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CHAPTER

THE INFRASTRUCTURE
– INEQUALITY –
RESILIENCE NEXUS

The 2030 Agenda attributes crucial importance to the interlinkages and integrated nature of the SDGs.
Goals and targets are interlinked and their formulation highlights the connections between them.
Drawing from the work of the scientific community, this chapter examines the nexus between three
specific areas that are explicitly interlinked in the Agenda: infrastructure, inequality and resilience (see
Box 2 1). Better understanding of that nexus is important because it addresses critical commitments of
the 2030 Agenda. First, the pledge that no one will be left behind, which as discussed in the previous
chapter; second, the promise to take bold and transformative steps needed to shift the world onto a
sustainable and resilient path; and third, the commitment to adopt policies to increase the quality and
resilience of infrastructure.
This chapter aims to highlight the main channels of interconnection among these three areas and to
synthesize the results of scientific analyses of the synergies and trade-offs among them. The chapter
continues the nexus approach adopted in the previous two editions to the Report, highlighting the need
for integrated approaches to sustainable development by showing how actions in one area of the SDGs
can affect other areas. The chapter aims to promote the science-policy interface by bringing to the
attention of policymakers how key interlinkages are analysed by scientific community, while providing
the scientific community with some key policy questions and highlighting areas that may need further
research.
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Infrastructure is one of the areas that are generally
considered as a public good, and as such, its provision or
regulation is usually the responsibility of governments.1
The consideration of the nexus provides policy-relevant
information that can assist policymakers to further
develop infrastructure while reducing inequality and
increasing resilience. It can also strengthen the capacity of
policymakers and practitioners to approach development in
an integrated way, by providing concrete examples.
The following observations further underline the importance
of the nexus:
•

There are large disparities in access to infrastructure:
Worldwide, over 1.1 billion people still have no access
to electricity.2 663 million people lack access to clean
water, and 2.4 billion do not have adequate sanitation.3
About one third of the world’s population is not served
by all-weather roads.4

•

Closing those disparities would require large
investments: The global infrastructure gap is estimated
to amount to $1-1.5 trillion annually in developing
countries.5

•

Investment in infrastructure should be mindful of its long
lasting effects: Estimated useful life of infrastructure
ranges from 20 years for roads to over 100 years for
concrete bridges, sewer and water structures.6

•

The need to make infrastructure resilient to disasters:
Since 2010, disasters caused by natural hazards have
accounted for over US$ 900 billion in economic damage,
mostly in terms of damage to infrastructure.7

Extensive bodies of literature have focused on each of the
three areas of the nexus. For example, infrastructure has
received significant attention in development circles, due
to its perceived critical role in spurring economic growth
and development. Yet, scientists focusing on each of those
distinct fields, typically hail from different communities,
making links between the three areas less commonly
studied than any of the three areas taken in isolation.
This chapter was prepared based on a broad call for inputs,
reaching out to scientists and experts who have published
in peer-reviewed journals on topics related to the nexus,
as well as other experts within and outside of the United
Nations System. Scientists were invited to contribute to the
chapter by identifying and describing interlinkages between
infrastructure, inequality and resilience, identifying
synergies, trade-offs and constraints, and providing
evidence of the empirical strength of the interconnections.
This was complemented by the analysis of scientific articles
related to the nexus. Clearly, the analysis is not exhaustive
but serves to highlight the broad range of research and
scientific perspectives that exist in relation to the nexus.

