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Abstract 
Policymakers in developing countries are increasingly recognizing the necessity of developing 

strategies and identifying specific investment programs to reduce spatial differences in living 

standards within their national territories. Choosing among alternate policy instruments to support 

spatial convergence is not straightforward. Should the focus be social policies that support human 

development in lagging regions and promote migration to leading regions? Or infrastructure 

policies that connect lagging regions with markets in leading ones? Or investment and regulatory 

policies to create new clusters of economic activity in regions not favored by the market? The 

2009 World Development Report (WDR) provides a policy framework for integrating lagging 

and leading areas within countries, prioritizing and sequencing policy instruments based on the 

severity of the territorial integration challenge. To operationalize the WDR‘s policy priorities, this 

report discusses analytic tools to measure the magnitude of regional disparities and identify where 

and in what activities specific policies and investments can be most effective. It also highlights 

potential economic and social tradeoffs of alternative policy instruments for pursuing spatial 

equity. Country case studies are provided to illustrate how these tools either inform a specific 

policy debate on territorial development or have been directly used to guide ongoing policy 

discussions between the Bank and counterparts in national and sub national governments. 
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1 Policy concerns with territorial development 
 

Policymakers in developing countries are increasingly recognizing the necessity of 

developing strategies and identifying specific investment programs to reduce spatial 

differences in living standards within their national territories. Over the years, various 

sector programs of the Bank have been helping policymakers address these challenges 

through analytic work and lending services. These sectors include health and education, 

water supply and sanitation, social development, transport, rural and urban development 

and private sector development. While it is likely that there will be complementarities or 

tradeoffs between diverse interventions, these are not often accounted for. To improve the 

effectiveness of the Bank‘s policy guidance and project work, this report summarizes 

analytic methods that can help in identifying the spatial and sectoral composition of 

public investments that can accelerate economic integration of lagging regions with the 

rest of the country.  

 

Concerns about bridging spatial divides are prominent in the World Bank‘s engagement 

with policymakers in developing countries. An assessment of 19 Country Partnership 

Strategies and Country Assistance Strategy Progress Reports prepared in fiscal 2006–08 

for middle-income country clients finds that addressing spatial imbalances is an 

important strategic pillar in three-fourths of the documents surveyed (Fernandez-Palacios 

2008). But only for a few countries is there a clear connection in the Country Assistance 

Strategy between the spatial strategic priority, the design of the program, and a 

monitoring framework that captures spatial impact. The analytic tools provided in this 

report can assist in developing the analytic underpinnings for spatial equity policies —by 

helping to identify spatial payoffs and tradeoffs of alternative policies before specific 

interventions are designed and implemented.  

 

Choosing among alternate set of policy instruments to support spatial convergence is not 

straightforward. What is the most effective instrument for reducing inter-regional 

differences in living standards? Should investments focus on improving human capital by 

improving access and quality of education? Or should public investment be allocated 

towards infrastructure to attract economic activity and increase inter-regional trade? To 

aid policymakers in identifying priorities, this report provides analytic tools that can help 

in determining the effectiveness and efficiency of specific investment choices. It also 

highlights potential economic and social tradeoffs of alternative policy instruments for 

pursuing spatial equity.  

 

The development of these tools has been helped by recent advances in economic theory 

that provide new insights on the location of economic activity and interaction among 

regions. Most notably among the theorists working in this area is Paul Krugman, who 

was awarded the 2008 Nobel Prize in economics for his work on the New Economic 

Geography. He has explained how economies of scale in production combined with 

reduced transport costs have led to increasing geographic concentration of people and 
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economic activities in a few places.
2
 And, as transport costs fall, activities that benefit 

from increasing returns to scale are pulled toward locations with good market access.  

 

The World Bank‘s latest World Development Report ―Reshaping Economic Geography‖ 

(WDR2009, World Bank 2008) considers a century of development experience and 

highlights the importance of place for prosperity. The WDR2009 documents spatial 

transformations across a range of developed and developing countries and argues that 

places do well when they promote transformations along the dimensions of economic 

geography -- higher densities, as seen in the growth of cities; shorter distances, as 

workers and businesses migrate closer to density; and fewer divisions, as nations thin 

their economic borders and enter world markets to take advantage of scale and 

specialization.  Changes along these three dimensions—density, distance, and division— 

have been visible in developed countries such as Japan and the United States. And these 

changes are visible in developing countries that are now prospering. The main message of 

the WDR 2009 is that economic growth will be geographically unbalanced, and trying to 

spread out economic activity is tantamount to discouraging it.  However, living standards 

can spatially converge if policies facilitate economic integration – between lagging and 

leading places.  

 

The biggest part of the policy challenge lies in identifying the convergence outcomes that 

can be realistically sought, which depend on the stage of development and the fiscal and 

institutional capacities of a country. In low-income countries it may be feasible only to 

reduce spatial disparities in poverty rates and in access to essential shelter, water, health, 

nutrition, and education. Middle-income countries can be more ambitious in equalizing 

basic consumption indicators across areas, and developed countries such as those in the 

European Union more ambitious still, where reducing spatial inequality in disposable 

incomes may be the relevant objective. 

 

The analytic methods discussed in this report help in measuring the magnitude of 

regional disparities in production as well as various living standards indicators, and 

prioritizing across policies for territorial integration. The underlying principle is to 

identify regions where public investments will have the greatest expected returns -- either 

in terms of economic growth or poverty reduction. At their core, these tools can help 

policymakers identify if their preferred instruments are likely to be effective in improving 

local conditions (i.e. are they effective?), and if specific investments are being put to their 

most productive use (are they efficient – across sectors and regions?). Tilting investment 

policies toward these regions is spatially efficient. The report synthesizes methodologies 

drawing on micro and regional economic analysis to provide a framework through which 

policymakers can examine the effectiveness of alternative spatial policy instruments.  

 

Economic methodologies that examine growth across regions can help identify regional 

rates of return on public investment. These methods can help determine whether policies 

supporting spatial equity in public investment are likely to aid economic and social 

convergence and whether they involve tradeoffs with national economic growth. Analytic 

tools focusing on micro foundations of growth and welfare make it possible to assess how 

                                                 
2
 See Krugman (1991). 
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firms decide where to locate production and what lines of business to pursue, and how 

differences in endowments at the individual and regional levels translate into differences 

in welfare across households. Paying attention to how individual decisions on production 

and consumption are constrained by regional characteristics can help policymakers 

identify policies with the biggest economic and social payoffs.  

 

Country case studies are provided to illustrate how these tools either inform a specific 

policy debate on territorial development or have been directly used to guide ongoing 

policy discussions between the Bank and counterparts in national and sub national 

governments. The first set of case studies help prioritize between portable and place 

specific investments (such as education and transport infrastructure). The general 

methodology discussed here can be used to compare potential benefits from investments 

across sectors and regions. 

 

The second group of case studies looks in more detail at physical infrastructure 

investments (transport) that connect places, and their implications in terms of reducing 

transport costs and influencing economic productivity – in both agriculture and industry. 

We focus on infrastructure as policymakers in many countries see the territorial 

development challenge as one of reducing physical distance among regions. Two specific 

questions are addressed: Will geographic equity in transport coverage lead to economic 

dispersion? And, what are the main drivers of transport costs -- network access or 

competition among transport providers? Theoretical insights from the new economic 

geography emphasizing the importance of scale economies suggests that expanding 

infrastructure to peripheral regions can lead to further concentration, not dispersion of 

economic activities. And policy discussions on transport infrastructure development often 

focus only on physical improvements and neglect the role of transport services.  

However, recent research shows that transport costs are highly sensitive to the market 

structure of transport services and a competitive transport services sector can enhance the 

gains from physical infrastructure investments.  

 

Table 1 summarizes the main policy concerns and analytic considerations, and points to 

the case studies that have been used for assessing options. 
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Table 1: Policy choices and analytic approaches covered in this report 

Policy Concern Analytic Question Main considerations Applications 

Investing in portable 
or place-specific 
assets 

How to spatially 
prioritize public 
investments for 
territorial integration? 

 

Spatial Equity: Identify 
factors contributing to 
convergence in living 
standards  

Spatial Efficiency: 
Identify if these 
investments generate 
high economic returns 
across locations. 

National perspective: 
Mexico 

Lagging region 
perspective: Guerrero 

State, Mexico 

Individual welfare 
perspective:          

Ghana 

Investments to 
geographically 
balance transport 
network coverage 

Will geographic equity 
in transport coverage 
lead to economic 
dispersion or 
concentration? 

Identifying links 
between market access 
and industrial 
concentration. 

Russian Federation 

 

Uganda 

 

Policies to reduce 
transport costs 

 

What are the main 
drivers of transport 
costs -- network access 
or competition among 
transport providers? 

Identifying main 
contributors of 
transport costs  

Malawi 

 

Following this introduction, Section 2 presents tools to measure the scale of geographic 

differences in production and living standards. This includes mapping of poverty 

incidence and density, which has been used in the World Development Report 2009 to 

calibrate the magnitude of the territorial integration challenge facing countries. Section 3 

discusses approaches to identify sectoral and spatial priorities in resource allocation. 

Section 4 discusses spatial analytic tools to sharpen the effectiveness and efficiency of 

infrastructure investments. Section 5 summarizes the main approaches and findings. 
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2 Measuring Economic Distance 
 

How large are differences in production, income levels and other indicators of living 

standards across regions? These differences give us an estimate of ―economic distances‖ 

among regions. We first use maps of poverty and economic activity to visually identify 

the magnitude of economic distances. Over the past fifteen years, there has been an 

explosion in the use of socio economic mapping due to the availability of spatially 

detailed data from a variety of sources along with developments in Geographic 

Information Systems (GIS) that has made it possible to organize and analyze these data. 

The simplest application of the GIS is to map economic and social data, providing useful 

insights on the geographic distribution of various indicators. And by using geographical 

identifiers to integrate economic data collected at the level of administrative units with 

data generated in raster (remote sensing data on climate, agronomic potential) and vector 

(location of infrastructure networks and waterways) formats, it becomes possible to 

introduce new variables in empirical applications.
3
 

 

Following this, we discuss statistical measures of geographic concentration that 

summarize the extent of regional disparities within countries. 

 

Regional differences in per capita incomes are commonly used to measure the extent of 

economic distances across regions. However in most developing countries, data on 

incomes do not provide accurate estimates of living standards – these are measured 

imprecisely and ignore non monetary transactions (some subsistence farmers may have a 

relatively high living standard, even without formal monetary incomes). On the other 

hand, household consumption expenditures, adjusted for the size and age-composition of 

the household, is arguably the most widely accepted measure of a household‘s welfare 

status (Ravallion 1994). Consumption indicators are constructed to measure the welfare 

benefit of goods and services used by the household regardless whether these were 

purchased, received as gifts or in kind, self-produced, or generated from owned assets. 

Extensive discussions about constructing consumption measures are provided by Deaton 

(1998), Deaton and Zaidi (2000), and Hentschel and Lanjouw (2000). 

 

Commonly available household surveys in developing countries can be used to construct 

indicators of consumption expenditures. Examples of these include the National Sample 

Survey for India (NSS), Integrated Household Surveys in Malawi and Mozambique 

(HIS), SUSENAS in Indonesia, and Living Standard Surveys in about 31 countries. Most 

household surveys are extensive in the range of questions they ask; as a consequence, 

there is a tradeoff in sample size and geographic representativeness. Using these surveys, 

it is possible to generate summary statistics on consumption expenditures at the level of 

                                                 
3
 In raster data, a code is assigned to each cell on a regular grid; and in vector data, codes and coordinates 

are provided for irregular polygons. 

2.1 MAPPING POVERTY  
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broad regions. However, for most countries it is not possible to compute these summaries 

at fine geographic scales.  

 

However, recent methodological developments linking household survey data with unit 

record data from the census have made it possible to compute poverty estimates at fine 

levels of geographic disaggregation.
4
 In these applications, household welfare – measured 

as consumption expenditures reported in household surveys are modeled to be a function 

of housing quality, employment, household characteristics (such as size, composition and 

ethnicity), and education.  The main ingredients to this recipe is availability of household 

survey and census data at the unit record level covering the same time period, and 

sufficient overlap of variables in the survey and the census. Parameters from regressions 

explaining consumption expenditures in the survey are used to predict consumption in the 

census data. This makes it possible to estimate the probability of each household in the 

census dataset being poor. The unit level predictions can then be aggregated to fine 

geographic scales allowing for robust measurement of poverty incidence. 

