the purpose of this study is to assess the degree of the cereal market integration 
in Somalia. In particular, this study will make use of the Consumer Price Index (CPI) recently developed 
to deflate the market price series. Such deflated long-term time series will be treated with appropriate 
econometric techniques presented below. 

1.2 Current knowledge about market integration in Somalia
Very limited knowledge is available about market integration in Somalia.

An assessment of market integration in Southern Somalia is conducted by FEWSNET (2011a; 2011b). 
This is based on visual assessment and on tests of correlation, although the results of the latter are not 
reported. The general finding is of a reasonable degree of integration. More in detail:

a)	Prices of white maize are found to be historically well correlated within Southern Somalia, particularly 
within the Juba valley. However, Gedo remains the most isolated area.

b)	Sorghum prices are relatively well correlated across most of the Sorghum Belt (Bay, Bakool, Gedo 
and Hiiran regions). Even in this case, markets in Gedo, as well as in Hiiran, appear to be less 
integrated from the rest of the sorghum belt.

c)	 Strong integration is found between imported red rice prices across monitored reference markets in 
Southern Somalia. A good degree of correlation is reported also between the evolution of rice prices 
in Somalia and of those in international export markets. 

3 The response to the crisis in 2011 was considered as the largest cash-based program ever undertaken by NGOs in response to 
a humanitarian emergency (Ali and Gelsdorf, 2012). However, this was not the case more recently, in light of declining amounts 
of cash interventions and, more in general, of humanitarian assistance in Somalia.
4 See Longley et al., 2012
5  See WFP, 2009.
6 See FEWSNET, 2011a and 2011b, and Sanogo, 2011.
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The findings listed above from the FEWSNET study are reflected in the analysis conducted by Sanogo 
(2011), which provides a picture of progressive globalization of the Somali economy, as justified 
by the heavy reliance on food imports, by the livestock-dominated exports and by the amount of 
remittances to the national economy. In the specific case of Southern Somalia this is reflected in a 
good degree of integration of cereal markets with global and regional markets. 

On the contrary, the same analysis highlights how domestic cereal market integration has been 
hampered by trade restrictions from neighbouring countries and internal trade restrictions. The 
weakest degrees of market integration were found within Gedo region, as well as between the 
districts of Adanyabal, Lugh and Belet Hawa and the rest of Southern Somalia. A deterioration of 
market integration between Mogadishu and the rest of Middle Shabelle since 2008 compared to 
2003-2007 was also reported. 

The analysis of price correlations between imported cereals (rice and wheat flour) and locally 
produced cereals (maize and sorghum) leads Sanogo (2011) to conclude that the degree of integration 
between imported cereal markets and locally produced cereal markets is weak.7 This is somehow 
supported by the identification of different groups of price-making markets for imported and locally 
produced commodities. In fact, notwithstanding other price determinants, the Granger causality tests 
conducted by Sanogo (2011) indicate that markets located along the major coastal routes in the 
Shabelle Valley (i.e. Jowhar, Wanle Weyne, Buale, Mogadishu, Qorioley, Merka, Kismayo, Jamame 
and Jilib) were responsible for maize price transmission to the rest of Southern Somalia. On the 
contrary, Hudur, Qansah Dere and Dinsor in the Sorghum Belt and Afgoi and Merka in the Shabelle 
Valley tend to transmit sorghum price signal to other areas of Southern Somalia, as presented in 
Figure A.2 in the Annexes. Table 1 provides Sanogo’s list of summary findings according to region in 
Southern Somalia.

Table 1: Sanogo’s general findings about market integration in Southern Somalia

Gedo
Poor integration of maize and sorghum markets within the region. Low integration with the 
rest of Southern Somalia

Bakool Low integration with the rest of Southern Somalia
Hiiran High integration with the rest of Somalia and Ethiopia
Bay High integration with Mogadishu. Cereal markets are integrated within the region
Lower Shabelle High integration with Mogadishu. Cereal markets are integrated within the region

Middle Shabelle
High integration with Central Somalia, but integration of the sorghum market has 
deteriorated within the region

Middle Juba Cereal markets are integrated with the rest of the Juba trade basin
Lower Juba High price integration
Source: Sanogo, 2011

Finally, additional insight on market integration in Somalia is provided by Brenton et al. who conducted 
a comparative study on the relevance of road infrastructure for food trade. They found Somalia 
to record one among the lowest degrees of market integration within a sample of thirteen African 
countries. Major determinants of such a poor performance were envisaged in poor infrastructure, 
large market distance and poor security conditions.

7 Coefficients of correlation estimated by Sanogo are reported in Table A.1 in the Annex.
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 2.	 METHODOLOGY
This section provides background information on the methodological approach followed for the 
analysis of market integration in the literature and presents the methodology applied in this study for 
data preparation and analysis.

2.1 Spatial market integration and its measurement in the literature
Spatial price transmission is an issue that has been widely analyzed in the context of the ‘law of one 
price’, which assumes that if two markets are linked by trade in an efficient market, the movement of 
prices in one market will be equalized with the movement in the other in the long run, while allowing 
for deviations in the short run (Margarido et al., 2007). An increase in price will therefore lead to an 
equally proportional increase, at all points in time, assuming the markets are perfectly integrated 
(Mundlak and Larson, 1992). In this context, ‘spatial price transmission’ means the process and 
degree to which markets for homogeneous commodities at spatially separated locations share long-
run market information (McNew, 1996; Amikuzuno, 2009). It has been highlighted how price analysis 
tells us little or nothing about actual trading behaviour and market efficiency (Baulch, 1997; Barrett 
et al., 2002). Nevertheless, it is common practice to analyse price transmission to assess market 
integration, with the implicit or explicit assumption that lack of market integration implies market 
inefficiency (Rashid et al., 2010). This is done with the understanding that price transmission is not 
the same as market integration and that one can occur without the other. In fact, there may be market 
integration without price transmission if transaction costs are non stationary, and there may be price 
transmission between two markets without market integration if there is a third market explaining 
price making in the other two.

Depending on the environment in which markets operate, two prices can be related in many different 
ways, adjusting completely or partially, slowly or instantaneously, or in a linear or nonlinear manner 
(Ihle et al., 2009). According to Rapsomanikis et al. (2003), the notion of price transmission can be 
better understood as being based on three main components: co-movement of adjustment, speed of 
adjustment and asymmetry of response. ‘Co-movement of adjustment’ means that a change in the 
price of an agricultural commodity in one market is reflected in the price change of the commodity in 
other markets at all points in time, ‘speed of adjustment’ means the rate at which changes in prices 
in one market are transmitted to other markets, and ‘asymmetry of response’ means the process in 
which transmission differs according to whether prices are increasing or decreasing (Prakash, 1999; 
Balcombe and Morrison, 2002; Rapsomanikis et al., 2003; Meyer and von Cramon-Taubadel, 2004).

The literature on spatial price transmission has identified three main types of barrier that constrain the 
transmission of prices from one market to another: transaction costs, trade policy mechanisms and 
imperfect competition. If transaction costs are prohibitively high (often because of poor infrastructure, 
high transport costs and deficient communication services), price changes will be transmitted only 
partially or not at all (Abdulai, 2000; Conforti, 2004). Trade policy mechanisms such as import tariffs, 
tariff rate quotas, export subsidies and exchange rate policies can isolate domestic markets and 
obstruct the transmission of international price signals (Rapsomanikis et al., 2003; Conforti, 2004). 
Imperfect competition, due to the concentration of market power of different actors in the supply 
chain, may result in higher price differences, hindering the full transmission of price signals (Abdulai, 
2000; Rapsomanikis et al., 2003).

A substantial body of literature has attempted to measure market integration in order to assess market 
performance. The empirical methods have evolved from simple price correlation between market 
locations, which was common practice in the 1970s to early 1980s, to lagged regression methods in 
the late 1980s and 1990s (Ravallion, 1986), to cointegration methods in the 1990s (Alderman, 1992; 
Goletti and Babu, 1994). 
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Cointegration methods are not immune of limitations (Barrett and Li, 2002; Rapsomanikis et al., 
2003), however they are currently considered as the most appropriate approach for analysing 
spatial market relationship (Rapsomanikis et al.). A comprehensive analytical framework for this 
econometrics approach can be found in Balcombe and Morrison (2002), and Rapsomanikis et 
al. (2003). Cointegration methods take into account the fact that prices be non-stationary, which 
otherwise would cause standard regression analysis to give misleading results.8 Co-integration 
between the price series analyzed implies that two prices may behave in a different way in the 
short run, but that they will converge toward a common behaviour in the long run. If this property 
is verified, the characteristics of the dynamic relationship between the prices can be described by 
an Error Correction Model (ECM). The short-run adjustment parameter of this type of model can 
be interpreted as a measure of the speed of price transmission, while the long run multiplier can 
be interpreted as a measure of the degree of price transmission of one price to the other (Prakash, 
1999). The properties of co-integrated series also imply the existence of a causality relation, as 
defined by Granger, that can be tested by assessing if the evolution of one of the two price series 
predicts the one of the other series. 

Cointegration has been extensively discussed and applied in the literature and therefore a 
presentation of the methodological framework is beyond the scope of the present study. The 
concept of cointegration (Granger, 1981) and the methods for estimating a cointegrated system 
(Engle and Granger, 1987; Johansen, 1988, 1991, 1995) provide a framework for estimating and 
testing for equilibrium relationships between non-stationary integrated variables. A number of time 
series techniques can be used to test each of the components of price transmission (cointegration, 
causality, error correction mechanism, and symmetry). As a reference, Figure 1 provides a tree 
diagram, although the actual combination and order of time series techniques can actually vary from 
case to case.

The analysis of spatial market integration can be applied to virtually any commodity or group of 
commodities9. However, one of its most common applications refers to the market of agricultural 
commodities and, in particular, to the case of staple food. Table 2 provides a short list of relevant 
studies in African countries.

Table 2: Selected literature on market integration in Africa

Author commodity geographical coverage

Goletti and Babu (1994) maize Malawi
Lutz et al. (1994) maize Benin
Dercon (1995) teff Ethiopia
Negassa (1998) teff, maize and wheat Ethiopia
Badiane and Shively (1998)	 maize Ghana
Chirwa (2000) maize Malawi

Rapsomanikis et al. (2003) coffee Ethiopia, Uganda and Rwanda vs the 
international market

Rapsomanikis et al. (2003) wheat Egypt vs the international market
Rashid (2004) maize Uganda
Tostao and Brorsen (2005) maize Mozambique
van Campenhout (2007) maize Tanzania
Meyers (2008) maize Malawi
Moser et al. (2009) rice Madagascar
Jaleta and Gebremedhin (2009) teff and wheat Ethiopia

8  Non-stationary variables do not have a constant mean or variance over time, one example being the “random walk” which 
has no tendency to return to a central value. This violates one of the assumptions behind regression analysis. The result is 
that regression analysis of non-stationary variables will often show a “relationship” where none exists. 
9  Among other studies, Cecchetti et al. (2002) looks at the convergence of aggregate prices (consumer price indices) for 
U.S. cities, Thapa (2002) assesses the convergence of real exchange rates in Nepal, Morshed et al. (2005) assesses the 
convergence of consumer price indices in India, Goldberg and Verboven (2003) assesses the integration of the European 
car market. 



9  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

Figure 1: Tree diagram for the analysis of cointegration

  

Source: Rapsomanikis et al., 2003
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In this study the analysis of market integration makes use of price time series data. 
The basic principle is the assumption that the closer the changes in prices 
experienced in two markets, the more integrated the two markets can be seen to be. 
In order to study the interdependence of price time series between any pair of 
markets i and j, we can refer to a linear relationship of the type: 
 
 
 
 

 
 

 

 
(1) 

 
 
where: 

  represents the retail price prevalent on market i at time t; 
  represents the retail price prevalent on market j at time t; 

  represents the error term; 
and  represent the coefficients to be estimated. 

 
Once the condition of stationarity of the series and their co-integration are verified 
through ad hoc tests as the Augmented Dickey-Fuller test or the Phillips-Perron tests, 
the Error-Correction Model is adopted: 
 
 
 
 

 
 

 

 
(2) 

 
 
Where Δp indicates the change in price in market i or j between one period and the 
previous one (t and t-1). 
 
This model can be interpreted by considering how traders adjust the price of their 
merchandise ( ) from one period to the next in response to changes in concurrent 
prices on other relevant markets ( ) as well as to the previous disequilibrium 
between the price prevalent on their market i and on market j. From this perspective 
α2 measures the short-run effect in the process of price change and α3 measures the 
speed of adjustment of price on market i to a discrepancy between pi and the price 
prevalent on the reference market ( ) in the previous period. The greater the value 
of α3, the more integrated are the two markets.  
 
The error-correction term  can be interpreted as the deviation from 
the long-term equilibrium between the prices on two markets, where the coefficient 

 measures the long-term effect in the process of adjustment – i.e. how much 
change in one price is determined by the change in the other. The greater the value 
of , the more integrated are the two markets, and at a larger scale, the more 
functional is expected to be the local market. 
 
In addition to the above, the Granger causality test is used to assess the presence 
and direction of price transmission. Per each couple of markets it can test: 1) whether 
price changes experienced in one market have induced or influenced price changes 
in another market; 2) whether any influence is unidirectional or bilateral. With 
reference to the two equations: 
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there are four possible cases: 

(1) Unidirectional causality from X to Y (X is said to “Granger-cause” Y): 
In this case past values of X have an effect on current values of Y (i.e. ), 
but past values of Y have no effect on X (i.e. ). 

(2) Unidirectional causality from Y to X (Y is said to “Granger-cause” X): 
; . 

(3) Bilateral causality: 
; . 

(4) Independence: 
; . 

