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We formalize and demonstrate why the 
development of transport infrastructure 
between rural areas may be one of the 
most important investments for these 
countries to avoid acute hunger despite 
crop failures. 



• simulate the effects of reducing the cost of intra-
regional transport using a multi-region Walrasian 
general equilibrium model with some new 
economic geography features. 

• mimic African economies that depend on 
agricultural and natural-resource –based 
production and are open to world trade 

• Special features:
– No direct transport links between hinterlands (only via 

central region)
– multiple origins and destinations  
– full employment not assumed





Africa’s Infrastructure
A Time for Transformation

Main findings:
• “Africa’s infrastructure networks…are 

characterized by missing regional links…”
• “…twice as expensive as elsewhere” 
• “the intra-regional road network is 

characterized by major discontinuities”

Africa Development Forum

(2010) The World Bank



Overland transport costs can 
account for 45% of the final 
market price (Devlin and Yee, 
2005)

Devlin, Julia, and Peter Yee (2005) “Trade 
Logistics in Developing Countries: The Case of the 
Middle East and North Africa” World Economy



C&K: “all roads lead to the port (or center)”
WB: “the intra-regional road network is characterized by major discontinuities”



We show that:

The lack of transport infrastructure between 
rural regions insulates rural producers from 
market opportunities while magnifying the 
disincentive effects of food aid. 

• Where transport costs are “negligible”, crop failures in one area 
enhance the market opportunities facing other growing areas.

• Where transport costs are high, when stricken rural areas have 
nothing to sell, market opportunities decline for non-stricken areas as 
well.  

We show that these outcomes can be avoided if between-rural transport 
costs are no higher than within-rural transport costs. 



The lack of transport infrastructure between 
rural regions insulates rural producers from 
market opportunities while magnifying the 
disincentive effects of food aid.

• Why would food aid depress market prices below pre-crop-failure 
levels?  
– Why wouldn’t the donated commodities simply substitute for the lost 

harvests?  
– Why do rural areas that were NOT stricken also suffer low income 

problems after crop failures in other regions?
• Because crop losses occur in one place, the aid arrives in another, and 

the cost of moving commodities between the regions is high. 



centerClose 
hinterland

Far  
hinterland

1) imports, local produce, and produce from neighboring hinterlands are 
all consumed in the center (at the same delivered prices)

2) rural “farm-gate” prices and rural wages are lower than urban prices 
and wages, else rural products are not competitive in urban markets

Farm-gate price

delivered price

market price

3) the nominal ”values” of even highly productive rural labor and rural land are 
lower the higher are transport costs (and are higher where t-costs are lower)

4) When a direct route is missing, rural hinterlands cannot afford to 
purchase products from each other



centerClose 
hinterland

Far  
hinterland

1) Crop failure reduces supply in close hinterland (and in the center)

2) Aid delivered to center compensates for shortage there; market 
prices fall in the center; demand for the product from the other 
hinterland is displaced

Farm-gate price

delivered price

market price

3) when a direct route between hinterlands is missing, other hinterland’s 
supplies remain too expensive for other rural consumers, even though market 
prices fall in the other hinterland;

4) everyone loses



The spatial equilibrium is a general 
equilibrium problem because farm-gate 

and mill prices are endogenous
• A crop failure in one region reduces supply of crops also 

to the center, and
• reduces income in both regions,
• reduces demand for both food and non-food products, 
• releases labor to non-farm activities,
• reduces inter-regional trade/increases autarky,
• reallocates labor across sectors…



• The model is written using the General Algebraic Modeling System 
(GAMS) software and solved using a fixed-point algorithm for non-
linear simultaneous equation systems. 

• describes the employment of one primary factor of production in 
three regions to produce two goods 

• Goods are consumed by the local owners of the factor of production 
(net of transport), used as intermediates in production, and 
consumed by government as well as traded with the rest of the 
world. 

• 30 distinct equations (x 3 regions x 2 sectors + R-o-W)
– objective functions, 
– first order conditions, 
– market clearing, 
– revenue/expenditure, 
– material balance 
– One demand equation solved residually (Walras’ Law)

• = 191 simultaneous non-linear equations and endogenous variables.