 

These poverty calculations can be quite telling when they are put on a map. Consider for 

example, the poverty map for Vietnam in Figure 1 (World Bank 2008). The map on the 

left panel shows poverty incidence, which is the percentage of people in a region who 

live in poverty. Clearly, poverty incidence is high in remote areas suggesting that 

regional disparities are high. But now consider the map on the right panel showing 

poverty mass, which is the absolute number of people living in poverty. In absolute 

terms, many more poor people live near the main cities – Ha Noi and Ho Chi Minh. In 

Vietnam, there is coincidence of poverty and economic mass.  

 

The World Development Report 2009 uses these poverty maps to calibrate the scale of 

the territorial integration challenge facing countries, and underpin its policy framework: 

 

 When lagging areas have few people and a small share of the country’s poor, 

measures to enhance migration should be the mainstay of development policy. 

Economic distance between lagging and leading areas should be addressed mainly 

with spatially blind or universal policies, for which the WDR 2009 uses the term 

―institutions‖ as shorthand. These policies should make it easier for people to move 

toward opportunity.  

 When lagging areas have large numbers of the poor, but few impediments to their 

mobility, institutions that promote mobility should be augmented by spatially 

connective infrastructure. Some countries have high population densities in 

lagging areas—and large numbers of the poor—but few cultural, linguistic, or 

political impediments to labor and capital flows. Investments in infrastructure that 

increase the flow of goods, people, and information would aid economic 

concentration and spatial convergence in living standards. 

                                                 
4
 Please refer to Elbers, Lanjouw and Lanjouw (2005) for a methodological overview. Also a recent paper 

by Hon et. al (2009) discusses how survey data can be aggregated to provide insights on various indicators 

of spatial disparities. 
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Source: World Development Report 2009 – Reshaping Economic Geography 

 

 When lagging areas face the triple challenge of (1) long distances to economic 

opportunities in leading areas, (2) large population densities, and (3) large 

numbers of poor people, as well as domestic divisions that limit the movement of 

labor and capital, institutions and infrastructure investments could be 

supplemented by spatially targeted interventions to encourage economic 

production in lagging areas. But these incentives should not run counter to the 

integration objectives pursued through institutions that bring people together and 

infrastructure that connects lagging and leading areas of a nation.  

Countries such as Vietnam shown in figure 1 have low concentrations of poverty in 

lagging regions. In contrast, lagging regions in countries such as India (figure 2) face the 

triple challenge of economic distance, concentration of poor people and domestic 

divisions.  

 

Figure 1: In Vietnam, poverty rates are high in remote areas, but many poor people are around 

urban agglomerations  
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Figure 2 India: lagging areas have high poverty rates and a big share of the poor  

 
 

Source: World Development Report 2009 – Reshaping Economic Geography 

 

 

In addition to poverty maps, diagnostics of regional growth opportunities and constraints 

are necessary to understand how economic structures vary across regions and what (if 

anything) should be done to change the geographies of production. The WDR2009 points 

out that intervention to encourage economic production should be based on careful 

assessments of local conditions. 

 

Mapping the spatial distribution of economic activity onto a country‘s geographic profile 

(climate, topography, population densities and infrastructure networks) can help. This 

makes it possible to see how firms in different sectors internalize geographically binding 

constraints. For example, firms in sectors with high demand for infrastructure are 

unlikely to locate production where infrastructure is sparse. Similarly, water-dependent 

agriculture is unlikely to flourish in semiarid climates.  

 

Consider the map of industrial location in Uganda (figure 3).
5
 Mapping the location of 

industrial firms onto the country‘s geographic profile makes it clear that industrial 

                                                 
5
 These manufacturing data come from the Uganda Business Registry of 2001, which records all 

establishments in the country—a total of 165,000. For each one the database includes its physical location 

(identified by GPS coordinates at an accuracy of 10–15 meters), its four-digit industrial classification, the 

year it started operations, and the number of its employees. The Uganda Business Registry is the only 

2.2 MAPPING PRODUCTION 
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Figure 3 Spatial distribution of manufacturing firms and access to markets in Uganda 

activity in Uganda is concentrated (see the map on the left in figure 3). Most of the 

country‘s 12,000 manufacturing firms with 5 or more employees are clustered along the 

industrial corridor stretching between the country‘s major urban agglomerations—

Masaka, Kampala, Jinja, and Mbale. Also clear is that the location of industrial activity 

closely follows the distribution of infrastructure networks. Seventy percent of the 

manufacturing firms with 5 or more employees are located within 10 kilometers of a 

major road. And, most of these firms are located in regions that are close to national 

markets, measured using travel times to cities of 100,000 or more (see the map on the 

right) 

 

  

Source: Lall, Schroeder and Schmidt, 2008 

 

And mapping crop production, transport infrastructure, and population in Ghana confirms 

a strong North-South divide (figure 4). The North is mostly in the arid Savannah zone, 

bordering on Burkina Faso and comprised of the three administrative regions of Upper 

East, Upper West and Northern – and the coastal South, which encompasses the main 

export crop-growing areas and the three largest metropolitan areas. The North also has 

much lower infrastructure connectivity and population densities. 
 

                                                                                                                                                 
nationally representative database in a developing country that is known to have identified establishments 

with such accuracy. 
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Figure 4. Agricultural potential and infrastructure connectivity in Ghana  

 
Source: Lall, Sandefur and Wang (2008) 

 

Statistical techniques providing indicators of geographic dispersion can complement the 

mapping patterns discussed above. We consider several summary measures of dispersion 

that are commonly used in empirical studies of regional disparities.  

 

2.3.1 COEFFICIENT OF VARIATION  

The coefficient of variation (CV) is calculated as dispersion around the mean. For any 

variable such as per capita income, the CV is the standard deviation of incomes across 

regions divided by the average per capita income across regions. By being a 

dimensionless number, it can be used to compare regional variations across countries, 

which are measured with different units and average incomes. At its limits, the 

coefficient of variation is zero when incomes are equally distributed across regions, and 

is the square root of the number of regions when national incomes are concentrated in 

only one region. One limitation with this measure is that the measure is sensitive to the 

number of regions used for the analysis (which can be arbitrary, based on administrative 

divisions and data availability). This problem can be partially addressed by weighting 

each regional deviation by the region‘s share of the national population or some other 

variable of interest.  

 

2.3 SUMMARY MEASURES OF CONCENTRATION 
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Figure 5: Coefficient of Variation in regional GDPs  

 
Source: Shankar and Shah (2003) 

 

Figure 5 plots the coefficient of variation in provincial per capita GDP for Brazil, India 

and the United States. Population weighted coefficient of variations show that economic 

distance, overall, is on the rise in India, whereas it is higher but stable in Brazil. For the 

United States, economic distance is lower and stable over time. 

 

2.3.2 GINI COEFFICIENT  

The Gini coefficient is a measure of statistical dispersion which is most often used to 

measure inequality in incomes or wealth across people. It can also be applied to measure 

inequalities across regions, using indicators reflecting consumption, incomes, as well as 

production. Gini coefficients take values between 0 and 1 -- 0 corresponds to perfect 

equality (every region exactly the same income) and 1 corresponds to perfect inequality 

(where one region has all the income, while every other place else has zero incomes). 

 

2.3.3 THEIL INDEX 

The Theil index is an information or entropy measure of inequality. The index measures 

the extent to which regional incomes or production shares are disproportionately higher 

or lower than population shares. For instance if per capita incomes are the same across 

regions (incomes proportional to population), the Theil index takes the value of 0. If all 

income is concentrated in one region, the index takes a value of the log of ratio of 

national population and population of the region with all the national income. In this case, 

0

0.1

0.2

0.3

0.4

0.5

0.6

Coefficient of Variation (weighted)

India

Brazi
l
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the index increases with falling population of this region.
6
 Coefficients of variation, Gini 

and Theil measures can easily be estimated in standard software such as STATA. 

 

2.3.4 ELLISON GLAESER INDEX OF INDUSTRIAL CONCENTRATION 

As with incomes and consumption, concentration (or dispersion) of economic activities 

can also be computed using the Gini coefficient. However, economic activities are lumpy 

by nature and spatial organization is likely to be geographically uneven. Thus, a true 

measure of spatial concentration needs to identify if clustering is taking place above and 

beyond what we would observe if plants simply chose locations randomly (as opposed to 

a uniform spatial distribution) and controls for size distribution of establishments among 

industries. The Ellison Glaeser (EG) index accounts for these issues.
7
 Thus this index can 

help answer if activities are localized/ clustered in particular places. The index takes on a 

value close to zero when the distribution of plant location is completely random. 

Therefore, a non zero value implies agglomeration or clustering above and beyond what 

we would observe if the firm‘s location decisions are random (results from the United 

States show that an industry is highly concentrated if the EG index is larger than 0.05, 

moderately concentrated if it is between 0.02 and 0.05, and not concentrated if under 

0.02). The index is designed to allow comparisons across industries, countries, and over 

time. Using 4-digit industry level data for the United States, Ellison and Glaeser (1997) 

find that industries such as tobacco, textiles, and leather were most localized whereas 

industries such as furniture and fixtures, paper, printing and publishing, petroleum and 

coal, rubber and plastics, stone, clay and glass, industrial machinery, and instruments 

were dispersed. 

 

With easier access to micro data on industry linked to geographic attributes, the EG index 

has also been computed for developing countries. Consider the EG index at the state level 

for Indian industry using the universe of all registered industrial establishments (formal 

sector) in 1999. Table 2 reports the index for various industries showing high spatial 

concentration for the Leather and Metals sectors, and moderate concentration in Food 

Products, Textiles, Mechanical Machinery and Computing and Electronics. Firms in the 

Paper Products and Chemicals sectors do not exhibit patterns of spatial concentration. For 

the Russian Federation, using industrial data at the province level, we find that overall 

industrial concentration has increased with Russia‘s move from a planned to market 

oriented economy – the EG index has increased from 0.043 to 0.054 between 1989 and 

2004 (Brown and others 2008).  

 

 

                                                 
6
 In the extreme case where one region has all the income, the Theil index = log (P/Pi), where P is national 

population and the population of the region with all the income respectively.  
7
 Technical details are provided in Ellison and Glaeser (1997) 
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Table 2: Ellison Glaeser index of industrial concentration - India, 1999 

Industry E-G Index Employment

Food processing 0.031 1,303

Textiles 0.025 1,917

Leather 0.186 159

Paper products and 

printing 0.013 296

Chemicals 0.011 1,526

Metals 0.088 1,658

Mechanical 

Machinery 0.024 392
Electrical and 

electronics 0.03 483

Source: ASI 1999  
Source: Lall and Chakravorty (2005) 

 

2.3.5 DURANTON – OVERMAN INDEX OF INDUSTRIAL CONCENTRATION 

 

As with the EG index, Duranton and Overman (2005) also propose a methodology to 

measure industry localization/ clustering. Their methodology is based on a point pattern 

approach where physical distances between plants are used to measure the extent to 

clustering. A potential advantage of this measure is that indicators based on 

administrative classifications are sensitive to the spatial scale of measurement. Thus, 

measures utilizing fairly aggregate spatial data may overstate the extent of clustering. For 

the United Kingdom, Duranton and Overman (2005) show that a distance-based measure 

measuring localization shows lower industrial clustering compared to the EG index. If the 

EG index is used, 94 percent of UK industries show clustering -- are localized; however, 

the distance measure shows that only 51 percent of industries in the United Kingdom are 

localized and 26 percent are dispersed.  

 

If an industry is concentrated, the plant to plant distances will be less for firms in that 

industry than for a randomly chosen firm from the economy at large. The index is 

computed in two phases: (a) calculate the distribution of inter plant distances in an 

industry and (b) compare actual distribution with a random assignment of the chosen 

industry‘s firms across all manufacturing firm locations (generating 95% and 99% 

confidence bands based on 1000 randomizations). If for a particular industry, the actual 

distribution is (a) above confidence bands: significant clustering than overall 

manufacturing, (b) within confidence bands: about as distributed as overall 

manufacturing, and (c) below confidence bands: more spread out than overall 

manufacturing. As geo referenced data on plant location are necessary, there are only a 

handful of developing countries where this measure has been implemented.  

 

In Uganda, the national business registry provides a comprehensive listing of all 

establishments in the country (see production map in figure 3). A total of 165,000 

establishments are included in this database for 2001. For each establishment, we know 
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the physical location (measured by a GPS system), four digit industrial classification, 

year that it started operations, and number of employees. The GPS coordinates provide a 

unique location identifier (latitude and longitude) for each establishment, within an 

accuracy of ten to fifteen meters.  

 

 

Source: Deichmann and Lall (2009) 

 

Figure 6 plots the distribution of inter firm distances and the confidence bands (in red) for 

three industry sectors – Printing, wearing apparel, and grain milling. Printing is the most 

concentrated sector with an average inter-plant distance of 1.8 kilometers. Figure 4 shows 

that the peak of the actual distribution is much higher that the confidence bands at short 

distances. Wearing apparel is also clustered at short distances – but there are a couple of 

―spikes‖ at higher distances, suggesting that smaller clusters exist in an additional two 

locations. Finally, grain milling is dispersed, with the actual distribution under the 

confidence bands for short distances, and following overall industry patterns at higher 

distances.  