The methodology used is described in Annex 2.
Given that the nexus is comprised of three broad areas that
may be defined differently by various scientific disciplines,
this chapter adopts the working definitions listed in Table 2-1.
As discussed in Chapter 1, inequality is characterized by
discrimination and the disparity in opportunities or outcomes
between people or groups of peoples. Similar to poverty,
inequality is multidimensional, including dimensions such
as education, culture, health, nutrition, security, power,
social inclusion, income, consumption and assets.8
Infrastructure, in the broader sense, is a means to fulfill a
human need.9 It is composed of basic assets and objects that,
in the aggregate, are deemed essential for the functioning
of society and the economy. The scope of infrastructure
considered in this chapter comprises basic services
such as water, sanitation and energy, and connectivity
infrastructure, including roads, transport systems, and
information and communication technologies.10
Resilience is an attribute of such complex systems as
ecosystems, people’s livelihoods, cities and infrastructure,
and is usually defined as the ability of a system to adapt to
a shock and maintain its core functions.11 In this chapter,
the focus is on the resilience of people as characterized by
their ability to adapt to economic, social and environmental
shocks so they could continue to lead the life that they have
reason to value.
The interlinkages within the nexus indicate how a change
in one area affects, and is affected by, other areas.
Interlinkages can result in synergies when an improvement
in one area results in an improvement in another area. For
example, improvements in the quality of rural roads may
increase access of poorer households to markets and job
opportunities, which may reduce income inequality and
increase resilience.
On the other hand, interlinkages can result in trade-offs
when an improvement in one area results in a decline in
another area. For example, improvement in the quality of
rural roads could create incentives for the specialization
of agricultural households in a particular crop, which
would reduce the diversity of their livelihoods and, in
turn, their resilience to shocks. It may also be possible
that households that are already better-off would benefit
the most from the improvement in the roads given their
initial advantage in terms of stock of capital, which could
contribute to increase inequality.
As illustrated by these examples, interlinkages in the
nexus are complex and conditional to existing levels of
infrastructure, inequality and resilience. This chapter
highlights some of the key interlinkages based on evidence
from science.
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Table 2-1: Working definitions
Inequality

Infrastructure

Resilience

The disparity in opportunities or outcomes
between people or groups of peoples

Basic assets and objects that are
considered essential for the functioning of
the society and economy

Ability of people to withstand and adapt to
economic, social or environmental shocks
so they can continue to lead the life they
have reason to value

Source: Authors.

Box 2-1: Infrastructure, inequality and resilience nexus in the 2030 Agenda
The areas of infrastructure, inequality and resilience are individually addressed in many goals and targets of the SDGs. The interlinkages
between these areas are explicitly highlighted in 15 SDG targets. The majority of those targets are related to providing universal access
to infrastructure to reduce inequality (e.g. drinking water, sanitation, modern energy services, ICT and Internet, housing, and transport).
Another two targets link resilience to infrastructure (developing resilient infrastructure – target 9.1) and to inequality (building resilience
of the poor – target 1.5). Finally, the interlinkage of the three areas of the nexus is highlighted in three targets: facilitate sustainable and
resilient infrastructure in developing countries through enhanced financial, technological and technical support to African countries,
LDCs, LLDCs and SIDS (9.a); support LDCs in building sustainable and resilient buildings (11.c); and increasing the number of cities that
implement integrated policies towards inclusion and resilience to disasters (11.b).

Figure A. SDG targets directly related to the nexus

SDG targets
Build the resilience of the poor (1.5)

(1.5)

LDCs (2.a)

Invest in rural infrastructure, particularly in LDCs (2.a)

usive (4.a)

Build and upgrade education facilities that are inclusive (4.a)

k through

Recognize the value of unpaid care and domestic work through
provision of public services and infrastructure policies (5.4)

e drinking
all (6.1)

Universal and equitable access to safe and aﬀordable drinking
water for all (6.1)

Areas of the
Nexus
Develop
Infrastructure

Adequate and equitable sanitation and hygiene for all (6.2)
Universal access to aﬀordable, reliable and modern energy
services (7.1)
Infrastructure for modern and sustainable energy services for all
in developing countries, in particular LDCs, SIDS and LLDCs (7.b)

cture (9.1)

Develop resilient infrastructure (9.1)

countries
al support
SIDS (9.a)

Sustainable and resilient infrastructure in developing countries
through enhanced ﬁnancial, technological and technical support
to African countries, LDCs, LLDCs and SIDS (9.a)

Reduce Inequality

Access to ICT and strive to provide universal and aﬀordable access
to the Internet in LDCs (9.c)
Access for all to adequate, safe and aﬀordable housing and basic
services and upgrade slums (11.1)

transport
(11.2)

Access to safe, aﬀordable, accessible and sustainable transport
systems for all (11.2)

(11.c)

Support LDCs in building sustainable and resilient buildings (11.c)
Cities implementing integrated policies towards inclusion and
resilience to disasters (11.b)
Source: Authors.