 
The use of vector autoregression models allows to move from bi-variate to multi-variate co-integration to 
analyse the interaction of several time series. In this case the Error-Correction Model becomes: 
 
 
 
 

 
 

 

 
(5) 

 
 
where: 

  is a multi-dimensional vector whose components are the market prices at time t; 

  is the difference between  and ; 
  is the speed of adjustment matrix; 
 is a matrix whose columns are linearly independent co-integrating vectors with 

representing the long-run equilibrium errors. 
 
The number of linearly cointegrating relationships, r, lies between 0 and K-1, where K is the number of 
dependent variables in . Furthermore, r is the rank of . 
 
 
2.3 The data and its preparation 
 
2.3.1 Selection of commodities 
 
This study covers two commodities. A usual consideration is that cereal traders would normally handle all 
cereals, as well as other food commodities, for which there is demand and supply. 
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Source: FSNAU

 Figure 2: Cereal consumption

Under that perspective, the analysis of one commodity would suffice for a general 
assessment of the degree of market integration. In our case, the rationale for 
considering two commodities is that consumption patterns seem to be strongly 
diversified due to a strong difference in consumers' preference. Therefore, in order to 
optimize the use of available data, the selection of the two commodities should not 
just rely on data availability, but should aim at capturing such different preference. 
 
Ideally, we are interested in quantities of food, not in number of consumers; although 
the two criteria are expected to reflect each other. In particular, we are interested in 
the cereals which are exchanged in the highest number of markets. This does not 
necessarily reflect the overall consumption and therefore the number of 
consumers. The spread over geographical areas is probably the most important 
criterion because it gives an idea of how many markets are involved in the exchange 
of the same cereal. In fact, the purpose of this study is to assess how different local 
markets behave (i.e. how much and how fast each market reacts to price changes in 
other markets), and that is independent of quantities exchanged and of number of 
consumers.  
 
The criteria mentioned above help to cut down the number of eligible commodities. 
As shown in Figure 2, prepared by FSNAU along estimates from its experts, white 
sorghum can be excluded because consumed (here used as proxy for exchanged) 
only in few areas (and therefore in few markets). White maize is concentrated in the 
south and gives a limited coverage of the national market. Although it is important to 
recognize its major role in the south, it would not help much in assessing market 
integration in the central region and in the north. Red rice and wheat are exchanged 
throughout Somalia. They seem to have equal share of food consumption. They are 
mainly consumed in the north, but their relevance gets highly reduced in the south. 
Finally, red sorghum is the third most consumed commodity. In the south it is equally 
consumed as red rice and wheat, with the exception of some regions where it is the 
most consumed, as in Bay and Bakool. However, red sorghum is not consumed in 
Awdal and Galbeed. 
 
Taking stock of the considerations above, two combinations are considered to be 
preferable: 
A) red rice and wheat 
B) red sorghum and either red rice or wheat. 
While A) would assure that all areas are covered, B) would help to balance the 
geographical distribution, by giving a little bit more relevance to markets in the south. 
 
Overall, in agreement with FSNAU it was felt that B) would give a better return. The 
first commodity (red rice or wheat) would ensure that all areas are covered. The 
second commodity (red sorghum) would help to reflect higher consumption in the 
south, while the first commodity would reflect higher consumption in the north and in 
the central region. Finally, red rice was preferred over wheat based on the criterion of 
data availability.  
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of the same cereal. In fact, the purpose of this study is to assess how different local 
markets behave (i.e. how much and how fast each market reacts to price changes in 
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The criteria mentioned above help to cut down the number of eligible commodities. 
As shown in Figure 2, prepared by FSNAU along estimates from its experts, white 
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most consumed, as in Bay and Bakool. However, red sorghum is not consumed in 
Awdal and Galbeed. 
 
Taking stock of the considerations above, two combinations are considered to be 
preferable: 
A) red rice and wheat 
B) red sorghum and either red rice or wheat. 
While A) would assure that all areas are covered, B) would help to balance the 
geographical distribution, by giving a little bit more relevance to markets in the south. 
 
Overall, in agreement with FSNAU it was felt that B) would give a better return. The 
first commodity (red rice or wheat) would ensure that all areas are covered. The 
second commodity (red sorghum) would help to reflect higher consumption in the 
south, while the first commodity would reflect higher consumption in the north and in 
the central region. Finally, red rice was preferred over wheat based on the criterion of 
data availability.  
 2.3.2 Selection of markets 
 
The dataset managed by the FSNAU includes time series of prices of a multitude of commodities, which 
have been monitored across 48 urban markets and 51 rural trading centres, most of which since 1995 up 
to date. The present study is focused on urban markets and does not covers rural trading centres. 
 
In order to optimize the use of available data, markets where data collection was started after 2007 were 
not included in the analysis. In addition, Burao market was dropped for inconsistency of price data. After 
accounting for the reductions mentioned above, the dataset utilized for this study accounts for 38 market 
centres: Abudwak, Adanyabal, Afgoi, Afmadow, Baidoa, Bardera, Belet Hawa, Beletwein, Boroma, 
Bosasso, Buale, Dinsor, Doblei, Dolo, Dusamared, El Barde, El Der, Elwak, Erigavo, Galkayo, Garowe, 
Hagar, Hara Dhere, Hargeisa, Hudur, Jamaame, Jilib, Jowhar, Kismayo, Lasanod, Lugh, Merka, 
Mogadishu Bakara, Qansah Dere, Qorioley, Togwajiale, Wanle Weyne and Zeilac Lawayacado. 
 
This study is limited to domestic market integration, since price data for the two commodities dealt with in 
this study could not be found either in neighboring countries or on the international scene with reference 
to the timeframe specified above. 
 
2.3.3 Deflation of prices 
 
This study covers a time span of almost two decades. In normal settings the analysis of market prices 
recorded over a much shorter period requires price deflation in order to be able to make sense of value 
comparisons over time. Such reasoning is even more justified when dealing with countries regularly 
affected by high inflation rates, as it is the case of Somalia.   
 
In order to deflate the market prices of the two commodities it has been made use of the CPI recently 
developed.1 Three main options can be considered for deflating prices: full CPI, food CPI, non-food CPI. 
The choice is mainly determined by the scope of the analysis:  

a) When dealing with a general process of price rise and we are trying to analyse or take account of 
the inflationary process, the full CPI is the preferred approach. 

b) When trying to assess the movement of prices of specific categories of items, the use of sectorial 
CPIs is preferable. In this case, if we want to assess the changes of food prices compared to 
changes in non-food prices, it would be appropriate to use the non-food CPI. This approach 
would give an idea of the evolution of the terms of trade, which can be particularly useful if one 
category of households regularly sells one category of items (for instance non-food) and buys 
another category of items (for instance food). 

c) When the price rise is limited to a category of items (in our case food), than we may decide to use 
a food-only CPI, because otherwise our analysis would be biased downwards and would not 
capture the full price rise which has affected or is affecting food commodities. 
In this case the full CPI is preferable, since we are dealing with a general price rise. An additional 
reason to prefer the full CPI is the consideration that the commodity basket used for the 
development of the CPIs includes only a limited component of non-food items. Furthermore, in 
this case the evolution of full CPI and of food CPI is quite similar, with the rate of correlation 
between the two deflators ranging between 0.93 (Mogadishu) and 0.99 (Centre and South). 
Therefore, we can expect that any of the three approaches would lead to reasonably similar 
results.  

 
Rather than using the national CPI, market prices were deflated using the zonal – i.e. Northern, Central 
and Southern, Mogadishu – CPIs because better reflective of local market exchanges and of local 
inflationary processes. Furthermore, in order to take into account local peculiarities due to the use of 
different currency, markets in the Northern zone were diversified according to the currency used and 
prices were deflated through the respective CPIs. Overall, the following four deflators were utilized: 
Northern SlSh, Northern SoSh, Central and Southern, Mogadishu. Their evolution is reported in Figure 3. 

                                                
1 See De Matteis, 2013 
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 Figure 3: CPIs utilized as deflators
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2.3.2 Selection of markets 
 
The dataset managed by the FSNAU includes time series of prices of a multitude of commodities, which 
have been monitored across 48 urban markets and 51 rural trading centres, most of which since 1995 up 
to date. The present study is focused on urban markets and does not covers rural trading centres. 
 
In order to optimize the use of available data, markets where data collection was started after 2007 were 
not included in the analysis. In addition, Burao market was dropped for inconsistency of price data. After 
accounting for the reductions mentioned above, the dataset utilized for this study accounts for 38 market 
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This study is limited to domestic market integration, since price data for the two commodities dealt with in 
this study could not be found either in neighboring countries or on the international scene with reference 
to the timeframe specified above. 
 
2.3.3 Deflation of prices 
 
This study covers a time span of almost two decades. In normal settings the analysis of market prices 
recorded over a much shorter period requires price deflation in order to be able to make sense of value 
comparisons over time. Such reasoning is even more justified when dealing with countries regularly 
affected by high inflation rates, as it is the case of Somalia.   
 
In order to deflate the market prices of the two commodities it has been made use of the CPI recently 
developed.1 Three main options can be considered for deflating prices: full CPI, food CPI, non-food CPI. 
The choice is mainly determined by the scope of the analysis:  

a) When dealing with a general process of price rise and we are trying to analyse or take account of 
the inflationary process, the full CPI is the preferred approach. 

b) When trying to assess the movement of prices of specific categories of items, the use of sectorial 
CPIs is preferable. In this case, if we want to assess the changes of food prices compared to 
changes in non-food prices, it would be appropriate to use the non-food CPI. This approach 
would give an idea of the evolution of the terms of trade, which can be particularly useful if one 
category of households regularly sells one category of items (for instance non-food) and buys 
another category of items (for instance food). 

c) When the price rise is limited to a category of items (in our case food), than we may decide to use 
a food-only CPI, because otherwise our analysis would be biased downwards and would not 
capture the full price rise which has affected or is affecting food commodities. 
In this case the full CPI is preferable, since we are dealing with a general price rise. An additional 
reason to prefer the full CPI is the consideration that the commodity basket used for the 
development of the CPIs includes only a limited component of non-food items. Furthermore, in 
this case the evolution of full CPI and of food CPI is quite similar, with the rate of correlation 
between the two deflators ranging between 0.93 (Mogadishu) and 0.99 (Centre and South). 
Therefore, we can expect that any of the three approaches would lead to reasonably similar 
results.  

 
Rather than using the national CPI, market prices were deflated using the zonal – i.e. Northern, Central 
and Southern, Mogadishu – CPIs because better reflective of local market exchanges and of local 
inflationary processes. Furthermore, in order to take into account local peculiarities due to the use of 
different currency, markets in the Northern zone were diversified according to the currency used and 
prices were deflated through the respective CPIs. Overall, the following four deflators were utilized: 
Northern SlSh, Northern SoSh, Central and Southern, Mogadishu. Their evolution is reported in Figure 3. 

                                                
1 See De Matteis, 2013 

Source: FSNAU, CPI report, 2015

10 See FSNAU, CPI report, 2015
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process of price rises which has been going on since the global financial crisis occurred in 
2007-08 – which is the main striking feature of nominal price evolution – is also reflected in 
the evolution of real prices. However, its relevance is reduced and balanced by a rather stable 
long-term trend. In some cases, such trend is even decreasing, revealing that often real prices 
have not increased – or have rather decreased – in the long run, contrary to the misleading 
impression given by the evolution of nominal prices.  
  
Unless indicated otherwise, the following part of the analysis will make use of deflated price 
data. 
 
 
Figure 4 Nominal and real prices of red sorghum and red rice 
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Figure 4: Nominal and real prices of red sorghum and red rice

Figure 4 reports the price evolution for the two commodities recorded in all the markets included in this 
study. Prices are reported in the local currency – either Somali Shilling (SoSh) or Somaliland Shilling 
(SlSh) – both in nominal (in light color) and real – i.e. deflated – (in dark color) values.  
 
Price volatility is a common feature of graphs in Figure 4. However, the most important consideration 
about Figure 4 is that price movements show a rather different pattern whether their evolution is 
considered in real terms or in nominal terms. The general and structural process of price rises which has 
been going on since the global financial crisis occurred in 2007-08 – which is the main striking feature of 
nominal price evolution – is also reflected in the evolution of real prices. However, its relevance is reduced 
and balanced by a rather stable long-term trend. In some cases, such trend is even decreasing, revealing 
that often real prices have not increased – or have rather decreased – in the long run, contrary to the 
misleading impression given by the evolution of nominal prices.  
  
Unless indicated otherwise, the following part of the analysis will make use of deflated price data. 
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3.	 FINDINGS
3.1 Descriptive statistics

11 It is necessary to keep in mind that the recent Al Shabab occupation caused a drastic reduction of activities in Merka port.

12 The seasonality index is estimated by dividing monthly averages by annual averages. An index value for a month of, say, 
80% means that prices for that particular month are 20% lower than the annual average. Similarly, an index value of, say, 
120% means that prices for that month are 20% higher than the annual average price. Figure 6 presents the national average 
seasonality price indices.

Understanding price variability is important as it gives an insight of price behavior within the study period. In 
normal contexts price variability can be a result of natural factors, such as weather variability, or economic 
factors, such as the structure of the market – e.g. transport costs, the number of market agents involved, and 
the length of different marketing channels. In the case of Somalia, besides these regular factors, price 
variability – and more in general market functioning – is heavily affected by a highly unstable security 
environment. The 38 markets which were selected for this study are spread across wide distances through 
areas signed by different degrees of physical security, political stability, economic performance, natural 
resource availability, climatic severity and drought risk. All such factors are expected to affect at different 
degrees price variability.  
 
Table 3 provides descriptive statistics. In order to contain the limitations due to missing data, the analysis is 
restricted to prices reported after 2002. In order to optimize comparability, all prices are expressed in one 
currency: the Somali Shilling (SoSh). For those markets where trading takes place through the Somaliland 
Shilling (SlSh), prices have been converted into a SoSh through a SoSh-SlSh exchange rate inferred from the 
exchange rates of the two currencies against the USD.  
    