2.3.6 REGIONAL SPECIALIZATION 

The Ellison-Glaeser and Duranton-Overman measures help answer the following 

question: are economic activities localized/ clustered in particular places? Now, we turn 

to a related question: are places specialized in particular activities? Relative 

specialization is about whether specific industries tend to account for a large share in the 

economic activity of a region relative to their average share in all other regions. 

 

The literature on urban economics suggests that smaller and medium size cities tend to be 

fairly specialized, for instance, in food and beverage production, textiles, shoes, or pulp 

and paper products. Bigger cities tend to have a more diverse industrial base, with 

providers of niche products and services who can find a market in a large agglomeration 

(Henderson, Lee and Lee 2001). High-tech, specialized production and complex business 

services also tend to be found more in larger cities, since they require an educated, highly 

skilled workforce that is attracted to places that offer a greater range of amenities. As 

development proceeds, manufacturing processes become more complex with more stages 

Figure 6: Duranton Overman Industry Localization Measures for Uganda 
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of production and greater out-sourcing. This allows smaller and medium size cities to 

capture some of these activities and become more diverse. 

 

An index of regional (city) specialization developed in Henderson, Lee and Lee (2001) 

measures by how much the local production share differs from the national share. If all 

industries mimic the national share, the index has a value zero and the city is perfectly 

diverse. A highly specialized city would have an index approaching two. Applying this 

index to study specialization across Brazilian cities, da Mata et. al (2005) find that the 

specialization decreases with city size. Or conversely, as a city becomes bigger, 

diversification increases. In 2000, the specialization index in the largest agglomerations 

(0.0047) is just 28 percent of that in the bottom agglomerations (0.0166). 

 

* * * * * * * 

 

This section discussed analytic tools that can help in measuring the scale of geographic 

differences across regions. This included mapping indicators of household consumption 

and economic activities, as well as statistical measures highlighting disparities in living 

standards and concentration of production. In the next section, approaches for identifying 

sectoral and spatial priorities in regional resource allocation are discussed. 
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3 Schools or Roads? Prioritizing between portable and 
place-specific investments 

 

What policies are more effective for reducing inter-regional differences in living stand 

ards? Should investments focus on improving human capital by improving access and 

quality of education? Or should public investment be allocated towards infrastructure to 

attract economic activity and increase inter-regional trade? In this section, we discuss 

methodologies for identifying factors that contribute to regional differences in living 

standards. Policy responses are likely to be sharper if they target the most pressing 

constraints for territorial integration. These methodologies focus on the effects of 

reducing differences in regional endowments such as health care, education attainment, 

water supply and roads, as well as regional differences in benefits from improving these 

endowments.  

 

The policy framework for territorial integration in the WDR 2009 identifies spatial equity 

in minimum standards of education and health care as the bedrock of successful policy 

packages. Improving human capital though education and health care investments not 

only improves productivity in the places where people live, but also helps people when 

they decide to seek opportunities in other places. Thus, these are portable investments. 

On the other hand, many public investment programs focus on place specific 

infrastructure improvements to improve trade and economic opportunities. So how does 

one identify which investments are effective and efficient? Here are two approaches to 

help identify sectoral and spatial priorities. 

 

To identify the main constraints to territorial integration, the starting point can be a 

regional production function where private capital is mobile across regions and flows to 

those best endowed with human capital and infrastructure. In comparison, labor has low 

mobility across regions. Box 1 discusses the methodological details this approach, 

decomposing the extent to which differences in human capital and infrastructure across 

regions contribute to differences in regional incomes or output. This decomposition can 

help determine whether improvements in portable human capital or those in place 

specific physical infrastructure are more effective in promoting convergence among 

regions. 

 

 

Box 1. Understanding the contribution of public infrastructure and human capital to regional 

convergence 

Consider a regional production function in which income per worker in region i at time t is given by a 

production function of the form  

ltit
j

jitit DDkhy   , (1) 

3.1 SETTING PUBLIC INVESTMENT PRIORITIES ACROSS REGIONS AND 
SECTORS 
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where yit is income per employed worker in region i at time t, hit represents human capital, and k
j
it 

represents public infrastructure per employed worker, where the superscript j refers to different types of 

infrastructure. Dt is a time dummy variable, and Dl is a regional dummy variable representing natural 

endowments such as coastal location and climate. Equation 1 can then be rewritten in terms of deviations 

from the average income per worker in the nation (the time subscript is dropped for convenience):  

i

j
i

j

jii kkhhyy   )()( , (2) 

where bars represent the sample means. Equation (2) expresses the deviation in each region‘s productivity 

from that of the average as the sum of deviations in human and infrastructure capital. The error term 

captures the residual from omitted variables and random shocks. Thus deviation from average productivity 

can be expressed as the weighted sum of deviations from average endowments, where the weights are the 

regression coefficients.  

 
And within sectors, are investments in lagging regions—whether in portable or place-

based endowments—efficient? That is, do spatial equity priorities tilt resource allocations 

toward regions where the returns will be highest? Or are they ―too‖ redistributive, taking 

resources away from potentially high-return regions and imposing significant efficiency 

costs at the national level? One way to assess these tradeoffs is to use regression models 

such as those specified in equation (1) in box 1 to estimate regional returns to specific 

endowments and then use these estimates to rank regions. Allocating public investments 

toward those with the highest rankings can be efficient in increasing national economic 

performance.  

 

Effectiveness across sectors: De la Fuente and Vives (1995) apply these models to Spain 

to see how important schooling and the stock of public infrastructure capital are in 

explaining differences in productivity and income across regions. They find that 

eliminating regional differences in education and public infrastructure would reduce 

regional inequality by a third. But while increasing the human capital stock made a 

significant contribution to reducing regional disparities, improving the public 

infrastructure capital stock made a much smaller one.
8
 Thus investing in human capital in 

lagging regions was more effective in bridging distances across regions.  

 

Efficiency across regions: De la Fuente (2003) evaluates the efficiency of infrastructure 

spending through the European Regional Development Fund (ERDF), which targets 

investments toward lagging regions in the European Union known as ―objective 1‖ 

regions (those with GDP per capita less than 75 percent of the EU average). De la Fuente 

compares observed GDP given investment allocations favoring lagging regions with 

potential GDP in a scenario in which funds are allocated to regions according to their 

marginal product of infrastructure. This scenario would lead to much greater efficiency, 

with much less redistribution—and with 58 percent less in ERDF allocations to objective 

1 regions. Thus infrastructure spending in lagging regions not only produces low returns 

in reducing regional disparities; it also creates tradeoffs with aggregate economic 

performance.  
 

                                                 
8
 De la Fuente and Vives (1995) use an econometric methodology in which they measure each region‘s 

deviation from a hypothetical average region in education, public capital, and income. After attributing to 

public and human capital their indirect effects on output through private capital formation, the authors 

evaluate the convergence process in income, labor productivity, and unemployment. 
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Many studies have addressed these questions for the European Union‘s structural funds 

(table 3). Looking at Spanish regions, for example, Dall‘Erba and Donaghy (2003) 

investigate why lagging regions failed to catch up despite the structural funds.
9
 Their 

results point to considerable returns to scale in some rich regions. They also show that 

investments in human capital have a greater impact than those in infrastructure on gross 

regional product per capita and should be given priority in poorer regions. These findings 

are supported by Rodriguez-Pose and Fratesi (2004), who find similar results in a study 

of 141 regions in the European Union. 

 
Table 3. Effects of Spatial Equity Policies on Convergence in the European Union 

Study Question Study area 
Time 
frame Type of policy Effect 

Studies testing directly for effect of regional policies 

De la Fuente and Vives 1995 Impact of ERDF on growth Spanish regions 1981–90 ERDF in education + 

ERDF in infrastructure + 

De la Fuente 2003 Impact of ERDF on growth Spanish objective 1 
regions 

1964–93 ERDF + 

Martin 1998 Impact of infrastructure on growth 104 NUTS2 regions 1987–92 Stock of infrastructure + 

Rodriguez-Pose and Fratesi 
2004 

Impact of ERDF on growth 141 objective 1 regions 1989–99 ERDF in education + 

ERDF in infrastructure 0 

Beugelsdijk and Eijfinger 2005 Impact of ERDF on income disparities 185 NUTS2 regions 1995–2001 ERDF + 

Everdeen and others 2006 Impact of ERDF on growth and  
role of institutions 

13 EU countries 1960–95 ERDF + (high-quality institutions) 

− (low-quality institutions 

Studies testing indirectly for effect of regional policies 

Dall’Erba and Hewings 2003 Test of catch-up before and  
after accession 

Spain, Portugal, Greece,  
Ireland 

1960–2001 Economic integration and 
European regional policy 

+ (national level) 

− (regional level) 

Dall’Erba and Donaghy 2003 Test of catch-up between regions 16 Spanish regions 1980–99 ERDF + (rich regions) 

− (poor regions) 

De la Fuente 2002 How redistributive policy compares with  
optimal growth path with equity considerations 

Spanish regions 1995 Infrastructure Too redistributive 

Note: NUTS (Nomenclature of Units for Territorial Statistics): A hierarchical classification of administrative 
boundaries developed by Eurostat to provide a common designation for different levels of administrative 
geographic boundaries across the EU regardless of local language and naming conventions.  
 

3.1.1 REGIONAL ALLOCATION OF PUBLIC EXPENDITURES IN MEXICO 

Now let‘s consider two examples from Mexico that illustrate this approach to assessing 

the allocation of public investments—the first from a national perspective and the second 

from the perspective of a lagging state, Guerrero.  

 

Following the methodology outlined above, a standard Cobb-Douglas production 

function is used to examine the benefits from infrastructure investments across states in 

Mexico (Rodriguez-Oreggia and Rodriguez-Pose 2004). In the Cobb-Douglas production 

framework the marginal productivity of each factor is proportional to the ratio between 

the stock of the input and the output. For Mexico this ratio is calculated using average per 

capita public investment as a proportion of average per capita GDP and then normalizing 

with the average as 100. This acts as a proxy for the expected return of public 

investments.  

 

                                                 
9
 Quasi–full information maximum likelihood (FIML) estimation methodology is applied to 16 Spanish 

regions in 1980–99 to obtain parameters of substitution and input intensities and, finally, spatial gradients. 
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Expected Returns from Public Infrastructure Investments
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Focusing on expected return suggests that if the government wants to recover investment 

in the least possible time, it may want to invest in areas where the returns are highest. But 

this approach ignores two important issues. First, productive inputs may be 

complementary, so that the productivity of public investment in infrastructure may be 

higher in areas with larger endowments of other factors. Second, there may be increasing 

returns to scale in some regions, so that returns in these regions will be higher than those 

calculated here. 

 

 
Figure 7. Expected returns from infrastructure investments in Mexican states (Index average = 100) 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Source: Rodriguez-Oreggia and Rodriguez-Pose 2004, using 2003 data. 

Note: The states are ordered (from left to right) based on their per capita GDP. 

 

 

Expected returns suggest that Nuevo León is the state where developing public 

infrastructure would be most profitable (figure 7). Nuevo León is among the states with 

the highest per capita GDP. So are several of the others where expected returns are 

high—Guanajuato, Mexico State, Quintana Roo and Chihuahua, So if the main criterion 

for public investment is efficiency, investments in these states should be given priority.  

The lagging states in the South—Chiapas, Oaxaca, and Guerrero—would generate 

comparatively low returns. Thus durable investments in physical infrastructure in 

Mexico‘s lagging regions are likely to be economically inefficient.  

 

What does a similar analysis suggest about investment priorities within a lagging state? 

Among Mexico‘s 32 states, Guerrero ranks 30th on human development indicators and 
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Major roads

9 high growth potential municipios

2nd on marginality (Wodon and others 2002).
10

 The state‘s mountainous terrain, coupled 

with the remoteness of much of its territory from markets, has made it difficult to attract 

and sustain large-scale economic activities across the state. While the road network is 

extensive, it is incomplete and of poor quality. Regression analysis using data from 

Guerrero and two other southern states, Chiapas and Oaxaca, shows that both transport 

infrastructure and local education levels (a measure of local human capital accumulation) 

have large growth and poverty reduction effects. The effects are similar in size: A 10 

percent decrease in travel time or remoteness raises the local share of national economic 

activity by 9 percent and lowers the local share of national poverty by 3 percent. A 10 

percent increase in local education level raises the share of economic activity by 10 

percent and reduces the share of poverty by 3 percent. 

