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The Cost of Road Infrastructure in Low- and Middle-
Income Countries

Paul Collier, Martina Kirchberger, and Mans Séderbom

The connections between transport infrastructure and economic development have been
extensively analyzed in previous research, but little is known about the cost of infra-
structure investments in poor countries. This paper examines drivers of unit costs of
construction and maintenance of transport infrastructure in low- and middle-income
countries and documents that: (i) there is a large dispersion in unit costs for comparable
road work activities; (ii) after accounting for environmental drivers of costs, residual
unit costs are significantly higher in conflict countries; (iii) there is evidence that costs
are higher in countries with higher levels of corruption; (iv) these effects are robust to
controlling for a country’s public investment capacity and business environment. Our
findings have implications for governments aiming to increase connectivity in poor
countries. JEL codes: O1,L7, H5, R4

Roads are archetypal of public economic infrastructure. While telecoms, power
and railways are often privately financed, the practical scope for private financing
of roads in developing countries has proved to be extremely limited. Yet over
recent decades donors have shifted their support from such infrastructure, which
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was the initial rationale for aid, to social priorities, as exemplified by the
Millennium Development Goals. In low-income counties this may have contrib-
uted to the deterioration in provision: for example, there is evidence that since
the 1980s the African road stock has actually contracted (Teravaninthorn and
Raballand 2009).

If poor countries must self-finance much of their road networks, their costs of
construction and maintenance become more important. Where costs are unusually
high, it is useful to discover why. If the cause of high costs is readily remediable,
then it can become an objective of policy. But even if high costs are attributable to
factors that are beyond influence, there are important implications. Connectivity is
essential for economic development. It enables trade, which in turn enables people
to harness the productivity gains that come from specialization and scale.
However, the density of a national road network necessary to achieve a given level
of connectivity depends upon population dispersion. Connectivity can potentially
be increased either by building more roads for a given dispersion or by encouraging
people to relocate into larger settlements. A country in which roads are unalterably
very expensive should give greater priority to reducing dispersion. Hence, in study-
ing variation in the unit cost of roads, it is useful to discover both the extent of
variation and the likely reasons for that variation.

Given this research agenda, the contribution of this paper is twofold. First,
it provides quantitative evidence on unit costs of road construction and main-
tenance across a large sample of low- and middle-income countries. We use a
dataset that consists of 3,322 unit costs of work activities across ninety-nine
countries obtained from the World Bank (World Bank 2006). To make meaning-
ful comparisons of unit costs of construction data, one needs detailed informa-
tion on the year and location of the work activity, type of costs (estimated,
actual, or contracted) and the specificities of the construction or maintenance
activity (what type of road work activity it is). All of these variables are present
in our dataset. Second, we examine whether there is residual variation in unit
costs once we control for potential cost drivers such as terrain ruggedness and
access to markets. We focus on two dimensions of the environment a firm oper-
ates: conflict and corruption.

Our analysis yields four main findings. First, we show that there is a large dis-
persion in unit costs across countries for comparable road work activities. For
example, the difference between countries of an asphalt overlay of 40 to 59 mm
amounts to a factor of three to four. Second, we find that after accounting for en-
vironmental drivers of costs such as terrain ruggedness and proximity to
markets, residual unit costs are 30% higher in conflict countries on average. This
result is robust to different measures of conflict and political instability. Third,
we also find evidence that costs are higher in countries with higher levels of cor-
ruption. Moving a country from the seventy-fifth percentile of corruption to the
twenty-fifth percentile of corruption is associated with 6.8% lower unit costs.
Countries with corruption levels as measured by the Worldwide Governance
Indicators above the median in the sample have about 15% higher costs. Fourth,
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these effects are robust to controlling for a country’s public investment manage-
ment capacity and business environment.

A growing literature highlights the effects of transport infrastructure on transport
costs, trade volume, market development, productivity, and poverty and consumption
(Casaburi et al. 2013; Dercon et al. 2009; Donaldson 2013; Faber 2014; Gertler et al.
2014; Jacoby and Minten 2009; Limao and Venables 2001; Mu and van de Walle
2011; Shiferaw et al. 2012; Stifel et al. 2012). However, while substantial progress is
being made on evaluating the benefits of infrastructure, research on the cost side is
lagging behind. Our paper contributes to the recent effort in collecting and analyzing
data on unit costs of different types of infrastructure investments across countries
(AFRICON 2008; Alexeeva et al. 2008; Alexeeva et al. 2011). In addition to coverage
of contracts of all regions worldwide, an advantage of our paper is that with a large
number of contracts we can control for systematic differences in the cost of construc-
tion by including fixed effects at the very detailed work activity level.

When exploring the correlates of costs, we focus on conflict and corruption.
The focus on conflict is motivated by the fact that 1.5 billion people live in
conflict-affected or fragile states, and these states lag behind on measures like
poverty reduction and other developmental outcomes (World Bank 2011b).!
Understanding the cost of public infrastructure is important in particular for
these countries in which resources for public investment are often scarce.
Further, public work contracts, including roads, are subject to substantial levels
of corruption. According to Transparency International’s Bribe Payers Survey of
over three thousand business executives worldwide, public works contracts and
construction is the sector with the highest propensity of paying bribes to officials
and other firms (Transparency International 2011). As this paper attempts to
establish a first set of facts on differences in costs in low- and middle-income coun-
tries, a focus on the link between corruption and costs is a natural priority.>

A review by the World Bank’s Transport Research Support Program on the
roads sector in conflict countries states that “projects that take place in conflict
settings would almost always be more costly than in other settings because of
challenges such as insecurity and low government capacity” (Rebosio and Wam
2011). Higher costs can be due to the costs of monitoring an area’s security situa-
tion, the potential for incurring substantial risks to visit the construction site,
and the possibility of limitations on planning. In addition to protection of the
staff working on the particular roads project, firms also risk supplies being cut
off due to disruptions of transport networks.”> Not only the construction but also

1. If road construction and maintenance costs are significantly higher in conflict countries, this is a
further mechanism through which conflict negatively affects economic development.

2. See Kenny (2007) for a discussion of corruption in the construction industry in developing
countries.

3. If conflict takes place along ethnic lines, road construction firms might need to ensure that they
employ an ethnically balanced workforce, in order not to further fuel the conflict or become targets of
violence themselves. Consultations with communities, while helpful, also significantly add to the costs of
construction.
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the procurement process can be riskier in conflict countries. Rebosio and Wam
(2011) and Benamghar and Iimi (2011) give evidence for these effects on risks
and costs from Nepal: a government-employed road engineer was killed in the
Terai regions; road construction teams were constantly monitoring the security
situation and adjusting their operations accordingly; in certain regions violence
and intimidation were employed during the bidding process to prevent firms
from submitting a bid for a profitable project.