The large gap between average prices of rice and sorghum is due to the imported nature of the former 
compared to the mainly local production of the latter. Prices of rice are generally high throughout Somalia. 
Surprisingly, the lowest prices are recorded in the North and particularly in the Northwest, where rice is the 
major staple food together with wheat. Rice is as well the main staple in Central Somalia, and markets in this 
area record the highest average market prices. This difference is very likely linked to the different currencies 
used in the two areas. In the South the lowest average price is recorded in Merka which is one of the main 
ports of entry11. Prices increase as the commodity moves inland into the so called ʻmaize beltʼ and increase 
further through the ʻsorghum beltʼ.   
 
In the case of sorghum, as expected the lowest prices are in the main producing areas of Bay. Prices tend to 
increase along transport costs, with no major difference on average between the sorghum belt and the maize 
belt. Average sorghum prices double when comparing markets in the South against those in the Center and 
in the North. This is reflected in a drastic drop in demand, as already seen in Figure 2.  
 
Rice price variability in the North is double the one in the rest of the country (52% versus 26%, respectively). 
In fact, both maximum and minimum values are recorded in northern markets. With the only exception of the 
North, price variability is generally higher for sorghum than for rice. This is expected considering that the 
former is mainly locally produced while the latter is imported. The major factor of variability is seasonality and 
Figure 6 provides a graphical representation of seasonality indices12. Prices are at their lowest in February 
and March and at their highest in July. 
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Market

Abudwak 101 134.45 33.38 83.50 242.00 24.82

Adanyabal 106 189.32 74.80 81.90 402.90 39.51

Afgoi 132 72.56 33.14 28.20 214.90 45.67

Afmadow 61 86.89 29.59 21.80 169.90 34.05

Baidoa 122 55.81 31.18 15.70 179.80 55.86

Bardera 130 65.86 36.88 18.50 198.30 56.01

Belet Hawa 103 137.10 53.36 28.40 279.90 38.92

Beletwein 85 85.18 27.95 32.40 175.10 32.82

Boroma 88 90.27 48.16 39.40 278.10 53.35

Bosasso 132 216.87 43.24 131.70 385.80 19.94

Buale 31 70.25 38.96 23.90 218.20 55.46

Dinsor 130 51.74 39.21 16.70 198.30 75.78

Doblei 33 99.22 25.78 32.80 169.60 25.98

Dolo 83 112.87 52.31 36.20 313.50 46.35

Dusamared 111 159.09 37.70 83.50 253.70 23.70

El Barde 123 103.96 26.01 50.00 231.00 25.02

El Der 126 125.84 46.22 42.70 221.60 36.73

Elwak 105 95.90 31.62 28.10 206.00 32.97

Erigavo 33 177.83 50.51 89.60 304.40 28.40

Galkayo 126 153.70 54.83 58.70 341.40 35.67

Garowe 124 268.66 69.45 140.10 415.00 25.85

Hagar 62 83.68 26.49 41.50 185.40 31.66

Hara Dhere 120 144.30 59.78 38.30 256.60 41.43

Hargeisa 108 122.66 86.00 22.60 509.80 70.11

Hudur 129 81.13 32.21 33.10 206.10 39.70

Jamaame 18 75.40 47.66 27.90 178.00 63.21

Jilib 48 62.61 33.54 19.70 180.20 53.57

Jowhar 119 90.80 35.25 41.60 250.90 38.83

Kismayo 45 100.72 26.69 32.50 167.30 26.50

Lasanod 45 194.64 53.70 104.80 306.40 27.59

Lugh 97 92.88 47.22 20.60 246.10 50.85

Merka 130 82.19 37.61 42.00 231.70 45.76

Mogadishu Bakara 129 76.20 44.99 30.60 286.70 59.03

Qansah Dere 129 48.94 34.68 13.20 181.00 70.87

Qorioley 128 72.80 42.58 33.10 251.30 58.49

Togwajiale 8 94.86 37.04 37.40 143.70 39.04

Wanle Weyne 102 61.94 30.90 26.40 185.10 49.90

Zeilac Lawayacado 49 195.19 90.06 76.50 415.30 46.14

Red Sorghum

Std. Dev. Min Max Coeff. of Var.Obs Mean

Table 3	Descriptive statistics of prices in SoSh for the period Jan 03 – Jan 14
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Market

Abudwak 111 258.53 62.46 193.50 514.90 24.16

Adanyabal 107 301.75 68.79 193.50 530.80 22.80

Afgoi 132 217.21 60.28 125.10 458.00 27.75

Afmadow 122 259.68 67.98 139.10 473.70 26.18

Baidoa 122 245.07 67.65 135.50 471.70 27.60

Bardera 130 266.07 61.65 156.50 453.10 23.17

Belet Hawa 108 282.86 78.91 135.60 603.30 27.90

Beletwein 126 225.04 57.46 148.40 442.80 25.53

Boroma 127 193.28 112.57 74.20 632.70 58.24

Bosasso 132 227.33 70.49 151.30 621.40 31.01

Buale 114 276.38 84.42 149.90 658.20 30.55

Dinsor 124 253.54 71.57 123.00 532.00 28.23

Doblei 127 292.38 75.62 165.20 570.40 25.86

Dolo 84 293.80 71.65 187.80 493.60 24.39

Dusamared 112 287.16 63.48 204.70 532.00 22.11

El Barde 131 301.88 58.10 212.20 554.00 19.24

El Der 128 284.05 70.44 168.30 548.50 24.80

Elwak 118 287.38 60.99 169.00 503.10 21.22

Erigavo 126 199.56 114.43 76.70 577.40 57.34

Galkayo 128 272.48 80.28 164.30 659.50 29.46

Garowe 131 263.07 71.60 161.70 659.00 27.22

Hagar 126 289.78 73.04 166.90 548.50 25.20

Hara Dhere 124 328.26 91.96 148.10 598.40 28.02

Hargeisa 119 189.46 99.94 56.50 514.20 52.75

Hudur 130 261.23 53.36 156.50 435.10 20.43

Jamaame 128 231.10 69.19 125.80 507.40 29.94

Jilib 121 232.33 70.44 135.40 514.90 30.32

Jowhar 118 223.59 63.69 128.40 416.90 28.49

Kismayo 103 224.75 70.21 132.80 466.00 31.24

Lasanod 106 207.09 106.95 97.60 614.80 51.64

Lugh 99 298.22 88.44 190.10 658.20 29.66

Merka 132 213.58 65.83 127.20 449.80 30.82

Mogadishu Bakara 129 223.36 97.13 114.50 529.00 43.49

Qansah Dere 129 259.24 70.12 147.50 514.90 27.05

Qorioley 131 220.25 62.93 127.20 432.50 28.57

Togwajiale 126 197.60 114.29 70.00 528.30 57.84

Wanle Weyne 102 220.95 68.04 125.10 474.40 30.80

Zeilac Lawayacado 117 244.33 135.10 87.20 779.60 55.30

Obs Mean Std. Dev. Min

Red Rice

Max Coeff. of Var.

Data source: FSNAU
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 Figure 6: Seasonality indices
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After the seasonal component, it is interesting to assess whether price data reveal the presence of any long-
term changes. Trend analysis captures long-term changes that may significantly alter seasonal patterns. This 
analysis involves the calculation of a trend factor by regressing the time series on a time dummy variable. 
The results are presented in Table 4. 
 
Goodwin (1994) noted that a trend is of enough significance if the trend analysis suggests that time alone 
explains as much as 15% of the variation in the price series. Along this line, in only eight markets the trend 
component explains 15% or more of price variation. Interestingly, for half of them – Adanyabal, Bardera, 
Dusamared and Togwajiale – the trend coefficients are positive, while the others – Galkayo, Garowe, Hara 
Dhere and Jamaame – show a negative sign. For all other markets the value of R2 is below the threshold. 
This indicates that time trend has limited influence on the evolution of sorghum prices, and wherever found, 
this influence has a local nature.    
 
The case of rice is quite different. In this case, the trend component explains 15% or more of price variation 
in 16 markets, just below half of our market sample. Moreover, results are quite consistent, showing a 
decreasing trend in 15 markets – Afmadow, Baidoa, Bardera, Belethawa, Buale, Dinsor, Doblei, Dolo, Elwak, 
Garowe, Hagar, Hara Dhere, Hudur, Lugh and Wanle Weyne – and an increasing trend in only one market – 
Hargeisa.  
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Market

Abudwak 0.11 0.09 0.01 -0.29 * 0.16 0.03

Adanyabal 1.36 *** 0.13 0.51 0.12 0.17 0.00

Afgoi 0.07 0.08 0.01 -0.31 ** 0.14 0.04

Afmadow 0.06 0.14 0.00 -0.92 *** 0.14 0.27

Baidoa 0.19 ** 0.07 0.05 -0.96 *** 0.13 0.30

Bardera 0.37 *** 0.08 0.15 -0.85 *** 0.12 0.27

Belet Hawa 0.09 0.15 0.00 -1.38 *** 0.17 0.38

Beletwein -0.02 0.08 0.00 -0.30 ** 0.14 0.04

Boroma 0.29 ** 0.12 0.07 0.62 ** 0.26 0.04

Bosasso -0.15 0.10 0.02 -0.47 ** 0.16 0.06

Buale 0.60 0.40 0.07 -1.38 *** 0.20 0.29

Dinsor 0.28 *** 0.09 0.08 -0.80 *** 0.15 0.18

Doblei -0.09 0.12 0.02 -0.78 *** 0.17 0.15

Dolo -0.20 0.21 0.01 -1.80 *** 0.21 0.47

Dusamared 0.62 *** 0.08 0.38 0.22 0.16 0.02

El Barde 0.08 0.06 0.01 0.01 0.13 0.00

El Der -0.50 *** 0.10 0.18 -0.50 ** 0.16 0.07

Elwak 0.23 ** 0.08 0.07 -0.76 *** 0.15 0.19

Erigavo 0.58 0.48 0.05 0.80 ** 0.26 0.07

Galkayo -0.90 *** 0.10 0.38 -0.60 *** 0.18 0.08

Garowe -1.25 *** 0.12 0.48 -0.82 *** 0.15 0.19

Hagar -0.16 ** 0.08 0.06 -0.94 *** 0.15 0.24

Hara Dhere -1.05 *** 0.11 0.46 -1.11 *** 0.19 0.22

Hargeisa 0.45 ** 0.22 0.04 1.55 *** 0.23 0.29

Hudur 0.29 *** 0.07 0.12 -0.62 *** 0.11 0.20

Jamaame -1.00 ** 0.44 0.24 -0.60 *** 0.15 0.11

Jilib -0.01 0.20 0.00 -0.51 ** 0.16 0.08

Jowhar 0.13 0.09 0.02 -0.55 *** 0.15 0.10

Kismayo 0.13 0.16 0.02 -0.72 *** 0.19 0.12

Lasanod -1.07 ** 0.50 0.10 0.41 0.25 0.02

Lugh 0.38 ** 0.14 0.07 -1.14 *** 0.25 0.18

Merka 0.12 0.09 0.01 -0.41 ** 0.15 0.06

Mogadishu Bakara 0.42 *** 0.10 0.13 0.75 *** 0.21 0.09

Qansah Dere 0.34 *** 0.08 0.14 -0.68 *** 0.15 0.14

Qorioley 0.18 * 0.10 0.03 -0.48 *** 0.14 0.08

Togwajiale 1.79 ** 0.38 0.78 0.84 *** 0.26 0.08

Wanle Weyne 0.06 0.10 0.00 -1.05 *** 0.19 0.23

Zeilac Lawayacado -0.01 0.56 0.00 0.66 ** 0.32 0.04

t-stat of 
linear trend R2

Red sorghum Red rice

Trend coeff.
t-stat of 

linear trend R2 Trend coeff.

Table 4: Results of regressing prices on trend variable

Significance:  *** = 0.01,  ** = 0.05,  * = 0.1

Data source: FSNAU
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South Central North

Red sorghum 22.52 20.50 18.14

Red rice 27.96 22.50 20.86

Zone of at least one of the two markets

Table 5: Average number of cointegrating relationships

Data source: Tables A.4 and A.5

The price series from the 38 markets under study were tested individually for stationarity, thus they were 
tested for presence of unit roots. The Augmented Dickey Fuller (ADF) test was applied to carry out this test. 
In all cases the resulting residuals follow the white noise process. The results of the ADF test are presented 
in Tables A.2 and A.3 for sorghum and rice respectively. They indicate that all price series are non-stationary 
processes integrated of order one I(1). 
 
Given that all the time series analyzed are non-stationary I(1) processes, and taking into account 
cointegration theory, which states that two or more non-stationary series are long-term cointegrated if both 
series are integrated of the same order and their linear combination yields a disturbance term that is 
stationary, we proceed to test for long-run cointegration. The results of the Johansen test (Tables A.4 and 
A.5) identify the market pairs for which there is evidence to reject the null hypothesis of no cointegration, 
suggesting that a long-run cointegrating relationship between prices exists.  
 
A quick view at Tables A.4 and A.5 highlights the existence of a higher number of cointegrating relationships 
for red rice than in the case of red sorghum. In fact, when considering all relationships which record at least a 
0.1 significance level, 70% of all combinations are significant in the case of rice, while only 58% in the case 
of sorghum. Furthermore, the degree of significance is generally higher for rice than for sorghum.  
 
For both commodities, more than two thirds of the identified cointegrating relationships are found in the 
South. This was somehow expected since the majority of markets considered here are in the South. In order 
to take account of such disparity, Table 5 reports the number of relationships recorded on average by each 
market according to its geographic distribution. Even after taking into account the geographical distribution of 
the 38 markets considered in this study, the largest average number is still found in the South. Once again, 
this was expected for sorghum, since a large share of sorghum traded throughout Somalia is produced in the 
sorghum belt in the South. But a large number of cointegrating links is found in the South also in the case of 
red rice, which is an imported commodity and which is mainly consumed in the Central and in the Northern 
zones. Clearly, the shorter distances between markets in the South than in the rest of the country strongly 
facilitate market exchange and support market functioning in general.  
 