 
 
 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 
 

 
Source: Wang, Lall, and Montoliu 2008 

 

But where should such investments be targeted? Analysis shows that regions in Guerrero 

with high concentrations of fast-growing industries are also those with potentially high 

returns to public investment. Each of the state‘s 76 municipios (as defined in 2000) was 

ranked on an index of economic potential (see Wang, Lall, and Montoliu 2008). Most of 

the municipios with the highest economic potential are along transport corridors linking 

Guerrero to Mexico City (figure 8). Simulations of alternative allocations of public 

investment show that targeting investments to the high-potential regions would increase 

the state‘s GDP by 7 percent. By contrast, spreading investments evenly across all 

                                                 
10

 Marginality refers to a combination of poverty, illiteracy, and lack of basic services such as tap water, 

sewer systems, electricity, and tiled floors. 

Figure 8. Location of high-growth-potential municipios and major roads 

in Guerrero state, Mexico 
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municipios would increase GDP by only 0.9 percent. And targeting investments to the 

poorest municipios would have no effect on the state‘s growth.  

 

The methodology discussed above helps in identifying the contribution to regional 

convergence of improving portable and place specific assets. When household data on 

living standards are available, the same question can be asked for specific groups of 

households across regions. In particular, it becomes possible to identify specific 

challenges being faced by poor people in lagging regions relative to similar people in 

other regions. And it also highlights how these challenges compare to those being faced 

by the non poor across regions. Looking at welfare outcomes separately for poor and 

non-poor people across regions is important, because access to public goods is likely to 

vary greatly for people in different socioeconomic groups. Consider basic public services 

such as water supply and sanitation. Even when average rates of access converge across 

regions, these services may be captured by regional elites, exacerbating inequalities 

within regions. 

 

As with the model discussed above, difference in living standards is decomposed into two 

parts, one arising from differences in regional endowments (for example, schools, health 

facilities, water quality and local accessibility) and the other from differences in the 

benefits from these endowments (that is, welfare improvements from these endowments). 

Regression analysis is commonly used for this purpose. Variations in consumption 

spending may be explained by variations both in individual characteristics, such as age, 

education, and gender, and in location specific characteristics, such as access to basic 

infrastructure and social services. Using these regional and household type specific 

regressions, decomposition methods such as ―Oaxaca Decomposition‖ enables us to 

decompose gaps in living standards between leading and lagging regions between any 

socio economic groupings.
11

  

 

A case study from Ghana illustrates the use of this approach to discover what types of 

regional endowments can reduce regional inequalities in welfare. Is it access to basic 

public services or better schools and clinics? 

 

 

3.2.1 IMPROVING LIVING STANDARDS IN NORTHERN GHANA  

Consider these facts: In Ghana‘s leading region, the Greater Accra region, 82 percent of 

households are within 30 minutes of a health clinic or hospital; in the country‘s poorest 

one, the Northern region, 35 percent are. In the Greater Accra region 64 percent of the 

poor are able to use a motorized vehicle to get to the hospital; in the Northern region only 

                                                 
11

 Oaxaca decomposition can be carried out with standard econometric software such as STATA. 

3.2 IDENTIFYING PUBLIC INVESTMENTS TO IMPROVE LIVES OF POOR 
PEOPLE IN LAGGING REGIONS 
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17 percent can. In the Greater Accra region 26 percent of the urban poor have access to 

piped water in their home; in the Northern region only 4 percent do.
12

 While the North 

occupies 41% of the national land area, it comprises less than 20% of the population, 

80% of whom are in rural areas. The North is both poorer and more sparsely populated 

than the country as a whole. Indeed, while the leading regions in the South—Ashanti and 

Greater Accra—saw their shares of the national population grow between 1997 and 2003, 

the North saw its share decline. 

 

The leading regions are home to 74 percent of the nation‘s households, but 92 percent of 

households in the richest quintile and 26 percent of those in the poorest quintile (table 4). 

The lagging regions have 8 percent of the richest households and 74 percent of the 

poorest. How can public investments be prioritized to improve living conditions lagging 

regions?  And in particular, how can these investments provide benefits for the poor? The 

Oaxaca decomposition is used to answer these questions. As a first step, regression 

analysis is used to identify the types of social services and infrastructure that improve the 

welfare of both poor and nonpoor households in lagging regions. These regressions take 

household characteristics into account and control for indicators of natural geography that 

may influence the placement and performance of infrastructure. These geographic 

characteristics include topography (roughness of the terrain) and climate (temperatures). 

Similar regressions are performed for poor and non-poor households in leading areas.  

 
 
Table 4. Spatial distribution of living standards in Ghana

a
 

Share of households in group (%) 
Country and area Poorest quintile (Q1) Richest quintile (Q5) All quintiles 

    

Leading regions 26.48 91.76 73.70 

Lagging regions 73.52 8.24 26.30 
Data Sources: Core Welfare Indicators Questionnaire (CWIQ) Survey 2003  
a. Leading regions include Greater Accra, Eastern, and Ashanti regions; lagging ones the Northern, Upper East, and 

Upper West regions. 

 

To understand the drivers of regional inequality in household consumption indicators of 

public services and infrastructure are classified into three groups: 

 

 Basic public services, including water, sewerage, lighting, and garbage collection 

 Human development services, including proximity to schools and health centers 

 Infrastructure, including proximity to markets and trading hubs  

 

Summary measures shows that for all three indicators, access is worse for poor 

households—and more so in lagging than in leading regions (figure 9). 

 

                                                 
12

 These statistics are calculated from the 2003 CWIQ data produced by the Ghana Statistical Service. The 

poor are defined as the bottom 20 percent of the income distribution. 
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Figure 9. Public Services, Social Services and infrastructure in Ghana, 2002 

 
Note: the columns in the graph show averages of the index for households in each group. 

 

Regression analysis is used to identify the main drivers of regional disparity in household 

consumption  (table 5). These regressions take household characteristics into account and 

control for indicators of natural geography that may influence the placement and 

performance of public services and infrastructure. These geographic characteristics 

include topography (roughness of the terrain) and climate (temperatures). Similar 

regressions are performed for poor and nonpoor households in leading areas.  

 

 
Table 5. Ghana: Drivers of Interpersonal Inequality in lagging regions 

 Regression Oaxaca Decomposition 

Variable  Poor households Non poor households Endowment
s 

Returns 

Basic public services 0.200*** 0.051* 22.9 19.5 

Human development services 0.066*** −0.115 1.7 4.3 

Infrastructure 0.078*** 0.076 2.0 2.3 

Age −0.001 −0.002 0.0 5.6 

Male −0.01 −0.164 0.2 0.6 

Married −0.062* −0.388** 0.6 5.8 

Education 0.0598*** 0.0396 9.1 9.5 

Work 0.118*** −0.001 2.5 8.2 

Household  size −0.067*** −0.136*** 1.3 9.2 

Note: Note: — = not included in specification. * statistically significant at 10% and *** statistically significant at 

5% 

 

Using these regressions, the analysis asks these questions: How much would spatial 

inequalities, measured as regional differences in consumption expenditures, decline if the 

poor in lagging regions had the same endowment of infrastructure as the poor in leading 

0
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Basic, Social & Economic Infrastructures in Ghana
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regions? And how much more would they decline if the poor in lagging regions benefited 

just as much from improvements in infrastructure as the poor in leading regions?  

 

The regression results show that improving all three types of services—basic, human 

development, and infrastructure —would improve welfare among the poor in the lagging 

Northern region (see table 5, columns 2 and 3).  For the nonpoor in that region, however, 

only improvements in basic infrastructure would improve welfare—and the benefits for 

the nonpoor would be smaller than those for the poor. So improving basic public services 

in the Northern region is likely to be pro-poor.  

 

What about spatial inequalities? Closing the gap in basic public services between the 

poor in leading and lagging regions—so that the poor in the North had the same access to 

basic infrastructure as those in the South—would reduce spatial inequalities measured as 

differences in consumption expenditures by 23 percent (table 5, columns 4 and 5). And 

spatial inequalities would decline by an additional 19.5 percent if the welfare gains from 

improvements in infrastructure were as large in lagging regions as in leading ones. There 

could be many reasons that returns to basic public services are low in lagging regions —

this analysis does not uncover these factors. One possibility is that information 

asymmetries reduce household demand for and use of improved infrastructure.  

 

The case study shows that bridging the gap between regions in access to basic services 

such as water and sanitation can help reduce spatial disparities. And these provide 

considerable benefits to the poor. Yet improving these services can generate even higher 

benefits in lagging regions if they are accompanied by efforts to improve utilization of 

these services. Typically, benefits are lower in these regions due to institutional, cultural, 

or informational impediments. Systematic assessment of these impediments (demand-

side constraints) is important for improving the effectiveness of investment policies in 

reducing poverty. 

 

* * * * 

 

The analytic approaches and case studies discussed here highlight how public investment 

choices on portable and place specific asset development can be informed by estimating 

potential economic returns across sectors and regions. Implementing these methodologies 

in developing countries is becoming possible as sub-national and spatially referenced 

household data are being collected and disseminated by national statistical agencies.   
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4 In-depth look at transport investments 
 

In many countries, policymakers view the challenge of reducing economic distance 

across sub national regions as one of reducing physical distance. Place specific 

investments such as infrastructure to reduce transport costs and improve accessibility of 

specific regions are viewed as integral components of territorial development policies in 

many countries. Isolation from markets can reduce consumer welfare, as residents face 

higher prices due to market fragmentation and have less access to transport dependent 

services.  Isolation can also make it impractical for local producers to increase their scale 

of production and invest in cost-reducing technologies.  So, infrastructure investments 

that connect peripheral areas to markets should improve consumer welfare and 

productive efficiency.  

 

Will geographic equity in transport coverage lead to geographic equity in economic 

density? Policymakers often believe that spatial equity in the distribution of transport 

infrastructure will help in balancing economic opportunities across regions. Notably, the 

European Commission sees transport improvements playing ‗a key role in efforts to 

reduce regional and social disparities in the European Union and in the strengthening of 

its economic and social cohesion‘ (Commission of the European Communities, 1999).  

The Commission is promoting the development of a Trans-European Transport Network 

(TEN-T), which includes 14 priority projects and a large number of smaller projects, at a 

cost of over €300,000 million (at 1993 prices).  But, are these investments likely to 

enhance economic density in lagging regions?  

 

Recent analytic work in economic geography points out that for activities that benefit 

from increasing returns to scale, a fall in transport costs is accompanied by higher 

geographic concentration of economic activities. With high transport costs, large 

economies of scale will remain unexploited, and production inefficient. When transport 

costs fall, spatial differences in production and economic growth will increase, both 

within and between countries. In the United States for example, the passage of the 

Staggers Act in 1976 helped deregulate the transport industry and reduced spatial 

monopolies that firms often enjoyed as they were shielded from competition by 

transportation rates that were high relative to the value of the goods and services 

produced.  The liberalization of transportation costs ushered in a new era as firms now 

faced the prospect of interstate competition.  Accordingly, consolidation took place, with 

firms seeking to locate plants in cheaper cost locations to exploit both lower input costs 

and scale economies.  During this period, there was a massive restructuring of the 

economy – Schumpeter‘s idea of gales of (creative) destruction certainly characterized 

much of the states in the industrial core of the US, a process that continues even to the 

present time.
13

   

 

It was during this era that many plants in the Midwest and Northeast were closed while 

facilities were opened or expanded in southern states; one of the major sources for the 

move was the potential to employ non-union labor in the south in so called right-to-work 

                                                 
13

 Hewings et. al (2008) 
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states.  The period was also characterized by considerable consolidation in the industrial 

sector and a rapid movement away from firms with only one or two plants to multi-state 

and often multi-national organizational structures.   