Allegations of fraud, corruption, or collusion were made in about one fourth
of the five hundred approved World Bank financed projects with a road compo-
nent between 2000 and 2010 (World Bank 2011a). Roads contracts procured
through the World Bank are usually awarded in a one stage sealed bid auction,
with the lowest bidder winning the auction. Alexeeva et al. (2011) find that in
about 20% of the auctions in their sample of two hundred contracts in Europe
and Central Asia, at least 50% of firms who acquire bidding documents do not
bid, the winning bid is not selected for detailed examination, or there is a time
overrun of more than 30% of the contracted period. The estimates of costs of
collusion and cartels in the road sector are large and range between 8% and
60% of the contract value (World Bank 2011a). Considering that substantial re-
sources are allocated to road construction and maintenance (US$56 billion
between 2000 and 2010 by the World Bank alone), this represents a massive
waste of funds. Further evidence from investigations discussed in World Bank
(2011a) is striking: in Bangladesh, companies paid officials up to 15% of the
contract value in exchange for award of the contract; evidence from Africa in-
dicates that fraudulent claims such as cement contents and thinner layers than
specified accounted for 15-20% of the bid price.*

To our knowledge, the only study quantitatively investigating the link
between conflict and the cost of transport infrastructure is Benamghar and Iimi
(2011) who use data on 157 rural road projects in Nepal and show that the
number of security incidents is significantly and positively correlated with the
value of submitted bids, cost overruns, and project delays. Considering corrup-
tion in transport infrastructure, Olken (2007) finds that missing expenditures
amounted to on average 24% of the total cost of the road in his experiment in
Indonesia. Burgess et al. (2015) show that road expenditures are substantially
higher in districts that share the ethnicity of the president than what would be
predicted by their population share. See Blattman and Miguel (2010) for a recent
review on the literature on conflict and Olken and Pande (2012), Zitzewitz
(2012), and Banerjee et al. (2012) on corruption in developing countries.

Finally, the paper relates to a fairly recent literature on government procure-
ment processes and waste associated with it (Bandiera et al. 2009; Di Tella and
Schargrodsky 2003; Estache and Iimi 2009; Estache and Iimi 2010; Huysentruyt

4. The use of substandard materials imposes costs ex-post through higher maintenance costs and costs
on vehicle drivers due to worse road conditions and might eventually lead to even negative rates of return
of a particular project (Kenny 2009).
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2011; Hyytinen et al. 2007; Krasnokutskaya and Seim 2011; Lewis and Bajari
2011; Lewis-Faupel et al. 2014; and Tran 2011). While we do not have detailed
information on government procurement processes, we explore differences in
unit cost as a function of who finances road work activities and whether there is
an association between public investment management capacity and unit costs.

Our paper has clear limitations. One facet of corruption is that one would
build “bridges to nowhere,” and one feature of conflict is that one may not build
at all. We do not make claims in this paper regarding the economic feasibility of
projects; neither do we have information on projects that would have taken place
in the absence of conflict. We leave these topics to future research.

The paper is organized as follows. Section I presents a theoretical framework
for analyzing the correlates of unit costs of road construction and maintenance.
Section II describes our data. Section III outlines the econometric specification;
Section IV discusses the results; the final section concludes.

I THEORETICAL FRAMEWORK

This section develops a simple theoretical framework with the purpose of
guiding the empirical analysis. Consider a particular type of road work activity,
for example, the construction of a new two-lane highway. Denote the length of
the highway as g. Firms employ labor x; and capital x; in the production of high-
ways and minimize a cost function

minwix1 + wx; subjectto g = f (x1,x2), (1)
X1,X2

where w; is the price of labor and w; is the price of capital. Firms are assumed to
be price takers in input markets. Further, assume that the firm has a
Cobb-Douglas production function so that f (x1,x2) = A*’Sx’f‘xé3 , where A7? is
an inefficiency parameter, 0 < a < 1, and 0 < B < 1.” The average cost per kilo-
meter can then be obtained by simply dividing the cost function by the kilometers
of road built:

C(wy,w3,q)
q

5 1-(atp) % %
:Aa+8q atp 01,{/1 ws", (2)

where 6 = (a/B)P ™ + (B/a)*/*™) . We can use (2) to test several hypotheses.
Only the second term in equation (2) depends on ¢, and «a + B indicates returns
to scale in construction projects. If a + B > 1, (C(w1,w>,q)/q)/0q < 0 so that
an increase in the quantity of road produced will lower average costs. Unit costs
are lower in countries in which the price of labor is low. Similarly, unit costs will

5. The choice of a Cobb-Douglas production function is for expositional simplicity and to shape our
thinking, rather than reflecting the precise production technology underlying road-work activities.
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depend on the price of capital. Given that developing countries often have to
import machinery and equipment, we expect the price of capital to be higher in
countries facing high transportation costs.

We use A%(@P) to examine two dimensions of the environment in which a
construction firm operates that potentially affect their costs: state fragility and
corruption. Firms operating in a conflict or post-conflict country have to take
into account the risks associated with termination of their contract, expropria-
tion, and default on the side of the government to deliver on their contractual ob-
ligations. Assume that the cost function for this typical road in equation (2) gets
shifted by an amount A%(@t8)_ Alternatively, if the firm needs to pay a bribe to
government officials to get a construction permit, A%(**8) can also represent
these additional costs. We assume that both A and & are exogenous to the firm’s
minimization problem; they are determined by the level of state fragility and cor-
ruption prevailing in the country the firm is operating in. Both bribe payments
and the risk premium required by firms to operate in conflict countries will drive
up unit costs.®

Conflict can also affect prices through changes in the market structure when
firms are driven out of business or through a price boom following the end of a
conflict as demand for reconstruction increases. Further, corruption in the roads
sector can be at three levels, with varying effects on efficiency. First, it can
take place at the level of the government when government officials receive
side-payments to either select a contract from a particular firm or to process
documents of the operating firm. This results in higher unit costs and allocative
inefficiency if contracts are not awarded to the most competitive firm. Second, in-
dividuals working for companies in the construction sector might inflate costs
and use part of of these resources to extract side payments for themselves. The
higher unit cost, in turn, decreases the likelihood of the project to be selected
ex-ante by lowering the net present value or rate of return. Third, companies
might not respect the contracted standards by using fewer or inferior materials.
Here we only focus on the first level.”

6. For example, Compte et al. (2005) argue that “as firms expect to be paying a bribe, a mechanical
effect of corruption is to increase the contract price by an amount corresponding to the anticipated bribe”.

7. It is also worth highlighting several issues relevant to the procurement of roads that we do not
consider in our simple model. First, the market structure of the road construction sector and tender
procedures affect how many firms will submit bids for a project, thereby determining ex-ante competition
and the value of bids (Li and Zheng 2009). Second, if firms collude in the tendering phase, they can affect
the price of the road contract (Pesendorfer 2000). Third, once a government has signed a contract with a
firm for a road construction project, the firm can extract rents from the government, a problem referred to
as hold-up in the literature (Board 2011). In the absence of data on the market structure, values of
submitted bids for work activities, and the difference in costs between contracted and actual costs for each
work activity, we are not able to uncover these effects. The main rationale for the simple cost
minimization framework is to inform our way of thinking about the deeper determinants of costs and
input prices in an economy and to serve as a guide for the estimation. See Moavenzadeh (1978) for a
discussion of how the construction sector generally differs from other sectors.
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IT Data

We use unit cost data from the Roads Cost Knowledge System (ROCKS), Version
2.3, developed by the World Bank’s Transport Unit.® Motivated by the lack of
comparable information on costs of road work activities across countries, the
database was started in 2001 with the aim of developing “an international
knowledge system on road work costs—to be used primarily in developing
countries—to establish an institutional memory, and obtain average and range
unit costs based on historical data that could ultimately improve the reliability of
new cost estimates and reduce the risks generated by cost overruns” (World Bank
2006). The focus of this section is on describing the data; we discuss issues due
to selection in detail in the next section. The data is collected in collaboration
with road agencies in the respective countries using information from
Implementation Completion Reports, Pavement Management Systems Review
Reports, Works Contracts, Appraisal Reports, and Highway Development and
Management Studies. It includes road work activities financed by the World
Bank, other multilateral donors, bilateral donors, and governments.