It is expected that the protracted conditions of insecurity, particularly in the South, have not provided a 
favourable environment for the development of trading activities. Nevertheless, results indicate that there is 
price transmission even despite unstable security conditions. This highlights how markets can work 
effectively even under severe security conditions. 
 

3.2 Stationarity and bivariate cointegration

It is necessary to consider that cointegration between two variables implies the existence of causality 
between them in at least one direction. As such, cointegration by itself cannot be used to make inferences 
about the direction of causation, and therefore it is necessary to establish causality through an appropriate 
test. In order to determine whether there are any causal relationships in prices among cointegrated markets, 
the Granger causality test was carried out13 and only cointegrating relationships 
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13 For each market pair the appropriate lag length (l) for the specification of the causality test was determined as the one on which 
converged the majority among the following: the Akaike’s information criterion (AIC), the Shwartz’s Bayesian information criterion 
(SBIC), the Hannan and Quinn’s information criterion (HQIC), the final prediction error (FPE) and the likelihood-ratio test statistic (LR). 

for which a clear direction of causality can be identified are retained. Test results are presented in 
the last column of Tables A.6 and A.7. Following the consideration that distances influence the 
volume of trade, in order to realistically restrict the number of possible pairs, prices in each market 
were compared against prices in each other market in its zone and against each market in the 
neighboring zone. This means that each market in the Southern and in the Northern zones was 
compared against each other market within the same zone as well as in the Central zone. Each 
market in the Central zone was compared against all other markets considered in this study. 
 
Both unidirectional and bidirectional causality are found. In particular, the frequency of bidirectional 
causality is significantly larger in the case of rice than for sorghum. This suggests that while the 
market structure of the former is more balanced and mature, it is instead more fragmented for the 
latter. Interestingly, in the South, where sorghum is the staple food and is locally produced, 34% of 
the cointegrating relationships identified within the same zone for rice are bidirectional, while only 
23% of those identified for sorghum are bidirectional. Table 6 provides a summary list of number 
and direction of causality of cointegrating relationships identified for each market within its own 
zone. The total number of relationships combined with the direction of causality can help to 
summarize the cointegrating capacity as well as the role played by a market. While the former helps 
to identify the size of the network referred to each market center, the latter helps to define the price-
making or price-taking role played by a market. Data in Table 6 help to identify the most (least) 
relevant markets as well as the most (least) influential in the price-making process.  
 
Starting with sorghum trade in the South, the centers with largest network of markets interconnected 
through the transmission of price signals are mostly found in Lower Shabelle, Bay and Bakool. In 
order to identify for each market its role in price making, we can use the ratio between the number of 
markets being influenced versus the number of influential markets (see column /). Qansah 
Dere, Baidoa and Dinsor, all of them located in Bay region, can be considered as the main price 
makers, followed by Dolo and Lugh, located in Gedo region along one of the main corridors within 
the sorghum belt. El Barde and Kismayo are the main price takers; Mogadishu seems to play the 
same role. 
 
Moving to the Central zone, the number of cointegrating links gets reduced both due to the smaller 
number of markets as well as due to the larger distances between markets. No real price makers or 
price takers can be found. Both Abudwak and Galkayo appear to be the two major transit points 
both receiving and transmitting price signals. The same applies to all other markets considered, with 
the exclusion of Garowe, which plays a role of price taker. 
 
Moving further North, there seems to be a rather poor degree of price transmission, as signaled by 
the lack of integrating links involving the main markets of Bosasso and Hargeisa.  
 
As mentioned above, the rice market is characterized by a denser network than found for sorghum. 
In the South, contrary to the case of sorghum, the main network centers are spread throughout the 
zone. They can be identified in Afmadow, Beletwein, Bardera, and also Elwak and Lugh. 
Interestingly, Beletwein, which seems to be rather irrelevant for sorghum price formation and 
transmission, appears to be one of the key centers in the case of rice trading. In fact, this is one of 
the most relevant price makers in the South. This is supported by the consideration that rice is 
mainly consumed in the North and in the Central zone and therefore Beletwein is a sort of entry 
point of the main rice trading routes which move from the North and Central zone into the South. 
Surprisingly, data in Table A.6 show the existence of bidirectional influence between Beletwein and 
Galkayo, but show unilateral influence from Beletwein to all other markets in the central zone. Merka 
is another major price-maker in the South, besides being another major entry point of rice imports. 
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The main price takers are Elwak, Doblei, Hagar, but also El Barde, Afmadow and a few others 
among the most distant centers from the main entry points. Again, Mogadishu is essentially a price 
taker.    
 
As seen for sorghum, even in the case of rice the number of cointegrating links gets reduced when 
moving to the Central and Northern zones. As mentioned above, this is justified by the lower number 
of markets monitored and consequently by the longer distances between market centers. 
Nevertheless, since in these parts of Somalia red rice is much more relevant than red sorghum in 
consumption and trade, we can get now a clearer picture than the one seen above.  In particular, 
Hara Dhere plays mainly a price-making role, while Abudwak is mainly a price taker. Abudwak is 
influenced both by Hara Dhere and by the two main markets on the route towards the North, 
supporting what said above about the transmission of price signals from the Northern zone to the 
Southern zone.    
 
In the North, Bosasso is one of the main entry points of rice imports and plays a critical role as price 
maker. Other significant contributions to price making are provided by Hargeisa and Togwajale. 
Actually, both Togwajiale and Hargeisa are influenced – directly the former and indirectly the latter – 
by Bosasso. Boroma and Zeilac Lawayacao play a price-taking role. Having said the above, a 
consideration is to be made: a major node in the process of rice price transmission in the North is 
not covered by this study. In fact, Berbera is the entry point for rice imports into North West areas, 
has a good port and good transport connection with major market centers in the area. All these are 
good reasons to assume that Berbera plays a price-making role in the rice trade. Unfortunately 
Berbera is not monitored by FSNAU and therefore such lack of data has forced to keep this market 
out of this study. 
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Table 6: Number and direction of causality of cointegrating relationships – Red sorghum

 27 

Table 6 Number and direction of causality of cointegrating relationships – Red 
sorghum 

 
‡ The three arrows ← → ↔ identify the relationships in which the market plays respectively a price-taking role, 
a price-making role, or both. 
Data source: Table A.6 
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Table 7: Number and direction of causality of cointegrating relationships – Red rice

 28 

Table 7 Number and direction of causality of cointegrating relationships – Red 
rice 

 
‡ The three arrows ← → ↔ identify the relationships in which the market plays respectively a price-taking role, 
a price-making role, or both. 
Data source: Table A.7 
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Data source: Tables A.6 and A.7

Figure 7: Average values of long-term adjustment

After establishing the direction of causality, this study has attempted to model the 
long-term price relationship between each market pair for which a cointegrating 
relationship has been identified. Estimates of the coefficients of long-term effect of 
the adjustment process ( ) and of the speed of adjustment (α3) described in section 
2.2 are presented in Tables A.6 and A.7.  
 
First of all, a test has been run to check whether the patterns of market integration of 
the two commodities are significantly different from each other. In order to do so, the 
distribution of  and α3 haven been compared against each other. This test has 
been run both at individual market level and on regional averages. In all cases the 
test has confirmed that the patterns of market integration of the two commodities are 
significantly different14. 
 
In order to facilitate a comparative visualization of results, estimates of the 
coefficients of long-term adjustment and of speed of adjustment have been averaged 
at regional level and expressed in a graphic format. Both coefficients are expressed 
in absolute value. 
 

Within the Southern zone Middle Shabelle, Middle Juba, Bay and Hiiran record the highest capacity of 
sorghum price transmission. Since coefficients can be interpreted in this case as elasticities, the high 
values of the coefficient recorded in these regions show that price changes in dominant markets within 
the region tend to get more than fully transmitted in the long run to integrated markets within the same 
region. For all other regions in the South, coefficient values range around unity, confirming again a 
substantial price transmission, with the exception of Bakool where the average intensity of price 
transmission is lower. These results are generally in line with Sanogoʼs (2011), with the exception of a 
certain improvement in Gedoʼs performance. In the Central zone, average values in Galgadud and 
Mudug reflect the same pattern of a substantial price transmission. In Nugal and in the Northern zone, 
there is a general reduction of , highlighting a weaker – although still significant – transmission of 
price signals. The only exception is Galbeed, which reflects a very strong market connection between 
Hargeisa and Togwajiale.  
 
The values of  are not necessarily consistent with those of α3. In fact, Figure 8 remarks how some of 
those regions in the South which record the largest values for the former seem to record the lowest 
values for the latter, and the opposite otherwise. This is the case of Middle Juba and Middle Shabelle, 
which register the lowest average speed of adjustment, as well as of Bakool, which in this case 
registers one among the highest values of speed. The same inconsistency is evident in the North, with 
Galbeed recording lower average speed than Sanaag and Awdal. Anyway, there is nothing wrong with 
the highlighted inconsistency. In fact, the degree of price transmission and the speed of adjustment are 
two complementary aspects of the same process: in principle, it is acceptable – 

Coefficients of correlation for 

€ 

θ2  and α3 are -0.07 and 0.21 respectively. The t-test rejects the hypothesis of equality of means 
at 0.1 and 0.05 level for  and α3 respectively. 

14
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Figure 8: Average values of speed of adjustment

though not necessary – that a larger price gap may require a longer period to complete the adjustment 
process. However, in this case it seems unlikely that prices take so long to adjust; they seem more likely to 
show incomplete but fast transmission than slow but complete transmission. A region which seems to 
combine a relatively large price adjustment and a high speed is Hiiran, which in this study is covered only by 
Beletwein. 
 
Moving on to the second commodity, it is interesting to consider how values of  seem to be generally lower 
than the ones reported above for sorghum in the South. This leads to think of a less intense process of price 
transmission and adjustment for rice than for sorghum in the South. At the same time, the degree of price 
adjustment is slightly larger in the North than in the South. Both considerations were somehow expected 
considering that rice is one of the food staples in the North, but not in the South. Nevertheless, two 
remarkable exceptions are the minimum value of Bosasso in the North and the maximum value of 
Mogadishu.  
 
In terms of speed of adjustment, a certain increase in speed rates is found in southern regions compared to 
the values recorded for sorghum. Contrary to what considered earlier on about the speed of sorghum price 
adjustment in Beletwein, the speed of price adjustment in Beletwein is in this case only faster than Bosasso.  
 
All the analysis conducted in this section has focused on the process of price transmission between market 
pairs. This has provided interesting insights, despite some apparent inconsistency related to different aspects 
of the process of price adjustment. The following section will further deepen the analysis of spatial market 
integration through the combined analysis of multiple markets.  
 
 
3.3 Multivariate cointegration 
 
Multivariate cointegration techniques have been applied initially to each zone taken separately and 
afterwards to the three zones combined.  
 
The combined analysis of an increasing number of time series has imposed some restrictions. In particular, 
the number of markets taken from the southern zone has been reduced. This reduction has served various 
purposes: a) to contain the limitations imposed by the gaps in the dataset, and b) to contain the high 
prevalence of southern markets in the overall sample. Market selection has been inspired by market 
relevance and data availability. The following markets have been retained for the analysis of multivariate 
cointegration: 

• North: Boroma, Bosasso, Erigavo, Hargeisa, Lasanod, Togwajiale and Zeilac Lawayacado; 
• Center: Abudwak, Dusamared, El Der, Galkayo, Garowe, Hara Dhere; 
• South: Adanyabal, Baidoa, Beletwein, Hudur, Jowhar, Kismayo, Merka, Mogadishu, Qansah Dere, 

Qorioley, Wanle Weyne. 
The analysis of the aggregate sample covers 11 markets: two from each zone which the analysis above 
has identified as the most relevant centers in the process of price transmission (Baidoa, Merka, Galkayo, 
Hara Dhere, Bosasso and Hargeisa) plus five additional markets from the Southern zone (Beletwein, 
Jowhar, Kismayo, Lugh and Wanle Weyne). 
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Multivariate cointegration techniques have been applied initially to each zone taken separately and 
afterwards to the three zones combined.  
 
The combined analysis of an increasing number of time series has imposed some restrictions. In particular, 
the number of markets taken from the southern zone has been reduced. This reduction has served various 
purposes: a) to contain the limitations imposed by the gaps in the dataset, and b) to contain the high 
prevalence of southern markets in the overall sample. Market selection has been inspired by market 
relevance and data availability. The following markets have been retained for the analysis of multivariate 
cointegration: 

• North: Boroma, Bosasso, Erigavo, Hargeisa, Lasanod, Togwajiale and Zeilac Lawayacado; 
• Center: Abudwak, Dusamared, El Der, Galkayo, Garowe, Hara Dhere; 
• South: Adanyabal, Baidoa, Beletwein, Hudur, Jowhar, Kismayo, Merka, Mogadishu, Qansah Dere, 

Qorioley, Wanle Weyne. 
The analysis of the aggregate sample covers 11 markets: two from each zone which the analysis above 
has identified as the most relevant centers in the process of price transmission (Baidoa, Merka, Galkayo, 
Hara Dhere, Bosasso and Hargeisa) plus five additional markets from the Southern zone (Beletwein, 
Jowhar, Kismayo, Lugh and Wanle Weyne). 

 

3.3 Multivariate cointegration

Data source: Tables A.6 and A.7
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Table 8: Number of cointegrating equations

Note: The symbol * identifies the number of cointegrating equations detected through the test.

Table 8 presents the results of the trace test.15 The test results confirm the existence of a higher 
number of cointegrated links in the rice market than in the one for sorghum. At the zonal level, this 
higher integration of the rice market is evident in the North, where three cointegrating equations have 
been identified for rice, against only two for sorghum. No difference is detected either in the Central 
zone or in the South, where three and four equations have been detected respectively. However, a 
higher number of cointegrating equations is found for red rice than for red sorghum when analyzing 
the three zones through a combined approach. 

