
Econom
ic Boom

 or Ecologic D
oom

?
Barra, Burnouf, D

am
ania, and Russ

Economic Boom or Ecologic Doom?
Using Spatial Analysis to Reconcile Road 

Development with Forest Conservation

Alvaro Federico Barra, Mathilde Burnouf, Richard Damania, and Jason Russ

D I R E C T I O N S  I N  D E V E L O P M E N T
Infrastructure





Economic Boom or Ecologic Doom?





Economic Boom or Ecologic Doom?
Using Spatial Analysis to Reconcile Road 
Development with Forest Conservation

Alvaro Federico Barra, Mathilde Burnouf, Richard Damania, and Jason Russ

D i r e c t i o n s  i n  D e v e l o p m e n t
Infrastructure



Economic Boom or Ecologic Doom? •  http://dx.doi.org/10.1596/978-1-4648-0810-4

© 2016 International Bank for Reconstruction and Development / The World Bank
1818 H Street NW, Washington, DC 20433
Telephone: 202-473-1000; Internet: www.worldbank.org

Some rights reserved

1 2 3 4  19 18 17 16

This work is a product of the staff of The World Bank with external contributions. The findings, interpretations, and 
conclusions expressed in this work do not necessarily reflect the views of The World Bank, its Board of Executive 
Directors, or the governments they represent. The World Bank does not guarantee the accuracy of the data included 
in this work. The boundaries, colors, denominations, and other information shown on any map in this work do not 
imply any judgment on the part of The World Bank concerning the legal status of any territory or the endorsement 
or acceptance of such boundaries.

Nothing herein shall constitute or be considered to be a limitation upon or waiver of the privileges and immuni-
ties of The World Bank, all of which are specifically reserved.

Rights and Permissions

This work is available under the Creative Commons Attribution 3.0 IGO license (CC BY 3.0 IGO) http:// 
creativecommons.org/licenses/by/3.0/igo. Under the Creative Commons Attribution license, you are free to copy, 
distribute, transmit, and adapt this work, including for commercial purposes, under the following conditions:

Attribution—Please cite the work as follows: Barra, Alvaro Federico, Mathilde Burnouf, Richard Damania, and 
Jason Russ. 2016. Economic Boom or Ecologic Doom? Using Spatial Analysis to Reconcile Road Development with 
Forest Conservation. Directions in Development. Washington, DC: World Bank. doi:10.1596/978-1-4648-0810-4. 
License: Creative Commons Attribution CC BY 3.0 IGO

Translations—If you create a translation of this work, please add the following disclaimer along with the 
 attribution: This translation was not created by The World Bank and should not be considered an official 
World Bank translation. The World Bank shall not be liable for any content or error in this translation.

Adaptations—If you create an adaptation of this work, please add the following disclaimer along with the 
 attribution: This is an adaptation of an original work by The World Bank. Views and opinions expressed in the 
adaptation are the sole responsibility of the author or authors of the adaptation and are not endorsed by The 
World Bank.

Third-party content—The World Bank does not necessarily own each component of the content  contained within 
the work. The World Bank therefore does not warrant that the use of any third-party–owned individual com-
ponent or part contained in the work will not infringe on the rights of those third parties. The risk of claims 
resulting from such infringement rests solely with you. If you wish to reuse a component of the work, it is 
your responsibility to determine whether permission is needed for that reuse and to obtain permission from 
the copyright owner. Examples of components can include, but are not limited to, tables, figures, or images.

All queries on rights and licenses should be addressed to the Publishing and Knowledge Division, The World Bank, 1818 
H Street NW, Washington, DC 20433, USA; fax: 202-522-2625; e-mail: pubrights@worldbank.org.

ISBN (paper): 978-1-4648-0810-4
ISBN (electronic): 978-1-4648-0811-1
DOI: 10.1596/978-1-4648-0810-4

Cover photo: An aerial view of Masisi Territory in the North Kivu province of the Democratic Republic of Congo. 
© UN Photo/Marie Frechon. Used with the permission of UN Photo/Marie Frechon. Further permission required 
for reuse.
Cover design: Debra Naylor, Naylor Design, Inc.

Library of Congress Cataloging-in-Publication Data
Names: Damania, Richard, editor. | World Bank, issuing body.
Title: Economic Boom or Ecologic Doom? : Using Spatial Analysis to Reconcile Road Development with Forest 
   Conservation / World Bank.
Description: Washington, DC : World Bank, 2016. | “This report was prepared by a team led by Richard Damania 
   comprising (in alphabetical order) Alvaro Federico Barra, Mathilde Burnouf and Jason Daniel Russ.”
Identifiers: LCCN 2016013764 (print) | LCCN 2016017181 (ebook) | ISBN 9781464808104 (pdf) | 
   ISBN 9781464808111 | ISBN 9781464808111 ( )
Subjects: LCSH: Transportation and state—Congo (Democratic Republic) | Economic development—Congo 
   (Democratic Republic) | Deforestation—Congo (Democratic Republic)
Classification: LCC HE285.5 .T73 2016 (print) | LCC HE285.5 (ebook) | DDC 388/.049096751—dc23
LC record available at https://lccn.loc.gov/2016013764

http://dx.doi.org/10.1596/978-1-4648-0810-4
www.worldbank.org
http://creativecommons.org/licenses/by/3.0/igo
http://creativecommons.org/licenses/by/3.0/igo
mailto:pubrights@worldbank.org
https://lccn.loc.gov/2016013764


   v  Economic Boom or Ecologic Doom? • http://dx.doi.org/10.1596/978-1-4648-0810-4 

Contents

Foreword ix
Acknowledgments xi
About the Authors xiii
Executive Summary  xv
Abbreviations xxxiii

Chapter 1 Overview 1
Context and Rationale 1
Natural Resources, Infrastructure, and Development 3
Structure of the Report 5
Notes 6
References 6

Chapter 2 A Snapshot of the Democratic Republic of Congo’s 
Transport System 9
Introduction 9
The Current State of the Transport Network 10
Two Transport Network Improvement Proposals 15
Benefits to Road Improvement 17
Concluding Remarks 19
Notes 19
References 20

Chapter 3 Roads, Forests, and the Biodiversity of the Democratic 
Republic of Congo 21
Motivation 21
Approach 22
Results on Forest Clearing 23
Gradients of Biodiversity Impacts 26
The Stakes for Vulnerable Areas 29
Concluding Remarks 31
Annex 3A 32

http://dx.doi.org/10.1596/978-1-4648-0810-4


vi Contents

Economic Boom or Ecologic Doom? • http://dx.doi.org/10.1596/978-1-4648-0810-4

Annex 3B 36
Notes 37
References 37

Chapter 4 Economic and Ecological Impact of Prospective Road 
Investments 39
Introduction 39
Major Urban Center Road Network Improvement Project 40
Virunga National Park Road Improvement Project 47
Notes 58
References 59

Chapter 5 Summary and Conclusions 61
Introduction 61
Modeling Transport Cost in the Democratic Republic of 

Congo and Its Effects in the Economy 61
Estimating Deforestation and Biodiversity Impacts of 

Road Improvements 62
Scenario Analysis 63

Boxes
2.1 Geospatial Model 11
2.2 The Effect of Transport Costs on Economic Activity 18
4.1 Local GDP Simulation 41
4.2 Estimating Agricultural Benefits 52

Figures
ES.1 Effect of Road Quality on Forest Clearing Intensity xxii
1.1 Environmental Income Dependence by Income Quintile 5
3.1 Effect of Road Quality on Forest Clearing Intensity 24
3A.1 Road Planning Regimes, Road Quality, and Deforestation 35

maps
ES.1 Local GDP in the Democratic Republic of Congo, 2006 xvi
ES.2 Diagrammatic Map of Transport in the Democratic Republic 

of Congo xvii
ES.3 Transport Cost to the Cheapest Market xix
ES.4 The Difference in Transportation Costs to Kinshasa between a 

Unimodal and Multimodal System xxi
ES.5 Composite Species-Ecoregion Index, Congo Basin Countries xxiii
ES.6 The Economy and Ecology of the Democratic Republic of 

Congo xxiv

http://dx.doi.org/10.1596/978-1-4648-0810-4


Contents vii

Economic Boom or Ecologic Doom? • http://dx.doi.org/10.1596/978-1-4648-0810-4 

ES.7 Estimated Changes to Local GDP and Deforestation from the 
Major Urban Center Road Network Improvement Project xxv

ES.8 Major Urban Center Road Network Deforestation Risk 
Assessment xxvii

ES.9 Estimated Changes to Local GDP Due to the Virunga 
National Park Road Improvement Project xxix

ES.10 Estimated Additional Annual Deforestation Due to the 
Virunga National Park Road Improvement Project xxx

ES.11 Biodiversity Composite Index Compared with Estimated 
Additional Deforestation Due to the Project xxxi

1.1 Local GDP in the Democratic Republic of Congo, 2006 2
2.1 Transport Cost to Cheapest Market 13
2.2 Transport Cost to Kinshasa 14
2.3 Critical Roads for the Port Network 16
2.4 Major Urban Center Road Network 17
3.1 Eastern Democratic Republic of Congo: Change in Percent 

Clearing along Roads without and with Upgrading 25
3.2 Changes in Road Corridor Deforestation with Generalized 

Upgrading 26
3.3 Composite Species-Ecoregion Index, Congo Basin Countries 29
3.4 Eastern Democratic Republic of Congo—Ecological 

Vulnerability Map 30
3.5 Combined Ecological Risk from Road Network Improvement 

in Eastern Democratic Republic of Congo 31
4.1 Change in Transport Costs due to the Major Urban Center Road 

Network Improvement Project 41
4.2 Increase in Local GDP from the Major Urban Center Road 

Network Improvement Project 42
4.3 Total Deforestation, 2000–12 43
4.4 Baseline Forest Cover, 2015 44
4.5 Estimated Additional Deforestation from the Major Urban 

Center Road Network Improvement Project 45
4.6 The Economy and Ecology of the Democratic Republic of Congo 46
4.7 Major Urban Center Road Network, High Ecological Risk Areas 48
4.8 Major Urban Center Road Network Deforestation Risk 

Assessment 49
4.9 Virunga National Park Road Improvement Map 50
4.10 Actual Production Yields versus Potential Yields for Cassava and 

Banana 51
4.11 Virunga National Park Regional Transport Cost before and after 

the Intervention 54
4.12 Local GDP Change due to the Virunga National Park Road 

Improvement Project 55
4.13 Baseline Forest Cover, 2012, Virunga National Park 56

http://dx.doi.org/10.1596/978-1-4648-0810-4


viii Contents

Economic Boom or Ecologic Doom? • http://dx.doi.org/10.1596/978-1-4648-0810-4

4.14 Additional Annual Deforestation due to the Virunga National 
Park Road Improvement Project 57

4.15 Biodiversity Composite Index Compared with Estimated 
Additional Deforestation due to the Project 58

tables
1.1 Road Transport in the Democratic Republic of Congo 2
B2.2.1 Economic Effects of Transport Cost to Local Market 18
3.1 Normalized Species Aggregation Weight 28
3B.1 Regression Results for the Democratic Republic of Congo 36
B4.2.1 Impact of Transport Cost Reductions on Crop Production 52

http://dx.doi.org/10.1596/978-1-4648-0810-4


    ix  Economic Boom or Ecologic Doom? • http://dx.doi.org/10.1596/978-1-4648-0810-4 

Foreword

Roads are vital for poverty alleviation and development. They are the arteries 
that connect goods to markets, workers to jobs, and children to schools. However, 
roads can have unintended consequences and are often the precursors to defor-
estation. Opening up access to a region not only allows wealth and commerce to 
flow in but also enables resources to be extracted and flow out. With new roads, 
loggers, whether legally sanctioned or not, can more easily access forests for tim-
ber; opportunities emerge to claim forested land in search of wealth; and new 
inhabitants are able to fell trees for firewood.

These issues are especially important in the Democratic Republic of Congo 
(DRC), which is the focus of this report. Decades of conflict have left the DRC 
with transport infrastructure that is inadequate to spur development. The coun-
try has one of the lowest road densities in the world, and most of the country’s 
provincial capitals are unconnected to Kinshasa, the capital city.

At the same time, the DRC is home to the world’s second-largest rain forest 
after the Amazon. The carbon sequestered by these forests corresponds to about 
three to five years of carbon dioxide equivalent emitted globally. The forests are 
also an important source of livelihood and income for the rural poor. Biodiversity 
in these forests is of global significance, with a disproportionately high number 
of species that are unique to the region—but also endangered. Degrading the 
country’s forests would cause severe ecological impacts with local and global 
economic consequences.

Conventional attempts to resolve the familiar tension between conservation 
imperatives and development needs have relied on mitigation of damage to the 
environment through engineering solutions and a variety of other safeguards. 
Although useful and pragmatic, this approach has limits, especially when infra-
structure is built in environmentally fragile areas.

This report introduces a proactive approach that emphasizes the need to con-
sider impacts at the very outset of the planning process. It develops innovative 
techniques that allow decision makers to steer development away from ecologi-
cal hotspots toward areas where benefits can be maximized and adverse impacts 
avoided.

Using cutting-edge techniques and drawing on a variety of disciplines—
including spatial analysis, econometrics, and biology—this report establishes 
a new methodology for predicting, at fine spatial scales, the benefits that 
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infrastructure will bring to local populations, as well as the effects that it will 
have on forested areas. It also develops a novel metric of biodiversity to identify 
regions where flora and fauna are most sensitive and where their protection is 
most important. These tools offer a standardized and scientific way of assessing 
the environmental risks of an infrastructure investment while also offering alter-
natives that may be equally beneficial, but less risky. The approach developed in 
this report will allow decision makers to tailor investments to maximize eco-
nomic benefits while avoiding ecological damage.

Balancing economic growth with environmental protection is a challenge 
faced by nearly every nation on Earth. This report makes an important contribu-
tion to this effort that will enhance the ability of governments, donors, and policy 
makers to make better informed and more effective decisions.

Laura Tuck
Vice President, Sustainable Development

The World Bank
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Executive Summary 

motivation

The natural endowment of the Democratic Republic of Congo, in the form 
of land, minerals, and forests, is unparalleled. The right mix of policies could 
 potentially unleash incentives that could transform the economy perhaps even to 
 middle-income status. The agricultural sector generates about 40 percent of total 
income and employs 60 percent of the workforce. Mining accounts for 12  percent 
of gross domestic product (GDP); some estimates put the Democratic Republic 
of Congo’s mineral wealth at US$24 trillion. Perhaps the country’s best-known 
natural asset is its vast forest estate. Home to more than 145 million hectares of 
rain forests, the Democratic Republic of Congo has the second-largest forest 
endowment in the world, and contains more than 60 percent of the total forest 
area in the Congo Basin. These forests are of global importance in that they rep-
resent the second-largest carbon sink in the world and have considerable potential 
to generate income for the Democratic Republic of Congo through the Reducing 
Emissions from Deforestation and Forest Degradation (REDD+) mechanism. 
Locally, too, forests are of paramount importance. Up to 40 percent of individuals 
living in the country’s forested provinces rely on hunting, forest products, and fish-
ing as their main sources of food (De Merode, Homewood, and Cowlishaw 2003). 

However, GDP (wealth) in the Democratic Republic of Congo is geographi-
cally concentrated. Map ES.1 illustrates that aside from the area around Kinshasa, 
the capital, significant peaks in income can be seen around Lubumbashi, the 
country’s mining capital, which has enormous deposits of copper and cobalt; 
Mbuji-Mayi, an area rich in diamonds; and Kivu, which has large deposits of gold 
and other rare-earth metals.

Given the vast distances and extreme variations in the spatial distribution of 
GDP, connecting regions that flourish with those that lag could provide a signifi-
cant boost to economic growth. There is thus an urgent need for improving both 
interprovincial and intraprovincial connectivity to promote trade and economic 
cohesion.