 

In the presence of scale economies, the potential benefits of improving market access for 

peripheral areas may accrue to firms in larger agglomerations.
14

 Transport development 

in lagging areas of the United States also shows that the long term benefits from 

infrastructure links are likely to favor established economic and population centers.  In 

1965, Lyndon Johnson, the President of the United States, created the Appalachian 

Regional Commission (ARC) whose task was to improve the economic and social 

infrastructure of the predominantly rural and economically lagging area. Despite broad-

based goals of comprehensive development, more than 65 percent of the initial spending 

went to highway construction.  The short-term impacts of that construction were modest 

and short lived.  At its peak the construction industry in counties near the highway 

projects grew 25 percent faster than that in control counties in second year of 

construction, and manufacturing grew 35 percent faster in the third year of 

construction—with less than 5 percent gains in overall earnings.  And the long-term 

effects for rural counties were negligible, with most of the gains accruing from urban 

spillovers to counties close to medium and large cities.
15

 

 

As roads and rails run both ways—better transport connectivity not only provides market 

access to firms in lagging areas but also allows firms in leading areas to reach markets. A 

decline in transport costs helps competitive firms in leading areas easily scale up 

production to reach these new markets at lower cost relative to local producers in lagging 

areas. So, improving market access may hurt the production of standardized goods in 

lagging areas. But lower prices and better access to new products are likely to improve 

consumer welfare. Experience validates these conjectures. In Italy reducing transport 

costs between the north and south in the 1950s deprived Mezzogiorno firms of their 

previous protection and accelerated deindustrialization of the southern region.
16

 And in 

France, where transport costs within the country fell by 38 percent between 1978 and 

1993, the geographic concentration of employment increased.
17

 

 

Case studies from the Russian Federation and Uganda (discussed below) examine how 

firm prefers to locate in places that are physically close to markets – and by themselves, 

transport investments in peripheral locations are unlikely to influence the decisions of 

                                                 
14

 Baldwin, Forslid, Martin, Ottaviano,and Robert-Nicoud (2003). The predictions of new economic 

geography models are as follows: Infrastructure policies that facilitate interregional trade between leading 

and lagging areas will increase spatial concentrations of economic activity in leading areas. These policies 

will also increase growth in the whole economy while reducing nominal income inequalities between areas 

and between workers and capital owners. By contrast, infrastructure policies that improve connectivity 

within lagging areas may enhance local economic growth but can slow the growth of the whole economy.  
15

 Rephan, T and A. Isserman (1994).  
16

 Faini (1983) 
17

 Combes and Lafourcade (2001). 
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entrepreneurs on where to locate production –i.e they are not effective, while being 

spatially inefficient. 

 

What are the main drivers of transport costs – infrastructure accessibility and quality or 

competition among transport providers? The policy focus in the transport sector has often 

exclusively been on improving the coverage of ―hard‖ infrastructure, where as in reality 

the cost of transporting goods is quite sensitive to the extent of competition among 

transport providers and scale economies in the freight transport industry that tend to 

create monopolistic behavior and circular causation between lower transport costs and 

greater trade and traffic (see WDR 2009 for a good discussion on this topic).
18

 Estimates 

of transport costs suggest that these have fallen by almost 40 percent over the past three 

decades. As comprehensive statistics on prices for transport services do not exist, most 

empirical work is based on the estimation of transport costs.  

 

For example, in France trucking costs fell by 33 percent between 1978 and 1998,with the 

main contributors being the deregulation of the trucking industry (a reduction of 21.8 

percentage points) and the lower vehicle costs (–10.9 percentage points). On the other 

hand transport infrastructure (–3.2 percentage points) and declining fuel costs (–2.8 

percentage points) were much less important. While the importance of core infrastructure 

will vary depending on the coverage of the network (i.e. importance will be higher in 

countries or regions with sparse network coverage), market structure of the transport 

services industry is an important contributor to transport costs. In lagging areas with low 

densities of economic activity, it becomes financially unviable to run large trucks (fixed 

costs cannot be recovered). Programs that help develop a viable domestic small vehicle 

transport sector will be useful in connecting lagging regions to markets. A case study 

from Malawi is presented to highlight how transport costs can be decomposed into 

infrastructure and regulatory bottlenecks.  

 

One of the main limitations of the case studies discussed here is that they do not consider 

the economy-wide impacts of specific policies. Over the last two decades, advances in 

the development of applied or computable general equilibrium (CGE) models are 

enhancing the ability of policy makers to consider these impacts (Haddad and Hewings 

2008). The general equilibrium approach treats the economy as a system of many 

interrelated markets in which the equilibrium of all variables is simultaneously 

determined.  Any perturbation of the economic environment can be evaluated by 

recalculating a new set of endogenous variables in the economy.   

 

The functioning of interregional CGE models reflects interregional linkages.  These 

linkages are driven by trade relations (commodity flows), and factor mobility (capital and 

labor migration).  Interregional input-output databases and information on trade 

elasticities are needed to calculate interregional trade flows. In many cases, explicitly 

                                                 
18

 However investments on physical infrastructure have neglected road maintenance. In Africa, for 

example, it is estimated that $45 billion was lost in road stock value during the 1970s and 1980s, which 

could have been avoided by spending $12 billion for preventive road maintenance (World Bank 2008). 

Poorly maintained roads increase transport costs by increasing costs of maintaining vehicles and reducing 

their speed.  
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modeling interregional feedback reinforces the results obtained from the partial 

equilibrium models discussed earlier. For example, a CGE model incorporating 

interregional trade and factor mobility in Indonesia identifies that new investments in a 

less developed region (Outer Islands) generate higher benefits for the more developed 

region (Java) (Watanuki 1996). Similar results were found using an interregional input-

output model (Hulu and Hewings, 1993). 

 

In an application for Brazil, Haddad and Hewings (1999) examine the regional effects of 

sectoral policies. They build an inte regional CGE model to evaluate the regional impacts 

of the new investments in the automobile industry in Brazil. Their simulation results for 

the short-run show that: a) the employment effects of the labor-saving technology in the 

automobile industry are positive for the economy as a whole; and b) even though 

investments in the less developed region (Northeast) help in reducing inter-regional 

imbalances within the country, these investments would contribute more to national 

economic growth if they were allocated to the Center-West region. This highlighted a 

tradeoff between spatial equity and efficiency.  

 

One of the major impediments to the more widespread development of regional 

computable general equilibrium models has been the paucity of data required to estimate 

many of the parameters of these models.  In addition, most CGE models have not been 

able to accommodate theoretical advances in fields such as New Economic Geography 

and have not been calibrated at spatial scales fine enough to capture spatial interactions 

among economic agents. Efforts on data collection and incorporating scale economies 

and market imperfections in the structural models will increase developing country 

applications and improve usefulness of these models for policy making.  

 

 

Private entrepreneurs with profit maximizing objectives will locate production in a 

particular region if the profits from doing so exceed those from locating elsewhere. A 

firm‘s expected profits depend on agglomeration economies, infrastructure that connects 

them to national markets (transport) as well as ensures smooth production cycles (power 

supply), supply and demand in the local labor market (in particular, competition for labor 

with neighboring regions), and other local attributes, including geographic characteristics 

such as topography and climatic conditions. 

 

Proximity to markets is important for activities that benefit from increasing returns. As a 

disproportionate share of these activities is attracted to such a location, either the wage 

rate will be bid up or labor will move to that location—further increasing its 

attractiveness. This is sometimes called the ―home market effect,‖ a term coined by Paul 

Krugman (Krugman 1991). Firms in areas with good market access will have higher 

demand for their products, which will push them to increase scale and invest in cost-

reducing technologies. As a result of these forces, local policies may be effective in 

4.1 IMPLICATIONS OF GEOGRAPHIC EQUITY IN TRANSPORT COVERAGE  
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influencing industry location only in areas with good access to domestic and international 

markets. They are likely to have little impact in areas with poor market access. 

 

Firms may also be attracted to areas that already have firms established in their line of 

business. Why? Because of localization economies. By locating near other firms in the 

same industry, a firm learns about whom to hire, whom to buy from and sell to, what‘s 

new in technology, and what product lines are selling. Finally, firms may choose a 

location for its economic diversity. Why? Because of urbanization economies. Economic 

diversity means good access to a broad range of producer and consumer goods that 

typically increases with the size of the agglomeration. The economics literature identifies 

two main sources of gains from urbanization economies. The first is information sharing 

and innovation. Large cities are breeding grounds for new ideas and innovations because 

of the concentration and diversity of knowledge sources—and firms in such cities are 

more likely to develop new products (Duranton and Puga 2001). The second is access to 

producer amenities. Firms in large cities tend to have better access to such resources as 

business services, finance, logistics, banking, advertising, and legal services—all of 

which can enhance their performance (Abdel-Rehman 1988; Fujita 1988; Rivera Batiz 

1988).  
 

The source of agglomeration benefits matters for regional industrial policies. If 

localization economies dominate, it may be possible to induce specific industries to 

relocate through strategic public expenditure policies. The challenge is to coordinate 

decisions across many firms in the same industry. But if urbanization economies 

dominate, so that firms‘ performance depends on being in a large, diverse city, using 

public investments and regulations to move activities to secondary locations —and to 

sustain them there—is extremely difficult. Urbanization economies are typically more 

important for young industries in the innovation phase of their product cycle, while 

localization economies become more important for more mature industries. 
 

4.1.1 FROM PLAN TO MARKET IN THE RUSSIAN FEDERATION 

We apply these concepts of industrial location decisions in a case study of the Russian 

Federation.
19

 Eeconomic geography is being redrawn in the Russian Federation as 

entrepreneurs, not central planners, are now making decisions on where to locate 

production. Historically, the Soviet Union pursued a national policy of locating 

production and firms in remote areas, to balance economic production across regions.  

Gaddy (2008)  argues that Soviet location policy for geographic equity not only ignored 

transportation costs but also did not account for the costs associated with the country‘s 

cold climate. But transition from a planned to a market based economy was accompanied 

by a geographic transformation --- increasing concentration of firms in locations close to 

markets.  

 

                                                 
19

 This case study draws on Brown, Fay, Felkner, Lall and Wang (2008). 
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Economic density is on the rise in the Russian Federation – with many firms shrinking 

economic distance by moving closer to national markets. We find that between 1989 and 

2004, firms flocked out of regions with harsh natural geographies and entered locations 

physically close to markets. In fact, 70 percent of the national increase in firms has taken 

place in regions that rank above the 80th percentile of market access and that were host to 

only 47 percent of all firms in 1989. In contrast, only 4 percent of the national increase in 

firms has taken place in regions in the two bottom deciles of market access– clearly 

below the share of firms these regions were hosting in 1989 (7 percent). To generate 

these estimates, we geo-referenced each firm in the Russian Enterprise Registry 

Longitudinal Database down to the third administrative unit – raion, and track the 

geographic distribution of economic activity between 1989 and 2004.
 20

 This database 

allows us to examine the spatial distribution of firms in two different economic 

environments – pre transition, when central planners decided where firms should be 

located, and what they should produce; and post-transition, when private entrepreneurs 

had more say in locating firms in places where they could maximize returns to their 

investments.  

 

A map measuring the density of firms across locations clearly shows that the economic 

landscape is anything but flat (see Figure 10). There are mountains around Moscow and 

St. Petersburg, along with hills around locations with good market access. Here, market 

access is measured by concentration of people across locations and the state of the 

infrastructure network connecting them. The areas shaded blue have good market access 

– and home to the economic mountains and hills. But much of the natural landscape of 

the country is unconnected and economically flat.  

 

                                                 
20

 The database includes all medium and large and many small Russian industrial enterprises covering 

mining, manufacturing, and utilities. Cross sections of these firms are available from 1985 -2004. The data 

include basic indicators on all enterprises, such as employment, output, capital, and location, and product 

data at the ten-digit level for most enterprises. In our classification, raions include gorsovets. There are 

approximately 2400 raions/gorsovets in Russia 
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Figure 10: Economic Density and Market Access in the Russian Federation  

 
 

 

 

What are the implications rising economic densities for territorial development policies 

in the Russian Federation? While entrepreneurs prefer to concentrate production near 

markets and profit from proximity, public policy in Russia is concerned with spatial 

equity in economic production. The World Bank‘s latest country economic memorandum 

(CEM) for Russia (World Bank 2008b) shows that the growing geographic concentration 

of economic activity is seen as a cause for concern in public policy. The Russian 

government has created a Ministry for Regional Development in 2004, and a National 

Regional Strategy is being drafted to facilitate the adoption and coordination of policies 

for regional and spatial development.   

 

Policymakers believe that the limited spatial coverage of the transport network is holding 

back the growth potential of many regions. In fact Prime Minster Putin has said: “The 

transport system is a restraining factor for regional development. If we had roads - motor 

roads, railways – major deposits of mineral resources would have been under 

development. No roads – no development. People, who sometimes have to travel to a 

neighboring region via Moscow, are experiencing great difficulties.‖
21

 In response to 

these concerns, the federal government is planning to build over 17,000 kilometers of 

                                                 
21

 Speech of Vladimir Putin, Russian Prime Minister, May 20th, 2008, Sochi 
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federal, regional and local motor roads. But will these investments stimulate economic 

growth in remote locations? And will these investments be spatially efficient? 

 

To answer these questions, we first develop a measure of market access based on the 

classic gravity model, commonly used in the analysis of trade between regions and 

countries. Interaction between two places is proportional to the size of the two places as 

measured by population, employment or some other index of social or economic activity, 

and inversely proportional to distance – physical or economic – between them. Using this 

measure, it becomes possible to identify how different economic activities locate in 

response to geographical differences in market access. Those that benefit from increasing 

returns to scale are likely to be pulled towards locations with good market access. On the 

other hand, activities that rely on natural resource exploitation will locate close to sources 

of these resources.
22

 Using this measure, firm location decisions and productivity are 

examined with reference to different accessibility to markets. 