Build Resilience
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Key interlinkages

Consultation with experts and the review of scientific
Calibri
11 pt
leading
13the
ptelements
literature haveFont
identified
several
links
between
of the infrastructure, inequality and resilience nexus, which
for simplification were grouped in the key interlinkages
presented in Figure 2-1. The Figure was designed with a
view to breaking down the various causal links that exist
between the three areas under consideration (represented
by the boxes). The arrows between boxes indicate the
interlinkages; the nature of the links is indicated in the text
near the arrow. For example, one arrow links infrastructure

to inequality and indicates that provision of basic services
affects inequality. The sizes of the arrows indicate the relative
amount of illustrative research focusing on a particular
linkage, based on the inputs by contributing experts and
meta-review conducted in preparation for the chapter. The
links presented were selected by clustering the information
provided by experts into logical relationships. Given the
complexity of the nexus, the map is only illustrative and is
not intended to include all the relevant links.
The interlinkages identified by experts and described in
Figure 2-1 can be summarized as follows:

Figure 2-1: Evidence map of the infrastructure – inequality – resilience nexus
Balance of political power aﬀects
government’s investment decisions on
infrastructure

Inequality

Provision of
basic services
aﬀects inequality
Change in
productivity
aﬀects inequality

…aﬀect
inequality

Inequality of
opportunity and
discrimination aﬀects
social norms,
interactions and
networks, which
aﬀects resilience

Infrastructure
Access to goods,
services and job
opportunities ….
…aﬀect
resilience
Resilience of
infrastructure
aﬀects people’s
resilience
Resilience

Source: Authors elaborations based on inputs by experts and literature review.
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Infrastructure affects inequality of outcomes and
opportunities through three main channels. First,
infrastructure that provides basic services such as water,
sanitation and electricity may affect inequality depending on
the quality, design, coverage, accessibility and distribution
of that infrastructure. Infrastructure such as irrigation,
electricity, ICT, and roads increase productivity and reduce
trade costs, which affects the structural dynamics of the
economy, including levels of income and distribution of jobs,
and may have an effect on inequality. The third channel is
through connectivity infrastructure such as roads and ICT,
which affects the access of people to goods, services and job
opportunities, and therefore may have an effect on inequality.
On the other direction of the interlinkage, inequality of
outcomes affects infrastructure through its effect on the
balance of political power and, consequently, government
decisions and the involvement of private companies on the
provision of basic services, including infrastructure.
Infrastructure affects resilience through its effect on
access of people to goods, services and job opportunities,
which have an effect on the ability of people to adapt to
shocks. The quality, design, distribution, interrelation and
operation of infrastructure also affect the resilience of
the infrastructure itself, which has an effect of people’s
resilience to economic, social and environmental shocks.
Inequality of opportunity and discrimination affect resilience
through their impacts on social norms, interactions and
networks, which have an effect on the ability of people to
adapt to shocks.
Two potential links in the nexus seem not to have received
much attention from the contributing experts and literature
reviewed. They are the links from resilience to inequality
and to infrastructure.12 Further research is required to
uncover the reasons for that gap, but a possible cause
may include the fact that there is still an ongoing debate
on the ways to measure resilience, which has been noted
by many experts and is reflected in the sizeable number of
publications dedicated to that the topic.13