The objective of this report is to present new tools for prioritizing infrastruc-
ture investments and guiding their location. It recognizes that investment needs 
far outstrip available resources, so needs must be prioritized and impacts objec-
tively quantified. Accordingly, the report illustrates techniques for identifying the 
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benefits of investment at a highly disaggregated spatial scale and recognizes that 
certain costs and externalities also need to be considered, especially in the 
Democratic Republic of Congo. The approach is illustrated in the context of 
transport infrastructure, but can also be applied with modifications to other sec-
toral investments.

Transport infrastructure in the Democratic Republic of Congo is among the 
sparsest and most dilapidated in the world (map ES.2). In many parts of 
the country, traveling to the capital, Kinshasa, by road is impossible and many of 
the provincial capitals are unconnected to Kinshasa. Despite having one of the 
largest river networks in the world, river transport is often hampered by high 
levels of silting and long wait times at ports because of poor infrastructure and 
uneven governance.

Although roads and infrastructure confer many benefits and are necessary 
for development, they also generate externalities and impose costs— 
environmental, social, and economic—that need to be considered to maxi-
mize welfare. Roads often catalyze a process of deforestation and land 
conversion, which means that projects must be planned and procedures 
established to minimize the risks of deforestation to preserve the potential 
revenues that could be earned by the Reducing Emissions from Deforestation 
and Forest Degradation (REDD+) and other initiatives. Other less recog-
nized, localized economic costs may also emerge as roads encourage growth 
in areas of high economic potential at the cost of areas with a competitive 
and comparative disadvantage. Such spatial sorting is an inevitable and nec-
essary consequence of economic transition based on promoting spatial pro-
ductive efficiency.

map es.1 local GDp in the Democratic republic of congo, 2006

Local GDP
Million
US$ per
10 square kilometers

<0.5
0.6–1.0
1.1–5.0
5.1–10.0
10.1–100.0
>100

Source: Ghosh and others 2010.
Note: GDP = gross domestic product.
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Approach

Infrastructure investments in long-lived assets, such as roads, have the ability to 
shape the development potential of the Democratic Republic of Congo for gen-
erations to come. This possible future suggests the need for careful planning and 
holistic decision-making tools that take into account the wide range of direct and 
induced impacts that might come about to maximize the full range of net ben-
efits from these costly investments. This report therefore presents new informa-
tion and tools that can be used by policy makers for broad planning purposes to 
determine where investments yield the highest net returns and how damage to 
valuable natural assets could be avoided.

This work considerably advances the information that is available to planners 
and provides methodologies that could be used to make more informed decisions 
to identify trade-offs and maximize net welfare benefits. The approach draws 
from the state of the art across a variety of disciplines—spatial geographic infor-
mation system (GIS) analysis, spatial econometrics, economic theory, and conser-
vation biology—to create an approach and set of tools that can guide the location 
and level of investments by estimating benefits and environmental costs at a 
highly disaggregated spatial scale.

map es.2 Diagrammatic map of transport in the Democratic republic of congo
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The analysis proceeds in four related phases that combine economic 
assessments with geospatial analysis. First, transport costs are estimated using 
GIS techniques. A variety of econometric procedures are then used to deter-
mine the economic effects of changing transport costs to the cheapest mar-
ket. The estimated elasticity measure provides a broad indication of the 
benefits that would accrue in each location by reducing transport costs. 
Second, highly disaggregated spatial data are used to estimate the effects of 
roads on forest cover. A novel metric of biodiversity is also developed to 
identify forests of high (and low) value, recognizing that not all forests have 
identical ecological significance. Third, the two spatial estimates are com-
bined to simulate the effects of different policies. Finally, this report provides 
a series of maps that identify hotspots where risks from transport invest-
ments are high and benefits relatively low, regions where risks are low and 
benefits high, and regions where there are large trade-offs between economic 
and ecological goals.

costs of travel

In the first stage, a geospatial model is developed that identifies costs of and 
bottlenecks to travel. The model simulates how individuals and traded goods 
are moved. The Congolese transport system is intrinsically multimodal, with 
the Congo River as its spine. Panel a of map ES.3 shows the costs of 
 transporting goods to the cheapest market from every location within the 
Democratic Republic of Congo (a market is defined as a city of at least 
50,000 residents), using a multimodal model with access to both roads and 
rivers.

Panel b of map ES.3 shows the difference in costs between a unimodal 
model with only roads, and the multimodal model with land and river trans-
port included. It thus shows the areas that are most likely to use and benefit 
from using the river for transport to reach the nearest market.

Panel b of map ES.3 shows the changes in travel costs when using rivers. 
It is clear from the map that, aside from some isolated areas in the northwest 
part of the country, rivers are used relatively infrequently for local transport. 
Specifically, 14 percent of individuals in the Democratic Republic of Congo 
live in areas where it would be cost-effective to use river transport for any 
portion of their trip to the local market. Furthermore, these individuals live 
in areas that account for only about 7 percent of the country’s GDP, 
 implying that investments in river transport will not have a significant 
impact on local market transport, given the current economic geography of 
the country. The implication is that the road network is likely much more 
cost-effective for shorter distance local transport. This is a well-established 
result and reflects the fact that river transport is typically most economic for 
low-value, high-volume goods that need to be transported over longer 
distances. 
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map es.3 transport cost to the cheapest market

However, when Kinshasa is the desired destination, approximately 80 
percent of the country’s population would prefer to use river travel, at least 
in part (map ES.4). These individuals live in areas that account for nearly 60 
percent of the country’s GDP. The northern part of the country is particu-
larly dependent on river transport for reaching Kinshasa, which is not sur-
prising considering that much of this region has no direct road access to 
Kinshasa.

map continues next page
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economic Benefits

Having estimated transport costs from each location, the report uses state-of-
the-art econometric methods to determine the economic effects of reducing 
local transport costs.1 The results suggest that decreasing local transport costs 
would yield significant benefits, especially in the highest-cost, more densely 
populated regions. Specifically, a 10 percent reduction in local transport costs 
would lead to, on average, a 0.46 percent increase in local GDP. A related paper 
(Ali and others 2015) shows that reducing transport costs in the Democratic 
Republic of Congo could have a significant, positive impact on wealth accumu-
lation and poverty reduction. 

map es.3 transport cost to the cheapest market (continued)
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ecological implications

In the next step, the report examines changes in forest cover induced by roads. The 
estimates indicate significant effects of road upgrading on the intensity and extent 
of forest clearing in well-defined corridors. Predicted effects of deforestation 
around improved road corridors vary widely with previous road conditions and 
locational economics, but increases in deforestation of 10–20 percent are typical.

Two patterns are noteworthy (see figure ES.1). First, upgrading roads from 
very poor to good condition produces near-complete deforestation within a nar-
row corridor (of about 1–1.5 kilometer radius) straddling the road. Second, the 
impact is nonlinear, and deforestation intensity falls very rapidly as distance from 
the road increases. Most of the deforestation occurs within about a 2 kilometer 

map es.4 the Difference in transportation costs to Kinshasa between a Unimodal and 
multimodal system
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radius of the road as shown in figure ES.1. This is a useful result for planning the 
location of roads and suggests that small changes to location could have signifi-
cant environmental benefits. 

Since all forest land is of neither uniform ecological nor economic value, the 
report also develops a novel metric to identify areas that are of high ecological 
value and at higher risk of degradation. A high-resolution map of ecological vul-
nerability is developed that combines information on species as well as ecosys-
tems, including measures of geographic vulnerability, extinction risk, and other 
aspects of the ecosystem captured through a measure of biomes developed by 
the World Wildlife Fund. Map ES.5 ranks regions from the most important (red) 
to least significant (blue) based on a composite index of desirable properties. 
Overall, the results suggest that at the very outset of the planning process, infra-
structure siting needs to take into account effects on deforestation and biodiver-
sity loss. The report also presents analysis that clearly shows that sequential 
decision making, wherein location decisions are made first, followed by an envi-
ronmental impact assessment, can lead to economically less favorable outcomes 
that can be avoided through careful upstream planning.

identifying trade-offs, Win-Wins, and low impacts

The report demonstrates how these results could be used to guide planning deci-
sions. It is instructive to begin by visualizing the spatial distribution of the 
economy and ecology of the Democratic Republic of Congo. To do this, the 

Figure es.1 effect of road Quality on Forest clearing intensity
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intersection of local GDP and the composite species-ecoregion index are shown 
in a combined map (map ES.6). The results suggest that quite often, the regions 
of the country that are most important economically also tend to contain the 
highest levels of sensitive biodiversity (dark blue and dark brown in map ES.6). 
The most important ecological areas according to the index are along the coun-
try’s eastern and southeastern borders, the Congo River and its tributaries, and 
much of the provinces of Bas Congo and Kinshasa. These areas also tend to have 
higher population density and greater economic activity, with the notable excep-
tion of much of the eastern portion of Katanga province. Any development plan 
in these areas would impose significant risks, suggesting the need for effective 
policies and safeguards. However, map ES.6 also shows zones with high GDP and 
low ecological endowments (light blue) and vice versa (light orange). The obvi-
ous implication is that careful planning and proactive approaches can avoid sensi-
tive areas, prioritize areas where conservation management is most needed, and 
encourage accelerated construction elsewhere.

How might these results be used as a practical guide to decision making? As 
an illustration, the report presents simulations of the potential welfare benefits, 
as well as deforestation, that would result from the completion of proposed 
road investment projects connecting major urban centers to Kinshasa using 

map es.5 composite species-ecoregion index, congo Basin countries
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high-quality roads. The aggregate increase in local GDP is estimated to be 
approximately US$18.1 million per year, a lower bound estimate.2 In a similar 
manner, simulations estimate the total deforestation caused by road improve-
ment projects in major urban centers. The estimated additional deforestation due 
to this project predicts that much of the additional deforestation will occur near 
the major cities of Kananga, Kisangani, and Maniema, as well as much of the 
provinces of South Kivu and Maniema. A comparison of GDP and forest loss is 
presented in map ES.7. For further policy guidance, it is useful to combine these 
maps to identify high-potential areas, high-risk areas, and areas where there will 
be complex trade-offs (see map ES.8). 

To get a clearer picture of the economic and ecological impact of the major 
urban center road network improvement project, as a first step, changes in 

map es.6 the economy and ecology of the Democratic republic of congo
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local GDP and deforestation are overlaid to identify areas that would reap the 
most benefits or face the highest risks of loss.

•	 Areas in green are “pure benefit” regions, where local GDP gains are very sig-
nificant and deforestation increases are very low.

•	 Red areas are the riskiest regions, estimated to have very low local GDP gains 
but significant deforestation as a result of the project. Protecting these regions 
would yield the greatest benefits, given that little economic activity would be 
lost, and there is a significant risk of deforestation.

•	 The intermediate zone is in yellow.

map es.7 estimated changes to local GDp and Deforestation from the major 
Urban center road network improvement project

map continues next page
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An interesting policy implication is that estimated areas of high concern are 
relatively few and well defined; on the other hand, the trade-off zones and low 
hazard areas seem larger, suggesting scope for considerable win-wins for the 
economy and the environment.

To illustrate the utility of this approach at finer spatial scales, the 
report uses the same techniques to examine the costs and benefits of a much 
smaller road improvement project, situated around Virunga National Park 
(maps ES.9 and ES.10). This project would improve a 525 kilometer road 
that connects the city of Goma, situated just south of Virunga National Park 

Sources: Ghosh and others 2010; Hansen and others 2013; and authors’ calculations. 
Note: GDP = gross domestic product.

map es.7 estimated changes to local GDp and Deforestation from the major Urban 
center road network improvement project (continued)
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map es.8 major Urban center road network Deforestation risk Assessment

Source: Hansen and others 2013. 

between the park and Lake Kivu, to Bunia, approximately 100 kilometers 
north of the park, near Lake Albert. Despite being a very populated area 
(approximately 4.5 million Congolese live within a narrow corridor around 
the road), the current condition of the road is quite poor, and in many areas 
it is impassable.

The surrounding area has significant deposits of mineral wealth, including 
gold and the rare-earth mineral coltan. The land also contains very fertile soils, 
with theoretical maximum yields that are orders of magnitude greater than 
 current agricultural yields. This road thus appears to be a major candidate 
for significant investment to spur economic activity. Nevertheless, road 
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infrastructure development in this region may come with deep trade-offs. The 
land around the potential road project is heavily forested and includes one of 
the world’s most important national parks. Virunga National Park was estab-
lished in 1924 and was the first designated national park in Africa. 
Environmental factors aside, Virunga National Park has the potential to 
become one of the greatest tourist attractions on the continent if the conflict 
and security issues in the eastern part of the country could be resolved. 
Destroying this natural capital would be much more than an environmental 
calamity—it would extinguish a significant source of future income for the 
country’s impoverished inhabitants.

Given the immense trade-offs in this project, it would benefit greatly from the 
analysis developed in this report. The benefits—the increase in local GDP—are 
calculated at the pixel level (that is, at the 10 ×10 kilometer level), and aggre-
gated to arrive at a final range of US$7.29 million to US$31.9 million per year 
above the baseline, depending on whether one uses a local elasticity or the 
national elasticity calculated in box 2.2 of chapter 2. Map ES.9 shows the distri-
bution of these benefits. Note that they are clustered around the road because 
the local GDP increase is the intersection of the baseline local GDP and the 
percentage change in transport costs, both of which are highly  clustered around 
the road. Multiplying these two further magnifies this clustering.

Using the methodology described in this report, the predicted additional 
deforestation due to the Virunga National Park road improvement project is 
estimated to see which regions are most at risk. Map ES.10 shows the estimated 
annual deforestation that would occur due to the road improvement project. The 
biggest risk to deforestation occurs in those regions that have already shown a 
propensity to be deforested and that are nearest to the population centers and 
the improved road. This simulation shows that the areas that would be most 
stressed are those near Lake Edward, the corridor between Goma and Rutshuru, 
and the corridor from Katwa to Butembo to Beni. To a much lesser extent, addi-
tional deforestation may also occur to the west and northwest of Bunia and to 
the northwest of Goma.

As a final point, the estimated additional deforestation due to the project 
is layered on top of the current biodiversity index to see which threatened 
areas have the most biodiversity and are therefore most worth protecting. 
This composite is shown in map ES.11. The grid cells outlined in black are those 
in which deforestation is predicted to increase because of the project. Although 
this map does not distinguish areas by the intensity of deforestation, it allows the 
gradient of biodiversity within the affected area to be compared to show which 
areas are ecologically most important. It is clear that some of the regions with the 
highest ecological value also coincide with the regions predicted to experience 
the highest rate of deforestation from the project.

The important conclusion is that the Virunga National Park road project poses 
an immense risk to the forests and the high-value biodiversity in the region. 
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Before undertaking such a project, stakeholders should carefully compare the 
estimated benefits with these costs to ensure that the trade-offs are worthwhile 
and to determine whether and what mitigation strategies are needed. Indeed, as 
this report highlights, small deviations in the pathway of this road could make an 
immense difference in generating more economic benefits while safeguarding 
vulnerable areas. The tools developed here allow for such assessments to be made 
before a major investment in project appraisal and design occurs.

map es.9 estimated changes to local GDp Due to the virunga national park 
road improvement project

Sources: Ghosh and others 2010; and authors’ calculations. 
Note: GDP = gross domestic product; DRC = Democratic Republic of Congo.
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map es.10 estimated Additional Annual Deforestation Due to the virunga 
national park road improvement project

Sources: Hansen and others 2013; and authors’ calculations.
Note: DRC = Democratic Republic of Congo.
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map es.11 Biodiversity composite index compared with estimated Additional Deforestation 
Due to the project

Note: DRC = Democratic Republic of Congo.
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conclusion

Overall, the results suggest that the siting of infrastructure needs to take impacts 
into consideration at the very outset of the planning process. This report presents 
both new data and new techniques that can be used to identify areas of oppor-
tunity, risk, and potential for REDD+ financing.