 

4.1.1.1 Measuring Market Access in the Russian Federation 

 

Access to markets is a function of geographic heterogeneity and distance, and is also a 

function of the quality and speed of infrastructure connections. Indicators of accessibility 

measure the benefits households and firms in a region enjoy both from the infrastructure 

they have access to and the travel costs imposed by the exogenous geographic conditions 

they face. A well-known formulation of such an index is developed in Harris (1954) that 

provides an indication of the general proximity of a location to total demand, and was 

found to accurately predict the relative spatial distribution of the size of markets in US 

counties.  Since that time, many measures of relative accessibility to markets have been 

formulated, including those that can be defined to reflect both within-region transport 

infrastructure and infrastructure outside the region which affects the region.   

 

Simple indicators to measure relative intraregional transport infrastructure can be 

expressed by such measures as total length of motorways, number of railway stations 

(Biehl, 1986, 1991) or travel time to the nearest nodes of interregional networks (Lutter et 

al, 1993).  More complex indicators take account of the connectivity of transport 

networks by distinguishing between the network itself (i.e nodes and links) and 

―opportunities‖ represented by large markets that can be reached by it (Bokemann, 1982).  

In more general terms, accessibility is a construct of two functions:  one representing the 

opportunities or markets to be reached, and one representing the effort, distance, time or 

– more specifically in economic terms – the cost of reaching them. 

 

In the literature on accessibility indices, a number of approaches have followed from this 

basic formulation.  The one used here in relation to our Russian case study develops a 

                                                 
22

 In location theory models, firms with high transport costs for needed raw inputs tend to locate closer to 

the sources of those inputs, while firms with low weight inputs will locate closer to markets (Weber 1909).  

Analytic models in the New Economic Geography show that as more and more firms spatially cluster 

together, production costs decrease due to multiple suppliers, greater specialization and division of labor, 

and growing demand (Krugman 1991, Glaeser 1998).  
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measure of a raion’s ―potential accessibility‖, which is based on the assumption that the 

attraction of a destination increases with size and decreases with distance.
23

  Thus, both 

size and distance are taken into account.  Frequently, the size of the destination is 

represented by total population of that destination, or an economic indicator such as total 

(regional) GDP or income.   

 

Aggregate raion populations, obtained from the 1989 and 2002 Russian censuses, and 

from Russian statistical government data for 1995 (Gosudarstvennyi 1995; Tsentralnaya 

1996), is used as the measure of ‗attractiveness‘ in the accessibility calculations. Distance 

is measured by travel-time through road networks, weighted by variation in road type and 

quality, and by topographic variation. These were calculated using a GIS, using methods 

outlined in Farrow and Nelson (2001).
24

 Travel times between locations were computed 

with Russian road data from the ADC WorldMap roads data layers and a digital elevation 

model for Russia. Using information on road availability and quality is preferred to using 

measures of straight-line or ‘Euclidean‘ distance, because it is a better reflection of the 

likely routes and travel times by which goods and people move in Russia.
25

 As the 

distribution of roads in Russia is not spatially uniform or complete, goods are moved 

from more remote regions (such as in the northeast) to the large urban markets in the west 

through road networks that tend be located in the southern half of the country. Thus, 

travel times to markets are likely to be much higher in practice than what Euclidean 

distances would suggest. Figure 11 shows the market access measure, which is high 

around the main urban agglomerations (Moscow and St. Petersburg) as well as places 

with moderate temperatures  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

Source: Brown, Fay, Felkner, Lall and Wang 2008 

                                                 
23

 Raions are the second layer of sub national classification. There are approximately 2400 raions across all 

of Russia. 
24

 Schurmann and Talaat (2000) and Spiekermann and Wegener (2007) provide and in-depth discussion of 

the algorithms behind these calculations. 
25

 The ADC WorldMap Roads layers are one of the most up-to-date global GIS road databases (Nelson, 

2006). 

Figure 11: Potential market access across Russian regions 
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4.1.1.2 Location decisions and productivity effects 

 

Regression analysis shows that market access has a positive and significant impact on 

productivity. On average, a doubling of market access would increase firm productivity 

by 7.6 percent – this effect is particularly strong for private firms (relative to publicly 

owned ones), new firms that started production after 2001 (relative to older ones), and for 

manufacturing firms (compared to mining). For light manufacturing, market access 

provides considerable economic benefits –productivity would be higher by 0.53 percent 

with every 10 percent increase in market access; and distance from Moscow, railroads 

and ports impinge on productivity. On the other hand, productivity of firms in heavy 

manufacturing is not sensitive to regional differences in market access or the strength of 

local agglomeration.  However, adverse climate and distance to infrastructure networks 

have negative productivity effects.  

 

The estimates from the regression analysis were used as inputs into a simulation where 

transport infrastructure is expanded to peripheral areas of the country. We try to identify 

the economic implications of such investments by examining changes on firm 

productivity of market-access improvements.  In this ―experiment‖, each region under 

consideration is given an exogenous increase in infrastructure endowment, with a 10 

percent increase in market access, and a 10 percent reduction in travel times to Moscow, 

the trans-Siberian railroad and to a major port. Given those regional infrastructure 

improvements, productivity growth of existing firms is computed and then aggregated to 

the national level. 

 

There are two major caveats in this experiment. First, cost implications are not addressed  

--  implicitly assuming that the cost of achieving a 10 percent increase in market access 

and respective travel times is the same for all regions. Second, more importantly, the 

experiment does not consider the impacts on entrepreneurship (firm birth) or relocation of 

firms and people in response to transport improvements. Some regions could also benefit 

from an increase in the number of firms, and thereby benefit from higher agglomeration 

economies. However, to keep the analysis manageable, we only calculate direct effects 

on productivity. 

 

The projected firm productivity improvements of these simulations are reported in Table 

6, with corresponding regional indicators, such as the number of firms, population, area 

sizes, and the average market access values. The results are then normalized relative to 

the Central region, which is set at 100. First, the projected improvements in firm 

productivity provide the magnitude of benefits at the regional level for specific 

infrastructure improvements. From this column, it becomes clear that the benefits of these 

improvements are likely to be the highest in the Central region (which includes Moscow), 

followed by the Northwestern (including St. Petersburg), where the productivity effect 

would be about 40% of that in the Central region.
26

 Similar effects, ranging around one-

third of the benchmark, are observed for most of the remaining regions. However, two 

regions stand out for showing particularly low economic gains: Northern and East 

                                                 
26

 The absolute size of benefits is a little larger for the Volga and Volga-Vyatka regions, but considering 

land size differences the relative impacts will be much higher for the Northwestern region. 
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Siberian. Second, it is clear that the projected firm productivity improvements are closely 

related to the existing size of a region‘s economic activity.  

 

Table 6: Simulated impact on national firm productivity growth from improving transport 

connectivity 

10 percent improvement of 

transport connectivity 

in the economic region of: 

Projected nat. 

firm 

productivity 

growth, % 

Number of 

firms, 

2004 

Market 

Access, 

2002 

Population

, 2002 
Area, km2 

Central Black 0.099 1,471 106 6,285 158,515 

North Caucasus 0.131 1,864 161 12,800 199,219 

East Siberian 0.047 833 54 5,488 1,702,144 

Far Eastern 0.086 1,404 36 5,818 6,887,041 

Northwestern (incl. St. Petersburg) 0.152 1,733 101 8,957 311,728 

Central (including Moscow) 0.364 4,028 428 22,500 255,442 

Northern 0.045 738 44 3,268 857,748 

Urals 0.137 2,156 98 11,500 558,028 

Volga 0.171 2,647 93 15,400 613,472 

West Siberian 0.146 2,481 62 10,200 3,193,654 

Volga-Vyatka 0.154 2,460 90 10,800 514,699 

      

Relative to Central, percent      

Central Black 27.2 36.5 24.8 27.9 62.1 

North Caucasus 35.9 46.3 37.6 56.9 78.0 

East Siberian 12.9 20.7 12.5 24.4 666.4 

Far Eastern 23.7 34.9 8.3 25.9 2696.1 

Northwestern (incl. St. Petersburg) 41.9 43.0 23.7 39.8 122.0 

Central (including Moscow) 100.0 100.0 100.0 100.0 100.0 

Northern 12.4 18.3 10.3 14.5 335.8 

Urals 37.6 53.5 22.8 51.1 218.5 

Volga 46.8 65.7 21.8 68.4 240.2 

West Siberian 40.0 61.6 14.6 45.3 1250.2 

Volga-Vyatka 42.4 61.1 21.0 48.0 201.5 

Note: Technically, the improvement of transport connectivity in an economic region is simulated as a 

10 percent increase in regional market access and into 10 percent decreases in regional travel times to 

the Trans-Siberian railway, Moscow, and the closest port, respectively. 

 

This ranking of economic benefits has two implications. First, in terms of growth in 

lagging regions, infrastructure investments by themselves are unlikely to help economic 

convergence. Second – and at the same time – if investment expenditure favouring spatial 

equity is at the expense of funding infrastructure in high-return regions such as the 

Central region, it is likely to impose trade-offs with respect to the objective of boosting 

national economic performance.  

 

Given low population densities and harsh climates in outlying areas, a better option for 

improving territorial integration would be to ensure that people across regions have 

access to minimum standards of basic services and the portable assets to help them 
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migrate closer to economic opportunities. Infrastructure investments would be most 

useful if they supported growth in leading regions – along with selective investments to 

connect lagging regions with leading ones. In the language of the 2009 WDR – common 

institutions will be the bedrock of territorial integration policies in countries such as the 

Russian federation – where lagging regions have low population densities.  

 

4.1.2 INFRASTRUCTURE TO SUPPORT GROWTH POLES IN UGANDA  

 

Uganda‘s national industrial policy identifies industrial development as the cornerstone 

of the country‘s strategy for accelerating economic growth (Government of Uganda 

2007).
 27

 The policy pursues dual objectives through public infrastructure investments. It 

calls for strategic infrastructure investments, based on thorough feasibility analysis, to 

stimulate private investment in export-oriented industries. And it makes a case for 

infrastructure to support industrial parks in 21 towns across the country, with the aim of 

creating a national portfolio of industrial centers. Are these efforts on industrial de-

concentration likely to be successful? Will they be efficient? 

 

To assess the feasibility of regional growth poles, a location choice model is estimated, 

with information on agroclimatic conditions, the availability of skilled labor, the quality 

of infrastructure, and measures of agglomeration economies (see box 2 for discussion on 

location choice models). The descriptive statistics (figures 3 and 6) show that industrial 

activity is geographically concentrated in Uganda. Estimates from this model will help 

inform the types of activities that are most likely to relocate. The main findings? Market 

access (measured by transport connectivity to cities of 100,000 or more) is important in 

determining where industry chooses to locate. Remoteness from market centers reduces 

the attractiveness of a location for manufacturing activity. Access to the power grid 

increases it.
 
Agglomeration benefits also play a part: firms in most sectors value 

urbanization economies, preferring to locate production facilities in economically diverse 

areas.  
 
Box 2. Using models of location choice to assess how firms value natural and economic geographies 

To examine the location decisions of firms, a profit function is specified in which a firm will locate in a 

particular region if the profits from doing so exceed those from locating in any other region of the country. 

Based on the new economic geography, a firm‘s profits in a region depend on agglomeration economies, 

links with national markets, supply and demand in the local labor market (in particular, competition for 

labor with neighboring regions), and other local attributes, including geographic characteristics such as 

topography and climatic conditions. This model is an adaptation of the Bayer and Timmins (2007) 

equilibrium model of location choice to the question of industrial development.  

Suppose profits  earned by firm i, in industry k, which chooses to locate in region j are:
 
 

, , , , ,( , , , , , ; )i j k j k j j j j i j k kf transport H W X    , 

                                                 
27

 This case study is based on research findings reported in Lall, Schroeder and Schmidt (2008). 
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where j,k represents agglomeration effects that provide production externalities (localization economies), 

measured as the concentration of own industry i in region j; transportj represents the quality and 

availability of interregional transport infrastructure; Hj represents the stock of local human capital; Wj 

represents local labor market conditions; and Xj includes other local attributes that may influence a firm‘s 

profits in region j.  

The following functional form is chosen for this profit function: 

, , , , , , , , , ,ln( ) ln( ) ln( ) ln( )i j k k j k tr k j H k j W k j X k j i j ktransport H W X             . 

The ith firm will choose region j if 
i

l

i

j    for all l, where l indexes all the possible city choices for the 

ith firm. For the estimation it is assumed that i,j,k is additively separable from the rest of the utility function 

and has a Weibull distribution. As a result the probability that any firm will choose to locate in city j can be 

written as (McFadden 1973): 
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The estimation of the conditional logit model assumes that each firm takes attributes associated with each 

region as given and makes rational location choice decisions. For the purpose of the estimation this 

assumption translates into a condition in which the idiosyncratic error term is independent of the regional 

characteristics.  