Initial equilibrium (Social Accounting Matrix/SAM)

~ ‘sudoku’



Simulation: drought in the closer hinterland causes 50% reduction in its crop:
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+ 4% unemployment,…

High t-costs insulate; segment markets
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Crop Failure



Crop failure + aid delivered to central market (compared to crop failure):
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hinterland food market after crop failure and aid other hinterland food market

Central region food market Central region’s non-food market

+ 36% unemployment!

High t-costs magnify the disincentive effects of food aid
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Rural-Rural transport link + crop failure + Aid to center
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hinterland food market after crop failure and aid other hinterland food market

Central region food market Central region’s non-food market

Less  unemployment (-8% less)

With low t-costs: one rural failure is other rural’s success

+6%

Rural-rural transport link + crop failure + aid to center
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+20%

With low t-costs: all regions better off; less need for aid,…



Summary of results
• A lack of transport infrastructure between rural areas 

insulates one agricultural region from the high prices 
caused by episodic scarcity in another

• But also because of high transport costs, the disincentive 
effects of food aid are magnified.  
– And, market signals to not rationalize the shipment of donated 

commodities out of the center to the drought-stricken region.  
• Because crop losses occur in one place, the aid arrives 

in another, and the cost of moving commodities between 
the regions is high, the provision of aid causes non-
stricken regions (especially the center) to also suffer.



• The effects of the drought and the disincentive effects of 
the aid are less painful when the costs of transport 
between rural areas are lower  

• aid delivered to the center still has disincentive effects, 
but the unemployment effects are mitigated 

• when transport costs are no longer prohibitive, the 
delivered prices of rural goods to other rural customers 
becomes affordable
– trade occurs directly between rural regions
– shipments of food between the stricken and non-stricken 

hinterlands rise dramatically
– shipments of non-food between the non-stricken rural region and 

both regions also rise.    
• All regions gain when transport costs between rural 

regions are reduced. 



Africa’s Infrastructure
A Time for Transformation

Key recommendations:
7) “Development of infrastructure networks needs to be 

strategically informed by the spatial distribution of 
economic activities and by economies of agglomeration…”

“Large agricultural sectors and rural economies remain
central to economic growth and poverty reduction in Africa.  
Yet access of rural populations to infrastructure is 
extremely low.  Rural roads and irrigation systems are 
together perhaps the most pressing of rural infrastructure 
needs.  The two go hand in hand, and their development 
should follow the value of agricultural land and the 
spatial proximity to urban markets” (pages 22; and 125-126)

Africa Development Forum

(2010) The World Bank



• The evaluation of the cost and benefits of projects in developing 
countries raises the challenge that observed local prices are not 
reliable indicators of value.  

• In the case of transportation projects linking farm regions to markets, 
agricultural prices may not be good indicators of social values of 
transport investments because they are much lower in nominal 
terms, precisely because of the costs of distance.  

• The standard solution (Little & Mirrlees (1974)) to this kind of 
problem is to choose a consistent set of prices reflecting 
international (border) prices.   

• Another problem with the LM rules in practice is that labor is not 
traded in international markets. What wages would be 
commensurate with the border prices of traded goods?  Bell and 
Devarajan (1987) provided correspondences between Little & 
Mirrlees (1974) rules and the implementation of those rules in a 
computable general equilibrium (CGE) framework.  They showed 
that the solution of a CGE model – like the one here-- will give these 
hard-to-calculate prices. 

• Thus, a CGE model, which takes border prices for tradable goods as 
given as we have here, generates a set of solution prices for 
nontraded goods and labor which represent their appropriate 
shadow prices.  This is the point of departure that our stylized 
model provides.



Next tasks:
• elaborate the stylized model more appropriately
• calibrate it with the data of a real country, (e.g., Ethiopia)

• Elaborate:
– formalize how the intensity of farming varies (inversely) with 

transport costs.    In that case as transport costs to markets fall, 
seed density and other farm production intensification strategies 
are  rationalized, and greater gains from transport cost 
reductions would be enjoyed.   

– Formalize the non-agricultural sectors with respect to both 
internal and external increasing returns to scale; and less than 
perfectly competitive market structures.   

– Introduce land, land rent, and land owners
– formalize the game between regional public authorities with 

respect to taxation and public spending on transport 
infrastructure improvements between or within regions.



Thank you for your attention
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