Such upstream planning has been rendered both feasible and cost-effective 
with the availability of georeferenced information on forest cover and economic 
data. This report provides the data and easily comprehensible maps for such an 
exercise. The maps provide a simple visual tool that summarizes a computation-
ally intensive exercise. The report demonstrates a procedure for prioritizing invest-
ments and identifying hazards, win-wins, and areas where difficult trade-offs may 
need to occur. The data made available as a result of this exercise could provide 
valuable information for policies such as REDD+ prioritization and the location 
of growth poles, agricultural zones, and so on. The approach is perhaps a timely 
contribution for the Democratic Republic of Congo since much investment is 
likely to occur in the next few decades. Finally, an important caveat is in order. The 
results presented here are contingent upon the available data, which is imperfect 
and limited, so caution needs to be exercised, and the results need to be combined 
with adequate on-site verification to confirm the accuracy of the results.

notes

 1. The approach uses cross-sectional data on local GDP, transport costs, and several 
control variables to predict how changes in transport costs affect local GDP.

 2. This estimate is made using a partial equilibrium framework, and these benefits are 
only a subset of the total benefits to reducing transport costs (other benefits include 
those stemming from improved transport between cities, increased access to multiple 
cities rather than solely the cheapest one, and better access to ports); therefore, this 
estimate is likely a very conservative, minimum benefit.
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2SLS two-stage least squares

EIA environmental impact assessment

GDP gross domestic product

GIS geographic information system

GLS generalized least squares

IUCN International Union for Conservation of Nature

IV instrumental variables

OLS ordinary least squares

REDD Reducing Emissions from Deforestation and Forest Degradation

REDD+ Reducing Emissions from Deforestation and Forest Degradation, 
and fostering conservation, sustainable management of forests, and 
enhancement of forest carbon stocks

SPAM Spatial Production Allocation Model
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c h A p t e r  1

Overview

context and rationale

The purpose of this study is to demonstrate several techniques that can be used 
to evaluate pathways to sustainable growth in the Democratic Republic of 
Congo via infrastructure improvement. Decades of conflict and neglect have left 
the country’s transport infrastructure among the sparsest and most dilapidated in 
the world. Even by the standards of other low-income countries, road infrastruc-
ture is deficient (see table 1.1). In many parts of the country, traveling to the 
capital, Kinshasa, by road is impossible, making air travel the only way to move 
around the country. And despite having one of the largest river networks in the 
world, river transport is often hampered by high levels of silting and long wait 
times at ports caused by poor infrastructure (Ulimwengu and others 2009). This 
transport infrastructure deficit reinforces national, provincial, and within-city 
isolation, causing not just economic problems, but also making it difficult to forge 
economic and social cohesion. 

Although improving infrastructure is by no means a panacea, the Democratic 
Republic of Congo’s infrastructure deficit is a significant constraint to growth. 
However, determining the optimal location of infrastructure investment in the 
country is complex, given its geography and socioeconomic structure. First, the 
vast distances and extreme variations in the spatial distribution of gross domes-
tic product (GDP) (map 1.1) lead to an urgent need for improving interpro-
vincial as well as intraprovincial connectivity to promote trade and economic 
cohesion. Connecting regions that flourish with those that lag could provide a 
significant boost to economic growth. Second, the challenge of connectivity is 
partially alleviated by the Democratic Republic of Congo’s vast river network. 
The waterways are frequently used as a means of  transport, connecting areas 
that are otherwise unconnected by roads. However, this potentially useful 
mode of transport remains more expensive than it should be (World Bank 
2014). Third, the Democratic Republic of Congo has an exceptional endow-
ment of forests that are potentially put at risk from infrastructure improve-
ment and expansion. Given the very high global and local value of the 
forests,  minimizing the potential for their destruction must be a top priority. 
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table 1.1 road transport in the Democratic republic of congo

Indicator Units
Low-income country 

average Congo, Dem. Rep.

Paved road density km/1,000 km2 of land 16 1
Unpaved road density km/1,000 km2 of land 68 14
Paved road traffic Average annual daily traffic 1,028 257
Unpaved road traffic Average annual daily traffic 55 20
Perceived transport quality Share of firms identifying road transport as a 

major business constraint (percent) 23 30

Source: Foster and Benitez 2011. 
Note: km = kilometer. 

map 1.1 local GDp in the Democratic republic of congo, 2006

a. Local GDP in the Democratic Republic of Congo, 2006
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map continues next page
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Finally, frequent conflict, which pervades the eastern portion of the country, 
can potentially limit or negate entirely any infrastructure investments made 
there, and must be taken into account. 

natural resources, infrastructure, and Development

Despite being one of the poorest countries in the region, the Democratic 
Republic of Congo contains vast economic potential within its borders. The 
country’s natural resource endowment in the form of land, minerals, and forests 
is unparalleled. The agricultural sector, which is by far the most important sector 
for employment, generates about 40 percent of total income and employs 
60 percent of the workforce. Nevertheless, agricultural productivity (output per 
worker) has declined dramatically since independence in 1960 (Fulginiti and 
others 2004). This decline has led to a steep reduction in agricultural exports and 
in food availability, leading to more than 70 percent of the population being food 
insecure, and nearly one-fourth of the population being chronically malnour-
ished (Ulimwengu and others 2009). 

Despite this historic decline, sustainable expansion of the agricultural industry 
remains achievable. Currently, only 10 percent of arable land is farmed, and 
only 13,000 hectares are irrigated as compared with the potential for 4 million 
hectares. With more than 22.5 million hectares of low-population-density, 
 uncultivated, unprotected, nonforested land, there is considerable room for 
expansion with little pressure on forests (Deininger and Byerlee 2011). With 
proper management and stewardship of the land, the Democratic Republic of 
Congo could become the breadbasket of Africa and feed upward of a billion 
people. Strong evidence indicates that reducing travel times to markets could 

b. Regional disparities shown by three-dimensional map of
local GDP in the Democratic Republic of Congo

Source: Ghosh and others 2010.
Note: GDP = gross domestic product.

map 1.1 local GDp in the Democratic republic of congo, 2006 (continued)
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have a significant effect on agricultural production. Dorosh and others (2010) 
show a strong, plausibly causal effect between these variables using data from all 
of Sub-Saharan Africa. Ulimwengu and others (2009), in a similar study, focus 
solely on the Democratic Republic of Congo and find that reducing travel time 
to the nearest city of 50,000 residents by 10.0 percent increases crop production 
by 4.4 percent. 

Mining, another pivotal sector in the Democratic Republic of Congo’s 
 economy, also presents tremendous opportunities for development. Currently 
accounting for 12 percent of GDP, some estimates put the country’s mineral 
wealth at US$24 trillion, a figure that is especially high when compared with the 
average income levels of the two-thirds of the population that subsists on less 
than US$1 per day.1 Indeed, much of the Democratic Republic of Congo’s cur-
rent income is clustered around large mining sites. Map 1.1 shows the spatial 
distribution of GDP. Aside from the area around Kinshasa, significant peaks in 
income can be seen around Lubumbashi, the country’s mining capital, with enor-
mous deposits of copper and cobalt; Mbuji-Mayi, an area rich in diamonds; and 
Kivu, which has large deposits of gold and other rare-earth metals. The Democratic 
Republic of Congo’s economic success is heavily influenced by this sector. 

The familiar resource-curse challenges, coupled with low investment and lack 
of infrastructure, have prevented the Democratic Republic of Congo from taking 
full advantage of its mineral wealth. Although tapping mineral reserves offers the 
prospect of poverty alleviation and growth, it also comes with risks. Much of the 
country’s mineral deposits are located in the eastern part of the country. These 
mines are geographically isolated and are located in areas that are subject to fre-
quent conflict from local militias. Indeed, the very presence of the mineral depos-
its both causes these conflicts and generates the economic windfall necessary to 
perpetuate them. Improving transport infrastructure near these mines, although 
necessary to spur economic growth, could possibly further fuel these conflicts, 
both by facilitating the movement of resources out of the region and by reducing 
rebel groups’ travel costs (Ali and others 2015). When analyzing the impacts of 
future road construction, this study accounts for this possibility by factoring in 
the effects of recent conflicts. 

Finally, perhaps the Democratic Republic of Congo’s most valuable natural 
resource is its forests. Home to more than 145 million hectares of rain forests, the 
country has the second-largest forest endowment in the world, and contains 
more than 60 percent of the total forest area in the Congo Basin. These forests 
are of great global importance because they constitute the second-largest carbon 
sink in the world and have tremendous biodiversity value. The forests are also of 
paramount importance to local welfare. Up to 40 percent of individuals living in 
forested provinces rely on hunting, gathering, and fishing as their main sources 
of food (De Merode, Homewood, and Cowlishaw 2003). Recent data from the 
Center for International Forestry Research’s Poverty Environment Network 
show that environmental dependence (that is, the share of income that house-
holds derive from environmental sources) is as high as 45 percent for the coun-
try’s poorest families and tends to decline as incomes increase (see figure 1.1). 
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This finding implies that the incomes of the most vulnerable households in the 
country could be jeopardized if the forests are not properly managed and 
protected. 

Although the deforestation rate in the Democratic Republic of Congo is cur-
rently the highest in the Congo Basin, at about 0.22 percent annually between 
2000 and 2005 (Megevand 2013), it is still low compared with South America 
and Southeast Asia, whose net deforestation rates are, respectively, two and four 
times higher. The country’s relatively low deforestation rates cannot be entirely 
attributed to successful public policy, however. Deforestation and degradation 
have been limited by a combination of factors—conflict, political instability, and 
poor infrastructure—that have created a kind of “passive protection” of the forest. 
A vast literature has shown that deforestation tends to occur near roads.2 
Therefore, the location of new road construction or improvement in the country 
must be chosen carefully so that, for a unit cost, it maximizes net welfare bene-
fits. This calculation must include both greater economic benefits from reduced 
transport costs and increased connectivity, and minimized costs from deforesta-
tion and biodiversity loss. 

structure of the report

This report attempts to take a holistic approach to evaluating the impact of road 
network improvement. Chapter 2 provides an overview of the current state of 
the Democratic Republic of Congo’s transport system. Using a geospatial model, 

Figure 1.1 environmental income Dependence by income Quintile
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the critical portions of the system are identified, and the economic benefits from 
reducing local transport costs are estimated. Chapter 3 examines the potential 
deforestation that could occur from infrastructure investments. Estimates of total 
forest loss are explored, as well as possible biodiversity impacts that this loss may 
have on the local biome. Finally, chapter 4 combines these two analyses by simu-
lating the effects of two road improvement projects: one connecting major urban 
centers to Kinshasa and another dealing with a specific road improvement proj-
ect in the east of the country. Economic benefits due to local transport cost 
reductions are estimated, as are costs in the form of additional forest depletion. 
The results of this simulation are meant to give policy makers one additional tool 
to help them prioritize infrastructure investment projects.

In sum, this report presents both new information and new tools that can be 
used by policy makers for broad planning purposes to determine where invest-
ments yield the highest net returns and how damage to valuable natural assets 
could be avoided. Thus, this work considerably advances the information that is 
available to planners, suggests sophisticated methodologies that could be used to 
guide decisions, and provides a more informed foundation upon which to delib-
erate and decide upon issues that inevitably involve trade-offs when financial 
resources are limited.

notes

 1. “UNEP Study Confirms DR Congo’s Potential as Environmental Powerhouse 
but Warns of Critical Threats” (http://www.unep.org/newscentre/Default.aspx 
? DocumentID=2656&ArticleID=8890).

 2. Several notable papers include Cropper, Puri, and Griffiths (2001) in Thailand; 
Chomitz and Gray (1996) in Belize; and Gaveau and others (2009) in Indonesia. 
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c h A p t e r  2

A Snapshot of the Democratic 
Republic of Congo’s Transport 
System

introduction

The Congolese transport system is a multimodal system with the Congo River as 
its spine. Much of the Democratic Republic of Congo relies on a combination of 
roads and rivers to transport people and goods. In some parts of the country, 
including much of Equateur province, roads have either never existed or have 
deteriorated so much that river transport is the only means of travel. Several 
railway lines connect Kinshasa with Kasai and Katanga provinces. However, the 
service on these lines is often unpredictable and slow, making shipment of perish-
able goods a dubious and uncertain endeavor. Much of the current transport 
system was established during the country’s colonial period and was developed 
for the purpose of rapidly exporting raw materials (mainly rubber, ivory, minerals, 
and timber) from the country’s interior. The system gave little regard to the 
socioeconomic integration of the Congolese territory.

With more than 25,000 kilometers of waterways, the Democratic Republic of 
Congo has one of the largest networks of navigable routes in the world. Better 
use of river and lake transport could be one of the keys to economic development 
and poverty alleviation, chiefly because it is cheap and serves most of the interior 
portion of the country, which has high agricultural potential. It also comple-
ments, or in some cases substitutes for, road transport in the other major regions 
of the country. Kisangani, the third-largest city, and Mbandaka, the capital of the 
important province of Equateur, are connected to the capital, Kinshasa, only by 
river transport.

The exploitation of river and lake transport, which until 1971 was virtually a 
public enterprise monopoly, is now dominated by numerous formal and informal 
private operators. The largest port in the country is in Kinshasa and handles 
about 2 million tons of cargo per year. For comparison, this single port carries 
more than triple the volume transported by the national railway, SNCC. River 
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transport is essential for the development of agriculture, which has become the 
center of the government’s economic development strategy, because it would 
allow the country’s immense rural areas to be opened up.

In this chapter, several analyses are performed to identify the most crucial 
parts of the country’s transport network by analyzing the effectiveness of 
roads and rivers as transport modes to the nearest markets and to Kinshasa. 
The analysis generally finds that although roads are important for local trans-
port to a nearby city, the overall road network is far too incomplete for 
longer distance transport to be viable. For transport over long distances, the 
river system is vital. Even with the current poor state of port infrastructure, 
traffic is still able to traverse the rivers for much of the year. Thus, the river 
has become a last resort in many areas in which the more infrastructure-
intensive road and railway transport networks have broken down or never 
existed. Finally, the chapter demonstrates a methodology for estimating 
some of the economic benefits of road construction.

the current state of the transport network

An Overview
This chapter discusses a geospatial model that has been developed to identify 
costs of and bottlenecks to travel. The model simulates how individuals and 
traded goods are moved around the Democratic Republic of Congo. Taking the 
road and river network (including information on both location and quality), 
land topography, and population data as inputs, the model makes several plau-
sible assumptions about how local farmers, traders, and other economic agents 
will move around the country. The model culminates in an algorithm that esti-
mates the transport routes that a cost minimizer would take to ship products to 
market, to and from any location within the country. The assessment ultimately 
identifies the existing portions of the road network that are both most crucial to 
the current network and also most in need of rehabilitation. Box 2.1 provides 
more information on the geospatial model. 

As stated, this model includes two modes of transport: roads and rivers. The 
third type of ground transport used in the Democratic Republic of Congo, rail-
ways, is excluded because it serves very local areas and provides sporadic service, 
which limits its economic reliability.

Local Transport to the Nearest Market
Improving access to local markets would be beneficial for several reasons: 
increased opportunities and lower costs for farmers to sell their crops, increased 
access to productive inputs, and increased access to local services such as schools 
and hospitals, among many others. Given the importance of local trade to rural 
farmers, it is natural to begin with an analysis of local transport to the nearest 
market.

Two images are shown in map 2.1. Panel a shows the costs of transporting 
goods to the cheapest market from every location within the Democratic 
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Box 2.1 Geospatial model

The analysis in this chapter is based on the findings of a geospatial model constructed to 
simulate how products and people move around the Democratic Republic of Congo. 
A   geospatial model was chosen over other means of analysis, such as household surveys, 
because it allows for analysis in every part of the country, not just where the surveyed house-
holds are located. It also allows for a richer analysis given the limited household survey data 
available for the country.