The data collection exercise was first conducted in five pilot countries,
Bangladesh, India, Thailand, Viet Nam, and the Philippines; in 2002 a second set
of countries was added including Ghana, Uganda, Poland, and Armenia; in 2004,
Lao, Kyrgyz, Kazakhstan, Ethiopia, Nigeria, and Serbia and Montenegro were
added. As table 1 shows, the current version of the database contains data from
3,322 work activities in ninety-nine low- and middle-income countries out of
which 23% are located in low-income countries.” Contracts date between 1984
and 2008, with 82% of contracts taking place between 1996 and 2006. Table S.1
in the appendix (available at http:/wber.oxfordjournals.org/) shows the distribu-
tion of projects by country over time. The ROCKS database is based on five con-
cepts (World Bank 2006). First, to allow for comparability of similar activities,
road works are classified into categories: road development works and road preser-
vation works. Within these two categories, projects are further divided into work
class, work type, and work activity. Second, comparisons are made possible
through unit costs which are defined either as costs per square meter or costs per
km. Third, the ROCKS database defines a minimum data requirement,'® which is
required to make the data comparable. Fourth, to add flexibility, road agencies are
able to enter highly recommended data and optional data.'' Unit costs include

8. For access to the data see http:/go.worldbank.org/ZF114CJNXO0.

9. We exclude duplicates of thirty-one contracts for which we have the same entry for country, date,
cost per km, cost type, work activity, length, width, shoulder, and lanes. We also drop two contracts for
Reconstruction Bituminous (one in India and one in Bangladesh) for which the recorded costs were
US$218 and US$2,289; the median cost of the 595 Reconstruction Bituminous work activities in our
database is US$195,516 per km, so these two entries are likely to be incorrect.

10. For example, country, date, project or source name, currency, unit cost, work type, cost type.

11. Highly recommended data include the predominant work activity, total cost, length and duration,
carriage width, and terrain type. Optional data include number of bidders, value of individual bids, and
unit costs of asphalt concrete and Portland cement concrete.
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TasLE 1. Complete ROCKS Database for Low- and Middle-Income Countries

N Percent
Low income 780 23.48
Lower middle income 1,352 40.70
Upper middle income 1,190 35.82
Total 3,322 100

Note: Income classification based on World Development Indicators 2012.
Source: ROCKS data and World Development Indicators 2012.

civil works costs such as mobilization, pavement drainage, major structures, and
line markings; they exclude agency costs such as design, land acquisition, resettle-
ment, and supervision. Fifth, these costs are deflated to the year 2000 using the
domestic consumer price index and then converted into US$ using the exchange
rate from 2000."* Bringing unit costs back to the same reference year and the same
currency is crucial to allow for comparison across projects.

Unit costs are provided for programs or sections; a program is a part of a loan
or credit or a number of road sections combined. Sections define unit costs for
road works on particular segments of a road. In either case, we have information
on the name of the project that the program or section is part of. Considering
that a range of reports is used for the data collection, 44% of entries are estimat-
ed costs, 27% are contracted costs, and 29% are actual costs.!® Unit costs from
these different sources often differ by a large extent, so knowledge of the source
is critical to compare unit costs. Individual road-work activities also sometimes
form part of a larger roads project. In order to account for the fact that there
might be various costs types for the same projects, as well as various different
work activities for the same project, we cluster the standard errors by country to
allow for arbitrary correlation of costs within the same country. Table S.2 in the
appendix shows the mean, median, maximum, and minimum cost of various
work types and work activities for both preservation and development works.
The most expensive development work type is a new six-lane expressway
followed by a four-lane expressway, while for preservation works the most ex-
pensive work type is concrete pavement restoration followed by strengthening.

Table 2 shows the range of average unit costs for a precisely defined work activi-
ty: asphalt overlays between 40 and 59 mm between 1996 and 1998 and 200608

12. As the database does not contain consumer price indices and exchange rates after 2004, we
recalculate all conversions using the official exchange rate (LCU per US$, period average) and the consumer
price index from the World Development Indicators 2012. Projects denominated in currencies other than US$
were first deflated or inflated to the reference year 2000 and then converted into US$. Projects denominated in
US$ were deflated to the reference year 2000 using the consumer price index of the United States. The costs
are very similar to the ones provided in the database, with 93% (91%) of costs per km (square meter) lying
within 2% of the original data provided. Azerbaijan, Ghana and Venezuela devalued their currencies since
2000, so for these countries we use the unit cost data provided in the database.

13. For some projects the database contains costs on all of the three categories. We include all of the
available cost data.
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TABLE 2. Unit Costs per km of Asphalt Overlays 40 to 59 mm

Cost per km Cost per km

Country in $1000 Number  Year Country in $1000 Number Year
Work activities undertaken 1996-98

Dominican 33.5 1 1997  Argentina 69.7 1 1997

Republic

Ghana 42.9 5 1998  Brazil 74.4 1 1998
Lithuania 44.4 1 1996 Argentina 74.9 1 1996
Indonesia 48.5 1 1996 Cameroon 76.8 4 1997
Lithuania 49.7 1 1998 Bangladesh 79.1 26 1998
Mexico 50.7 1 1997  Vietnam 79.6 2 1998
Ghana 52.7 1 1996  Bangladesh 83.6 1 1997
Costa Rica 57.9 1 1996 Panama 84.1 1 1997
Armenia 60.7 1 1997 Nigeria 95.1 1 1997
Brazil 62.5 2 1996  El Salvador 102.2 1 1998
Bolivia 67.4 1 1997  Pakistan 105.0 1 1997
India 68.1 3 1997 Tanzania 111.7 1 1996
Work activities undertaken 2005-07

Paraguay 31.2 1 2005 Botswana 68.0 1 2006
India 35.9 2 2006  Nigeria 73.0 1 2007
Bulgaria 40.7 1 2006  Argentina 76.2 3 2006
Ecuador 41.6 1 2005 Georgia 82.6 1 2006
India 45.6 1 2005  Brazil 82.9 2 2005
Burkina Faso 48.0 1 2007 Georgia 84.9 1 2005
Brazil 552 3 2006  Vietnam 85.4 1 2005
Brazil 58.2 1 2007  Macedonia 85.7 1 2007
Thailand 59.5 1 2005  Rwanda 90.6 1 2006
Philippines 60.8 1 2006  Philippines 94.8 1 2005
Bosnia and 61.9 2 2006  Chile 98.9 1 2006

Herzegovina
Nepal 63.1 1 2006

Note: Costs per km of asphalt overlays 40 to 59 mm; all costs are in 2000 US$; number denotes
the number of work activities in a given country over which a simple average is taken.

Source: ROCKS data.

ranked by the cost in US$ per km. We limit the time window in order not to con-
flate differences in unit costs with changes in input prices that might affect econo-
mies differently. What is striking is that even for a narrowly defined time window
and work activity, there are differences in unit costs of a factor between three and
four. Using these unit costs, an asphalt overlay for a length of 100 km would cost
US$3,300,000 in the Dominican Republic in 1997, compared to US$11,000,000 in
Tanzania in 1996, or US$10,500,000 in Pakistan in 1998. Two sources of hetero-
geneity remain. While costs per square kilometer of a precisely defined work activi-
ty in a short time window are likely to be comparable, one could argue that
different road widths might contribute to higher unit costs. The ranking is largely
unaffected when we use unit costs per square meter in 1996—98.'* Second, we pool

14. Costs per square meter are missing for many observations in 2006-08, so we only use unit costs of
work activities from the earlier period.
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across different sources of costs here, so the costs could be estimated, contracted, or
actual costs. However, the difference in unit costs of a factor of three to four is un-
likely to be due to just differences in the source of costs.'> We do not have enough
observations for narrow work activities within these different cost types to sepa-
rately show the differences for a large set of countries. To account for systematic
differences across cost types, we have also compared the cost of construction pro-
jects, after partialling out the effects of cost types in a regression. The order of coun-
tries, as well as the range of unit costs, remains substantively the same.