For comparative purposes the analysis has been conducted for both commodities on the same 
samples of markets.

15 The trace test or Johansen test is applied through the analysis of multivariate cointegration to identify the number of 
cointegrating relationships. A higher number of cointegrating relationships signals a more structured network of cointegrated 
markets.

though not necessary – that a larger price gap may require a longer period to complete the adjustment 
process. However, in this case it seems unlikely that prices take so long to adjust; they seem more likely to 
show incomplete but fast transmission than slow but complete transmission. A region which seems to 
combine a relatively large price adjustment and a high speed is Hiiran, which in this study is covered only by 
Beletwein. 
 
Moving on to the second commodity, it is interesting to consider how values of  seem to be generally lower 
than the ones reported above for sorghum in the South. This leads to think of a less intense process of price 
transmission and adjustment for rice than for sorghum in the South. At the same time, the degree of price 
adjustment is slightly larger in the North than in the South. Both considerations were somehow expected 
considering that rice is one of the food staples in the North, but not in the South. Nevertheless, two 
remarkable exceptions are the minimum value of Bosasso in the North and the maximum value of 
Mogadishu.  
 
In terms of speed of adjustment, a certain increase in speed rates is found in southern regions compared to 
the values recorded for sorghum. Contrary to what considered earlier on about the speed of sorghum price 
adjustment in Beletwein, the speed of price adjustment in Beletwein is in this case only faster than Bosasso.  
 
All the analysis conducted in this section has focused on the process of price transmission between market 
pairs. This has provided interesting insights, despite some apparent inconsistency related to different aspects 
of the process of price adjustment. The following section will further deepen the analysis of spatial market 
integration through the combined analysis of multiple markets.  
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Multivariate cointegration techniques have been applied initially to each zone taken separately and 
afterwards to the three zones combined.  
 
The combined analysis of an increasing number of time series has imposed some restrictions. In particular, 
the number of markets taken from the southern zone has been reduced. This reduction has served various 
purposes: a) to contain the limitations imposed by the gaps in the dataset, and b) to contain the high 
prevalence of southern markets in the overall sample. Market selection has been inspired by market 
relevance and data availability. The following markets have been retained for the analysis of multivariate 
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• North: Boroma, Bosasso, Erigavo, Hargeisa, Lasanod, Togwajiale and Zeilac Lawayacado; 
• Center: Abudwak, Dusamared, El Der, Galkayo, Garowe, Hara Dhere; 
• South: Adanyabal, Baidoa, Beletwein, Hudur, Jowhar, Kismayo, Merka, Mogadishu, Qansah Dere, 

Qorioley, Wanle Weyne. 
The analysis of the aggregate sample covers 11 markets: two from each zone which the analysis above 
has identified as the most relevant centers in the process of price transmission (Baidoa, Merka, Galkayo, 
Hara Dhere, Bosasso and Hargeisa) plus five additional markets from the Southern zone (Beletwein, 
Jowhar, Kismayo, Lugh and Wanle Weyne). 

 

	
  

Zone H0: rank = r

North r = 0 149.693 176.600 124.24

r ≤ 1 97.474 120.157 94.15

r ≤ 2 59.512 * 75.865 68.52

r ≤ 3 38.539 42.887 * 47.21

r ≤ 4 21.435 22.822 29.68

r ≤ 5 11.228 6.639 15.41

Center r = 0 120.987 136.493 94.15

r ≤ 1 84.255 84.860 68.52

r ≤ 2 48.883 47.733 47.21

r ≤ 3 28.208 * 21.036 * 29.68

r ≤ 4 10.595 9.019 15.41

r ≤ 5 3.279 2.751 3.76

South r = 0 367.549 368.078 277.71

r ≤ 1 282.780 288.428 233.13

r ≤ 2 216.281 215.863 192.89

r ≤ 3 160.751 165.108 156.00

r ≤ 4 117.497 * 121.019 * 124.24

r ≤ 5 85.761 86.276 94.15

All r = 0 295.964 370.650 277.71

r ≤ 1 230.528 * 277.155 233.13

r ≤ 2 184.850 218.301 192.89

r ≤ 3 147.993 168.637 156.00

r ≤ 4 113.045 124.749 124.24

r ≤ 5 83.913 86.948 * 94.15

Red sorghum Red rice Critical value (5%)
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16 The time required for price adjustment can be estimated as 1/α3.
17 As remarked earlier on, it is necessary to consider how this analysis is somehow incomplete due to the unavailability of data 
about market prices in Berbera, which is assumed to be the major entry point of rice imports into the North West. 

The main parameters in the analysis of multivariate cointegration – i.e. the coefficients of long-term 
adjustment  and speed of adjustment α3 – are reported in Tables 9-12. Overall, the general interpretation 
of the results reveals a higher degree of cointegration for the rice market than for sorghum.  
 
Starting from the sorghum market in the Northern zone, Table 9 shows extremely high values of  for all 
market centers with the only exception of Togwajiale, which is insignificant. However, such high values are 
generally associated with very low values of adjustment speed. This occurs when either Bosasso or 
Hargeisa are taken as reference markets. The exception is given by Zeilac Lawayacado which manages to 
combine high rates of adjustment and reasonably good rates of adjustment speed to price changes in both 
reference markets. In this case, prices require 3.8 and 5.5 months16 to adjust to price changes in Bosasso 
and Hargeisa respectively.      
 
Three reference markets have been considered in the case of rice, since three cointegrating relationships 
have been identified. Bosasso, Hargeisa and Erigavo have been selected as reference market centers17. In 
this case, values of  are more reasonable than the excessive values seen above. Significant absolute 
values range between 0.26 (Lasanod) and 2.73 (Boroma). Boroma and Togwajiale record the highest 
values. However, while in the latter prices are significantly affected by price changes in all three reference 
markets, prices in the former seem to react only to price changes in Bosasso. Prices in both Lasanod and 
Zeilac Lawayacado are reactive to price changes in both Bosasso and Hargeisa, while only prices in 
Togwajiale are reactive to price changes in Erigavo. Boroma records the highest speed to price changes in 
reference markets: 3.1 and 4.5 months to adjust to price changes in Hargeisa and Bosasso respectively. 
Adjustment speed is lower in all other markets. As expected, prices in both Towajale and Zeilac 
Lawayacado adjust faster to price changes in Hargeisa than in Bosasso, although it is necessary to 
highlight how some of the values involved are insignificant. 
 
The equal number of cointegrating equations identified in the Central zone gives the impression of a rather 
balanced degree of integration when comparing between the two commodities. Nevertheless, results in 
Table 10 reveal significantly higher values of  and α3 for rice. Significant values of  range between 
0.28 and 1.39 for sorghum and between 0.21 and 2.89 for rice, with 0.74 and 1.00 as respective average 
values. Therefore, this reveals a stronger process of price transmission for rice than for sorghum. At the 
same time, price transmission appears to be generally slow, although once again faster for rice than for 
sorghum. The highest values of  are recorded for both commodities by El Der and this occurs in both 
occasions with reference to price changes in Hara Dhere. Having said that, El Der scores substantial  
values with all three reference markets considered, and values of the coefficient are regularly higher for rice 
than for sorghum. Dusamared is well connected for both commodities with Abudwak and Hara Dhere, but 
apparently not with Galkayo. Finally, price transmission reveals a good degree of market connection 
between Garowe and Galkayo only for sorghum, while in the case of rice Garowe shows a good degree of 
connection with Hara Dhere.  
 
In the Southern zone Merka, Baidoa, Kismayo and Beletwein were selected as reference markets for both 
commodities. As shown in Table 11, the highest  values are recorded by Qorioley and Jowhar about rice 
price transmissions between them and Beletwein. However, besides such excessively high values, values 
of  are on average still higher for rice than for sorghum.  
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Among the reference markets, Baidoa has an equal number of connections for the two commodities, 
but on average a larger share of sorghum price changes get transmitted to connected markets: 97% 
against 75% for rice. This confirms Baidoa as one of the major price makers for sorghum. Sorghum 
price changes occurred in Baidoa get transmitted above parity to Hudur, Jowhar and Mogadishu, 
while 63% and 46% of price changes get transmitted to Adanyabal and Qorioley, respectively. 
However, only the transmission of sorghum price changes between Baidoa and Mogadishu occurs 
at an interesting speed (corresponding to around 4.3 months) while the process is much slower in all 
other cases.  
 
Also rice prices reveal that Baidoa is well connected to other markets, as highlighted by remarkable 
values of . However, in this case, we assume that the price signal proceeds from coastal markets 
towards Baidoa, in line with the imported nature of red rice. This is supported by the results of the 
Granger causality test which are shown in Table A.9. These results highlight that rice price changes 
in Baidoa are influenced by rice price changes in Mogadishu and Merka. These price signals are 
transmitted both directly and through Qansah Dere and Wanle Weyne. Although the analysis of 
causality shows that price transmission between Baidoa and Wanle Weyne is bidirectional, it seems 
justified to assume that the main flow of price transmission is towards Baidoa. The transmission of 
price signals between Wanle Weyne and Baidoa is particularly interesting because such a high 
impact occurs also at a high speed: in just above three months.    
 
Price changes occurring in Merka seem to have a lower impact on connected markets than what has 
been just considered about Baidoa. Nevertheless, results reveal a good degree of integration 
between Merka and Qorioley; in fact, 84% of sorghum price changes occurring in Merka get 
transmitted prices in Qorioley in just above two months. This is also the case of rice, in which case 
62% of price changes get transmitted in 1.3 months. As seen for Qorioley, also for all other 
significant market connections with Merka the transmission process is faster when dealing with rice 
than with sorghum. 
 
Price signals from Kismayo have a stronger impact for rice than for sorghum, although remarkable in 
both cases: 117% against 77% respectively. Nevertheless, the transmission of price signals remains 
slow. The fastest transmission of price signals are towards Wanle Weyne for sorghum (almost six 
months) and Adanyabal and Jowhar for rice, where respectively 4.7 and 6.2 months are required.   
 
As seen earlier on in terms of direction of causality and number of markets interconnections, the 
relevance of Beletwein in the transmission of price signals is much stronger when dealing with rice 
than with sorghum. The transmission of rice price signals towards Qorioley and Jowhar is 
particularly strong, but also rather slow or even insignificant. The combination of high values of  
and low values of α3 seems to have few exceptions, such as the transmission of sorghum price 
changes towards Wanle Weyne. In this case almost 80% of price changes occurring in Beletwein 
get transmitted to prices in Wanle Weyne in 4.3 months. In all other cases price transmission seems 
to have either lower impact or to be much slower. 
 
At this point, after considering each zone on its own, Table 12 provides the results of the multivariate 
analysis conducted on market samples from the three zones in an aggregated manner. Baidoa is 
taken as reference center for the sorghum market and five centers – Baidoa, Merka, Beletwein, 
Galkayo and Bosasso, one for each cointegrating equation – for the rice market.  
 
With the exception of Lugh, southern markets reveal a good degree of integration, with the absolute 
value of  ranging between 0.55 and 1.98. The strongest reaction to price changes in Baidoa is 
recorded by Wanle Weyne, where also price adjustment occurs significantly faster than in the other 
market centers considered. As expected, the transmission of price changes gets weaker as distance 
increases and the value of  tends to reduce when considering the price changes in central and 
northern markets in reaction to price changes in Baidoa. Nevertheless, price adjustment in Hargeisa 
occurs significantly faster than in most of the other markets considered.  
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Hargeisa records a high speed of adjustment also to rice price changes in Baidoa. The speed of 
adjustment is double than for sorghum: the price adjustment requires approximately three months 
rather than the six months estimated for sorghum and the degree of price adjustment in both cases 
is quite similar. As seen for sorghum, the degree of price adjustment is smaller than for all other 
markets considered. This recalls the argument of possible price transmission without market 
integration and therefore it is necessary to take this result with caution in view of the long distance 
involved. It is hard to think that any exchange actually occurs between Baidoa and Hargeisa. In this 
case, instead, the link in price transmission is expected to be related to price changes occurred on 
the international market which are transmitted to all main market ports, such as Mogadishu, Merka 
and Kismayo in the South and Bosasso and Berbera in the North.   
 
Through most of the cointegrating equations, Wanle Weyne records the strongest price reactions to 
rice price changes in the reference market. Together with Jowhar and Kismayo, Wanle Weyne 
records high values of  and α3 with reference to price changes in Merka. A good degree of price 
transmission occurs also between Beletwein and Hara Dhere. However, despite the quite longer 
distances involved, price transmission is significantly faster between Beletwein and Kismayo than 
between the former and Hara Dhere. This seems to support the consideration that rice market is well 
integrated in the South even though this commodity is not a staple food in the zone. Having said 
that, the highest speed of rice price transmission is found between Beletwein and Hargeisa: it takes 
on average 2.3 months for price changes occurring in Beletwein to get fully transmitted to prices in 
Hargeisa. Finally, all southern and central markets considered are well connected to Bosasso; 
however, the adjustment is generally slow, with the exception of Galkayo and Lugh.  
 
At this point, Table 13 helps to provide a comparative view of findings described above by 
summarizing the results shown in Tables 9 – 12. Average values indicate similar strength of price 
transmission for red rice through the various zones and the entire Somalia as a whole. The same 
applies for sorghum, with the exception of the Northern zone, where an excessively high price 
transmission rate was found. This is confirmed by the results of statistical tests shown in Table A.10. 
Test results also confirm that the speed of adjustment is higher in the South for red sorghum and 
slower for red rice in the Central zone.   
 
The comparison of the two commodities against each other highlights that average values of  are 
equal in the Central and Southern zones and throughout Somalia taken as a whole, while the speed 
of adjustment is higher for red rice in the North and in the country as a whole. 
 