The construction of this model involves two steps. First, data describing the transport net-
work were assembled. This process involved collecting data about the road and river network 
and the location of ports. Next, assumptions were made about how people and products will 
move around this network. These two steps are discussed below, followed by a section describ-
ing the caveats of using this model.

transport network
The foundation of the geospatial model is that it allows the travel costs between any two 
points within the Democratic Republic of Congo to be calculated. Once that cost is  determined, 
transport routes can be calculated under the assumption that agents will minimize transport 
costs. The first step is to take account of the quality and condition of the existing transport 
infrastructure.

These data were collected from various sources. Road location data were obtained from 
Delorme, a company that specializes in global positioning system mapping software and that 
has one of the most thorough road network maps available for the Democratic Republic of 
Congo. Road quality was obtained from the Africa Infrastructure Country Diagnostic, which 
provides information such as the width of each road, whether it is paved or unpaved, and its 
condition. Data on which rivers are navigable were obtained from the UN Food and Agriculture 
Organization and the Democratic Republic of Congo’s Ministère des Infrastructures, Travaux 
Publics et Reconstruction, and the locations of river ports were obtained from the UN’s Joint 
Logistics Centre.

model Assumptions
Once the transport network was constructed, informed assumptions were made about 
the cost of moving around the network. The Highway Development and Management 
Modela was used to estimate the cost of the road network. This model, which is com-
monly used by engineers, takes into account the roughness of the terrain and quality and 
condition of the road, as well as country-level factors (such as price of fuel, average qual-
ity of the fleet, price of a used truck, and wages), to determine the unit cost of traveling 
along every segment of the road network (for more details, see Ali and others 2015). 
World Bank (2014) provided the cost of traveling along the river and the cost of loading 
the products onto a boat. 

Once the costs of moving people and products around the country were known, the 
likely transport routes used by the Congolese could be simulated. The points of origin for 
the analysis were created by dividing the territory into more than 27,000 cells of 

box continues next page 
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approximately 10  kilometers on a side and estimating their centroid. Then, transport cost 
to the local market was estimated by calculating every possible transport route from 
every cell centroid to every possible market, and selecting the cheapest route-market 
combination as the most likely route to a destination. A market is defined in this report as 
a city of 50,000 or more residents. This threshold was chosen because it identifies both 
the major and smaller cities in the country, and it is also consistent with much of the 
transport literature in Africa. Finally, this model can be used as an input into statistical 
analysis, as is described in box 2.2. 

model caveats
Although it is believed that this model simulates how people and products move around the 
Democratic Republic of Congo as accurately as possible, some shortcomings must be acknowl-
edged. First, the model does not factor in the cost of delays at ports or along the roads or rivers. 
Transport in the country, especially along the river, can take significantly longer than might be 
expected because of dilapidated infrastructure (such as roads that are washed away during 
the rainy season), river silting (which can make segments of some rivers impassable, especially 
during the dry season), or other human factors (such as low capacity and skills at shipyards, or 
port operators making suboptimal staffing decisions because they lack information on supply 
and demand for transport) (World Bank 2014). Without proper estimates of the opportunity 
cost of time, the model likely underestimates the true cost of using the river, which is relatively 
cheap in a pecuniary sense, but costs a significant amount of time. Cost estimates for using the 
roads also include only pecuniary costs; however, time delays along the roads are significantly 
lower on average than time delays for using the river. 

Finally, although the model includes the two most common methods of transport—
roads and rivers—other methods for transporting people or products around the 
Democratic Republic of Congo are available. Several railroad lines do exist; however, they 
service small portions of the country, mostly in the Kasai and Katanga provinces, and are 
notoriously  unreliable. Air travel is also used quite commonly to travel between provinces. 
Because of its cost, however, this is not a viable option for most Congolese  citizens (World 
Bank 2014). 

a. For a discussion of the model, see http://www.piarc.org/en/knowledge-base/road-assets-management/HDM-4-Software/. 

Box 2.1 Geospatial model (continued)

Republic of Congo (a market is defined as a city of at least 50,000 residents), 
using a multimodal model with access to both roads and rivers.1 Panel b 
shows the difference in costs between a unimodal (road-only model) and the 
multimodal model, and thus shows the areas that are most likely to use and 
benefit from using the river for transport. It is clear from these maps that, 
aside from some isolated areas in the northwest part of the country, rivers 
are used relatively infrequently for local transport. Specifically, only 
14  percent of individuals in the country live in areas where it would be cost-
effective to use river transport for any portion of their trip to the local 
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market. Furthermore, these individuals live in areas that account for only 
about 7 percent of the country’s gross domestic product (GDP), suggesting 
that investments in river transport will not have a significant impact on local 
market transport, given the current economic geography of the country. 
Based on these facts, the road network is likely to be much more important 
for local transport than are the rivers. 

Transport to Kinshasa
Transport costs to the national capital, Kinshasa, are summarized in map 2.2. 
Access to Kinshasa is important for connectivity and social cohesion. Not only is 
the capital home to more than 10 percent of the country’s population, but it is 
also a center of wealth and economic activity, making it a vital demand center for 
rural farmers and other traders from much of the country.

Given the long distance between most of the country and Kinshasa, and the 
fact that the country’s road network is fractured, travel along rivers becomes 
important to the overall transport network for access to Kinshasa. Map 2.2 
(panel a) shows the cost of transporting goods to Kinshasa using both roads and 

map 2.1 transport cost to cheapest market

b. The difference in transportation costs to the cheapest
market between a unimodal and multimodal system

a. Cost of transporting goods to the
nearest market using a multimodal system

Legend

Cost to cheapest market
US$ per ton

Navigable rivers

<15.0
15.1–30.0
30.1–50.0
50.1–75.0
>75.0

Marketshed boundaries
Main cities

Legend

Savings from access to rivers
US$ per ton

Navigable rivers

>200.0
199.9–150.0
149.9–100.0
99.9–50.0
<50.0

Marketshed boundaries
Main cities

Note: Panel a shows the transport cost to the cheapest market for every region within the Democratic Republic of Congo, given a multimodal 
(road and river) model. Panel b shows the difference in transport costs between this multimodal model, and a unimodal, roads only, model, and 
thus shows the regions where river transport is most important. 
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rivers in the most efficient manner. As is expected, the cost tends to increase as 
the origin point moves away from Kinshasa, and also tends to be lower in the 
northwestern part of the country, which is heavily serviced by tributaries of the 
Congo River. Panel b of map 2.2 shows the transport cost difference between the 
multimodal model and the unimodal, roads-only model.

Access to river transport is, as always, more important for longer-distance travel 
and for goods with a relative low value-to-bulk ratio. Hence, there is a significant 
difference between the mode of transport that is important for travel to local 
markets and that used for transport to Kinshasa. When minimizing travel costs, 
the geospatial model indicates that approximately 80 percent of the population 
would prefer to use river travel, at least in part, to transport goods to Kinshasa. 
Moreover, these individuals live in areas that account for nearly 60 percent of the 
country’s GDP. Relative to the 14 percent of individuals and 7 percent of GDP 
that are in areas that use rivers to transport goods to the local market, it is clear 
that the river is much more important for long-distance transport to Kinshasa.

Whereas cost savings for transport to local markets are quite low and 
restricted to areas right along the river, as shown in map 2.1, cost savings for 

map 2.2 transport cost to Kinshasa

a. Cost of transporting goods to 
Kinshasa using a multimodal system

b. The difference in transportation costs to
Kinshasa between a unimodal and multimodal system

Legend

US$ per ton

Provinces

<75.0
75.1–150.0
150.1–225.0
225.1–300.0
>300

Navigable rivers
Main cities

Legend

Savings from access to rivers
US$ per ton

Navigable rivers

>200.0
199.9–150.0
149.9–100.0
99.9–50.0
<50.0

Marketshed boundaries
Main cities

Note: Panel a shows the transport cost to Kinshasa for every region within the Democratic Republic of Congo, given a multimodal (road and river) 
model. Panel b shows the difference in transport costs between this multimodal model and a unimodal, roads only, model, and thus shows the 
regions for which river transport is most important. 
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transport to Kinshasa are much greater and accrue throughout much of the 
country, save the southern part, which is mostly outside the Congo Basin. The 
northern part of the country is particularly dependent on river transport for 
reaching Kinshasa, which is not surprising considering that much of this region 
has no direct road access to Kinshasa.

two transport network improvement proposals

The Congo River and its tributaries act as a backbone for shipping goods to 
Kinshasa. Facilitating access to the river ports that can connect the Congolese to 
the capital may therefore be a short-term priority for any infrastructure improve-
ment program. For individuals who do not live directly on a navigable and con-
nected river, or live in areas without river ports, the road network becomes an 
important first leg of the journey for connecting them to a port and, eventually, 
Kinshasa.

For long-term growth and integration, however, improving access to river 
ports is insufficient. The volumes of freight transported by river are already 
significant and continue to grow. However, river transport remains unreliable 
and much more expensive than it should be. As an example, a trip from 
Kisangani to Kinshasa over river can take up to two weeks (World Bank 
2014). Therefore, in addition to a competitive inland waterway transport 
system, an efficient, complementary road system is needed to serve segments 
of the market for which waterway transport is not a viable option (for 
 example, passenger transport or transport of light-weight, high-value goods). 
Connecting the entire country with a fully integrated road network should 
therefore be an important priority. To meet these needs, a major urban center 
road network is proposed, which would connect 11 major urban centers 
throughout the country with the national capital, Kinshasa. 

Improving Access to River Ports
Some segments of the road network leading to ports will be more important 
than others. Map 2.3 displays roads that connect large population 
 agglomerations,2 such as Kisangani, Lubumbashi, and the provinces of North 
and South Kivu, to the river network. Collectively, these roads provide con-
nectivity for up to 60  percent of the population. Focusing on infrastructure 
that improves these routes, as well as infrastructure at the ports at which 
they end, will likely have a large positive impact on connectivity relative to 
other transport projects. 

Major Urban Center Road Network
In the coming years, one of the key priorities of the government of the 
Democratic Republic of Congo is to connect major urban centers with well-
maintained, high-quality roads. Map 2.4 identifies the primary roads that 
would need to be improved or completed to ensure that these urban centers 
are  connected while minimizing the size of the network. This network 
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includes 6,500 kilometers of roads. To put this number in context, the roads 
in the  network would be nearly as long as the entire Sahel, from Dakar, 
Senegal, to Khartoum, Sudan. Additionally, only 20 percent of the roads in 
this major urban center road network are currently paved, and 75 percent of 
all roads are currently in poor condition. Although a tremendous investment 
in infrastructure would be required to connect these urban centers to 
Kinshasa, which may not be feasible at the moment, any long-term infra-
structure plan should include this as an important priority for improving 
national cohesion. Chapter 4 presents a simulation of the geolocation of the 
benefits of this potential project.

map 2.3 critical roads for the port network

Legend
Critical ports
Navigable rivers
Main cities
Critical roads to ports
Roads
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Benefits to road improvement

This section uses regression analysis to determine the economic effects of reduc-
ing local transport costs along roads. The approach follows Ali and others (2015) 
by using cross-sectional data on local GDP, transport costs, and several control 
variables to predict how changes in transport cost affect local GDP. See box 2.2 
for a more thorough explanation of this model. 

The results from the regressions show that significant benefits would be derived 
from decreasing local transport costs, especially in the highest-cost, more densely 
populated regions. Specifically, a 10 percent reduction in local transport costs 
would lead to, on average, a 0.46 percent increase in local GDP. Ali and 

map 2.4 major Urban center road network

Legend
Province capital
Provinces
Critical road network
Navigable rivers
Roads

http://dx.doi.org/10.1596/978-1-4648-0810-4


18 A Snapshot of the Democratic Republic of Congo’s Transport System

Economic Boom or Ecologic Doom? •  http://dx.doi.org/10.1596/978-1-4648-0810-4

Box 2.2 the effect of transport costs on economic Activity

To determine the effect of transport costs on economic activity, this report relies on regression 
analysis. The analysis very closely follows that of Ali and others (2015). The entire country is 
divided up into grid cells of approximately 10 kilometers on a side. Each grid cell is a unit of 
observation in the following model: 

 ln (Yi) = b0 + b1ln (TMi) + Xig  + ei, (2.2.1)

in which Yi denotes local GDP, according to Ghosh and others (2010), in grid cell i. TMi is the 
transport cost to market, and Xi is a vector of regional controls. Those controls include 
ln(population), ln(population)2, ln(cassava potential yield), ln(cassava potential)2, ln(distance 
to nearest mine), and a measure of conflict near the grid cell and the local market. To account 
for the endogeneity of both market cost and the conflict variables, this report follows Ali and 
others (2015) and takes an instrumental variable approach. (See Ali and others [2015] for 
details on the instrumental variables used and a discussion of the conflict measures.) 

The results are shown in table B2.2.1. Because all variables are in log form, the estimated 
coefficients can be interpreted as elasticities. The results in the two-stage least squares model 
( column 2) show that a 10 percent decline in transport costs to the local market would lead to 
a 0.46 percent increase in local GDP. Additionally, the regression shows that high conflict near 
the cell and the market reduce local GDP; GDP is higher near mines; GDP tends to increase with 
population size; and there is an increasing but concave relationship between agricultural land 
suitability (with the potential cassava yield serving as a proxy) and local GDP. 

table B2.2.1 economic effects of transport cost to local market

Dependent variable: Local GDP (2010)
(1) 

OLS
(2) 

2SLS

ln(Cost to market) −0.016*** −0.046***
(0.0047) (0.012)

Indicator: high conflict cell 0.020*** 0.250***
(0.0072) (0.079)

Indicator: high conflict market −0.023*** −0.175***
(0.0066) (0.02)

ln(Distance to nearest mine) −0.067*** −0.024***
(0.006) (0.0094)

ln(Population) 0.528*** 0.528***
(0.0031) (0.0032)

ln(Population)2 0.036*** 0.036***
(0.00027) (0.00029)

ln(Cassava potential yield) 0.240*** 0.197***
(0.03) (0.04)

ln(Cassava potential yield)2 −0.019*** −0.016***
(0.0026) (0.0028)

Number of observations 26,535 25,523

Note: Standard errors in parentheses. 2SLS = two-stage least squares; OLS = ordinary least squares. 
Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.
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others (2015) also show that in the Democratic Republic of Congo, reducing 
transport costs could have a significant, positive impact on wealth accumulation 
and poverty reduction. 

Road transport costs could be reduced in several ways. The most obvious, 
and likely the most costly way, would be to build new roads and bridges. In 
the context of the major urban center road network proposal, new road con-
struction is a very small part of the overall project. Although some vital por-
tions of the road network are missing, much of the network is already in 
place. Instead of new construction, much of the network will need to be 
improved from poor or fair condition to good condition. According to the 
Highway Development and Management Model used in this analysis, trans-
forming a road from poor to good condition could reduce the cost of traveling 
along it by nearly 50 percent. Improving it may also ensure that the road is 
passable all year round, and not just in the dry season, the benefit from which 
is not quantified by this model.

concluding remarks

The analysis above highlights several key points. The current road network is 
insufficient for long-distance travel throughout the Democratic Republic of 
Congo. For travel between Kinshasa and most parts of the country, a multimodal 
approach that uses both roads and rivers is often necessary. For transport to local 
markets, the optimal route typically only uses roads; river transport would rarely 
be used. Two projects are proposed. The first focuses on improving access to 
ports to improve long-distance transport in the short term. Recognizing that rely-
ing solely on the river for transport is not a sustainable, long-term solution, 
another project is proposed to connect major urban centers with Kinshasa using 
a fully integrated road network. Chapter 4 revisits this project and, using the 
results of the regression analysis performed in this chapter, estimates the eco-
nomic benefits of such a project.

notes

 1. Note that the analysis assumes that 1 ton of goods is shipped in a large truck or river 
barge. If more or fewer goods are shipped, the cost would change accordingly. 
However, it is not the actual cost that is important for this analysis, but the relative 
costs between different locations, so this assumption is made merely for comparative 
purposes.