Table 3 lists the variables we use from the ROCKS database and the main
additional variables we have compiled. Table S.3 shows the descriptive statistics.'®

Measures of corruption and conflict employed in the empirical literature are
to varying degrees subjective measures, based on perceptions of individuals
working in the private and public sector. To test whether the results are sensitive
to the particular measure employed, we use measures from three sources. If we
find patterns that are robust across a range of indicators, we are more confident
that the results reflect a particular pattern.

First, our most direct measure for conflict episodes comes from the version
4-2012 of the UCDP/PRIO Armed Conflict Dataset, published by the Uppsala
Conflict Data Program (UCDP) and the International Peace Research Institute,
Oslo (PRIO).!” Readers are referred to Gleditsch et al. (2002), Themnér and
Wallensteen (2012), and the Dataset Codebook for details.'® We follow Miguel
et al. (2004) and focus on internal armed conflicts between the government and
an internal party with and without outside intervention, which accounts for
88.5% of the conflicts recorded in the database. We define a project as being
carried out in a conflict state if the state is in conflict in the year the road work ac-
tivity is recorded; a country is likely not to return to full stability after the end of
a conflict, so we also create a variable that defines the country as being in a post

15. Flyvbjerg et al. (2003) find average cost overruns for roads are about 20% for projects in Europe
and North America; Alexeeva et al. (2008) find average cost overruns by country for the DRC, Malawi,
Tanzania, Mozambique, Ghana, and Nigeria to be between 12.05% and 39.72%; Alexeeva et al. (2011)
find average cost overruns by country for Georgia, Serbia, Estonia, Armenia, Macedonia, Albania,
Azerbaijan, and Kazakhstan to be between 6% and 47%.

16. Some variables are not available for the year of the construction project. We therefore distinguish
between the following cases: first, if the variable is only available at one point of time, we assign the
available value to the construction project; second, if the variable is available for at least two years, we
distinguish between the following three cases: (i) when the construction project took place before the year
the variable becomes available, we use data from the first year of the variable; (ii) when the construction
project took place after the last time the explanatory variable is recorded, we then use the value of the last
available observation; (iii) if the construction project took place in a year for which there are data points
both before and after, we linearly interpolate the explanatory variable.

17. The other potential conflict data set is the Correlates of War data set. Due to concerns over
transparency and consistency, as well as a high threshold of deaths (Miguel et al. 2004), we prefer the
Armed Conflict Dataset (ACD).

18. UCPD defines conflict as “a contested incompatibility that concerns government and/or territory
where the use of armed force between two parties, of which at least one is the government of a state,
results in at least 25 battle-related deaths.”
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TaBLE 3. Description of Main Data and Sources

Variable Description Source
Log of Cost Log of unit cost of a particular road work ROCKS dataset,
activity (1984-2008) World Bank
Estimate =1 if estimated costs ROCKS dataset,
World Bank
Contract =1 if contracted costs ROCKS dataset,
World Bank
Actual =1 if actual costs ROCKS dataset,
World Bank
Flat =1 if terrain is flat ROCKS dataset,
World Bank
Hilly =1 if terrain is hilly ROCKS dataset,
World Bank
Mountainous =1 if terrain is mountainous ROCKS dataset,
World Bank
Rolling =1 if terrain is rolling ROCKS dataset,
World Bank
Foreign firm or JV =1 if the work activity was carried out by a ROCKS dataset,
foreign firm or joint venture World Bank
World Bank =1 if the work activity was financed by the ROCKS dataset,
World Bank World Bank
Bilateral Donor =1 if the work activity was financed by a ROCKS dataset,
bilateral donor World Bank
Log of Ruggedness Log of Terrain Ruggedness Index, representing ~ Nunn and Puga
the average ruggedness of a country measured (2012)
as hundred of meters of elevation difference
for grid points 926 meters apart
Log of Distance to the Log of average distance to nearest ice-free coast ~ Nunn and Puga
nearest ice free coast (1000 km) (2012)
Log of Rainfall Log of yearly precipitation in 100s mm, Dell et al. (2012)
2000-08
Population Density Population Density (100 people per square km), World Development
1960-2012 Indicators
Log of Surface Area Log of Surface Area (1,000 square kilometers) World Development
Indicators
Log of GDP Log of GDP per capita (1984-2008), constant ~ World Development
2000 US$ Indicators
ACD Conflict =1 if country is in a conflict Armed Conflict
Dataset
WGI Instability Index of political instability and violence from World Governance
World governance Indicators (1996-2012), Indicators
redefined to: —1.26 (lowest) to 2.21 (highest)
TI Corruption Corruption index from Transparency Transparency
International, survey 2008, rescaled to 0.1 International
(lowest corruption), 5.6 (highest corruption)
WGI Corruption Index of corruption from World Governance World Governance
Indicators (1996-2012), redefined to: —1.45 Indicators
(lowest corruption) to 1.6 (highest corruption)
PIMI Public Investment Management Index, 2011, Dabla-Norris et al.

measured on scale from 0 (worst) to 4 (best)

(2012)

(Continued)
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TasLE 3. Continued

Variable Description Source
Log of DB Contract Number of days it takes to enforce a contract, Doing Business
from Doing Business Indicators 2007 Indicators

Source: Datasets as outlined in table.

conflict period for five years after the end of a conflict or until the country revert-
ed back into conflict. There are 187 conflict and post-conflict periods in the coun-
tries covered in our data.

Second, we use data from the Worldwide Governance Indicators (WGI), which
are based on data from household and firm surveys, commercial business informa-
tion providers, non-governmental organizations, and public sector organizations.
Six indicators capture different aspects of governance in two hundred countries
since 1996. We use the variables on “control of corruption” and “political stability
and absence of violence/terrorism.”'” These indicators are measured between
—2.5 and 2.5, where higher numbers reflect lower levels of corruption and politi-
cal instability. We multiply the variables by (—1) and rename the variables
“Corruption” and “Political Instability” so that higher numbers reflect higher
levels of corruption and political instability.

Third, we use Transparency International’s 2008 Corruption Perception Index
which allocates scores to countries from one to ten, where zero equals the highest
level of perceived corruption and ten equals the lowest level of perceived corrup-
tion. We rescale the variable so that ten is the highest level of corruption. Graf
Lambsdorff (2005) and Thompson and Shah (2005) underscore that the
Corruption Perception Index is inappropriate for comparison of countries across
time, due to changes in methodology, as well as the data sources underlying the
index. We use 2008 because this is the first year with the highest number of coun-
tries covered. We have also assembled the index for the years 1998-2011, and
our results are robust to using the indicator from earlier years (1998-2007) and
later years (2009-12).2°

The correlation between the WGI political instability indicator and the ACD
conflict dummy is 0.58, and the correlation between the Transparency

19. The control of corruption variable measures “perceptions of the extent to which public power is
exercised for private gain, including both petty and grand forms of corruption, as well as ‘capture’ of the
state by elites and private interests,” and the variable political stability and absence of violence/terrorism
reflects “perceptions of the likelihood that the government will be destabilized or overthrown by
unconstitutional or violent means, including politically motivated violence and terrorism” (Kaufmann
et al. 2010).