Overall, average values in Table 13 reflect a good level of price transmission, although they hide a 
remarkable range of variation. Approximately between 94% and 137% of price signals get on 
average transmitted and the time required for transmission is on average double for red sorghum 
than for red rice (approximately 8 months for the former against 4 months for the latter). These 
estimates are in line with estimates provided in other studies for other cereals in remote areas of 
neighbouring countries. As a reference, De Matteis (2014) estimated values of  ranging between 
0.23 and 6.52 for maize prices in Kenyan districts neighbouring the Somali border and Jaleta et al. 
estimated ranges between 0.24 and 2.33 for wheat and between 0.14 and 1.30 for teff in Tigray in 
Northern Ethiopia. The speed of adjustment in the former study was estimated to range between 
0.06 and 0.75, while no estimates were provided in the latter.  



43  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

 39 

 
Table 13 Average values of coefficients of cointegration 

 
Data source: Tables 9 - 12. 
 
 
So far the process of price transmission has been broken down into its components and 
scrutinized in terms of size and speed of adjustment to price changes in reference markets. 
Results have provided very interesting insights. Nevertheless, as seen above, in some cases 
different aspects of the process of price transmission may provide conflicting results, such as 
the combination of high impact of price transmission and a slow transmission process. Such 
apparent inconsistency can be sorted out through the analysis of impulse response functions 
(IRF) which help to synthesize the evolution of price transmission. Therefore, the estimation of 
IRFs and in particular their visualization can help to bring some additional clarity on the results 
of this analysis.   
 
IRFs have been estimated for all cointegrating equations considered above in Tables 9-12. The 
estimated IRF data and graphs are reported in the Annex. In order to facilitate a comparative 
perspective, all IRFs related to each cointegrating equation have been combined in Figures 9-
16. The drawback in this case is a certain degree of visual congestion; nevertheless the 
availability of individual data and graphs in the Annex ensures the identification of each IRF. 
While data and graphs in the Annex cover a 12-month period, Figures 9-16 cover only the 
initial 6-month period following a price shock.  
 
 
Figure 9 Response to a sorghum price shock 
 
Reference 
market: 
Baidoa 

 
Data source: FSNAU 
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Figure 9: Response to a sorghum price shock

So far the process of price transmission has been broken down into its components and scrutinized in terms 
of size and speed of adjustment to price changes in reference markets. Results have provided very 
interesting insights. Nevertheless, as seen above, in some cases different aspects of the process of price 
transmission may provide conflicting results, such as the combination of high impact of price transmission 
and a slow transmission process. Such apparent inconsistency can be sorted out through the analysis of 
impulse response functions (IRF) which help to synthesize the evolution of price transmission. Therefore, the 
estimation of IRFs and in particular their visualization can help to bring some additional clarity on the results 
of this analysis.   
 
IRFs have been estimated for all cointegrating equations considered above in Tables 9-12. The estimated 
IRF data and graphs are reported in the Annex. In order to facilitate a comparative perspective, all IRFs 
related to each cointegrating equation have been combined in Figures 9-16. The drawback in this case is a 
certain degree of visual congestion; nevertheless the availability of individual data and graphs in the Annex 
ensures the identification of each IRF. While data and graphs in the Annex cover a 12-month period, Figures 
9-16 cover only the initial 6-month period following a price shock.  
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Figure 9 presents price reactions to sorghum price changes in Baidoa. With the exception of 
Galkayo, in all markets cointegrated with Baidoa the impact of an eventual price rise in Baidoa 
tends to increase. As expected, the largest changes occur in southern markets and the 
smallest ones in the North. All reactions are long-lived. For all cointegrated markets most of 
the price adjustment following the shock occurs with the initial couple of months. In addition to 
achieving one of the strongest – although still generally modest – reactions, Wanle Wayne 
records the fastest reaction during the initial couple of months, as documented by the steeper 
curve. Also Hargeisa and, to a lower extent, Bosasso and Hara Dhere provide some of the 
fastest adjustments to price changes in Baidoa, although their response remain among the 
smallest reported.18  
 
 
 
Figure 10 Response to a rice price shock 
 
Reference 
market: 
Baidoa 

 
Reference 
market: 
Merka 

 

                                                
18 Despite this consideration, no causality has been found between Baidoa, Bosasso and Hara Dhere.  
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Reference 
market: 
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market: 
Galkayo 

 
Reference 
market: 
Bosasso 

 
Data source: FSNAU 
 
 
Moving to consider the rice market in Figure 10, it is remarkable how all responses remain 
below 10%. In general, the reaction to a price shock in Merka seems to be more coherent than 
the one to a shock in Baidoa or any other reference market considered. In the latter case, any 
mild impact on the price in Kismayo and in Merka either dies out or gets drastically reduced 
within two months. Any reaction in Jowhar and Wanle Weyine is long-lived, although low. On 

Figure 9 presents price reactions to sorghum price changes in Baidoa. With the exception of Galkayo, in all 
markets cointegrated with Baidoa the impact of an eventual price rise in Baidoa tends to increase. As 
expected, the largest changes occur in southern markets and the smallest ones in the North. All reactions are 
long-lived. For all cointegrated markets most of the price adjustment following the shock occurs with the initial 
couple of months. In addition to achieving one of the strongest – although still generally modest – reactions, 
Wanle Wayne records the fastest reaction during the initial couple of months, as documented by the steeper 
curve. Also Hargeisa and, to a lower extent, Bosasso and Hara Dhere provide some of the fastest 
adjustments to price changes in Baidoa, although their response remain among the smallest reported18.  
 



45  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

 41 

Reference 
market: 
Beletwein 

 
Reference 
market: 
Galkayo 

 
Reference 
market: 
Bosasso 

 
Data source: FSNAU 
 
 
Moving to consider the rice market in Figure 10, it is remarkable how all responses remain 
below 10%. In general, the reaction to a price shock in Merka seems to be more coherent than 
the one to a shock in Baidoa or any other reference market considered. In the latter case, any 
mild impact on the price in Kismayo and in Merka either dies out or gets drastically reduced 
within two months. Any reaction in Jowhar and Wanle Weyine is long-lived, although low. On 

Moving to consider the rice market in Figure 10, it is remarkable how all responses remain below 10%. In 
general, the reaction to a price shock in Merka seems to be more coherent than the one to a shock in Baidoa 
or any other reference market considered. In the latter case, any mild impact on the price in Kismayo and in 
Merka either dies out or gets drastically reduced within two months. Any reaction in Jowhar and Wanle 
Weyine is long-lived, although low. On the contrary, any modest reaction to price changes in Merka increases 
in Jowhar and in Wanle Weyne and even gets double in Kismayo within the initial three months. 
 
All markets cointegrated with Beletwein show small reactions to price changes. The strongest and fastest 
reaction is recorded by Hargeisa. This is supported by the causality test between the two centers.  
 
As further reported in Figure 10, all markets show only small reactions to price changes in Galkayo and 
Bosasso. Of relevance is the fast increase of the impact of price changes in Bosasso over prices in Galkayo.    
 
Within the Southern zone, all market centers react coherently to sorghum price shocks occurring in Merka, 
Impacts of such shocks continue increasing through the six months after the shock. The strongest impact is 
recorded in the neighbouring centers as Qorioley and at lower degree Wanle Weyne. Along the opinion that 
price transmission is influenced by geographical distance, in this case price changes tend to vary along 
distances from Merka, with the major exception of Mogadishu where response remains negligible.  
 
Mogadishu appears to be rather under the influence of Baidoa. In fact, the impact of sorghum price changes 
in Baidoa on Mogadishu is initially rather small but increases quickly and is among the strongest and fastest 
responses together with Wanle Weyne and Hudur.  
 

Figure 10: Response to a rice price shock (continued)
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Within the Southern zone, all market centers react coherently to sorghum price shocks 
occurring in Merka, Impacts of such shocks continue increasing through the six months after 
the shock. The strongest impact is recorded in the neighbouring centers as Qorioley and at 
lower degree Wanle Weyne. Along the opinion that price transmission is influenced by 
geographical distance, in this case price changes tend to vary along distances from Merka, with 
the major exception of Mogadishu where response remains negligible.  
 
Mogadishu appears to be rather under the influence of Baidoa. In fact, the impact of sorghum 
price changes in Baidoa on Mogadishu is initially rather small but increases quickly and is 
among the strongest and fastest responses together with Wanle Weyne and Hudur.  
 
Reactions to price changes in Kismayo are small and slow. The strongest impact occurs in 
Baidoa and Beletwein. 
 
A price increase in Beletwein is generally followed by protracted price reductions in the other 
markets. 
 
Moving to the rice market, reactions to price shocks in Merka appear to be faster than what 
seen above for sorghum. Full adjustment occurs within the initial two months and remains 
stable afterwards. Qorioley and Jowhar are the most reactive markets. 
 

 42 

the contrary, any modest reaction to price changes in Merka increases in Jowhar and in Wanle 
Weyne and even gets double in Kismayo within the initial three months. 
 
All markets cointegrated with Beletwein show small reactions to price changes. The strongest 
and fastest reaction is recorded by Hargeisa. This is supported by the causality test between 
the two centers.  
 
As further reported in Figure 10, all markets show only small reactions to price changes in 
Galkayo and Bosasso. Of relevance is the fast increase of the impact of price changes in 
Bosasso over prices in Galkayo.    
 
 
 
Figure 11 Response to a sorghum price shock in the Southern zone 
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Figure 11: Response to a sorghum price shock in the Southern zone
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Reactions to price changes in Baidoa are diversified, with some of the cointegrated markets 
showing either an increasing or decreasing impact. The size of response is in this case 
generally smaller than the one considered in the sorghum market. This is in line with the 
prevalent role of this market in the sorghum trade. 
 
The size of reaction to price changes occurring in both Kisimayo and Beletwein is quite small. 
 
 
Figure 12 Response to a rice price shock in the Southern zone 
 
Reference 
market: 
Merka 

 
Reference 
market: 
Baidoa 

 

Reactions to price changes in Kismayo are small and slow. The strongest impact occurs in Baidoa 
and Beletwein.

A price increase in Beletwein is generally followed by protracted price reductions in the other markets.

Moving to the rice market, reactions to price shocks in Merka appear to be faster than what seen 
above for sorghum. Full adjustment occurs within the initial two months and remains stable afterwards. 
Qorioley and Jowhar are the most reactive markets.

Reactions to price changes in Baidoa are diversified, with some of the cointegrated markets showing 
either an increasing or decreasing impact. The size of response is in this case generally smaller than 
the one considered in the sorghum market. This is in line with the prevalent role of this market in the 
sorghum trade.

The size of reaction to price changes occurring in both Kisimayo and Beletwein is quite small.

Figure 12: Response to a rice price shock in the Southern zone
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Figure 13 shows the evolution of the impact of sorghum price changes in the Central zone. The 
three reference markets considered seem to have their well-defined area of influence. Price 
changes in Galkayo show an interesting response only in Garowe; the impact is initially low but 
it rises continuously over the initial six months. Price changes in Hara Dhere generate a 
significant response only in El Der. Initial response is around 10% and remains stable around 
this value throughout the period considered. Price changes in Abudwak have an impact on 
prices in Dusamared.   
 
Figure 14 shows that Garowe is the main market of influence for Galkayo even about rice. The 
relevance of the influence exercised by Hara Dhere over El Der and by Abudwak over 
Dusamared is in this case drastically reduced.   
 
Finally, in the Northern zone there does not seem to be any influence between Bosasso and 
Hargeisa in terms of sorghum price making. The main response to sorghum price changes 
occurring in Bosasso and Hargeisa is reported in Boroma. In general, Boroma is more reactive 
to price changes in Hargeisa than in Bosasso. The stronger and faster response shown in the 
former case is somehow justified by the shorter distances. Erigavo is approximately equally 
influenced by price changes in the two main centers. On the contrary, Togwajiale and Zeilac 
Lawayacado seem to be influenced only by price changes in Hargeisa. In particular, in the 
latter case any initial influence gets reduced after three months, while any initial influence over 
Zeilac Lawayacado dies out within the same period.  
 

Figure 13 shows the evolution of the impact of sorghum price changes in the Central zone. The 
three reference markets considered seem to have their well-defined area of influence. Price changes 
in Galkayo show an interesting response only in Garowe; the impact is initially low but it rises 
continuously over the initial six months. Price changes in Hara Dhere generate a significant response 
only in El Der. Initial response is around 10% and remains stable around this value throughout the 
period considered. Price changes in Abudwak have an impact on prices in Dusamared.  

Figure 14 shows that Garowe is the main market of influence for Galkayo even about rice. The 
relevance of the influence exercised by Hara Dhere over El Der and by Abudwak over Dusamared 
is in this case drastically reduced.  

Finally, in the Northern zone there does not seem to be any influence between Bosasso and 
Hargeisa in terms of sorghum price making. The main response to sorghum price changes occurring 
in Bosasso and Hargeisa is reported in Boroma. In general, Boroma is more reactive to price 
changes in Hargeisa than in Bosasso. The stronger and faster response shown in the former case 
is somehow justified by the shorter distances. Erigavo is approximately equally influenced by price 
changes in the two main centers. On the contrary, Togwajiale and Zeilac Lawayacado seem to be 
influenced only by price changes in Hargeisa. In particular, in the latter case any initial influence gets 
reduced after three months, while any initial influence over Zeilac Lawayacado dies out within the 
same period. 

The influence of both Bosasso and Hargeisa over the other northern markets increases somehow 
when focusing on rice. Boroma remain the main market of influence for both reference markets.
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The influence of both Bosasso and Hargeisa over the other northern markets increases 
somehow when focusing on rice. Boroma remain the main market of influence for both 
reference markets. 
 