 2. When considering the road network leading to ports, some roads will be more 
important than others. Improving those that serve the most people is likely to have 
the biggest impact in the short term by not only improving connectivity to the 
local markets where the ports are located but also to Kinshasa via the multimodal 
network. These roads were identified by calculating the optimal road for getting 
to the nearest port for each portion of the country, and selecting the sections of 
road from the country’s network that have the potential to be traversed by the 
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largest population. When determining the number of people served by each road 
or port, the model assumes that all residents are equally likely to transport goods. 
Without information on who is most likely to use the roads—data that in all likeli-
hood do not exist—assuming  uniform road usage is necessary.
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c h A p t e r  3

Roads, Forests, and the Biodiversity 
of the Democratic Republic of Congo

motivation

The Democratic Republic of Congo, the largest country in Sub-Saharan Africa, 
is endowed with the second-largest rain forests in the world. The iconic Congo 
forests are a trove of economic value—some monetizable and much that is not. 
The forests of the Congo Basin are home to about 30  million people from more 
than 100 ethnic groups, and remain a crucial livelihood asset, often generating 
more income for the poor than that obtained from farming (Angelsen and others 
2014). Forests also perform valuable ecological services at local, regional, and 
global levels. Local and regional services include maintenance of the hydrological 
cycle and important flood control in a high-rainfall region. The forests harbor 
between 30 and 40 gigatons of carbon, which is equal to 8  percent of the world’s 
forest carbon, the equivalent of three to five  years of world emissions of carbon 
dioxide equivalent. 

The carbon sequestered by the forests gives the Democratic Republic of 
Congo the potential to leverage considerable financial resources being made 
available through the Reducing Emissions from Deforestation and Forest 
Degradation (REDD+) initiative. The initial national program in the country, 
which helped launch and structure the nationwide REDD+ strategy, has transi-
tioned into the full National Program (Readiness Plan). When fully implemented, 
REDD+ has the potential to create new opportunities that provide incentives for 
improved stewardship of the forests and the carbon that they sequester and as a 
consequence innumerable other benefits such as climate regulation, livelihood 
support, and biodiversity protection.

The Democratic Republic of Congo has the resources and potential to 
become one of the richest countries in the region. The country’s comparative 
advantage clearly derives from its immense endowment of natural resources—
forests, minerals, and water resources. Prudent economic management therefore 
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calls for proper stewardship of these natural assets to ensure sustainable and 
equitable economic growth. However, harnessing the growth potential of these 
endowments is not without challenges. It calls for carefully weighing the 
 country’s natural capital and the services it provides against other potential land 
uses. One of the greatest challenges for the Democratic Republic of Congo is to 
determine the location of roads. As noted in chapter 1, the country’s transport 
infrastructure is severely deficient even by the standards of other low-income 
countries. It is therefore no surprise that road construction and rehabilitation 
remains a high priority for both the government of the Democratic Republic of 
Congo and its major development partners.

However, although roads may bring benefits and are vital for commercializing 
agriculture, they are often also the precursors to deforestation. A common 
response to such threats is the creation of protected areas that prevent or severely 
restrict intrusive structures within demarcated areas. Often, such strategies fail to 
protect critical natural assets for several reasons. First, governments may seek to 
minimize economic opportunity costs by siting protected areas in remote regions 
with low agricultural potential that may not coincide with the areas of highest 
ecological value (such as climate regulation, biodiversity, or watershed benefits). 
Second, attempts to restrict road improvements in protected areas with strong 
agricultural or mineral potential may fail because economic interests invariably 
overwhelm the limited resources of conservation interests. The vast literature on 
the political economy of environmental policy suggests two reasons for this out-
come. First, the benefits of land conversion are concentrated, while the environ-
mental costs are diffused. Collective action problems render lobbying by 
environmental groups more difficult. Second, the benefits from land conversion 
are monetary, while the costs are typically nonpecuniary and emerge in the 
future, creating a further asymmetry in bargaining ability. The result is higher 
levels of land conversion and environmental loss than may be either economi-
cally optimal or desired by constituencies.

Approach

This chapter seeks to mitigate such conflicts by developing a high-resolution 
spatial econometric model of road improvement impacts that includes both 
ecological risks and the economics of forest clearing. The objective is to pro-
vide a methodology for prospective assessments that can inform infrastruc-
ture planning at the outset. By understanding impacts (positive or otherwise) 
of a road or other infrastructure, better decisions can be made about ways to 
locate roads that maximize benefits and minimize costs. The focus of this 
chapter is on the physical impacts of roads on forests, the previous chapter 
having dealt with the monetary benefits. No attempt is made to value 
 environmental services in large measure because of the high imprecision of 
estimates and also because there is little consensus on the validity of 
approaches used to assign a value to important, unmarketed services provided 
by the ecosystem.
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To guide the empirical analysis, a theoretical model of land use change is 
developed (see annex 3A). The analysis provides a key insight. Typically, deci-
sions about road improvement projects are made sequentially. Once the location 
of a road is determined, an environmental impact assessment (EIA) follows that 
attempts to identify where forests may be cleared and to mitigate the resulting 
impacts by strengthening environmental management. The analysis shows why 
infrastructure planning in such a sequential decision regime may actually reduce 
welfare because it increases deforestation and the associated ecological and social 
impacts beyond what is economically optimal. The model, together with a body 
of empirical evidence, suggests that such reactive approaches are inadequate in 
situations encountered in the Democratic Republic of Congo and will influence 
outcomes less effectively. Instead, siting decisions and impacts need to be consid-
ered simultaneously.

Put simply, the sequencing needs to be altered. The EIA process needs to 
occur in conjunction with siting plans. Such upstream planning has been ren-
dered both feasible and cost-effective with the availability of georeferenced 
information on forest cover and economic data. This chapter provides the data 
and easily comprehensible maps for such an exercise. The maps provide simple 
visual tools that summarize a computationally intensive exercise. Chapter 4 
demonstrates a procedure for identifying hazards, win-wins, and areas where dif-
ficult trade-offs may need to occur. The data made available as a result of this 
exercise could provide valuable information for policies such as REDD+ 
 prioritization, the location of growth poles, agricultural zones, and so on. The 
data and approach are perhaps timely and valuable given that much develop-
ment and the need for determining trade-offs is likely to occur in the next few 
decades.

results on Forest clearing

The assessment begins by mapping changes in forest cover and correlating these 
changes with geographic and socioeconomic variables. The analysis uses the most 
recent and comprehensive high-resolution data on forest cover from Hansen and 
others (2013). The data are available at a 30 meter spatial resolution for 2000–12 
and are converted for tractability into 2.7 kilometer grid cells. The econometric 
estimates are remarkably robust and stable across different statistical specifica-
tions in the regressions. Details are provided in annex 3B. 

The results suggest that forest clearing intensity declines on average with 
(a) distance from roads, (b) closeness to protected areas, and (c) less accessible 
terrain (for example, higher elevation). It increases on average with (d) improve-
ments in road conditions, (e) the agricultural value of land (opportunity cost), 
(f) closeness to population agglomerations (that is, urban centers), and (g) con-
flict intensity.

Figure 3.1 illustrates two noteworthy patterns. First, upgrading roads from 
very poor to good condition produces near-complete deforestation within 
a narrow corridor (of about 1–1.5 kilometer radius) straddling the road. 
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Second, the impact is nonlinear and deforestation intensity falls very rapidly 
as distance from the road increases. Most of the deforestation occurs within 
about a 2 kilometer radius of the road. This knowledge may be a useful result 
for planning and siting roads in areas of high ecological sensitivity. It suggests 
that a relatively small detour may be sufficient to protect important natural 
assets. 

Map 3.1 applies the analysis to the eastern portion of the Democratic 
Republic of Congo and provides an illustration of the extent of clearing that 
might occur with road upgrading. Panel a shows current deforestation (percent 
cleared) along the major existing roads. Panel b performs a hypothetical experi-
ment whereby all of the roads are improved from their current state to “good” 
condition. Factors such as current road condition, distance from urban center, 
and elevation determine the intensity of clearing and the eventual amount of 
forest cover along any segment. Increases in deforestation of 10–20  percent are 
typical, with significant extensions of deforested territory along many corridors 
depending upon local circumstances. Intensive clearing is more pervasive nearer 
urban centers (where population density and economic activity are concen-
trated) and in relatively narrow corridors.

Map 3.2 extends the analysis across the country. It is meant to be illustrative 
and displays changes in mean deforestation rates produced by road upgrading to 
good condition that would allow vehicle speeds of about 60 kilometers per hour. 
Note, however, that these spatial averages conceal very wide variations within 
each cluster.

Figure 3.1 effect of road Quality on Forest clearing intensity
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map 3.1 eastern Democratic republic of congo: change in percent clearing along roads 
without and with Upgrading

a. Clearing along roads without upgrading

b. Clearing along roads with upgrading

0.000000–0.010000
Percentage of forest cleared

Percentage of forest cleared

0.010001–0.119600
0.119601–0.240500
0.240501–0.410100
0.410101–0.668500
0.668501–0.998800

0.000000–0.010000
0.010001–0.119600
0.119601–0.240500
0.240501–0.410100
0.410101–0.668500
0.668501–0.998800
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The heaviest impacts (increases of 12.6–22.3  percent) are evident in west 
Orientale, east Equateur, central Kasai-Occidental, northeast Kasai-Oriental, and 
central Maniema. Adjacent areas in all five provinces also have significant 
impacts (7.7–12.6  percent). The greatest impacts are concentrated in relatively 
isolated rain forest areas with poor roads, since market access for these areas 
would be most improved by upgrading. Overall, the results indicate that 
10–20  percent increases in deforestation would be common after upgrading in 
rain forest road corridors.

Gradients of Biodiversity impacts

Not all forest land is of uniform ecological value, nor is it of uniform economic 
value. This section develops a variety of metrics to identify areas that are of high 
ecological value and at higher risk of degradation. Spatial analysis of carbon 
stocks in the Democratic Republic of Congo and of biodiversity habitats has 
largely confirmed that there are significant overlaps: areas that store large 
amounts of biomass carbon may coincide with areas of biodiversity significance 
(Musampa Kaungandu and others 2012). An opportunity therefore arises to real-
ize and monetize many of these multiple benefits through the REDD+ process. 

map 3.2 changes in road corridor Deforestation with Generalized Upgrading

Change in
deforestation rate (%):

Two-kilometer road
corridors

0.110000–3.170000
3.170001–5.170000
5.170001–7.670000
7.670001–12.600000
12.600001–22.250000
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This correlation suggests that it is important for the country to identify and 
appropriately manage areas that generate multiple gains to maximize both the 
monetary and nonmonetary benefits from the forests. 

Efforts to develop a single index of ecological value remain elusive and beset 
with difficulties of enumeration and measurement. Nor is there a consensus on 
the weighting of different risks and species. To address these issues, this study 
develops a “gradient approach” that combines information on species as well as 
ecosystems. This approach has practical policy merit. Some road corridors will be 
built in areas of modest ecological concern, whereas others pass through areas of 
higher value. An ecological gradient strategy can be used to minimize ecological 
damage by favoring road improvements in areas of modest concentration.1 

The biodiversity gradient has several components. Species density provides 
critical information for developing ecogradients, but at least three other elements 
are needed:

•	 First is geographic vulnerability, for which endemicity can serve as a proxy. 
Species that reside in very few grid cells may be particularly vulnerable to 
habitat encroachment. 

•	 Second, extinction risk adds the insights of the international scientific commu-
nity. Work by Mooers, Faith, and Maddison (2008) explicitly models the rela-
tionship between extinction probability and the risk indicator that is provided 
for each species by the International Union for Conservation of Nature (IUCN).2 

•	 Third, other aspects of the ecosystem as captured through a measure of biomes 
developed by the World Wildlife Fund (WWF) are incorporated. 

Endemicity is measured by the  percentage of each species’ range that is 
found in each grid cell. Total endemicity for each grid cell—the sum of its 
species endemicity measures—assigns higher values to cells inhabited by spe-
cies whose ranges are relatively limited. By implication, forest clearing in 
higher-value cells may be particularly destructive for remaining critical 
 habitat. Species differ in vulnerability for many reasons that are not captured 
by the endemicity measure. To incorporate these factors, the threat status code 
assigned to each species by the IUCN is used along with extinction probabili-
ties estimated using the methodology of Mooers, Faith, and Maddison (2008). 
Table 3.1 tabulates conversions from Red List codes3 to normalized species 
weights using four probability assignments. Three of these probability assign-
ments use IUCN estimates to derive measures of extinction probability over 
the next 50, 100, and 500  years. The fourth draws on work by Isaac and others 
(2007), who combine a direct extinction risk measure with a measure of each 
species’ isolation on a phylogenetic tree.4 Each measure provides different 
priorities and information. For instance, a spatial grid containing very diverse 
species, all in the “Least concern” category, would be given a relatively low 
weight by the IUCN measure. But by the Isaacs measure, it would be deemed 
more important because of the elevated genetic diversity of species, even 
when none are critically endangered. 
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An ecogradient measure based on species vulnerability alone provides 
an incomplete accounting of ecological values and functions. A more 
 comprehensive measure would need to incorporate biomes. Using the WWF 
 classification of ecoregions,5 a vulnerability index is derived that measures 
the amount of an ecoregion in a given area. The WWF ecoregions serve as 
a general proxy for distinctive plant, insect, and animal species that are 
not represented in the range maps provided by IUCN and BirdLife 
International.6 

Each index generates a different set of priorities. A cautious approach is 
applied whereby the indicator that generates the highest threat level is used. 
The indexes are normalized for comparability using ranks measured 
as  percentiles in each index and selecting the maximum index (risk) value as 
the ecogradient measure for the cell. This approach gives parity to alternative 
vulnerability indicators and always picks the indicator that generates the 
highest threat level.

Map 3.3 combines both sets of information, displaying the distribution of spe-
cies’ ecoregion indexes in the Congo Basin countries. (Because species do not 
reside within national boundaries, the entire region is displayed to show larger 
patterns.) One striking feature is the blue/green (0–50) band that arcs from 
northern Cameroon to the eastern Democratic Republic of Congo and back to 
the southern Democratic Republic of Congo. Another is the prominent cluster-
ing of very high values in western Cameroon, along the border between the 
Republic of Congo and the Democratic Republic of Congo, and along the eastern 
margin of the basin. Finally, there are the highly vulnerable “red strips” that iden-
tify the habitat of critically endangered species.

For the purposes of this chapter, the most important message in the results is 
the striking nonuniformity of ecological vulnerability across forested areas. By 

table 3.1 normalized species Aggregation Weight

IUCN Code Status

Normalized extinction probabilities

Isaac and 
others 2007 a

IUCN: future  years

50 100 500

CR Critically endangered 1.00000 1.00000 1.00000 1.00000
EN Endangered 0.50000 0.43299 0.66770 0.99600
VU Vulnerable 0.25000 0.05155 0.10010 0.39000
NT Near threatened 0.12500 0.00412 0.01000 0.02000
LC Least concern 0.06250 0.00005 0.00010 0.00050

Rounded weight ratios
CR:EN 2 2 1 1
CR:VU 4 19 10 3
CR:NT 8 243 100 50
CR:LC 16 20,000 10,000 2,000

Source: Data from Mooers, Faith, and Maddison 2008. 
Note: IUCN = International Conservation of Nature.
a. From calculations by Mooers, Faith, and Maddison (2008) based on Isaac and others (2007). 
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implication, a full assessment of the benefits and costs of road upgrading should 
go beyond simple measurement of forest loss to encompass the potential impact 
of that loss on biological diversity.

the stakes for vulnerable Areas

This section joins the strands by combining predicted deforestation from road 
upgrading with the indexes of ecological vulnerability from map 3.3. The mul-
tiple determinants of forest clearing (as discussed in the section title “Results on 
Forest Clearing”) can produce highly varied patterns of road corridor deforesta-
tion within the same region. Even more variety emerges when the vulnerability 
index is included, because the correlation between the measures of clearing and 
ecological vulnerability is close to zero (ρ = –0.0356).