2.1.1 Infrastructure and inequality
Contributing experts noted numerous studies related to
understanding the interlinkages from infrastructure to
inequality. Table 2-2 further details these interlinkages,
with contributions from experts of examples, illustrative
research and suggested areas for further research.14
Infrastructure has historically been considered key to
economic growth and development,15 but research on the
link between infrastructure and inequality has shown a more
nuanced story.16 Econometric studies at the aggregate level
have found that infrastructure development has positive
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effects reducing poverty17 and income inequality.18 However,
the impacts of infrastructure on income inequality may
differ based on the type of infrastructure and the income
category into consideration.19 The mechanisms through
which these effects operate remain relatively unexplored
through econometric techniques.20
Microeconomic studies that evaluate the impact of
particular infrastructure interventions have found that
physical infrastructure in roads and communications
facilitates spatial access and information flows, raising
labour mobility, advancing rural non-farm economies,
and reducing the incidence of poverty in some geographic
areas.21 Other empirical studies have found that improved
access to infrastructure services can raise the income of
the poor through its impact on human capital, specifically
education and health outcomes, and that public
infrastructure provides a boost for local community and
market development.22
Table 2-3 summarizes the potential impact of infrastructure
in various development areas as found in the literature,
looking at the relation between infrastructure and areas
related to the SDGs. The magnitude of the effectiveness
is given as large (+++/---), moderate (++/--), small (+/-)
or neutral (0).23 Infrastructure is found to reduce income
poverty and to affect non-income aspects of poverty,
contributing to improvements in health (SDG 3), nutrition
(SDG 2), education (SDG 4), and women empowerment
(SDG 5).24 The magnitude and direction of the effect of
infrastructure on income inequality depends, as mentioned
above, on such factors as the type of infrastructure.
Clearly, such analysis includes a large dose of arbitrary
judgment but it serves to illustrate the complex nature of
the impact of infrastructure on the distribution of outcomes
and opportunities. In summary, the table shows that in
general there is a positive effect of the quantity and quality
of infrastructure on the level of attainment in different areas
of development, but the effects on inequality, illustrated by
the effects on income inequality, are not always positive.
They depend on several factors such as the initial level
of inequality of opportunities and outcome that affect the
extent to which people benefit from the improvements in
infrastructure
Many studies have also assessed the impact of infrastructure
on inequality through the effects of the former in increasing
productivity and reducing trade costs, which affects the
structure of the economy and the levels of income and
distribution of jobs. A considerable share of that research
focuses on the rural context. In general, development
of infrastructure improves agricultural productivity and
reduces rural poverty. For example, research in China,
India, Philippines, Thailand, and Viet Nam shows that
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Table 2-2: Important interlinkages from infrastructure to inequality
Infrastructureginequality
Interlinkages

Illustrative research

The quality, design, coverage,
accessibility and distribution of
infrastructure that provides basic
services affects inequality
Examples:
• Historical inequities can be perpetuated
as an unintended result of the method
of delivery of essential services such as
water and sanitation
• In urbanizing regions, emphasis on
basic service and environmental service
infrastructure building on the core area
and its neglect in the peri-urban has
structured placed-based inequalities.