20. A popular source for perception-based data on institutions, due to its coverage across countries
and time, is the International Crisis Research Group (for example, Alesina and Weder (2002), Fisman and
Miguel (2007), Ahmed (2013), Svensson (2005), Wei (2000)). We do not include this measure due to
questionable scores as highlighted by Treisman (2007) and the fact that the ICRG measure reflects the
political risk associated with corruption, rather than a country’s level of corruption (Graf Lambsdorff
20035); the ICRG website does not provide information on how the scores are constructed.
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International measure and the WGI corruption measure is 0.81. Both correla-
tions are significant at the 1% level. For the empirical analysis we create lagged
three-year averages of the two WGI measures.

III ESTIMATION AND IDENTIFICATION

To obtain an estimable equation, we take logs of equation (2), rewrite average
costs C(wi,w2,q)/q as c, denote 8/(a+B) =7, (1—(a+pB))/(a+B)= ¢y,
a/(a+ B) = ¢y, B/(a+ B) = ¢3, add an error term, and fixed effects for work
activities, time, and region, as well as subscripts for work activities, work types,
countries, and time. We thereby obtain

Incapir = yAir +1In 0+ ¢y Inqupic + s Inwigpir + b3 In1wrgpir (3)

+ Kapir + 7 + fpt + Pap + €gpit
for work activity a =1,.. ., A, work type p=1,...,P, country i =1,... N,
and time t = 1,. . ., T, where c is the cost per kilometer and ¢q is a dummy vari-
able that is equal to one if the length of the road is above 50 km; we do not have
data on the cost of labor and capital for each construction project. Rather than esti-
mating the technological parameters, our controls are selected to proxy for the deter-
minants of factor prices. The cost of capital is going to be a function of access to
markets, so we include the distance to the nearest ice-free coast from Nunn and Puga
(2012) as a measure of the price of capital and equipment. For about half of the
road work activities, we know whether the terrain in which the road works are un-
dertaken is flat, mountainous, hilly, or rolling. We include these as dummy variables
and additionally include a measure of country-level ruggedness to account for higher
input costs required on more rugged terrain. Given that unit costs might be higher in
countries with high levels of rainfall, we include the three-year average of lagged pre-
cipitation. We further include the log of GDP per capita to proxy for the price of
labor and capital. We decided that contemporaneous GDP would lead to severe
endogeneity problems and therefore chose to use GDP from 1985. We use our mea-
sures of corruption and conflict to proxy for A and include two dummy variables in-
dicating that a country is above the median level of political instability or corruption
of the sample.*! Appreciating that road work contracts require a substantial amount
of time to negotiate, we lag time-varying country level controls by one year.

To account for differences in the source of unit costs, procurement, financing
body, and contractor type, Kui is a vector of dummy variables capturing
whether the source of costs is estimated or contracted costs, with the base catego-
ry being actual costs, the financing body (World Bank, bilateral donor, govern-
ment, or other donor), and if the work was carried out by an international firm
or joint venture. All models include work-activity fixed effects to control for

21. We take the median of the distinct country-year observations we have in the sample.
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systematic differences in costs across work activities, year fixed effects to account
for worldwide construction industry trends, interaction terms between work
type, and five-year dummies to allow for differences in the evolution of costs for
different work types, region fixed effects, and an error term.*> We have missing
values for certain countries for some of the explanatory variables. In this case,
we follow a procedure known as modified zero-order regression outlined by
Greene (2003, 60), in which we include a dummy variable that is equal to one if
the variable is missing and replace the missing observations with zero. We are
not interested in the coefficients of the missing dummy variables, so we do not
report them when discussing the results.

In order to interpret the coefficient estimates on the included variables as causal
relationships, we would require that E(egi|Xapir) = 0, where X, denotes a
vector of all included controls. This is a restrictive assumption. It is unlikely that
there is reverse causality from unit costs to the control variables, but omitted vari-
ables might bias our parameter estimates. Unfortunately, many of the controls are
time invariant, and we do not have enough variation over time to include country
fixed effects to account for time invariant unobservable characteristics and still
precisely estimate the coefficient estimates of time-varying variables. The parame-
ter estimates should therefore be interpreted as statistical associations, which still
contain valuable insights. As a robustness check we will also estimate equation (3)
with country fixed effects to test whether the road work activity characteristics,
which have substantial within country variation, remain significant.

Selection

Our unit cost sample is selected along two dimensions. First, from inspection of
table S.1 in the appendix, it becomes clear that the distribution of road work
activities is not a random sample of contracts per country for each year. Rather,
as mentioned in section II, the data are clustered around pilot countries, with ad-
ditional countries being added gradually. Conversations with those responsible
for the database suggest that selection into the database out of the population of
projects carried out does not follow any specific pattern, so we regard it as
random. To capture time-invariant unobservables determining selection as a
pilot country, we also include a dummy variable that is equal to one if a country
belongs to the first two sets of pilot countries.**

Second, we only observe costs for projects that were implemented, so out of
the population of potential road work activities, we miss projects which have not

22. Table S.4 in the appendix shows the coefficients of the work-type dummy variables including and
excluding country level controls. In the discussion of the results in the next section, we always control for
work-activity fixed effects but do not discuss the differences in unit costs across these categories as this is
not the main focus of this paper.

23. Appendix S.2 discusses the robustness of our results to alternative ways of dealing with missing
variables.

24. These countries are Armenia, Bangladesh, Ghana, Philippines, Thailand, Uganda, Vietnam, and
India.
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been started.?> Considering that the net present value of a project at time = 0
is NPVy = —Ip+ (B — C1)/(1+1)' +. ..+ (Br — Cr)/(1 + )7, projects that
appear in the database must have low enough costs (initial costs Iy, as well as
maintenance costs C) or high enough benefits B. We therefore observe a trunca-
tion of the response variable (those with high project costs and low benefits). We
can examine the bias introduced by such truncation. Assume that the true model
is ¢ = By + Byx + u where ¢ are unit costs, B, is a constant, 3; is our coefficient
of interest, and # is an error term. Consider a project with the same level of bene-
fits in two countries. Let x be corruption. Assume that corruption increases costs so
that B; > 0 and that one country has a high level of corruption, while the other
country has a low level of corruption. While the project is undertaken in the low
corruption country, it might fail to generate a high enough NPV in the high corrup-
tion country. We therefore miss projects with high x and high . Thus, x and « will
be negatively correlated in the truncated sample and the OLS estimate of 8; will be
downward biased (towards zero), underestimating the effect of corruption on unit
costs.?® Thus, our estimates can be viewed as conservative. If the benefits of a
project are a function of the individuals affected by the improved road, and conges-
tion costs are important, we would expect the benefit of transport infrastructure to
be higher in densely populated areas, so that projects are more likely to be selected
even if costs are higher than in an otherwise equivalent context. Unfortunately, we
do not have information on projects that have not been carried out. We are therefore
limited to controlling for population density to account for selection on observables.

IV EMmpPirICAL RESULTS AND DISCUSSION

We start by presenting the main results from equation (3), including our mea-
sures of conflict, and then turn to corruption. Given the correlation between con-
flict and corruption, we initially examine these variables separately. We then test
the robustness of our results by including country fixed effects, employing alter-
native functional forms and dependent variables, and different ways of dealing
with missing data. As a next step, we discuss sources of omitted variable bias and
include variables that proxy for the business environment and government capac-
ity in contracting. Finally, we provide additional evidence for some of the geo-
graphical and scale variables from a subset of 941 road work activities which we
manually geo-referenced.

25. For work activities in the sample for which we have estimated or contracted costs, we do not have
information about whether they were completed.