The remaining task of this subsection is simplification, given that combining 
the two indicators produces results for thousands of road segments. The focus is 
on communicating the general tenor of results by concentrating on the four-
province area featured in map 3.1.

map 3.3 composite species-ecoregion index, congo Basin countries

Percentiles
0–10
10–20
20–30
30–40
40–50
50–60
60–70
70–80
80–90
90–100

Note:  Percentiles show the relative composite species-ecoregion index. 
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Map 3.4 provides an illustration by overlaying the road network on a 
 composite vulnerability map for four provinces (Kivu, Orientale, Equateur, Kasai 
Oriental). This high resolution map could be used as a preliminary tool for 
 identifying emerging hotspots of concern, including where REDD+ opportuni-
ties may be high, as well as areas where effects of developing new infrastructure 
would be minimal. This map provides an immediate sense of potential opportu-
nity and vulnerability at different points in a network. Map 3.4 identifies ecologi-
cal vulnerability in the provinces of concern. As an example, the red zones 
identify critical habitats for some of the country’s endangered primates.

Map 3.5 displays the combined impact indicator, which is the product of the 
predicted  percentage of deforestation from upgrading (map 3.2) and the vulner-
ability index (map 3.4). The indicator is standardized so that its range is 0–100. 
To discern the effect of combining the two indicators, compare maps 3.2 and 3.5 
for the dense road cluster south of the Kasai Oriental label. In map 3.5, the south-
ern and western parts of the cluster are dominated by indicator scores in the range 
0–10 (yellow), whereas the central and eastern parts have clusters in the range 
30–100 (red). In part, this pattern reflects variation in biodiversity vulnerability, 
which is relatively low (green) in the southern part of the cluster and significantly 

map 3.4 eastern Democratic republic of congo—ecological vulnerability map 
(spatially aggregated) 
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higher (yellow) in the northern part. In conclusion, map 3.5  provides a visual and 
easy-to-comprehend assessment of vulnerability and risk that can be used for 
preemptive planning and policy making. An illustration is provided in chapter 4.

concluding remarks

This chapter illustrates a method for combining cutting-edge econometrics with 
conservation biology and generates risk and vulnerability maps that are arguably 
vitally important for informing the Democratic Republic of Congo’s planning 
process. Overall, the results suggest that the siting of infrastructure needs to con-
sider potential effects on the local forest and ecology at the very outset of the 
planning process. Sequential decision making, wherein location decisions occur 
first, followed by an EIA, can lead to economically less favorable outcomes that 
can be avoided through careful upstream planning. Both new data and new tech-
niques are now available that can be used to identify areas of opportunity, risk, 
and potential for REDD+ financing.

Using the best available data and robust econometric techniques, this chapter 
finds large and highly significant effects of road upgrading on the intensity and 
extent of forest clearing in road corridors. Predicted effects in road corridors vary 

map 3.5 combined ecological risk from road network improvement in eastern Democratic 
republic of congo
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Note: Percentiles show the combined impact indicator, which is the product of the predicted percentage deforestation from 
upgrading (map 3.2) and the vulnerability index (map 3.4). Indicator is standardized between 0 and 100.
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widely with previous road conditions and locational economics, but increases in 
deforestation of 10–20  percent are typical.

A high-resolution map of ecological vulnerability is developed. Overlaying the 
Congo Basin–wide road network on this map provides a first-order guide for risk 
assessment. Predicted deforestation is uncorrelated with the vulnerability indica-
tor, so the variation in the two separate indicators is compounded in the com-
bined measure. The implications for “smart” infrastructure location are suggested 
by the maps.

Overall, the results cast doubt on the utility of broad generalizations about the 
impact of road upgrading on deforestation and biomes. The high-resolution 
 spatial assessment finds impacts as varied as the economic and ecological condi-
tions that prevail in different road corridors. By implication, road improvement 
planning in tropical forest regions is unlikely to maximize welfare unless it antici-
pates and incorporates such impacts.

The next chapter combines economic potential with ecological impacts.

Annex 3A: Modeling the Economics of Road Improvement 
and Deforestation

As noted in chapter 1, this research aims to develop an analysis of road upgrading 
and forest clearing that incorporates both economic and conservation concerns. 
The objective is to develop a methodology for prospective assessment that can 
inform infrastructure planning at the outset. To motivate the exercise, the analy-
sis considers the potentially adverse impact of traditional road improvement 
planning, in which decision making is sequential. Decisions on road improve-
ment projects in an area are made first, followed by an EIA that seeks to mitigate 
forest clearing by strengthening environmental management rather than affect-
ing the selection of projects. The modeling exercise shows why infrastructure 
planning in such a sequential decision regime, while otherwise desirable for its 
direct economic contribution, may actually reduce welfare because it increases 
deforestation and the associated ecological impacts.

Consider two regions, labeled i and j, that sell their produce at a market at 
given distances di and dj, respectively. Each region is endowed with a given 
amount of land that can either be left forested, or converted to some alternative 
use such as agriculture, whose outputs are transported to the market and sold at 
a given price. Let = +L L Li i

F
i
A be the total endowment of land in region i, where 

Li
F is forested land and Li

A is agricultural land. The payoffs in region i to each activ-
ity are given by 

 )()( )(∏ = − − − + −qP d L c L v L Li i i i i
A

i i
A

i i
A1 ,

2

 
(3A.1)

in which Pi is the exogenous market price and 0 ≤ qi < 1 is an index of road 
 quality, with q = 0 representing an unimproved forest track. Improvements in 
road quality (q) lower transport costs and increase the profitability of agricultural 
production. With convex costs, returns to forest conversion are assumed to be 
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diminishing (
2

c Li i
A ). Finally, forests left in their natural state generate a return of v, 

which could include livelihood and other unmarketed benefits obtained from the 
forest. 

Maximizing equation (3A.1), taking road quality as given, yields the optimal 
level of clearing (output) in region i: 
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in which pi = Pi + v. The corresponding indirect profit function from the land use 
decision is
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Region j is symmetric and its specification is suppressed for brevity. It is clear 
from equation (3A.3) that higher market prices or improvements in road quality 

lead to greater land conversion ∂
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forward result reflects the fact that higher profitability of agriculture or increased 
market access renders deforestation and land conversion more profitable. The 
less well known question is how these incentives might vary under different 
decision-making regimes. The following discussion compares deforestation levels 
in each region under two contrasting forms of management. In the first, the deci-
sion on road quality improvements is made autonomously in each jurisdiction. In 
the alternative, the budget allocation is coordinated to maximize the joint wel-
fare of the two regions. The discussion assumes that environmental impacts are 
not considered in the decision-making process.7 

Consider first the case of autonomous decision making. For simplicity 
assume that there is a fixed budget Bi available for road quality improvements 
in region i. The cost of improving road quality is given by Bi = rdiqi. If the bud-
get constraint binds, then road quality is given by 

 q
B
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I i

i
.=  (3A.4)

Thus, road quality declines with distance (di ) and the costs of road construction 
(r). Substituting in equation (3A.2), the amount of land conversion is 
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In contrast, under coordinated management the budget is allocated to maximize 
the joint welfare of the two regions:
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 subject to B rd q rd qi i i j j ,− −  (3A.6) 

which yields solutions for the optimal improvements in road quality:
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in which qk = pk – dk, for (k = i, j). 

For later use it is instructive to observe that 
( )( )∂

∂
=

+ +
>

+

q qq
c

c B rc

rd rc c
i

i

j i j i j

i i j( )
0.2

As land conversion costs rise in a region, road quality is improved. Intuitively, 
road investments are made to equate the marginal payoffs from agricultural sales 
from each region. With diminishing returns to land conversion, it eventually pays 
to invest in the higher-cost region. The following lemmas compare road invest-
ments and deforestation rates under the different regimes:

Lemma 1. If the cost of land conversion between regions differs sufficiently, then 
road improvements in the high-cost region will be greater under coordinated manage-

ment than under autonomous management < > +
+
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Intuitively, under autonomous management, budgets available to each region 
are fixed, whereas under coordinated management the region with the higher 
costs of land conversion could receive a higher allocation to equalize marginal 
payoffs. An implication of this result is that total deforestation rates may differ 
across management regimes. This result is summarized in Lemma 2 and illus-
trated in figure 3A.1. 

Lemma 2. Total deforestation rates will differ under the management regimes and 
will be higher under coordinated management if the cost of land conversion is suffi-

ciently large in one of the regions + < + >
+

+
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When differences between regions are large, under coordinated manage-
ment, total payoffs are maximized by ensuring that the region with the com-
parative advantage in land clearing receives greater support on the margin, 
thus expanding the total volume of land cleared. This result follows from the 
convex cost of land conversion, which implies that the incremental returns to 
further deforestation will be lower in the region with a sufficiently high level 
of land conversion. Figure 3A.1 illustrates this relationship—as costs in region 
i rise, it receives improved road quality and as a result incurs higher rates of 
deforestation and ecological losses. By implication, coordinated regional infra-
structure planning, while promoted for its economic benefits, may actually 
increase deforestation in a sequential decision regime that selects road proj-
ects first and introduces environmental impact analysis afterward. As an 
alternative, the approach developed in this paper seeks to improve the deci-
sion process by enabling simultaneous consideration of potential road proj-
ects and deforestation impacts. 
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Figure 3A.1 road planning regimes, road Quality, and Deforestation

a. Planning regimes and deforestation rates
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Annex 3B: econometric results

table 3B.1 regression results for the Democratic republic of congo (all nondummy 
variables in log form)

(1) (2) (3) (4) (5)

OLS OLS 2SLS GLS (IV) Robust (IV)

Distance from road –0.298 –0.309 –0.309 –0.309 –0.296
(29.97)** (30.43)** (30.43)** (8.80)** (32.77)**

Protected area × Distance from road –0.165 –0.204 –0.204 –0.204 –0.152
(18.56)** (22.79)** (22.79)** (2.91)** (19.18)**

Road condition 0.544 0.455 0.455 0.455 0.513
(17.56)** (13.76)** (13.76)** (1.57) (17.49)**

Transport cost to nearest urban center –0.481 –0.952 –0.952 –0.876
(34.15)** (23.54)** (3.28)** (24.39)**

Euclidean distance to nearest –0.279
urban center (23.54)**

Land opportunity value –0.091 –0.023 –0.023 –0.023 0.004
(10.32)** (2.63)** (2.63)** (0.37) (0.46)

Elevation –0.066 –0.130 –0.130 –0.130 –0.238
(2.06)* (3.97)** (3.97)** (0.59) (8.18)**

Conflict intensity (1997–2007) 0.016 0.029 0.029 0.029 –0.000
(5.52)** (9.96)** (9.96)** (1.23) (0.10)

D2002 0.935 0.934 0.934 0.934 0.925
(21.93)** (21.46)** (21.46)** (19.61)** (23.92)**

D2003 1.269 1.269 1.269 1.269 1.246
(29.78)** (29.15)** (29.15)** (22.76)** (32.24)**

D2004 1.559 1.558 1.558 1.558 1.542
(36.58)** (35.81)** (35.81)** (27.75)** (39.91)**

D2005 1.827 1.826 1.826 1.826 1.810
(42.87)** (41.97)** (41.97)** (32.71)** (46.86)**

D2006 1.983 1.982 1.982 1.982 1.972
(46.56)** (45.58)** (45.58)** (36.81)** (51.07)**

D2007 2.155 2.154 2.154 2.154 2.145
(50.59)** (49.52)** (49.52)** (38.55)** (55.55)**

D2008 2.278 2.278 2.278 2.278 2.271
(53.50)** (52.37)** (52.37)** (40.65)** (58.81)**

D2009 2.462 2.462 2.462 2.462 2.456
(57.81)** (56.60)** (56.60)** (44.19)** (63.62)**

D2010 2.651 2.650 2.650 2.650 2.647
(62.25)** (60.94)** (60.94)** (48.34)** (68.56)**

D2011 2.747 2.746 2.746 2.746 2.738
(64.50)** (63.14)** (63.14)** (48.95)** (70.92)**

D2012 2.832 2.831 2.831 2.831 2.821
(66.48)** (65.09)** (65.09)** (49.73)** (73.06)**

Constant 4.810 4.806 6.747 6.747 7.255
(23.39)** (22.07)** (25.94)** (4.07)** (31.42)**

Observations 13,758 13,758 13,758 13,758 13,758
R-squared 0.49 0.47 0.47 0.47 0.51

Note: Absolute value of t-statistics in parentheses. 2SLS = two-stage least squares; GLS = generalized least squares; 
IV = instrumental variables; OLS = ordinary least squares. 
Significance level: * = 5  percent, ** = 1  percent.
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notes

 1. A composite gradient is developed that includes measures of endemicity, extinction 
risk (from the International Union for Conservation of Nature), and phylogenetic 
significance and extinction probabilities (from Isaac and others 2007). Each index 
generates a different set of priorities. 

 2. The IUCN's current classification categories are Critically Endangered, Endangered, 
Vulnerable, Near Threatened, and Least Concern.

 3. Red List codes categorize the threatened status of a species. See: http://www 
. iucnredlist.org/technical-documents/categories-and -criteria/2001-categories -criteria.

 4. A phylogenetic tree is a branching tree diagram that traces the evolutionary descent 
of different species from a common ancestor. Species in sparse (isolated) branches of 
a phylogenetic tree are relatively unique, since they share common descent patterns 
with fewer other species.

 5. Defined as “a large unit of land or water containing a geographically distinct assem-
blage of species, natural communities, and environmental conditions” (http://www 
.worldwildlife.org/biomes).

 6. The method for incorporating WWF ecoregions resembles this study’s treatment of 
species endemicity. For the group of selected countries, the  percentage of total area 
accounted for by each ecoregion is computed. Its vulnerability index is then com-
puted as the inverse of its area share, and the appropriate index value is assigned to 
each pixel in the Congo Basin countries, where a pixel is a 2.7 k ilometer grid cell. This 
accounting assigns high values to pixels in smaller ecoregions, where clearing single 
pixels may pose more significant threats to biome integrity.

 7. This describes a not-uncommon situation in which decision making is sequential, with 
decisions on road location made first, followed by an EIA process that typically seeks 
to mitigate impacts by strengthening environmental management rather than altering 
road routing.
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c h A p t e r  4

Economic and Ecological Impact of 
Prospective Road Investments

introduction

The previous two chapters demonstrate methodologies that estimate the effects 
of reducing transport costs by building or improving the road network. Chapter 2 
estimates the elasticity of local GDP to a drop in transport costs, and chapter 3 
estimates the effects of forest clearing, using Hansen and others (2013) forest 
data, based on a decline in transport costs. This chapter uses these elasticities in 
simulations to estimate the potential welfare benefits, as well as deforestation, 
that would result from the two proposed road investments in the Democratic 
Republic of Congo. 

Although this methodology must be used with due awareness of its shortcom-
ings (described below), it nevertheless provides decision makers with the capa-
bility to quantify the potential induced local benefits (increased economic 
activity) and costs (increased deforestation) of numerous options, and prioritize 
those that should be evaluated in more depth. This methodology is performed in 
such a way that it could be applied to study any road improvement or new road 
construction project within the Democratic Republic of Congo and to prioritize 
investments.