• Analysis of the role of income, maternal
education and social capital on how
sanitary infrastructures affect child
health.25
• Development of policy and practice
guideline for local, provincial and national
government to promote the expansion
and improve the operations at wastewater
treatment works.26
• Analysis of the connection between
access to water, equity and
development.27
• Analysis of the multiple practices and
arrangements by which the peri-urban
poor access water and sanitation to help
in the identification of service delivery
options that work for them.28
• Analysis of the consequences of water
tariffs that use sliding-scale prices to
assess the aggregated consumption of
households in terms of equity.29
Infrastructure increases productivity
• Analysis of the impact of infrastructural
and reduce trade costs, which affects
investments in roads, electricity and
the structural dynamics of the economy,
irrigation on agricultural productivity.30
including changes in levels of income
• Analysis of the effect of inadequate
and distribution of jobs, and may have an
provision of public Infrastructure and
effect on inequality
services on private investment.31
Examples:
• Analysis of the benefits of rehabilitating
• Construction of rural roads had led to
rural roads for enhancing income
increased agricultural production.
opportunities for the rural poor.32
• Coverage and reliance of electrification
• Analysis of the impact of agricultural
increase productivity of economic
extension and roads on poverty and
activities.
consumption growth in the rural
context.33
• Better roads are associated with lower
transport costs.
• Impact evaluation of interventions in
support to rural transport infrastructure.34
• Case studies on smallholder agriculture
trends, constraints and opportunities.35
• Analysis of the impact of rural roads on
poverty.36
The quality, design, coverage,
• Analysis of causes and effects of the
accessibility and distribution of
broad pattern of gender disparity in
connectivity infrastructure affect
transport access and use.37
people’s access to goods and services,
• Analysis of the impact of roads on poverty
and job opportunities, which have an
reduction.38
effect on inequality
• Analysis of the infrastructure and poverty
Examples:
linkages.39
• Transportation infrastructure may deepen • Analysis of the impact of transport
inequalities based on its absence, its
sector on maternal and child mortality
design and its consequences to better
development goals.40
policies enhancing development.
• Empirical Investigation on the effect of
• Rural and poor villages without efficient
volume and quality of infrastructure in
connections (infrastructure) may
income distribution.41
perpetuate their isolation hampering
• Assessment of the historical influence
income convergence across the country
of housing policies on social inequality,
and even enlarging inequalities.
disadvantaged neighbourhoods and
• Infrastructure may drain activity of less
transport deprivation.42
dynamic nodes and concentrate activity to
• Analysis of renewable energy-based
the largest more dynamic nodes.
electrification projects in reducing social
• Access to Internet and mobile telephony
inequalities and improving people’s wellincrease the access to goods, services
being.43
and job opportunities.
Source: Authors, based on inputs by experts and literature review.

Areas for further research suggested by
experts
• Analysis of the key factors that improve
the use of infrastructure and reduce
inequities.

• Direct impacts of investment in electricity
and telecommunications infrastructure on
agricultural productivity.
• Analysis of impact of rural infrastructure
on long-term changes related to crops
portfolios, technological changes at
both agricultural activities level and
non-agricultural activities level, and the
change in consumption patterns.

• Besides better transportation, analysis of
other factors may help increase adequate
and affordable housing opportunities in
major cities.
• Analysis of the interrelation between road
access and migration.
• Compare financial and time costs for poor
and non-poor households to access all
forms of health intervention for improved
maternal and child health outcomes.
• Consideration of long-term population
changes into the design of urban
infrastructure to reduce vulnerability and
exclusion of aging population.
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Table 2-3: Infrastructure’s potential impact on key development areas
Income
poverty

Infrastructure:
Transport (local)
Transport (regional)
Modern energy
Telecom
Water (private use)
Sanitation
Water management

+++
+++
+++
++
++
+
+++

Education

++
+
+
+
++
+

Gender

Child and

parity in

infant

education

Mortality

++
+
+
+
+
++
+

+
++
++
+
+++
+
+

Maternal

Communicable

Environmental

ICT and

Income

Health

disease

protection

trade

Inequality

+
+
+
+
+
+

+
+
+
+
+

+
-++
+
+++
++
++

+
+++
+
++
+
+

(-, +++)abcdef
(---, +++)agh
(--, +++)afh
(0, +)ahi
(+, +++)ad
+++d

Source: Willoughby, C., (2004). Infrastructure and the MDGs, sponsored by DFID, unless noted otherwise. a - Calderón & Chong (2004);44 b - Calderón
& Serven (2004);45 c - Seneviratne & Sun (2013);46 d - Calderón & Serven (2008);47 e - Calderón & Serven (2010);48 f - Majumder (2012);49 g - Khandker
& Koolwal (2007);50 h - Bajar & Meenakshi (2015);51 i - Lopez (2004).52
Notes: The magnitude of the effectiveness is given as large (+++/---), moderate (++/--), small (+/-) or neutral (0). Large is thought as more than 20%
improvement with significant infrastructure development or more than 0.2 point increase with 1 point infrastructure increase. Moderate is considered as
10-20% improvement or 0.1-0.2 point increase, and small is 5-10% improvement or 0.01-0.1 point increase that is statistically significant. The values for
inequality denote the range of infrastructure development’s impact on income\consumption inequality. The first value refers to the most negative effect
identified, and the second value refers to the most positive.