26. Similarly, assume that x is a measure of flatness of the terrain, so that higher values correspond to
flatter terrain, and lower values to mountainous terrain. Since it is cheaper to build a road on flat terrain,
B < 0. Consider again a project yielding the same level of benefits in a flat and in a mountainous country.
Following the logic above, a project yielding the same benefits is more likely to be in our sample in flat
terrain (high x) and we will tend to miss out on projects in mountainous areas, so that x and # will be
positively correlated in the truncated sample and the OLS estimate of 8, will be upward biased, i.e., again
towards zero. In this case, we will underestimate the cost-reducing effect of flat terrain.



Collier, Kirchberger, and Séderbom 5§37

Table 4 shows that there is a robust and significant relationship between
violent conflict and its legacy and unit costs. Countries which are in conflict have
about 30% higher unit costs. Although the coefficient on the post-conflict
dummy is positive, it is not significantly different from zero. We find evidence for
the higher costs in politically unstable countries also when using the political in-
stability measure from the Worldwide Governance Indicators (where we use the
continuous measure as well as a dummy variable for whether the measure is

TaBLE 4. Conflict

ACD WGI WGImed
(1) (2) (3)
ACD Conflict 0.307%**
(0.06)
ACD Post-Conflict 0.057
(0.057)
WGI Instability 0.106%*
(0.045)
WGI Instability > Median 0.15%*
(0.059)
Log Ruggedness 0.065** 0.098%** 0.099%**
(0.027) (0.033) (0.032)
Log of Rainfall -.107* —-.105 -.107
(0.063) (0.068) (0.069)
Log dist to coast —.016 —.040 —.044
(0.039) (0.043) (0.042)
Population Density 0.11%** 0.088*** 0.082%**
(0.016) (0.016) (0.015)
Log of Surface Area 0.047%* 0.062%** 0.072%**
(0.019) (0.02) (0.018)
Length > than 50 km —.128%#** —.107%* —.113%%*
(0.041) (0.044) (0.043)
Estimate —.011 .016 -.017
(0.055) (0.058) (0.057)
Contract —.062 —.050 —.064
(0.074) (0.073) (0.072)
Log of GDP pc (1985) —.024 —-.027 —.044
(0.043) (0.044) (0.042)
Foreign firm or JV 0.242%** 0.277** 0.264**
(0.12) (0.122) (0.123)
World Bank 0.007 0.028 0.007
(0.097) (0.096) (0.093)
Bilateral Donor 0.191 0.196 0.18
(0.138) (0.141) (0.138)
Obs. 3322 3322 3322
R? 0.899 0.898 0.898

Notes: Dependent variable is the log of cost per km; all models control for work activity fixed
effects, year fixed effects, an interaction between work type and S-year period fixed effects and
region fixed effects; base categories are actual costs; robust standard errors in parentheses, clustered
at the country; *, **, *** denote significance at 10%, 5% and 1% levels.

Source: Authors’ analysis based on data described in the text.
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above the median of the sample). Countries that are above the median of the
sample in terms of political instability face about 15% higher costs. The size and
significance of the coefficients is robust to omitting GDP per capita or controlling
for contemporaneous GDP per capita.?” The estimated effect appears in line with
Benamghar and Iimi (2011), who find that halving security incidents would
reduce procurement costs by 10% and cost overruns by 15%.

The ruggedness of the terrain in a country, surface area and population
density of a country are significantly and positively associated with unit costs.
Building a road in a more rugged terrain is likely to involve higher unit costs of
construction and maintenance. Column (1) suggests that a 1% increase in the
ruggedness of a country is associated with about 0.07% higher unit costs. The
surface area and distance to the nearest ice-free coast are highly correlated, so
that when we include the surface area we cannot estimate the coefficient on the
distance to the nearest ice-free coast precisely. The positive coefficient on the
surface area therefore is likely to pick up both the effects of being landlocked,
leading to higher transport costs, as well as the fact that perhaps constructing
and maintaining roads in larger countries involves higher organizational costs.
Population density is also positively and significantly associated with unit costs,
indicating that unit costs rise by about 10% for an increase of one hundred
people per square kilometer. One possible reason is that, if population density is
high, then the value of having a road is higher and building a road is more likely
to be justified in a cost-benefit analysis. An alternative explanation could be that
price levels and wages are higher in cities and this is reflected in the final costs.*®

Finally, we turn to the work activity specific control variables. The estimates
suggest that there are significant economies of scale. Unit costs are 10-12%
lower when road work activities cover a length of at least fifty km. This is close
to an estimate by AFRICON (2008) who find that median unit costs are
15-20% lower for road contracts that are larger than fifty km. There is no evi-
dence that estimated and contracted costs are different from actual costs.>” Work
activities undertaken by a foreign firm or joint venture compared to a local firm

27. Results available upon request.

28. A further explanation could be that road specifications are higher in urban areas, but this
difference should be largely absorbed into our work-activity fixed effects.

29. Unfortunately, data on the type of procurement is missing for more than half of the sample. For
the unit costs for which we have data, the procurement was done by international competitive bidding in
62% of the cases, national competitive bidding in 36% of the cases, with the remaining work activities
procured via single source selection, force account, or limited international bidding. We have also tried
including a dummy variable that is equal to one if procurement was done via international competitive
bidding and zero otherwise, as well as a dummy variable that is equal to one if we miss procurement
information. The results suggest that work activities awarded through an international auction have
35-38% higher costs (significant at the 5% level) compared to national bidding process, single source
selection, or force account. Alexeeva et al. (2008) find, when analyzing 109 contracts in thirteen
Sub-Saharan African countries, that local firms have a cost advantage over international firms, likely due
to lower management and overhead costs. However, local firms perform worse in the implementation of
the project, including longer delays and higher cost overruns. We do not have data related to the
implementation of the project, so we cannot test whether we find the same with our data.
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are on average 24-28% more costly. This could reflect a lack of competition: in
environments where local firms are unable to compete, foreign firms have market
power and can charge higher prices.>® We do not find evidence that work activi-
ties that were financed by the World Bank or bilateral donors are more expensive
compared to work activities financed by governments themselves.

We now turn to corruption in table 5. The pattern is consistent for the corrup-
tion variables from Transparency International and the Worldwide Governance
Indicators. We find that Transparency International’s measure of corruption is
significantly correlated with unit costs, so that a one point increase in corruption
on a ten-point scale is associated with an increase in costs by about 7%. The
WGI measure suggests that moving a country from the seventy-fifth percentile of
corruption to the twenty-fifth percentile of corruption is associated with 6.8%
lower unit costs. Unit costs in countries with a level of corruption above the
median as measured by the Worldwide Governance Indicator of corruption have
on average 15% higher costs.>® The effects of the other control variables are
stable when comparing their coefficients and standard errors with table 4.

Table S.5 in the appendix shows the results without controls for conflict and
corruption and some of the omitted controls that are still of interest. Pilot coun-
tries have on average lower costs, but the coefficient is not significantly different
from zero. There is substantial regional variation. Unit costs in East Asia and the
Pacific, Latin America and the Carribean, the Middle East and North Africa, and
South Asia are all significantly lower than costs in the base category, Sub-
Saharan Africa. Looking at column (1), these differences in costs range between
49% in East Asia and the Pacific and 20% in Latin America and the Caribbean.

Robustness

We now perform a number of robustness checks on our results. First, we intro-
duce country fixed effects in table 6 in order to control for unobserved time-
constant country heterogeneity in costs. This is a very limited test because most
of our variables are country-specific and so drop out. As Kaufmann et al. (2010)
point out, most countries in the Worldwide Governance Indicators have high
persistence in these indicators over time, and changes in indicators are due to
changes in measurement as well as in the performance of a country. However,
we have within country level variation in the conflict variable due to the different

30. We would have liked to include a variable that measures the thickness of the construction sector in
a particular country. Unfortunately, research on the construction industry in developing countries in the
past two decades has been largely nonexistent (Ofori 2007; Ofori 2011); as a consequence, apart from
anecdotal evidence and a few country-level studies little is known with regard to the functioning of
construction markets, number of players and the interaction between local and international firms. The
general notion is that markets are thin with few large domestic firms, which tend to be state-owned, and a
larger number of smaller firms (Kenny 2007).