Two simulations are demonstrated below. The first estimates the benefits, 
as measured by increased gross domestic product (GDP), and the costs— 
deforestation and potential  biodiversity loss—from the major urban center road 
network improvement plan introduced in chapter 2. The second simulation 
estimates the same costs and benefits for a smaller project in the environmentally 
fragile northeastern part of the country, near Virunga National Park. This theo-
retical road improvement project involves a road that connects the city of Goma 
in the province of North Kivu to Bunia, in Orientale province.
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major Urban center road network improvement project

To estimate the impact of improving the quality of a road segment, the primary 
road network that connects 11 major urban centers with Kinshasa is considered 
as a prospective project. As shown in chapter 2, map 2.4, the current 
6,500  kilometers of roads traverse much of the country, and if in good repair 
would connect many areas that are currently only linked by river or air travel. 
It is assumed that this network would be improved from its current quality to 
“good” condition, with several impassable missing links filled in. In the baseline 
scenario (current quality), only 20 percent of the network is currently paved, 
and about 75 percent of the roads are in poor condition.

To calculate the change in transport cost due to the improvement, the same 
procedure that was used in chapter 2 to estimate travel cost to the cheapest 
market is followed.1 

The percentage change in transport costs for each cell if the entire project 
were completed is shown in map 4.1. Note that the reduction in transport cost 
to the local market occurs mostly in areas around the improved roads. This is 
unsurprising because areas that are far from these roads are likely served by mar-
kets (if any) that are also far from these roads, and are therefore not affected by 
the road improvements under consideration.

Estimated Benefits: Increases in Local GDP
The first simulation estimates the increase in local GDP due to the major urban 
center road network improvement project. Three pieces of data are needed: 
baseline local GDP, the change in transport costs (to the local market) due to the 
project, and the elasticity of local GDP to a reduction in local market transport 
costs. (Chapter 2 provides an explanation of these elasticities, and box 4.1 pro-
vides details of how economic benefits are calculated.) 

The increase in local GDP is estimated in each grid cell separately, then aggre-
gated to arrive at the total benefit. Map 4.2 shows the spatial distribution of the 
increase in local GDP.2 The project is estimated to benefit a large land area 
around the entire network, with the largest benefits near Bandundu, Goma, and 
the long stretch of road between Mbandaka and Kisangani. Summing the bene-
fits in all grid cells yields a total annual benefit of US$18.1 million. 

The figure of US$18.1 million per year needs to be contextualized. First, this 
simulation represents a partial equilibrium estimate of the benefits of the road 
improvement project. If the project leads to significant structural changes in the 
economy, this methodology would not be a sufficient way to characterize and 
estimate those changes. Second, it is unlikely that benefits will appear all at once. 
Rather, benefits will appear gradually, and will likely be layered in over several 
years. Finally, these benefits are only a subset of the total benefits from reducing 
transport costs. This model does not include benefits from decreasing transport 
costs between cities, or between ports. Given that trade between cities (other 
than Kinshasa) in the Democratic Republic of Congo is currently relatively low, 
these benefits are also relatively low. Another important caveat to these estimates 
is that it is not possible to disaggregate economic sectors.
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map 4.1 change in transport costs due to the major Urban center road 
network improvement project

Legend

Savings to local market

Provinces
Main cities
Critical road network

Transport cost decrease in %
0–5%
5.1–10%
10.1–20%
20.1–30%
30.1–40.8%

Note: The map shows the reduction in transport costs to the local market due to the major urban center 
road network project. Note that in both the baseline case and the with-project case, a unimodal network is 
assumed where only roads (and thus no rivers) are used for transport. 

Box 4.1 local GDp simulation

Once the elasticity of local GDP to changes in transport costs is calculated (see chapter 2), 
simulating the benefits of a reduction in transport costs is straightforward. An elasticity is a 
measure of one variable’s sensitivity to a change in another variable. The elasticity of local GDP 
to transport cost to the local market, −0.046, implies that a 10 percent decline in transport cost 
to the local market would increase local GDP by 0.46 percent. This elasticity can therefore be 

box continues next page
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map 4.2 increase in local GDp from the major Urban center road network 
improvement project

Legend

Local GDP increase

Provinces
Main cities
Critical road network

Nearest market
Bottom 25%

Top 25%

used to calculate the total increase in local GDP from the major urban center road network 
improvement project using the following formula:

∆GDPi = hM × tiM × yi,

in which ΔGDPi is the total increase to local GDP in grid cell i, hM is local GDP elasticity of trans-
port costs to the local market, tiM is the percentage change in transport costs to the local mar-
ket in cell i, and yi is baseline local GDP in cell i. The total increase in local GDP is then obtained 
by summing the increases across grid cells. 

Box 4.1 local GDp simulation (continued)
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Estimated Deforestation: Forest Cover Loss
This section estimates the additional deforestation that may occur as a result of 
the major urban center road network improvement project. The process is simi-
lar to the above procedure for estimating incremental local GDP. In addition, the 
initial condition of the nearby road is used as a factor for simulating deforesta-
tion. Road condition is shown to be a significant determinant of deforestation in 
the analysis in chapter 3.

Map 4.3 shows current deforestation in the Democratic Republic of Congo for 
the period 2000–12, from Hansen and others (2013).3 Deforestation in the coun-
try occurs for three main reasons: timber production (both formal and informal), 
wood fuel consumption, and land use change (mostly the conversion of forested 

map 4.3 total Deforestation, 2000–12

Legend

Total deforestation 2000–12

Road class

Main cities
Navigable rivers

Primary

Rate in %

Others

<1%
1.1–5%
5.1–10%
10.1–25%
>25%

Source: Hansen and others 2013. 
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areas into farmland). Despite insufficient data on how much deforestation is due 
to land conversion, it is clear that logging for wood fuel use outpaces timber 
production, with an estimated 72 million cubic meters of fuel wood consumed 
each year, relative to only 300,000 cubic meters of wood harvested in the formal 
timber sector, and an estimated 1.5 million to 2.4 million cubic meters of wood 
harvested in the informal timber sector annually (Debroux and others 2007). 

As of 2016, the latest baseline forest cover provided by Landsat/TreeCover is 
for 2005 (Sexton and others 2013). Using Hansen and others’ (2013) deforesta-
tion data, this Landsat data is then updated to reflect estimated tree cover for 
2015, as shown in map 4.4.4 

map 4.4 Baseline Forest cover, 2015

Legend

Tree coverage 2015
Percentage by pixel (10 km2)

Provinces
Province capital

<10%

40.1–50%
30.1–40%
20.1–30%
10.1–20%

>70%
60.1–70%
50.1–60%

Source: Based on Hansen and others 2013. 
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Given the baseline 2015 tree cover data, and the elasticity of deforestation with 
respect to both transport cost reductions and road quality improvements, addi-
tional deforestation due to the major urban center road network project can now 
be estimated. The estimate is shown in map 4.5.5 As the map shows, much of the 
additional deforestation will occur near the major cities of Kananga, Kisangani, 
and Maniema, as well as much of South Kivu and Maniema provinces. 

Visualizing Opportunities and Safeguarding against Risks
This section combines the results from earlier in this chapter to examine 
the areas most affected, in both positive (higher local GDP) and negative 

map 4.5 estimated Additional Deforestation from the major Urban center road 
network improvement project

Legend

Deforestation due to project

Provinces
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Critical road network

Source: Based on Hansen and others 2013. 
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(increased deforestation and biodiversity loss) ways. However, before doing so, it 
is  instructive to visualize the spatial distribution of the economy and ecology of 
the Democratic Republic of Congo. To do this, the intersection of local GDP 
(first presented in chapter 1, map 1.1), and the composite species-ecoregion 
index presented in chapter 3 (map 3.5), is shown in a combined map (map 4.6).

Map 4.6 shows that, quite often, the regions of the country that are most 
important economically also tend to contain the highest levels of sensitive bio-
diversity. The most important ecological areas, according to the composite 
 species-ecoregion index, are along the eastern and southeastern borders of 
the country, the Congo River and its tributaries, and much of the provinces of 

map 4.6 the economy and ecology of the Democratic republic of congo

Legend
Provinces
Main cities

Source: Based on Ghosh and others 2010. 
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Bas Congo and Kinshasa. These also tend to be areas of higher population 
 density and economic activity, with the notable exception of much of the eastern 
portion of Katanga province. Given that increased economic activity is typically 
followed by increased pressure on forests and biodiversity, significant risks from 
any development plan must be acknowledged so that effective policies and safe-
guards can be put in place.

To get a clearer picture of the economic and ecological impact of the major 
urban center road network improvement project, as a first step, changes in local 
GDP and deforestation are overlaid in one map to identify areas that would see 
the most benefits, or face the highest risks of loss.

•	 Areas in blue are “pure benefit” regions: local GDP gains are very significant, 
and deforestation increases are very low.

•	 Gold areas are the riskiest regions, and are estimated to have very low local 
GDP gains, but significant deforestation as a result of the project. These regions 
would benefit the most from being protected, given that there would be little 
economic activity lost, and there is a significant risk of deforestation.

•	 The intermediate zone is in gray.

Furthermore, as was shown by the composite species-ecoregion index, not all 
forested areas are equally important. To further prioritize the areas that would be 
most in need of protection, the regions at risk of the most deforestation are fur-
ther dissected to reveal those that are most ecologically important. This task is 
accomplished by observing the intersection of the composite species-ecoregion 
index with the simulated deforestation due to the road improvement project. 
This result is shown in map 4.7. Note that the red, high-risk areas in map 4.7 are 
a subset of those in map 4.8. Given limited resources to put toward protection 
mechanisms, these red areas represent the regions most important to protect, 
while also having a low economic impact. The benefit of this exercise is that it 
shows that the truly high-risk areas appear to be small when threats from the road 
are considered. It also suggests where conservation efforts ought to be directed.

virunga national park road improvement project

The same techniques are next used to examine the costs and benefits of a much 
smaller road improvement project, situated around Virunga National Park, shown 
in map 4.9. This project would improve a 525 kilometer road that connects the 
city of Goma, situated just south of Virunga National Park, between the park and 
Lake Kivu, to Bunia, approximately 100 kilometers north of the park, near Lake 
Albert. The pathway of the road is shown in map 4.9. Despite being a very popu-
lated area (approximately 4.5 million Congolese live within a small area around 
the road), the current condition of the road is quite poor, and in many areas, 
impassable. The 140 kilometer portion of the road that is paved is entirely in poor 
condition. The remaining 385 kilometers are unpaved, with 200 kilometers being 
in fair or good condition, and 185 kilometers in poor condition.
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At first thought, improving this road may appear to offer a significant oppor-
tunity to spur economic growth in the region. The surrounding area has signifi-
cant deposits of mineral wealth, including gold and the rare-earth mineral coltan. 
The land also contains very fertile soils with very high agricultural potential. 
Map 4.10 shows actual production yields versus potential yields for two impor-
tant regional crops, cassava and bananas. The potential yields shown here are the 
“ideal agronomical potential,” that is, the yields that could be obtained given a 
very high level of inputs and laboratory-like conditions. Although these condi-
tions could, of course, never be achieved, these images clearly show that there is 
significant room for yield improvement, and improving market access for farmers 
in the region may provide both the means and the incentives to adopt more 

map 4.7 major Urban center road network, high ecological risk Areas

Legend

Project impact hotspots
Impacts risk assessment

Provinces
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Low ecological/high GDP
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High ecological/low GDP

Sources: Based on Ghosh and others 2010 and Hansen and others 2013. 
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input-intensive farming techniques to improve yields (see box 4.2 for a discus-
sion on estimating agricultural benefits of the Virunga National Park road 
improvement project). Without taking into consideration any externalities, this 
road appears to be a major candidate for significant investments to spur eco-
nomic activity. 

Nevertheless, road infrastructure development in this region may come 
with deep trade-offs. The land around the potential road project is heavily 
forested and includes one of the world’s most important national parks. 
Virunga National Park was established in 1924 and was the first designated 
national park in Africa. Originally established to protect one of only two 

map 4.8 major Urban center road network Deforestation risk Assessment

Legend

Project impact hotspots
Impacts risk assessment

Provinces
Main cities
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Low deforestation/high GDP
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High deforestation/low GDP

Sources: Based on Ghosh and others 2010 and Hansen and others 2013. 
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populations in the world of the now critically endangered mountain gorilla, 
the park also contains other exceptional biodiversity, including both the for-
est and savannah elephants, okapi, giraffes, and chimpanzees. As demon-
strated in chapter 3, improving the road around Virunga could potentially 
disrupt this biome. Environmental factors aside, Virunga National Park could 
become one of the greatest tourist attractions on the continent if the conflict 
and security issues in the eastern part of the country could be resolved. 
Destroying this natural capital would therefore not only be an environmental 
tragedy, but would also eliminate a potentially significant source of future 
income for the country’s impoverished inhabitants.

map 4.9 virunga national park road improvement map

Legend
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Source: Based on Africa Infrastructure Country Diagnostics, http://infrastructureafrica.org/. 
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map 4.10 Actual production Yields versus potential Yields for cassava and Banana
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Box 4.2 Estimating Agricultural Benefits

This report focuses on estimating aggregate, multisector economic benefits from road con-
struction. However, a similar methodology can be used to estimate benefits for a particular 
sector. The only requirements are spatially disaggregated output data and a production func-
tion that holds under the assumptions of linear econometric estimation strategies. Estimating 
an agricultural production function is quite common in the economics literature, and for the 
Democratic Republic of Congo requires very little additional data. Because most agricultural 
production is at the subsistence level, it is safe to assume that the only major inputs are land 
(for example, soil quality and climate) and labor (for which population in the surrounding area 
can serve as a proxy). In addition, a novel data set known as the Spatial Production Allocation 
Model (SPAM) from HarvestChoice (2012) provides baseline agricultural production data, by 
crop, in a gridded fashion similar to the presentation of local GDP data in this study. 

Using the SPAM data, an agricultural production function can be estimated that generates 
elasticities describing how production of a given crop changes for a percentage change in mar-
ket transport costs. This agricultural production function is given by the following equation:

 β β γ ε( ) ′P = + TM + X +ln ln( ) ,i
k

0 1 i ii  (B4.2.1)

in which Pi
k denotes the total production of crop k in grid cell i, TMi is the transport cost to mar-

ket, and Xi is a vector of regional controls. Those controls include ln(population), ln(population)2, 
ln(crop k potential yield), ln(crop k potential yield)2, ln(distance to nearest mine), and a mea-
sure of conflict near the grid cell and the local market. As with the local GDP regressions, to 
account for the endogeneity of both market cost and the conflict variables, this calculation 
takes an instrumental variable approach following Ali (2015) (see Ali and others [2015] for 
details on the instrumental variables used and a discussion of the conflict measures). 

With each crop estimated separately, national crop-specific elasticities are calculated. 
Those elasticities are shown in table B4.2.1. Note that the elasticities are modified so that they 
show the percentage change in crop production for a corresponding 10 percent reduction in 
market transport costs. 

The results show that bananas and plantains have the highest transport cost elasticities, 
which is not surprising given that they are highly perishable and therefore need to be sold 

Table B4.2.1 Impact of Transport Cost Reductions on Crop Production

Crop
Elasticity (percent change in crop production for 

each 10 percent reduction in market transport costs)

Cassava 2.6***
Bananas or plantains 12.4***
Maize 0.11
Ground nuts 6.6***
Rice 4.6***
Beans 12.3***

Significance level: *** = 1 percent.

box continues next page
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The immense trade-offs that accompany this project make it a fitting example 
of a project that would benefit from the analysis developed in this report. The 
next two subsections show the calculations needed to quantitatively evaluate the 
costs and benefits of this project.