The location choice model provides estimates of the importance of agglomeration economies and 

interregional transport costs in determining the location of firms. It also provides estimates of the effect of 

improving endowments in a particular region on the probability that firms will decide to locate there. These 

estimates can be interpreted as rates of return—in terms of new private investment—to improvements in 

various types of infrastructure. These rates of return provide one way to rank investment priorities because 

they reflect the sensitivity of industrial location (or private investment in general) to region-specific 

improvements and thus identify where such investments can produce the biggest payoffs.  One limitation 

with this approach is that it is based on extrapolation of behaviors observed in the past, and therefore, 

assumes a constant menu of industrial activity and cannot predict where new activities are likely to locate.  

 

Allocating public investment on the basis of the rate-of-return rankings would be efficient in stimulating 

private investment. By contrast, targeting public investment to regions with low expected rates of return (on 

grounds of spatial equity or needs) could have considerable costs for national economic efficiency. Thus 

here there would be tradeoffs between spatial equity and economic efficiency. 

 

 
From the location choice model it is possible to predict the relative profitability of 

manufacturing firms across regions. Figure 12 plots these values, which compare the 

―profitability‖ of each district with that of Kampala, normalized at 100. Expected profits 

are highest in the country‘s main urban agglomerations—Kampala, Wakiso, and Jinja. 

Districts bordering these agglomerations and those along the road leading to the Kenyan 

border also offer profitable opportunities for manufacturing. Why? Because these 

districts are well endowed in regional amenities valued by firms. For example, consider 

education attainment. 421,000 people of working age in Kampala have completed 

primary or higher education.  
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In comparison the ‗human - capital‘ stock in the North is much lower -- Lira has 92,000 

and Gulu has 56,700 people with primary or higher education attainment. Other things 

being equal, for industries that value skilled labor, Kampala becomes more attractive than 

upcountry centers. These estimates of profitability, indicating high-return areas for 

private manufacturing, can help in identifying priority areas for spatially efficient growth-

enhancing investments and assessing potential tradeoffs of strategies aimed at spatially 

balancing sources of growth.  

 

Identifying investment priorities and assessing tradeoffs. As noted, Uganda‘s national 

industrial policy sets two objectives for public infrastructure investments: to stimulate 

private investment in export-oriented industries and to support industrial parks in regional 

towns across the country. Are these objectives consistent with each other?  

 

 

4.1.2.1 Identifying locations with high economic potential 

 

To answer that question, two scenarios are developed, using the estimates from the 

location choice model, to highlight regions where investments in infrastructure 

connectivity will yield the greatest benefits.
28

  

 

                                                 
28

 The database used here permits adjustments of net benefits due to cost differences of alternatives 

(building secondary roads costs much less than upgrading main arterial highways) and also assumes that 

improvements in transport infrastructure will translate directly into improvements in accessibility (transport 

markets are assumed to be competitive). Cost-side implications and the functioning of transport markets are 

not considered here.  

Figure 12. Regions offering high economic returns in Uganda 
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 The first scenario simulates road improvements around the (remote) northern 

districts of Gulu and Lira. The road improvements would increase travel speeds 

from 60 kilometers an hour to 100, reducing the average travel time from these 

cities to market centers of 100,000 people from five hours to three.   

 

 The second scenario simulates road improvements in intermediate areas around 

regions with high economic returns (as identified in Figure 12)—Iganga, Mpigi, 

and Mubende, all of which are in the country‘s main industrial agglomeration. 

Again the road improvements would increase travel speeds from 60 kilometers an 

hour to 100.  

 

Roads are the focus here because they are the most important mode of transport in 

Uganda. They carry most of the traffic and thus yield higher economic returns to capital 

than other transport infrastructure. National roads account for 15 percent of the network 

but carry about 80 percent of the traffic. So improving the national road network is 

extremely important for Uganda‘s economic growth (World Bank 2006). 

 

Improving roads has two effects in the simulations. First, it improves access to markets. 

Second, it extends agglomeration economies by effectively bringing firms closer to more 

firms in their industry. Still, the road improvements provide only modest gains in the 

industry (here, food and beverages) that would locate in the northern districts of Gulu and 

Lira. In Gulu, for example, the share of the country‘s food and beverage establishments 

that would locate there increases from 1.7 percent to 2 percent. By contrast, in Iganga 

district, which adjoins Kampala, the share would increase from 5.8 percent to 10.5 

percent. Thus the ―pull‖ of agglomeration economies is strong, reducing the impact of 

complementary investments to decentralize manufacturing activity.  

 

These simple simulations show that private returns to public infrastructure investments, 

measured by new industrial development, are highest in areas that offer ―preconditions‖ 

for success—particularly human capital and an existing mix of diverse economic 

activities. Incidentally, these preconditions are offered in the country‘s main urban 

agglomerations.  

 

This application of the location choice model provides clear answers about the potential 

effectiveness of using spatial equity in transport infrastructure to develop regional growth 

poles in Uganda:  Does spatial equity in road improvements reduce regional difference in 

economic mass? No, because location decisions of firms in most industries are unlikely to 

change in response to transport improvements. And is the policy spatially efficient? No, 

because, it is possible to generate higher economic returns by prioritizing infrastructure 

investments along the country‘s southern corridor – which has already identified as 

profitable by existing businesses. In other words, as it tries to generate growth in outlying 

regions, this policy is likely to detract from objectives of accelerating national economic 

growth, and therefore impose costly economic tradeoffs. 
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4.2 IDENTIFYING DRIVERS OF TRANSPORT COSTS  

In the case studies discussed above, infrastructure access and quality were considered to  

be the main contributors to transport costs. However, market structure of the trucking 

industry often has considerable bearing on transport costs –over and beyond the 

contribution of road quality on vehicle operating costs. A case study based on analysis 

commissioned for the 2008 Malawi CEM is presented here to highlight how transport 

costs can be decomposed into regional differences in road quality and competition in the 

trucking industry. The main finding from the analysis is that both infrastructure quality as 

well as market structure of the trucking industry are important contributors to regional 

differences in transport costs. Differences in the quality of feeder roads connecting 

villages to the main road network have significant bearing on transport costs. And, the 

costs due to poor feeder roads are exacerbated by low volumes of trade between rural 

locations and market centers. With empty backhauls and journeys covering small 

distances, few truckers serve these markers, and those that do charge disproportionately 

high prices to cover fixed costs and maximize markups. 

 

4.2.1  ROAD INFRASTRUCTURE AND DEMAND FOR TRANSPORT SERVICES IN 
MALAWI 

The Government of Malawi has identified that high transport costs and poor access to 

some parts of the country remain an important threat to faster economic growth in 

Malawi. The government‘s growth and development strategy (MGDS) identifies 

transport infrastructure improvements as one of the priority areas for supporting 

economic growth. The national public sector investment program focuses on network 

expansion. Eleven roads have been upgraded in 2007 - 08, and the focus of investments is 

on ―big infrastructure‖. However at the outset, it is not clear if bad roads are the largest 

contributor to transport costs in Malawi – in fact, research from developed countries such 

as France show that there are considerable gains from improving competition in the 

transportation industry. And to get the highest payoffs from transport infrastructure 

improvements, there is need to prioritize improvements based on a location‘s natural and 

economic geography.  

 

The World Bank and other donors such as the African Development Bank and UK DFID 

have been collaborating with the Government of Malawi to identify both the types of 

public investments that matter, as well as where these investments will be spatially 

efficient and generate the highest economic gains for the country. While these investment 

patterns are likely to support locations with demonstrated economic potential, thereby 

increasing regional disparities in production, this should not be an immediate concern for 

policymakers. They may in fact want to invest in human capital and social services in 

isolated regions, bringing parity in basic standards of living as well as creating 

opportunities for labor migration to better integrate their citizens with labor markets in 

dynamic locations.  In fact, the WDR 2009 highlights that enabling geographic mobility 

of labor is a key ingredient for countries to gain from the geographic concentration of 

economic activities along with convergence in living standards. 
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The analytic work reported in this case study contributes to the debate on transport costs 

in Malawi, providing fresh empirical evidence based on a specially commissioned survey 

of transport providers and spatial analysis of the country‘s infrastructure network.
29

 

Typically, information on how transport prices or costs vary across regions in the country 

is not readily available. Neither are data on potential determinants of transport costs.  

4.2.1.1 Asking farmers about transport costs 

 

In Malawi, the Integrated Household Survey (IHS2) asks farmers how they transport 

agriculture products to markets and how much they pay for this service. The IHS2 

samples households across over 300 locations all over the country. This database was 

linked to the road authority‘s geo referenced database on the location of paved and 

unpaved roads. In addition, road segment specific data on road quality and traffic 

volumes were collected through the Highway Development and Maintenance Model 4 

(HDM-4) – a standard model for analyzing road investments. As the data in the HDM-4 

are not geo-referenced, it is difficult to directly link road quality and traffic data with data 

on the location of the road network. A spatial analysis program was developed to merge 

these two datasets.  

 

Figure 13 shows the results of integrating information on road network information and 

quality. The panel on the left shows the main and secondary roads. The middle panel 

controls for network quality measured by roughness of the road surface. Clearly, there are 

considerable quality differences across segments of the network. Finally, the panel to the 

right shows traffic volume across the network --- which is concentrated around the major 

cities of Lilongwe, Blantyre, Mzuzu and Zomba.  

 

 

And fFigure 14 shows the value of Tobacco production across regions, which is high in 

locations with good agronomic potential for cash crops. The data on agronomic potential 

come from a spatial allocation model developed by the International Food Policy and 

Research Institute (IFPRI).
30
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 This case study draws on research reported in Lall, Wang, and Munthali (2009). 
30

 The IFPRI spatial allocation model provides a spatially detailed dataset on the distribution of crop 

production values. Using this approach, crop production statistics are blended with an array of other 

secondary data to assess the production of specific crops within individual 'pixels' - typically 5 by 5 

minutes degree (approximately 10x10 kilometers at the equator) in size. The information utilized in the 

model includes crop production statistics, farming system characteristics, satellite-derived land cover data, 

biophysical crop suitability assessments, and population density. Crop area of 20 crops including wheat, 

rice ,maize, barley, millet, sorghum, potato, sweet potato and yams ,cassava ,plantain & banana, soybean, 

beans, other pulse, sugar cane, sugar beets, coffee, cotton, other fibres, groundnuts, other oil crops are 

allocated and estimated in each pixel. 
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Households in the IHS2 are asked if they are agriculture producers and what they pay to 

move their products to the nearest market. These data from the IHS2 are spatially linked 

to the GIS/HDM4 infrastructure data which provide information on road quality and 

traffic volumes (a proxy for demand and potential competition). The hypothesis to be 

tested is that both infrastructure supply and demand have bearing on transport costs. 

Transportation prices or transport costs paid by farmers are influenced by road 

accessibility and quality (supply side) as well as freight volume to be transported and the 

structure of market competition (demand side). In addition, network externalities, or 

economies of scale, are important for transportation industry. 

A regression analysis is carried out where the dependent variable is a farmer‘s transport 

costs for taking tobacco to markets. Results are reported in Table 7. We first control for 

Figure 13: Malawi -- Poor quality roads in high demand regions 

Figure 14: Tobacco Production Intensity and Agro climatic Conditions 
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the volume of tobacco transported  and the transport distance (kilometers).31 After 

controlling for the (strong) effects of those two variables, the regressions show that the 

quality of feeder roads (distance to asphalt roads, kilometers) connecting farms to the 

main roads is an important factor influencing transport costs. In addition, road traffic 

volume data from the GIS+HDM4 data were used in the analysis. For farmers in each 

location, spatial analysis was used to compute the average road traffic volume (ADT) 

within a radius of 10 kilometers. The results from the regression show that the transport 

costs are lower in locations with high traffic volumes. This confirms our hypothesis that 

competition and higher trucking demand are associated with lower transport costs. 