  
Figure 13 Response to a sorghum price shock in the Central zone 
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market: 
Abudwak 

 
Data source: FSNAU 

Figure 13: Response to a sorghum price shock in the Central zone



50  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

 47 

 
Figure 14 Response to a rice price shock in the Central zone 
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Figure 14: Response to a rice price shock in the Central zone
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Figure 15 Response to a sorghum price shock in the Northern zone 
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Data source: FSNAU 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Response to a sorghum price shock in the Northern zone
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Figure 16 Response to a rice price shock in the Northern zone 
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Figure 16: Response to a rice price shock in the Northern zone
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4. CONCLUSIONS
The price transmission of the two main staples in Somalia, red sorghum and red rice, has been analysed 
through both bivariate and multivariate techniques using price data from the main market network regularly 
monitored by FSNAU. The analysis has highlighted both similarities and differences for the price 
transmission of the two cereals. 
 
The analysis of price transmission among market centers has highlighted a varied degree of market 
functioning and interconnection throughout Somalia, remarking how better-functioning markets coexist side-
by-side poor-functioning ones.  
 
Overall, a stronger network of cointegrating links has been found for rice than for sorghum. In particular, for 
both commodities a higher number of cointegrating relationships was found in the South. This is justified by 
the denser sample of markets considered, as well as by shorter distances between markets. Clearly, shorter 
distances between markets in the South than in the rest of the country strongly facilitate market exchange 
and support market functioning in general.  
 
The largest and strongest networks of markets interconnected in terms of sorghum price transmission were 
found in the regions of Lower Shabelle, Bay and Bakool. They are the most productive area of the sorghum 
belt where the main trading centers are located.  
 
Besides Merka and Baidoa, other major price makers for sorghum have been identified in Qansah Dere, 
Dinsor, Wanle Weyne, Dolo and Lugh. With the exclusion of Merka, all major market centers along the coast 
(Mogadishu, Kismayo, Hara Dhere, Bosasso) are prevalently price takers.  
 
The transmission of sorghum price signals gets weaker when moving to the Central and to the Northern 
zones.  
 
Compared to sorghum, the network of cointegrated markets for rice price transmission is denser and the 
location of the markets which play a major price-making role in this case is more geographically spread. 
Along the imported nature of red rice, the main price makers are major ports – Bosasso and Merka. On a 
secondary level, also a few market centers along the transport routes between North and South – e.g. Hara 
Dhere and Beletwein – play some price-making role.    
 
For both red sorghum and red rice the strength of price transmission is rather diversified when considered at 
market level. Nevertheless, average values are quite similar, both geographically and when comparing the 
two cereals against each other. The speed of transmission of price signals is significantly higher for rice than 
for sorghum throughout Somalia, with the exception of a few regions in the sorghum belt such as Hiiran and 
Bakool.  
 
Overall, markets appear to be reasonably integrated, particularly when taking into account the difficult 
environment in which they operate, characterized by poor infrastructure and by a high degree of insecurity 
and uncertainty. Table 14 provides the average values estimated in relation to the two aspects of price 
transmission: the strength of price transmission and the speed of adjustment.  
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Table 14: Average estimates of price transmission

Note: Estimations have been conducted with two different approaches. Regional estimates are averages of coefficients 
derived through bivariate cointegration, while zonal and national estimates are averages of coefficients derived through 
multivariate cointegration.

Data source: At regional level: Tables A.6 and A.7. At zonal level: Tables 9-12.

Within the Southern zone, the regions of Middle Shabelle, Middle Juba, Bay and Hiiran record the 
highest capacity of sorghum price transmission. Since coefficients can be interpreted in this case 
as elasticities, the high values of the coefficient recorded in these regions show that price changes 
in dominant markets within the region tend to get more than fully transmitted in the long run to 
integrated markets within the same region. For all other regions in the South, coefficient values range 
around unity, confirming again a substantial price transmission, with the exception of Bakool where 
the average intensity of price transmission is lower. In the Central zone, average values in Galgadud 
and Mudug reflect the same pattern. In Nugal and in the Northern zone, there is a general reduction 
of adjustment, highlighting a weaker – although still significant – transmission of price signals. The 
only exception is Galbeed, which reflects a very strong market connection between Hargeisa and 
Togwajiale. 

Some of those regions in the South which record the largest values of strength of adjustment record 
also the lowest values in terms of speed of adjustment, and the opposite otherwise. This is the case 
of Middle Juba and Middle Shabelle, which register the lowest average speed of adjustment, as 
well as of Bakool, which in this case registers one among the highest values of speed. The same 
inconsistency is evident in the North, with Galbeed recording lower average speed than Sanaag 
and Awdal. A region which seems to combine a relatively large price adjustment and a high speed is 
Hiiran, which in this study is covered only by Beletwein.

Region / Zone average range average range average range average range

Lower Juba 1.15 0.58 - 1.84 0.97 0.89 - 1.03 0.25 0.16 - 0.35 0.28 0.26 - 0.31

Middle Juba 1.94 1.41 - 2.47 1.05 1.05 - 1.05 0.08 0.08 - 0.08 0.30 0.26 - 0.35

Gedo 1.17 0.79 - 1.72 0.96 0.68 - 1.35 0.16 0.09 - 0.25 0.29 0.17 - 0.47

Bay 1.81 1.69 - 1.95 1.05 0.99 - 1.12 0.16 0.09 - 0.25 0.22 0.16 - 0.26

Bakool 0.52 0.36 - 0.69 0.79 0.61 - 0.97 0.24 0.18 - 0.30 0.17 0.15 - 0.19

Hiiran 1.68 1.68 - 1.68 0.97 0.97 - 0.97 0.25 0.25 - 0.25 0.13 0.13 - 0.13

Lower Shabelle 1.19 1.05 - 1.38 1.08 1.05 - 1.12 0.18 0.12 - 0.22 0.20 0.15 - 0.23

Middle Shabelle 2.40 0.86 - 3.94 0.93 0.79 - 1.07 0.06 0.02 - 0.11 0.20 0.17 - 0.22

Mogadishu 1.10 1.10 - 1.10 1.85 1.85 - 1.85 0.24 0.24 - 0.24 0.20 0.20 - 0.20

Galgadud 1.00 0.69 - 1.47 0.88 0.73 - 1.03 0.15 0.10 - 0.22 0.17 0.13 - 0.22

Mudug 1.30 1.14 - 1.47 1.27 1.06 - 1.48 0.16 0.16 - 0.16 0.16 0.08 - 0.23

Nugal 0.66 0.66 - 0.66 0.79 0.79 - 0.79 0.16 0.16 - 0.16 0.23 0.23 - 0.23

Bari 0.25 0.25 - 0.25 0.08 0.08 - 0.08

Sool 0.86 0.86 - 0.86 0.90 0.90 - 0.90

Sanaag 0.83 0.83 - 0.83 1.36 1.36 - 1.36 0.16 0.16 - 0.16 0.13 0.13 - 0.13

Galbeed 2.57 1.33 - 3.81 1.40 1.03 - 1.77 0.12 0.12 - 0.12 0.15 0.06 - 0.24

Awdal 0.88 0.82 - 0.94 1.76 1.75 - 1.78 0.27 0.27 - 0.27 0.23 0.21 - 0.25

North 12.76 3.09 - 34.10 1.06 0.27 - 2.73 0.12 0.03 - 0.26 0.29 0.17 - 0.43

Center 0.74 0.29 - 1.39 1.00 0.21 - 2.89 0.14 0.05 - 0.28 0.18 0.08 - 0.31

South 0.75 0.17 - 1.80 1.19 0.15 - 5.01 0.21 0.10 - 0.47 0.27 0.06 - 0.73

All 0.88 0.52 - 1.87 1.37 0.11 - 4.73 0.12 0.08 - 0.24 0.28 0.12 - 0.60

Red sorghum Red rice Red sorghum Red rice

Strength of adjustment Speed of adjustment
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About red rice, coefficients of long-term adjustment seem to be generally lower than the ones reported 
above for sorghum in the South. This hints to a less intense process of price transmission and 
adjustment for rice than for sorghum in the South. At the same time, the degree of price adjustment is 
slightly larger in the North than in the South. Both considerations were somehow expected considering 
that rice is one of the food staples in the North, but not in the South. Nevertheless, two remarkable 
exceptions are the minimum value of Bosasso in the North and the maximum value of Mogadishu. 

In terms of speed of adjustment, a certain increase in speed rates is found in southern regions 
compared to the values recorded for sorghum. Contrary to what considered earlier on about the 
speed of sorghum price adjustment in Beletwein, the speed of price adjustment in Beletwein is in this 
case only faster than Bosasso. 

At a higher degree of aggregation, average values indicate similar strength of price transmission for 
red rice through the various zones and the entire Somalia as a whole. The same applies for sorghum, 
with the exception of the Northern zone, where an excessively high price transmission rate was 
found. The speed of adjustment is higher in the South for red sorghum and lower for red rice in the 
Central zone.  

The comparison of the two commodities against each other highlights that average values of the 
strength of adjustment are equal in the Central and Southern zones and throughout Somalia taken 
as a whole, while the speed of adjustment is higher for red rice in the North and in the country as a 
whole.

Overall, average values in Table 14 reflect a good level of price transmission, although they hide 
a remarkable range of variation. From an aggregate perspective, approximately between 94% 
and 137% of price signals get on average transmitted and the time required for transmission is on 
average double for red sorghum than for red rice (approximately 8 months for the former against 4 
months for the latter).

Overall, price changes induced by price transmission in cointegrated markets tend to be long lived.

In order to consider the results of this study in relative terms, estimates of price transmission have 
been compared against similar estimates in neighbouring countries. Average values of strength and 
speed of price transmission are in line with similar estimates for other basic food commodities in 
remote areas in neighbouring countries.

Overall, the immediate implications of the findings of this study refer to their contribution towards 
the design of transfer interventions in response to food insecurity. The effectiveness and efficiency 
of market-based intervention strategies are increased when operated in presence of functioning 
and integrated markets. Therefore, the analysis conducted in this study is expected to assist in the 
design of interventions and in their geographical targeting. In particular, transfer programmes can 
have important side effects in addition to their direct effect of increasing recipients’ income and 
welfare. Cash transfers increase the demand for normal goods, and if supply is not perfectly elastic, 
the price of these goods is expected to rise. In-kind transfers have a corresponding cash value and, 
therefore, they also have an income effect. However, in addition, an in-kind transfer programme 
can increase supply. When responding to an emergency, the price effects of the intervention are an 
unintended consequence; however, they may significantly enhance or diminish the programme goal 
of assisting those in need. This is of particular relevance when the intervention is put in place while 
a process of generalised food price rise is ongoing. In such conditions the capacity of the system to 
respond to the increased demand will determine the price rise. The higher such a capacity, the lower 
the gap between increase in demand and increase in supply. Such a gap will determine the degree 
of the price rise, that may significantly enhance or diminish the programme goal (De Matteis, 2014). 
Of course, this consideration is based solely on the expected degree of market functioning, while it 



56  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

is understood that a proper analysis of intervention strategy should take into account a whole set of 
other factors which are ignored here. It is to be considered as well that, even limiting the discussion 
to market functioning, an eventual decision to implement market-based strategies in presence of 
modestly functioning markets may be justified by a long-term strategy of local development.

In the attempt to reflect the considerations above into the case of Somalia, it is necessary to consider 
that the best functioning market centers are found in Southern Somalia, particularly in the regions of 
Middle Shabelle, Lower Shabelle, Hiiran, Bay and Middle Juba. A good degree of market functioning 
is found also in the Northern zone, although weaker than in the South. A structural problem in the 
Northern zone, as well as in the Central zone, is given by the long distances between market centers. 
Along this line of thought, a group of well integrated market centers is found in West Galbeed and 
Awdal. Sadly, the lack of information about Berbera does not allow us to get a full grasp of the 
market networks in the North. Following from these considerations, it is reasonable to say that, 
considering everything else equal, including security conditions, the regions identified in the South 
provide the highest degree of market functionality currently available in Somalia and therefore the 
most appropriate conditions for market-based interventions. In the North as well as in the Center, the 
degree of market functionality is generally lower; in this case market-based interventions are expected 
to be less efficient and effective than if operated in the South. Therefore, within the perspective 
highlighted above, cash-based interventions – including FAO’s cash for work programme and similar 
cash transfer interventions operated by FAO partners and other organizations – are expected to 
maximize their effectiveness and efficiency if focused on the Southern zone. Similar interventions in 
the Northern and Central zones, and in general in the surroundings of poorly integrated markets, are 
less recommended and, if justified by other reasons, they should be implemented on a small scale. 