Estimated Benefits: Increase in Local GDP
As with the major urban center road network simulation, this simulation begins 
with an estimate of local transport costs to the cheapest market. First, the opti-
mal route and the transport cost associated with that route are calculated, given 
the current condition of the road segment. The geospatial model is then updated 
to reflect the entirety of this road being upgraded to good condition. Map 4.11 
shows the original transport costs before the improvement, and the estimated 
reduction in transport costs due to the intervention. As would be expected, trans-
port costs are lowest nearest to the road and the major cities (which are also 
markets according to the definition in the geospatial model), and increase with a 
fairly even gradient as one moves away from the main population center around 
the border with Rwanda and Uganda. Similarly, the bulk of the transport cost 
reduction occurs for those living close to the road because the reduction is mea-
sured as a percentage of the original transport cost. Individuals living farther from 
the road being improved will spend less time using the improved road, so their 
overall transport costs are reduced by a lower percentage, even if the overall level 
of transport costs declines more.

Next, local elasticities are generated using the methodology described in 
 chapter 2. Benefits—the increase in local GDP—are then calculated at the grid 
cell level (approximate 10 kilometers ×10 kilometers), and aggregated to arrive 
at a final range of US$7.29 million–US$31.9 million per year above the baseline, 
depending on whether local elasticities or the national elasticity (calculated in 
box 2.2 of chapter 2) is used. Map 4.12 shows the distribution of these benefits. 
Note that they are even more clustered around the road than are the changes in 
transport costs, shown in map 4.11. This outcome occurs because the increase in 
local GDP is a function that increases with both the baseline local GDP and 

quickly after harvesting. In contrast, cassava and rice, which are highly nonperishable, have 
relatively low transport cost elasticity, reflecting the fact that market access may not be such 
an important factor when it comes to production decisions.

Using these elasticities, simulations on agricultural output performed similarly to the simu-
lations on local GDP in this report would be straightforward. Note that because the data are at 
the spatially gridded level, and not the farmer or plot level, the simulation results would be 
agnostic with respect to whether the production change is caused by intensification (improv-
ing yields on a given plot of land) or extensification (increasing the amount of land under 
 cultivation). However, a more complex model that also takes into account total harvested area 
could be adopted to distinguish between these two mechanisms.

Box 4.2 estimating Agricultural Benefits (continued)
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the percentage reduction in transport costs, both of which are highly clustered 
around the road. Multiplying these two magnifies this clustering even further. 
Again, several caveats must be noted. First, it is unlikely that these benefits would 
occur all at once. Rather, the benefits would likely layer in over several years as 
individuals in this region adapt to the new infrastructure, make new investments 
in their farms or business, and set up new networks in the cities in the region. 
Second, this methodology only estimates the benefits to an increase in local trans-
port to the cheapest market. Having cheaper access to multiple markets may 
bring additional benefits. Finally, these are gross benefits and factor in neither the 
cost of the road upgrade nor ongoing maintenance costs. 

Estimated Deforestation: Forest Cover Loss
Using the methodology established in chapter 3, the predicted additional defor-
estation due to the Virunga National Park road improvement project is now 
estimated to see which regions are most at risk. Baseline forest cover in 2012 is 
shown in map 4.13. As is evident from the map, considerable deforestation has 
already occurred around the region of the road.

Map 4.14 now shows the estimated annual new deforestation that would 
occur due to the road improvement project. The biggest risk of deforestation is 
to those regions that have already shown a propensity to be deforested, and that 

map 4.11 virunga national park regional transport cost before and after the intervention
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are nearest to the population centers and the improved road. This simulation 
shows that the areas that would be most stressed are near Lake Edward, the cor-
ridor between Goma and Rutshuru, and the corridor from Katwa to Butembo to 
Beni. To a much lesser extent, additional deforestation may also occur to the west 
and northwest of Bunia and to the northwest of Goma.

As a final step in the analysis, the estimated additional deforestation due to 
the project is layered on top of the current biodiversity index to see which 

map 4.12 local GDp change due to the virunga national park road 
improvement project
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Source: Baseline local GDP is from Ghosh and others 2010. 
Note: GDP increase is shown in qualitative terms because the actual values are dependent on the elasticity 
chosen for the simulation. Because all cells are multiplied by the same elasticity, choosing the locally 
estimated elasticity instead of the national elasticity will result in the same percentage change in local GDP 
for every cell, and therefore the relative difference in local GDP will remain the same, as shown in the map. 
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threatened areas have the most biodiversity, and are therefore most worth 
 protecting. This composite is shown in map 4.15. The grid cells outlined in black 
are those in which deforestation is predicted to increase because of the project. 
Although the intensity of deforestation is not measured, the map allows the 
gradient of biodiversity within the affected areas to be compared to discern 
which areas are ecologically most important. Comparing map 4.14 with 
map 4.15, it is clear that some of the regions with the highest ecological value 
also coincide with the regions predicted to experience the highest rate of defor-
estation from the project.

map 4.13 Baseline Forest cover, 2012, virunga national park
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The important conclusion is that the Virunga National Park road project poses 
a very significant risk to the forests and to high-value biodiversity in the region. 
Before undertaking such a project, stakeholders should carefully compare the 
estimated benefits with these costs to ensure the trade-offs are worthwhile. This 
analysis also identifies the regions most at risk, so that if the project is deemed to 
be economically viable, safeguards can be put in place to protect the most fragile 
and vulnerable areas.

map 4.14 Additional Annual Deforestation due to the virunga national park 
road improvement project
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notes

 1. That is, using the newly upgraded network, the optimal route to the cheapest market 
is reestimated following the same procedure, thereby obtaining the cheapest travel 
cost for every cell, under the scenario that each of these roads is entirely in good 
 condition. Then the results are compared with the baseline scenario to obtain the 
change in transport costs for each grid cell due to the project. Note that the spatial 
model uses tertiary, secondary, and primary roads, thereby capturing rural connectivity 
and market issues at the same time.

 2. This image looks remarkably similar to map 4.1, which is to be expected; the differ-
ence between them is that the data used to create map 4.2 are multiplied by local 
GDP and the local GDP elasticity to transport costs.

map 4.15 Biodiversity composite index compared with estimated Additional 
Deforestation due to the project
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 3. Trees are defined as vegetation taller than five meters and are expressed as a  percentage 
per output grid cell. “Forest cover loss” is defined as a stand-replacement disturbance, 
or a change from a forest to nonforest state, during the period.

 4. Deforestation data are available from 2000 to 2012 (Hansen and others 2013). It is 
assumed that the average deforestation rate in each 10 square kilometer cell continues 
for 2013 and 2014 to arrive at the 2015 tree cover map. 

 5. To calculate this, the annual average number of pixels lost to deforestation in the 
recent past (2000–12), the change in transport costs (to the local market) due to the 
project, and the elasticities of number of pixels cleared to changes in transport costs 
(see chapter 3 for an explanation of this elasticity) were all used to simulate the effect 
of improving the road and reducing the transport cost to the local market.
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C h a p t e r  5

Summary and Conclusions

Introduction

The Democratic Republic of Congo’s transport infrastructure is among the 
 sparsest and most dilapidated in the world. Although improving the transport 
network will not be sufficient to cause growth and raise the millions of Congolese 
out of extreme poverty, any successful development plan must include infra-
structure investment as a core component. The purpose of this study is therefore 
to demonstrate several techniques that can be used to evaluate pathways to 
sustainable growth in the country via transportation infrastructure improvement. 
This report attempts to take a holistic approach to evaluating the impact of road 
network improvement. Chapter 2 provides an overview of the current state of 
the Democratic Republic of Congo’s transport system, prescribes two potential 
transport investment opportunities, and presents an econometric model for esti-
mating the economic benefits from reducing local transportation costs. Chapter 3 
examines the potential deforestation that could occur from infrastructure invest-
ments, specifically estimating total losses as well as possible biodiversity impacts 
on the local biome. Finally, chapter 4 combines the knowledge from the previous 
chapters to simulate the effects of improving a national roads network that 
connects major urban centers with Kinshasa, as well as of improving a local road 
near Virunga National Park. The report estimates both economic benefits due to 
local transport cost reductions and costs in the form of additional forest 
depletion.

Modeling transport Cost in the Democratic republic of Congo and 
Its effects in the economy

A geospatial model was developed to simulate how individuals and traded 
goods are moved around the country. This model takes the road and river 
network (including both location and quality information), land topography, 
and population data as inputs, and makes several simplifying, yet plausible 
assumptions about how local farmers, traders, and other economic agents will 
move around the country. The culmination is a model that can be used to 
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estimate transport costs to and from any location within the Democratic 
Republic of Congo, that is, transport routes that a cost minimizer would take 
to ship products to market.

From the analysis it is clear that, aside from some isolated areas in the north-
west part of the country, rivers are used relatively infrequently for local  transport. 
Specifically, only 14 percent of individuals and 7 percent of the country’s gross 
domestic product (GDP) are in areas where it would be cost-effective to use 
river transport for any portion of the trip to the local market. Thus, investments 
in river transport will not have a significant impact on local market transport, 
given the current economic geography of the country. It is therefore evident that 
the road network is likely to be much more important for local transport than 
are rivers. However, access to river transport becomes more important for longer-
distance travel and for goods with a relatively low value-to-bulk ratio. When 
minimizing travel costs to Kinshasa, the geospatial model indicates that approxi-
mately 80 percent of the Democratic Republic of Congo’s population, and nearly 
60 percent of GDP, are in areas where the more efficient travel path uses river 
travel, at least in part, to transport goods to Kinshasa. Although cost savings to 
local transport are quite low and confined to areas right along the river, cost sav-
ings for transport to Kinshasa are much greater and spread throughout most of 
the country, save the southern part, which is mostly outside of the Congo Basin.

Finally, an econometric model is estimated that shows how reducing transport 
costs to the local market can have an impact on GDP. When controlling for vari-
ous important factors, including local population, agricultural land quality, prox-
imity to mining sites, and the presence of conflict, it is found that reducing 
transport costs by 10 percent can, on average, increase local GDP by 0.46  percent. 
Although it may be intuitive that reducing transport costs can have a positive 
impact on the economy, quantifying these benefits is useful for conducting 
impact analyses, as is demonstrated in chapter 4.

estimating Deforestation and Biodiversity impacts of 
road improvements

Using the best available data and robust econometric techniques, the report also 
finds large and highly significant effects of road upgrading on the intensity and 
extent of forest clearing in road corridors. Predicted effects of deforestation 
around improved road corridors vary widely with previous road conditions and 
locational economics, but increases in deforestation of 10–20 percent are typical. 
More specifically, the deforestation assessment finds remarkably robust and 
 stable econometric estimates across different statistical specifications in the 
regressions, suggesting that forest clearing intensity declines on average with 
distance from roads, proximity to protected areas, and less accessible terrain (for 
example, higher elevation). It increases on average with improvements in road 
conditions, the agricultural value of land (opportunity cost), proximity to 
 population agglomerations (that is, urban centers), and conflict intensity. Two 
patterns are noteworthy. First, upgrading roads from very poor to good condition 
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produces near-complete deforestation within a narrow corridor (a radius of 
about 1–1.5 kilometers) straddling the road. Second, the impact is nonlinear, and 
deforestation intensity falls very rapidly as distance from the road increases. Most 
of the deforestation occurs within about a 2 kilometer radius of the road.

Because not all forest land is of uniform ecological value, nor is it of uniform 
economic value, this report also develops a metric for identifying areas that are 
both of high ecological value and at higher risk of degradation. A high-resolution 
map of ecological vulnerability is developed that combines information on 
 species as well as ecosystems, including measures of geographic vulnerability, 
extinction risk, and other aspects of the ecosystem captured through a measure 
of biomes developed by the World Wildlife Fund.

Overall, the results suggest that the siting process for infrastructure needs to 
consider effects on deforestation and biodiversity loss at the very outset of 
 planning. Sequential decision making whereby the location decision occurs first, 
followed by an environmental impact assessment, can lead to economically less 
favorable outcomes that can be avoided through careful upstream planning.

scenario Analysis

In the final chapter, the econometric results from chapters 2 and 3 are used in 
two simulations to estimate the potential welfare benefits, as well as  deforestation, 
that would result from the implementation of (1) a proposed road investment 
project that connects major urban centers to Kinshasa with high-quality roads in 
good condition, and (2) a road connecting two major cities in the eastern part of 
the country. Keeping in mind that the benefits are estimated using a partial 
equilibrium framework, and that the benefits are only a subset of the total ben-
efits from reducing transport costs (other benefits include those stemming from 
improved transport between cities, increased access to multiple cities rather than 
solely the cheapest one, and better access to ports), these estimates are likely a 
very conservative, minimum benefit.

In a similar manner, simulations are used to estimate the total extent of defor-
estation attributable to these two projects. The methodology identifies areas that 
are most at risk for new deforestation resulting from the project. It also allows 
for areas of high ecological value to be prioritized by overlaying a composite 
biodiversity index, which accounts for the fact that not all forests are identical 
and the ecological value of different regions can vary significantly.

Finally, the results from the major urban center road network project are 
combined to create a map that provides an indication of which areas of the 
country would benefit most from the proposed project, and which areas would 
suffer the greatest risks from deforestation. Maps similar to these can be used to 
help plan the location of future transportation investment projects and help 
ensure these projects have the largest expected economic benefits, while also 
minimizing environmental impacts.

It is important to conclude by highlighting the caveats to this analysis. First, 
the assessment has been conducted in an environment in which data are limited, 
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so there would be merit in replicating the analysis with better data. Second, no 
attempt has been made to conduct a full cost-benefit analysis. This omission 
partly reflects the difficulties in defining environmental costs and benefits, espe-
cially those related to biodiversity. Third, the simulations are based on the 
assumption that all benefits are immediate; in reality, benefits would evolve as 
the economy moves to a new equilibrium. Fourth, because the analysis is dealing 
with aggregate benefits, it is unable to identify which sectors of the economy 
would be most responsive to transport cost improvements, or would be most 
likely to result in environmental damage. Once more, this shortcoming reflects 
the lack of data at the desired spatial scale. Finally, the focus of the report is on 
benefits that derive from reductions in transport costs to local markets. Extending 
the analysis to other markets or complementing the estimates with those derived 
from gravity models of interregional trade would be straightforward processes.
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The natural endowment of the Democratic Republic of Congo (DRC), in the form of land, minerals, and forests, 
is unparalleled. The right mix of policies has the potential to unleash incentives that could transform the 
economy. However, transport infrastructure in the DRC is among the sparsest and most dilapidated in the 
world, and this lack of infrastructure is likely a significant constraint to growth. 

Economic Boom or Ecologic Doom? Using Spatial Analysis to Reconcile Road Development with Forest 
Conservation considerably advances the information that is available to infrastructure planners, and provides 
methodologies that could be used to make more informed decisions to identify trade-offs between economic 
growth and environmental endangerment. The approach draws from the state of the art across a variety of 
disciplines—geographic information system (GIS) analysis, spatial econometrics, economic theory, and 
conservation biology—to create an approach that can guide the location and level of investments by 
estimating benefits and environmental costs at a highly disaggregated spatial scale.

The analysis proceeds in four related phases that combine economic assessments with geospatial analysis. 
First, transport costs are estimated using GIS techniques. A variety of econometric procedures are then used 
to determine the economic effects of changing transport costs. Second, highly disaggregated spatial data are 
used to estimate the effects of roads on forest cover, and the resulting biodiversity that would be at risk from 
local deforestation. Third, the two spatial estimates are combined to simulate the effects of different policies. 
Fourth, this simulation results in a series of maps that identify regions where there are large trade-offs 
between economic and ecological goals.

Overall, the results suggest that the siting of infrastructure needs to consider impacts at the very outset of the 
planning process. This report presents both new data and new techniques that can be used to identify areas 
of opportunity, risk, and potential for Reducing Emissions from Deforestation and Forest Degradation (REDD+) 
financing. Such upstream planning has been rendered both feasible and cost effective with the availability of 
geo-referenced information on forest cover and economic data. Economic Boom or Ecologic Doom? provides 
the data and easily comprehensible maps for such an exercise.
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