31. We also tested whether estimated or contracted costs are significantly lower compared to actual
costs in countries which suffer from conflicts or countries with high levels of corruption, but we do not
find any evidence for this.
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TasLE 5. Corruption

TI WGI WGImed
(1) 2) 3)
TI Corruption 0.072%**
(0.025)
WGI Corruption 0.1171%**
(0.043)
WGI Corruption > Median 0.154%**
(0.051)
Log Ruggedness 0.1171%** 0.123%** 0.125%**
(0.035) (0.033) (0.032)
Log of Rainfall —.093 —.081 —.061
(0.07) (0.067) (0.07)
Log dist to coast -.057 —.052 —.051
(0.046) (0.044) (0.043)
Population Density 0.077*** 0.083*** 0.074%***
(0.017) (0.016) (0.017)
Log of Surface Area 0.076*** 0.0817%** 0.088%**
(0.02) (0.02) (0.02)
Length > than 50 km —.103** —.107** —.110%**
(0.042) (0.043) (0.043)
Estimate —.023 —.023 —.011
(0.058) (0.058) (0.057)
Contract —.060 —.058 —.054
(0.073) (0.073) (0.072)
Log of GDP pc (1985) —.024 -.025 -.007
(0.044) (0.045) (0.046)
Foreign firm or JV 0.247* 0.282%** 0.28%*
(0.1395) (0.122) (0.124)
World Bank —-.005 0.005 -.017
(0.09) (0.092) (0.093)
Bilateral Donor 0.164 0.185 0.175
(0.137) (0.138) (0.136)
Obs. 3322 3322 3322
R? 0.898 0.897 0.898

Note: Dependent variable is the log of cost per km; all models control for work activity fixed
effects, year fixed effects, an interaction between work type and 5-year period fixed effects and
region fixed effects; base categories are actual costs; robust standard errors in parentheses, clustered
at the country; *, **, *** denote significance at 10%, 5% and 1% levels.

Source: Authors’ analysis based on data described in the text.

timing of the road work activities and conflicts, and this variable does not suffer
from changes in measurement. The coefficients on those variables that can be
tested are not significantly affected. The scale effect remains significant, negative,
higher in magnitude, and coincides even closer with the results of AFRICON
(2008). The coefficient on the conflict variable remains significant and positive
but slightly lower in size, suggesting that countries undertaking road works
during times of violence face 20% higher costs.

Second, given the significance of population density, we have also estimated a
specification in which population density enters nonparametrically (see tables
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TABLE 6. Robustness Checks—Fixed Effects

FE1 FE2
(1) (2)
Estimate 0.013 0.013
(0.059) (0.058)
Contract -.035 —.034
(0.077) (0.077)
Length > than 50 km —.139%** —.139%%*
(0.041) (0.041)
ACD Conflict 0.195*
(0.116)
ACD Post-Conflict 0.069
(0.106)
Foreign firm or JV 0.189*% 0.186*
(0.102) (0.103)
World Bank —.108 -.104
(0.096) (0.095)
Bilateral Donor 0.081 0.081
(0.138) (0.138)
Obs. 3322 3322
R? 0.909 0.909

Note: Dependent variable is the log of cost per km; all models control for work activity fixed
effects, year fixed effects, an interaction between work type and five-year period fixed effects and
region fixed effects; base categories are actual costs; robust standard errors in parentheses, clustered
at the country; *, **, *** denote significance at 10%, 5% and 1% levels.

Source: Authors’ analysis based on data described in the text.

S.6 and S.7 in the online appendix). To test the robustness of our second measure
of scale, the length of a work activity, we include the length variable in bins:
contracts less than 20 km (base category), compared to work activities between
20 and 50 km, 50 km and 100 km, and above 100 km (see tables S.8 and S.9 in
the online appendix). We find that including population density nonparametri-
cally does not affect our results, and the coefficients on flexibly entered length
variable show that costs decrease with the length of the contract as we would
expect. We have also estimated the model with costs per square meter instead of
costs per km, using different lag structures of the WGI measures, tested whether
large countries are driving the conflict results, and tested a range of alternative
ways of dealing with missing data. Appendix S.2 discusses these further robust-
ness checks in more detail.

Public Tnvestment Management and Doing Business

Having established that conflict and corruption are associated with higher costs,
our main concern that prevents us from interpreting the coefficient estimates as
causal are omitted variables. The fact that the inclusion of per capita GDP does
not substantially alter the results is suggestive that conflict and corruption are
correlated with unit costs not simply through the level of income. However, con-
flict and corruption might be correlated with other unobserved variables. For
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example, conflict states are likely to both have weak government public invest-
ment management capacity, as well as an unfriendly business environment. We
therefore use information on the Public Investment Management Index and data
from the Doing Business Indicators in 2007 to test whether these two dimensions
capture part of the higher costs. We use variables which are underlying the
Doing Business Indicators: the time it takes to start a business, obtain a construc-
tion permit, import and export, register property, and enforce a contract. The
Public Investment Management Index is measured on a scale from one to four,
with higher values reflecting better public investment management capacity. If
our results are not affected by their inclusion, this does not imply a causal rela-
tionship, but it weakens the argument that our conflict and corruption variables
are simply proxying for a weak business environment and government capacity.

Table 7 summarizes the effect of progressively adding the various controls
using the Transparency International measure for corruption and the ACD
measure of conflicts;*? column (3) shows that both, the conflict variable as well
as the corruption variable, decrease in size when they are jointly included, sug-
gesting that part of the higher costs in conflict-affected countries is because these
countries also have higher levels of corruption and vice versa.

The main significant correlation between costs and the additional variables on
the business environment and government investment capacity is with the time it
takes to enforce a contract. A 10% increase in the number of days it takes to
enforce a contract is associated with 2.9% higher unit costs. The inclusion of the
Doing Business Indicators reduces the correlation of unit costs and the conflict
variable, leaving the coefficient on the corruption variable largely unchanged.
The coefficient on the Public Investment Management Index is not significantly
different from zero and its inclusion does not affect the size and significance of
the coefficients. Overall, column (6) illustrates that part of the higher costs in
conflict countries is due to a worse business environment, but this does not
explain the whole effect.