The considerations provided above have implications also in terms of market monitoring. The dataset 
of market prices managed by FSNAU currently does not allow a geographically balanced coverage. 
More efforts should be made to increase market coverage in the Northern and Central zones, as well 
as in areas throughout Somalia identified as poorly integrated. At the same time, current monitoring 
efforts in a few of the most integrated markets could be reduced, particularly among those in the 
Southern zone which are also geographically close to each other. In very few cases, once defined 
clear functional links between markets in terms of price making, it would be advisable to replace 
regular data collection with a system of functional estimation through econometric techniques. Finally, 
it should be made sure that key market centers, such as Berbera, are included in the monitoring 
system.  
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           ANNEXES 
Figure A.1 Monitored markets 

 
 
Source: FSNAU 
 
 
 

ANNEXES

Figure A.1 Monitored Markets
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Table A.1 Coefficients of price correlation among market pairs (Sanogo, 2011) 
 

 
 

Source: Sanogo, 2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A.1: Coefficients of price correlation among market pairs (Sanogo, 2011)
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 Figure A.2 White maize and red sorghum price transmission (Sanogo, 2011) 
 

 
 

 
 

 Source: Sanogo, 2011 
 
 

Table A.1: Coefficients of price correlation among market pairs (Sanogo, 2011)
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Table A.2 Stationarity of series – Red sorghum 

 
Data source: FSNAU 

Table A.2: Stationarity of series – Red sorghum
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Table A.3 Stationarity of series – Red rice 

 
Data source: FSNAU 

Table A.3: Stationarity of series – Red rice
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Table A.4 Stationarity of residuals – Red sorghum 

 
            cont 
 

Table A.4: Stationarity of residuals – Red sorghum
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Table A.4  cont 

 
Notes:  Significance:  *** = 0.01,  ** = 0.05,  * = 0.1,  ‘ =  with trend. 
Data source: FSNAU 

Table A.4: Stationarity of residuals – Red sorghum continued
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Table A.5 Stationarity of residuals – Red rice 

 
            cont 
 

Table A.5: Stationarity of residuals – Red rice
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Table A.5  cont 

 
Notes:  Significance:  *** = 0.01,  ** = 0.05,  * = 0.1,  ‘ =  with trend. 
Data source: FSNAU  

Table A.5: Stationarity of residuals – Red rice Continued
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Table A.6 Coefficients of bivariate cointegration and direction of causality –  
Red sorghum 

 

Table A.6: Coefficients of bivariate cointegration and direction of causality – Red sorghum
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Table A.6: Coefficients of bivariate cointegration and direction of causality – Red sorghum
 Continued
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Table A.6: Coefficients of bivariate cointegration and direction of causality – Red sorghum
 Continued
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Table A.6: Coefficients of bivariate cointegration and direction of causality – Red sorghum
 Continued



73  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

 70 

 
 

Table A.6: Coefficients of bivariate cointegration and direction of causality – Red sorghum
 Continued
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Table A.7 Coefficients of bivariate cointegration and direction of causality –  
Red rice 

 

Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice
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Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued
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Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued
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Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued
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Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued



79  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

 76 

 
 
 

Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued
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Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued
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Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued
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Table A.7: Coefficients of bivariate cointegration and direction of causality – Red rice 
Continued
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Table A.8 Granger causality – Red sorghum 

 
 

Table A.8: Granger causality – Red sorghum
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Table A.8: Granger causality – Red sorghum continued
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Table A.9 Granger causality – Red rice 

 
 

Table A.9: Granger causality – Red rice
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Table A.9: Granger causality – Red rice continued
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Table A.10 T-test of equality of estimates of θ2 and α3 

 
Data source: Tables 9 - 11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A.10: T-test of equality of estimates of θ2 and α3
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Table A.11 Impulse response functions – Red sorghum in the Northern zone 
 

Response to changes of red sorghum price in Bosasso 
Response in Hargeisa 

 
 

Response in Erigavo 

  
Response in Boroma 

 
 

Response in Lasanod 

  

Table A.11: Impulse response functions – Red sorghum in the Northern zone
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Response in 
Togwajiale 

  
Response in  
Zeilac Lawayacado 

  
Response to changes of red sorghum price in Hargeisa 

Response in Bosasso 

  
Response in Erigavo 
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Response in Boroma 

  
Response in Lasanod 

  
Response in 
Togwajiale 

  
Response in 
Zeilac Lawayacado 
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Table A.12 Impulse response functions – Red sorghum in the Central zone 
 

Response to changes of red sorghum price in Galkayo 
Response in 
Haradhere 

 
 

Response in Abudwak 

  
Response in 
Dusamared 

 
 

Response in El Der 

  

Table A.12: Impulse response functions – Red sorghum in the Central zone
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Response in Garowe 

  
Response to changes of red sorghum price in Haradhere 

Response in Galkayo 

  
Response in Abudwak 

  
Response in 
Dusamared 
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Response in El Der 

  
Response in Garowe 

  
Response to changes of red sorghum price in Abudwak 

Response in Galkayo 

  
Response in 
Haradhere 
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Response in 
Dusamared 

  
Response in El Der 

  
Response in Garowe 
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Table A.13 Impulse response functions – Red sorghum in the Southern zone 
 

Response to changes of red sorghum price in Merka 
Response in Baidoa 

 
 

Response in 
Kismayo 

  
Response in 
Beletwein 

 
 

Response in 
Adanyabal 

  

Table A.13: Impulse response functions – Red sorghum in the Southern zone
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Response in Hudur 

 
 

Response in Jowhar 

  
Response in 
Mogadishu Bakara 

  
Response in  
Qansah Dere 
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Response in Qorioley  

 
 

Response in  
Wanle Weyne 

  
Response to changes of red sorghum price in Baidoa 

Response in Merka 

 
 

Response in 
Kismayo 
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Response in 
Beletwein 

 
 

Response in 
Adanyabal 

  
Response in Hudur 

  
Response in Jowhar 
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Response in 
Mogadishu Bakara 

 
 

Response in  
Qansah Dere 

 
 

Response in Qorioley 

  
Response in  
Wanle Weyne 
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Response to changes of red sorghum price in Kismayo 
Response in Merka 

  
Response in Baidoa 

  
Response in 
Beletwein 

  
Response in  
Adanyabal 
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Response in Hudur 

 
 

Response in Jowhar 

 
 

Response in  
Mogadishu Bakara 

 
 

Response in  
Qansah Dere 
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Response in  
Qorioley 

  
Response in  
Wanle Weyne 

  
Response to changes of red sorghum price in Beletwein 

Response in Merka 

  
Response in Baidoa 
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Response in 
Kismayo 

 
 

Response in 
Adanyabal 

 
 

Response in Hudur 

  
Response in Jowhar 
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Response in 
Mogadishu Bakara 

  
Response in  
Qansah Dere 

  
Response in Qorioley 

 
 

Response in  
Wanle Weyne 
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Table A.14 Impulse response functions – Red sorghum in all zones 
 

Response to changes of red sorghum price in Baidoa 
Response in Merka 

  
Response in Beletwein 

  
Response in Jowhar 

  
Response in Kismayo 

  

Table A.14: Impulse response functions – Red sorghum in all zones
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Response in Lugh 

  
Response in  
Wanle Weyne 

  
Response in Galkayo 

  
Response in 
Haradhere 
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Response in Bosasso  

  
Response in Hargeisa 
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Table A.15 Impulse response functions – Red rice in the Northern zone 
 

Response to changes of red rice price in Bosasso 
Response in Hargeisa 

  
Response in Erigavo 

  
Response in Boroma 

  
Response in Lasanod 

  

Table A.15: Impulse response functions – Red rice in the Northern zone
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Response in 
Togwajiale 

  
Response in  
Zeilac Lawayacado 

  
Response to changes of red sorghum price in Hargeisa 

Response in Bosasso 

  
Response in Erigavo 
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Response in Boroma 

  
Response in Lasanod 

  
Response in 
Togwajiale  

  
Response in  
Zeilac Lawayacado 
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Response to changes of red rice price in Erigavo 
Response in Bosasso 

  
Response in Hargeisa 

  
Response in Boroma 

 
 

Response in Lasanod 
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Response in  
Togwajiale 

  
Response in  
Zeilac Lawayacado 
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Table A.16 Impulse response functions – Red rice in Central zone 
 

Response to changes of red rice price in Galkayo 
Response in  
Haradhere 

  
Response in Abudwak 

  
Response in  
Dusamared 

  
Response in El Der 

  

Table A.16: Impulse response functions – Red rice in Central zone
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Response in Garowe 

  
Response to changes of red rice price in Hardhere 

Response in Galkayo 

  
Response in Abudwak 

  
Response in  
Dusamared 
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Response in El Der 

  
Response in Garowe 

  
Response to changes of red rice price in Abudwak 

Response in Galkayo 

 
 

Response in 
Haradhere 
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Response in  
Dusamared 

  
Response in El Der 

  
Response in Garowe 
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Table A.17 Impulse response functions – Red rice in Southern zone 
 

Response to changes of red rice price in Merka 
Response in Baidoa 

  
Response in Kismayo 

  
Response in 
Beletwein 

  
Response in 
Adanyabal 

  

Table A.17: Impulse response functions – Red rice in Southern zone
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Response in Hudur 

  
Response in Jowhar 

  
Response in 
Mogadishu Bakara 

  
Response in  
Qansah Dere 
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Response in Qorioley 

  
Response in  
Wanle Weyne 

  
Response to changes of red rice price in Baidoa 

Response in Merka 

 
 

Response in Kismayo 
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Response in 
Beletwein 

  
Response in 
Adanyabal 

  
Response in Hudur 

  
Response in Jowhar 
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Response in 
Mogadishu Bakara 

  
Response in  
Qansah Dere  

 
 

Response in Qorioley 

 
 

Response in 
Wanle Weyne 
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Response to changes of red rice price in Kismayo 
Response in Merka 

  
Response in Baidoa 

  
Response in 
Beletwein 

  
Response in 
Adanyabal  
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Response in Hudur 

  
Response in Jowhar 

  
Response in 
Mogadishu Bakara 

  
Response in  
Qansah Dere 
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Response in Qorioley 

  
Response in  
Wanle Weyne 

  
Response to changes of red rice price in Beletwein 

Response in Merka 

  
Response in Baidoa 
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Response in Kismayo 

  
Response in 
Adanyabal 

  
Response in Hudur 

  
Response in Jowhar 
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Response in 
Mogadishu Bakara 

  
Response in  
Qansah Dere 

  
Response in Qorioley 

  
Response in  
Wanle Weyne 
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Table A.18 Impulse response functions – Red rice in all zones 
 

Response to changes of red rice price in Baidoa 
Response in Merka 

  
Response in 
Beletwein 

  
Response in Galkayo 

  
Response in Bosasso 

  

Table A.18: Impulse response functions – Red rice in all zones
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Response in Jowhar 

  
Response in Kismayo 

  
Response in Lugh 

  
Response in  
Wanle Weyne 
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Response in 
Haradhere 

  
Response in Hargeisa 

  
Response to changes of red rice price in Merka 

Response in Baidoa 

  
Response in 
Beletwein 
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Response in Galkayo 

  
Response in Bosasso 

  
Response in Jowhar 

  
Response in Kismayo 

  



131  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

 128 

Response in Lugh 

  
Response in  
Wanle Weyne 

  
Response in 
Haradhere 

  
Response in Hargeisa 

  
 
   
   
   
   



132  

A Study Report on Cereal Market Integration in Somalia 

FSNAU Technical Series Report No. VII 62
Issued November 6, 2015

 129 

   
Response to changes of red rice price in Beletwein 

Response in Baidoa 

  
Response in Merka 

  
Response in Galkayo 

  
Response in Bosasso 
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Response in Jowhar 

  
Response in Kismayo 

  
Response in Lugh 

  
Response in  
Wanle Weyne 
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Response in 
Haradhere 

  
Response in Hargeisa 

  
Response to changes of red rice price in Galkayo 

Response in Baidoa 

  
Response in Merka 
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Response in 
Beletwein 

  
Response in Bosasso 

  
Response in Jowhar 

  
Response in Kismayo 
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Response in Lugh 

  
Response in  
Wanle Weyne 

  
Response in 
Haradhere 

  
Response in Hargeisa 
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Response to changes of red rice price in Bosasso 

Response in Baidoa 

  
Response in Merka 

  
Response in 
Beletwein 

  
Response in Galkayo 
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Response in Jowhar 

  
Response in Kismayo 

  
Response in Lugh 

  
Response in  
Wanle Weyne 
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Response in 
Haradhere 

  
Response in Hargeisa 
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The Information Management Process 
Gathering & processing
•	 FSNAU has a unique network of 32 specialists all over Somalia, who assess the nutrition and food security situation 

regularly and 120 enumerators throughout the country, who provide a rich source of information to ensure a good 
coverage of data.

•	 Nutrition data is processed and analyzed using the Statistical Package for Social Sciences (SPSS), EPInfo/ENA and 
STATA software for meta-analysis. 

•	 FSNAU developed the Integrated Phase Classification (IPC), a set of protocols for consolidating and summarizing 
situational analysis. The mapping tool provides a common classification system for food security that draws from the 
strengths of existing classification systems and integrates them with supporting tools for analysis and communication 
of food insecurity.

•	 Food security information is gathered through rapid assessments as well as monthly monitoring of market prices, 
climate, crop and livestock situations.

•	 Baseline livelihood analysis is conducted using an expanded Household Economy Approach (HEA).
•	 The Integrated Database System (IDS), an online repository on FSNAU’s official website www.fsnau.org, provides 

a web-based user interface for data query, data import and export facilities from and into MS Excel, graphing, 
spreadsheet management and edit functions.

Validation of Analysis
•	 Quality control of nutrition data is done using the automated plausibility checks function in ENA software. The 

parameters tested include; missing/flagged data, age distribution, kurtosis, digit preference, skewness and overall 
sex ratio.

•	 Quality control of food security data is done through exploratory and trend analysis of the different variables 
including checks for completeness/missing data, market price consistency, seasonal and pattern trends, ground 
truthing and triangulation of data with staff and other partner agencies, and secondary data such as satelitte imagery, 
international market prices, FSNAU baseline data, etc.

•	 Before the launch of the biannual seasonal assessment results (Gu and Deyr), two separate day-long vetting meetings 
are held comprising of major technical organizations and agencies in Somalia’s Food Security and Nutrition clusters. 
The team critically reviews the analysis presented by FSNAU and challenges the overall analysis where necessary. This 
is an opportunity to share the detailed analysis, which is often not possible during shorter presentations or in the 
briefs.

Products and Dissemination 
•	 A broad range of FSNAU information products include, monthly, quarterly and biannual reports on food and 

livelihood insecurity, markets, climate and nutrition, which are distributed both in print and digital formats including 
PowerPoint presentations and downloadable file available on the FSNAU site. 

•	 Feedback meetings with key audiences enable us to evaluate the effectiveness of our information products. We 
constantly refine our information to make sure it is easily understandable to our different audiences.

•	 FSNAU has also developed a three year integrated communication strategy to ensure that its information products 
are made available in ways appropriate to different audiences including, donors, aid and development agencies, the 
media, Somalia authorities and the general public.

United Nations Somalia, Ngecha Road Campus 
Box 1230, Village Market, Nairobi, Kenya

Tel: +254-(0)20-4000000/500, Cell: +254-(0)722202146 / (0)733-616881
Fax: +254-20-4000555
Email: info@fsnau.org

Website: www.fsnau.org