Table 7: Determinants of tobacco transport costs to markets (tobacco farmers) 

 (1) (2) (3) (4) 

Dependent variable: ln(a farmer‘s tobacco transport costs) 

Estimation OLS, with IHS2 sampling weights 

Sample all tobacco farmers 

     

ln(transport volume) 0.815*** 0.800*** 0.812*** 0.804*** 

 (0.029) (0.029) (0.030) (0.030) 

ln(transport distance) 0.150*** 0.139*** 0.148*** 0.152*** 

 (0.024) (0.025) (0.031) (0.033) 

ln(distance to asphalt roads)  0.032**  0.014 

  (0.013)  (0.014) 

ln(road traffic volume, ADT)   -0.066*** -0.061*** 

   (0.018) (0.020) 

     

Constant Yes yes Yes Yes 

Observations 970 920 825 793 

R-squared 0.646 0.637 0.665 0.656 

             Note:  1. Robust standard errors in parentheses 

             2. * significant at 10%; ** significant at 5%; *** significant at 1% 

 

In summary, poor feeder road quality linking farms to main roads and low traffic volume 

(limited competition and less trucking demand) on neighboring main roads raise transport 

costs. These findings are consistent with Africa wide studies that highlight infrastructure 

constraints (Pedersen 2001), low levels of competition between service providers (Rizet 

and Hine 1993), and weak infrastructure (Limao and Venables 2001) as contributors to 

high transport costs. 

 

4.2.1.2 Asking truckers about transport prices 

To complement the analysis of transport costs faced by farmers, a survey of transport 

providers was carried out to understand how a combination of vehicle operating costs, 

indirect costs and profit margins contributed to the setting of transport prices. This survey 

builds on the trucking survey methodology developed in the World Bank Africa region‘s 

                                                 
31

 Source:  IHS2 household questionnaire.  
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transport unit, and described in Teravaninthorn and Raballand (2008). Figure 15, which is 

reproduced from that report identifies the various components of transport prices.  

 

Figure 15: Identifying drivers of transport prices 

 

Source: Teravaninthorn and Raballand (2008) 

 

Table 8 summarizes the main findings from the survey. The most important finding is the 

presence of considerable heterogeneity in transport prices on domestic and international 

routes. The average unit transport price (per ton, per km) is 228.4 kwacha from rural 

areas to the country‘s main cities – in comparison, transport prices range between 10 and 

12 kwacha per ton per km on routes linking the country to international markets. This is a 

clear indication that transport markets are segmented with limited mobility across 

segments. What explains these price differences? 
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Table 8 Main findings from trucking survey 

Origin Destination 

unit 

transport 

price, per 

ton per 

km 

total one 

trip 

distance 

yearly 

mileage 

of a truck 

empty 

haul pct 

(%) 

price 

charged to 

go per ton 

average 

load from 

origin to 

destination 

most 

common 

factor for 

idleness, 

out of 40 

  
LCU 

(Kwacha) 
km km % 

LCU 

(Kwacha) 
tons 

1: lack of 

load/overs

upply of 

vehicles 

agro 

town 
major city 228.4 84.6 34,020.0 27% 19,323 2.5 27 

agro 

town 

exporting 

port 
10.3 2,271.6 82,200.0 11% 23,462 24.6 40 

major 

city 

exporting 

port 
12.1 2,012.3 71,102.5 5% 24,433 19.9 30 

 

There are several factors that explain differences in prices across these routes. First, small 

loads and short trips play an important role as fixed costs are distributed over small units. 

Notice that prices per ton across routes are in a comparable range – 19,300 kwacha on 

domestic and 24,400 on international routes.  However, with a yield of around 1 ton per 

year per hectare for a farmer, and with less than 5000 kilometers per year per truck - 

fixed costs on domestic routes are much higher than for international transport; therefore, 

unit transport are much higher. In addition, the domestic and international routes are 

significantly different to a point where most operators on international routes (if they had 

excess capacity or wanted to compete because of a more attractive price per ton/km) 

could not operate with their present fleets on domestic routes (their trucks could simply 

not run on some of these roads), neither would expected profits warrant their trouble to 

go after such traffic (as large trucks on international routes would be using a small 

portion of their capacity and prices expressed in tons per kilometer would shoot up). 

Regression analysis is used to quantify the contribution of various factors to transport 

costs (Table 9). The analysis shows that the price charged to transport freight (per ton) 

depends on trip distance. Controlling for trip distance variation, truck size is a significant 

factor: larger trucks have lower unit transport prices. As trucking companies possess 

bigger trucks and thus enjoy some economies of scale, they can charge less than 

individual truckers. And empty haul increases transport prices, as truckers may charge 

(part of) returning costs to customers.  
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Table 9: Determinants of trucking prices 

 (1) (2) (3) 

Dependent variable: ln(price charged to go per ton)  

Estimation: OLS  

Sample Full sample Domestic truckers Full sample  

ln(one trip distance) 0.668*** 0.986*** 1.023*** 

 (0.017) (0.094) (0.021) 

ln(average tare weight of  -1.092*** -0.711** -0.428 

vehicles) (0.063) (0.302) (0.281) 

ratio of mileage on empty- 2.354* 0.914 1.028** 

Haul (0.555) (0.868) (0.120) 

dummy for domestic   2.417** 

truckers (type 1)   (0.455) 

    

Constant Yes yes Yes 

Observations 59 31 59 

R2 0.710 0.813 0.868 

Note:  1. Clustered (by route type) robust standard errors in parentheses 

    2. * significant at 10%; ** significant at 5%; *** significant at 1% 

 

 

In summary, Infrastructure quality as well as market structure of the trucking industry 

are important contributors to regional differences in transport costs: On infrastructure, 

the quality of the trunk road network is not a major constraint – rather differences in the 

quality of feeder roads connecting villages to the main road network have significant 

bearing on transport costs. The costs due to poor feeder roads are exacerbated by low 

volumes of trade between rural locations and market centers. With empty backhauls and 

journeys covering small distances, only a few transport service providers enter the 

market, charging disproportionately high prices to cover fixed costs and maximize 

markups. 

International and domestic transport markets are segmented:  The survey of truckers 

shows that the average unit transport price (per ton, per km) is 228.4 kwacha from rural 

areas to the country‘s main cities – in comparison, transport prices range between 10 and 

12 kwacha per ton per km on routes linking the country to international markets. This is a 

clear indication that transport markets are segmented with limited mobility across 

segments. The domestic and international routes are significantly different to a point 

where most operators on international routes (if they had excess capacity) could not 

operate with their present fleets on domestic routes (their trucks could simply not run on 

some of these roads), and neither would expected profits warrant their trouble to go after 

such traffic. 

To enhance agriculture led economic growth, public investments in transport 

infrastructure should be prioritized towards improving feeder roads that connect rural 

areas offering a combination of rich natural and economic geographies - favorable 

agronomic potential and high population densities - to major domestic and international 

markets. Most of these locations are in the South and Central regions of the country. And 

to lower transport costs in rural areas, the government may want to explore options for 
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encouraging the development of a domestic small vehicle transport sector. As 

international truckers are unlikely to find these routes profitable, alternate modes of 

transport need to be identified.  

 

* * *  * 

The analysis of transport investment highlights two issues. First, geographic balance in 

transport investment is unlikely to facilitate convergence in production. Agriculture based 

activities will flourish in places with good natural geographies, and industrial activities 

will concentrate in places with good economic geographies – proximity to markets and 

producers in similar lines of business. Infrastructure investments to regionally balance 

growth are unlikely to be sustainable. On the other hand, investments that improve 

connectivity among places with good natural and economic geographies can generate 

high economic dividends. In addition to regionally prioritizing physical investments, 

transport costs depend on differences in traffic volumes across locations. In remote 

regions with low traffic volumes, it may be difficult to encourage competition among 

transport providers. It may be worth exploring alternate modes of transport to lower 

transport costs in these regions. 
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5 Summary and Main Findings 
 

Policymakers are usually concerned with rising economic and social ―distances‖ across 

regions of their countries. This report contributes to the efforts of the Sustainable 

Development Network of the World Bank to assist governments in the design of regional 

development policies that reduce these distances. It aims at helping policymakers assess 

the short to medium term benefits and costs associated with their main policy options to 

integrate lagging and leading regions within countries.  

 

Specific contribution: This report presents a set of analytic tools to address the following 

two questions, which appear to be most pressing for policymakers concerned with the 

development of lagging regions:  

 How can the spatial allocation of public investments be improved? 

 How can the tradeoff between interregional equity and national efficiency be 

recognized when deciding on investment prioritization in terms of their economic 

growth and poverty reduction payoffs? 

 

Analytical Approach:  The underlying principle in informing these choices is to identify 

whether public investments in specific sectors and regions are likely to generate high 

returns in terms of economic growth and poverty reduction. A combination of 

methodologies using micro and regional economic analysis is used for this purpose and 

illustrative case studies show how they can be used in practice. In the case studies, there 

is considerable focus on decisions with respect to public infrastructure. 

 

 

Policy insights offered by the case studies: The case studies illustrating the analytic tools 

feature a range of countries where regional inequalities have been the focus of much 

public policy concern. They also feature a range of policy questions.  

 

The first set explores sectoral priorities in resource allocation: Should resources be 

allocated to portable investments such as education and health, or should they be directed 

toward durable investments such as highways and railroads? And what is the relative 

priority in allocating such investments between a country‘s leading and lagging regions?  

 

Several criteria could be used for allocating public investment across leading and lagging 

regions. Investment resources could be allocated on the basis of need, with the objective 

being to compensate for the disadvantages of poor regions. In this case regions with low 

incomes would receive more investment—though richer regions might also demand 

additional resources to meet needs stemming from congestion. Resources could be 

allocated on the basis of efficiency, with the aim being to maximize national income. In 

this case regions with a higher rate of return to investment would receive more. Finally, 

resources could be distributed on the basis of equal allocation across regions, regardless 

of need or efficiency concerns. A case study of Mexico looks at how expected rates of 

return can guide priorities in allocating public investments—both across states and within 

a lagging state. Regional convergence models can help in setting priorities and 
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identifying tradeoffs associated with alternative public policy choices—investments as 

well as regulatory policies—across regions. 

 

To complement insights from aggregate models on convergence, microeconomic models 

can help clarify the types of public investments that can improve the welfare of poor 

people in lagging areas—by looking at how improving specific public services can 

reduce welfare gaps between the poor people in lagging regions and those in leading 

ones. Evidence from Ghana shows that access to basic infrastructure services is much 

worse for the poor in lagging regions compared to their counterparts in leading regions. 

While improving access to basic services for the poor reduces spatial inequalities, the 

benefits from these investments are likely to be higher when they are accompanied by 

demand-side interventions that increase the use of these services. 

 

The second set of case studies looks in depth at transport infrastructure – at the 

implications of geographically balancing transport networks. A case study of Russia 

highlights the spatial implications of the transition from a planned economy to a market-

based one. With firms now free to locate where they please, economic activity has 

become increasingly concentrated in regions offering good access to markets. 

Policymakers face a dilemma: Should they direct public investments to interregional 

transport infrastructure that could help improve connectivity among lagging regions to 

create markets—or to infrastructure that could improve connectivity within the leading 

regions at the center of the market? These choices will involve tradeoffs between the 

objectives of spatial equity and spatial efficiency. And a case study from Malawi 

identifies that infrastructure is not the only priority for lowering transport costs. In 

addition to improving feeder roads in locations with good agriculture potential, policies 

that increase competition among transport providers can help in reducing transport costs. 

 
Finally, investing in spatially detailed data is going to be important if policymakers are to 

make use of these analytic approaches. Table 10 summarizes the types of data needed to 

empirically implement these techniques.  
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Table 10: Data needed for implementing analysis of spatial policy priorities 

 

Policy Concern Models Data needed Contribution 

Investing in portable or 
place specific assets 

Models of sub national 
convergence. 
 

Sub national data on living standards, 
indicators of social service provision, 
infrastructure, natural geography. 
Household data on living standards 
across regions. 
 

Identifies how differences in regional endowments 
translate into differences in living standards. 
Complication: most variables of interest are 
correlated with regional endowments not seen in 
datasets – need to correct bias introduced by 
omitted variables. 
 
identifies factors that matter most for improving 
living standards of poor people. 

Investments to 
geographically balance 
transport networks  

1) Regression models of 
economic productivity 
and market access. 
 
 
2) Location choice 
models of industrial 
locations decisions. 
 
 
 
3) Regression models 
explaining transport 
costs. 
 
4) CGE models to 
examine economy-wide 
impacts of public 
investment. 
 

1) Sub national data on economic density 
and productivity. Indicators of market 
access and other geographic 
characteristics.  
 
2) Geo referenced firm level census data 
with age, structure, ownership; along 
with regional data on market access, 
fiscal incentives, agglomeration 
economies, and geography. 

 
3) Sub national data on traffic and trade 
volumes, transport costs. 
 
 
4) Data on inter regional trade and labor 
mobility. 

1) Identifies if infrastructure development can help 
in concentration or dispersion of economic 
activities.  
 
 
2) Identifies if geographically balancing public 
investments in infrastructure can counter the 
tendency for some industries to cluster production. 
 
 
 
3)Prioritize between hardware and software of 
transport investments. 
 
 
4) Estimates multiplier effects and feedbacks of 
investments across regions and sectors  
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