A Closer Look at the Role of Geography and Population Density

As noted above, most of the explanatory variables are measured at the country
level, and several are constant over time within countries. The aggregation in-
volved in the construction of such variables clearly implies some loss of variation
in the data, which could lead to misleading results. This is more of a concern for
variables that vary a lot within countries, for example, population density and
certain geographical characteristics, than for variables for which there is relative-
ly little within-country variation, for example, corruption. To investigate
whether we can obtain sharper findings regarding the relationship between unit
costs and geographical characteristics and population density, we conducted a
separate analysis of more disaggregated data obtained for a selected subset of

32. Tables S.10 and S.11 in the online appendix show the results separately for conflict and
corruption.
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TaBLE 7. Incremental Specification

EQ1 EQ2 EQ3 EQ4 EQS EQ6

(1) 2) 3) (4) (5) (6)
ACD Conflict 0.294%*** 0.278*** 0.243*** (.288*** (0.248***
(0.056) (0.053)  (0.049)  (0.055)  (0.051)
TI Corruption 0.072*** 0.06*** 0.053*** 0.066*** 0.058***
(0.025)  (0.021)  (0.02) (0.022)  (0.021)
Log of DB Start Business 0.048 0.058
(0.05) (0.045)
Log of DB Construction Permit 0.013 —-.010
(0.063) (0.065)
Log of DB Import+Export —.043 —.034
(0.083) (0.08)
Log of DB Register Property 0.032 0.025
(0.029) (0.031)
Log of DB Enforce Contract 0.29%** 0.319***
(0.08) (0.087)
PIMI 0.012 —-.002
(0.058)  (0.066)
Foreign firm or JV 0.247** 0.247*  0.216*  0.182 0.232*  0.201*
(0.12) (0.135)  (0.131)  (0.12) (0.123)  (0.116)
World Bank 0.007 —.005 —.005 -.017 —.009 —.028
(0.096)  (0.09) (0.096)  (0.094)  (0.094)  (0.092)
Bilateral Donor 0.187 0.164 0.175 0.149 0.169 0.134
(0.137)  (0.137)  (0.137)  (0.132)  (0.137)  (0.131)
Obs. 3322 3322 3322 3322 3322 3322
R? 0.899 0.898 0.9 0.901 0.9 0.901

Note: Regression includes all controls (not shown) from the base model in table 3; dependent
variable is the log of cost per km; all models control for work activity fixed effects, year fixed
effects, an interaction between work type and five-year period fixed effects; base categories are
actual costs; robust standard errors in parentheses, clustered at the country; *, **, *** denote signif-
icance at 10%, 5% and 1% levels.

Source: Authors’ analysis based on data described in the text.

countries. Specifically, for Bangladesh, Ethiopia, Ghana, India, the Philippines,
Thailand, and Uganda, we geo-referenced a total of 941 road projects and
matched these data geographically to data on population density, precipitation,
ruggedness, distance to the nearest city of more than 100,000 people, and dis-
tance to the nearest port.>>** Appendix S.3 provides detailed information on
how we spatially linked the road work activity data with the additional data.
Summary statistics for these variables are shown in table S.14, and results from
estimated unit cost regressions using these disaggregated data are shown in
table 8.

Columns (1)-(2) in table 8 show results for a specification similar to our base-
line models in tables 4-35, the only difference being that disaggregated data on

33. We are very grateful to an anonymous referee for suggesting this approach.
34. These are the countries with the highest number of work activities for which we have information
on the section, maintaining a geographical balance between Africa and Asia.
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TaABLE 8. Geo-referenced Roads

EQ1 EQ2 EQ3CF
(1) 2) (3)
ACD Conflict 0.311**
(0.131)
TI Corruption 0.372%%**
(0.072)
Length > than 50 km —.135 —.140* —.192%*
(0.087) (0.084) (0.08)
Population Density 0.015** 0.012%%* 0.005
(0.006) (0.005) (0.005)
Log Ruggedness -.019 0.014 0.019
(0.027) (0.019) (0.025)
Log of Rainfall 0.057 —.212% 0.162
(0.111) (0.122) (0.135)
Log distance to city —.002 0.00009 —.004
(0.016) (0.014) (0.014)
Log distance to port 0.032 0.015 —.038*
(0.02) (0.021) (0.021)
Estimate 0.292%%** 0.362%** 0.271%***
(0.089) (0.085) (0.095)
Contract 0.026 0.063 0.061
(0.049) (0.049) (0.056)
World Bank —.061 —.260*** —.509%**
(0.097) (0.097) (0.131)
Bilateral Donor —-.106 —.275%%* —.285%**
(0.101) (0.096) (0.108)
Obs. 941 941 941
R? 0.933 0.935 0.947

Note: Dependent variable is the log of cost per km; column (1) includes country fixed effects;
column (2) includes country-year fixed effects; all models control for work activity fixed effects,
year fixed effects, an interaction between work type and five-year period fixed effects; base catego-
ries are actual costs; robust standard errors in parentheses, clustered at a one degree country level
grid; *, **, *** denote significance at 10%, 5% and 1% levels.

Source: Authors’ analysis based on data described in the text.

geographical characteristics and population density are used and that estimation
is based on a smaller sample of countries. The conflict and corruption results are
in fact stronger when we use the disaggregated data on geography and popula-
tion density to measure these controls. There is thus no evidence that the signifi-
cant effects on conflict and corruption are an artefact driven by aggregation of
these control variables. The population density variable is statistically highly sig-
nificant and the coefficient estimate is positive, albeit smaller, than in the baseline
regressions above. The relationship between the geography variables and unit
costs is generally weaker than what was found previously. Rainfall is statistically
significant at the 10% level only, in column (2). Ruggedness, distance to large
city, and distance to port are all statistically insignificant. In column (3) we add
country-time fixed effects, hence the corruption and conflict variables must be
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excluded from the specification due to collinearity. The results change only mar-
ginally as a result, suggesting a weak correlation between country-time level
unobservables and the remaining regressors. The inclusion of the fixed effects
implies that the estimated coefficient on population density falls to 0.005 and is
no longer statistically significant. The geographical variables are mostly insignifi-
cant. In all three specifications reported in table 8, the coefficient on the dummy
indicating whether the road is longer than fifty km remains negative, and it is
highly statistically significant in column (3). Thus, the evidence of increasing
returns to scale in road construction is robust to unobserved heterogeneity in the
form of country-time fixed effects. We further obtain stronger evidence than pre-
viously of systematic cost differences across financing bodies: World Bank and
bilateral donor financing is associated with lower unit costs than government
financing, and the difference is statistically significant. Finally, we obtain some
evidence that estimated costs are higher, on average, than contracted or actual
costs, conditional on the explanatory variables in the model. Why this is the case
is hard to determine and, as we have seen above, not a result that holds generally
for the full sample.

V CONCLUSION

This paper presented a systematic analysis of drivers of unit costs of transport in-
frastructure across countries. Our analysis yielded four main findings. First, there
is a large dispersion in unit costs across low- and middle-income countries for
comparable road work activities. For example, the difference between countries
of an asphalt overlay of forty to fifty-nine mm amounts to a factor of three to
four. Second, conditional on environmental drivers of costs such as terrain rug-
gedness and proximity to markets, residual unit costs are significantly higher in
fragile countries. Countries that are in conflict have about 30% higher unit costs.
This result is robust across a range of measures of conflict and political instability.
Third, costs are higher in countries with higher levels of corruption. Countries with
corruption levels, as measured by the World Governance Indicators, above the
median in the sample have about 15% higher costs. Fourth, the premium charged
by firms in conflict and corrupt countries remains when we control for the govern-
ment’s public investment capacity and the business environment.

Our results have important implications for development policy in extreme
conditions such as South Sudan and Liberia. In South Sudan the road network is
skeletal while the population is highly dispersed. In consequence, the population
lacks connectivity, which is a pre-condition for development. But connectivity
can be increased either by investing in roads or by encouraging people to relocate
into villages and towns. To date, the Government of South Sudan has chosen the
former strategy. In Liberia, during the long period of conflict, people relocated
from rural areas to Monrovia for reasons of security. Since then, official develop-
ment policy has been to encourage people to return to rural areas, increasing dis-
persion and so the need for roads. Yet we have found that road infrastructure is
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substantially more costly to construct in conditions of conflict and corruption,
neither of which are readily amenable to policy. According to our estimates, for
an average African country in conflict, with corruption levels above our sample
median, and a business environment below our sample median, costs are approx-
imately double. In such situations, either donors should accept that their finance
for road budgets will need to be exceptionally high, or governments should
become more sympathetic to rapid urbanization.
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