inequality is statistically lower in irrigated areas53 with
higher agricultural output per worker.54
Experts also noted that infrastructure provides different
opportunities and challenges depending on where and to whom
it is intended.55 For example, in the rural context, certain types
of infrastructure have a higher impact. Many rural and remote
areas are cut off from economic opportunities, markets, and
public services, which locks residents in low productivity
and poverty. Experience from Bangladesh, Cameroon,
China, Ethiopia, India, Viet Nam and other countries shows
that investment in secondary rural roads tends to have
positive effects on the private sector productivity,56 poverty
reduction,57 school enrolment,58 access to health services,59
and economic growth,60 and comparison studies have found a
higher benefit to cost ratio than investment in higher-volume
roads.61 Better rural infrastructure also facilitates women’s
free movements and can lead to empowerment.62
Research related to the infrastructure-inequality link has
also explored how traditional inequalities can be perpetuated
as an unintended result of the method of delivery chosen for
essential services such as water and sanitation. For example,
inequalities can be reinforced if service charges or uses fees
do not take into consideration disparities in income. Elements
of equity in access to and use of water and the distribution of
the impacts of interventions in water resource development
include: social equity between different groups of people
living in the same location; spatial equity between people
living in different regions; equity access between men and
women efforts to access and use water, and its benefits; and
inter-generational equity in enjoyment of water resources.
Transportation infrastructure may also deepen inequalities
depending on its design, by draining activity from less
dynamic nodes and concentrating it in to the largest, more
dynamic nodes. There is also considerable research on how

some transport infrastructure may benefit high income
users who make use of private cars while some others
may have wider economic effects improving welfare of a
larger amount of the population reliant on public services,
particularly those with low income in developing countries.
Regarding the link from inequality to infrastructure, there is
the overall sense that investments and the quality of services
favour wealthier areas and that the design of infrastructure
and the operation of public services tend to follow the wider
balance of power (Table 2-4). Experts also noted a large
literature on the politicised basis behind the production of
the uneven landscape of urban areas, especially cities that
experienced rapid expansion without inclusive policies,
which shows the persistence and reinforcement of social
and spatial inequalities.

2.1.2 Infrastructure and resilience
The interlinkages from infrastructure to resilience account
for almost half of the research identified by contributing
experts as related to the nexus. Examples of illustrative
research are shown in Table 2-5.
In the experts’ view, there seems to be a high level of
knowledge on how the quality, design and distribution of
infrastructure affect the resilience of infrastructure to shocks
by natural hazards. By damaging the infrastructure and
its functionality, disasters also impact the socio-economic
fabric of communities. Quantitative models predicting
impact of disasters have been developed by many research
groups. However, although much is known in the case of
more predictable and lower intensity events, technology
and countermeasure strategies are still being developed for
making infrastructure resilient to more severe disasters.
There is also a significant focus of research on the so called
critical infrastructure, such as interurban transport, and
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electricity and ICT infrastructure, whose disruption causes
major negative effects on the economy and functioning of
society. The complex nature and high interconnectedness
of these infrastructures makes them particularly vulnerable
to “chain reaction” effects during crisis.63 Contributing

experts noted that some nations have conducted mapping
of infrastructure dependencies and redundancies, which
has advanced the understanding of the interdependencies
across different types of infrastructure.

Table 2-4: Important interlinkages from inequality to infrastructure
Inequalityginfrastructure
Areas for further
research suggested by
experts
Inequality affects the balance of political
• Development of framework that is able to capture the • The political,
power and, consequently, government
multidimensionality of the relations between nature
ideological and
decisions on the provision of public services,
and society increasingly mediated by the state.64
operational influences
including infrastructure
behind investments
• Analysis of empirical relationships between spatial
and urban planning,
factors and travel behaviour for men and women in
Examples:
comparing countries
a
cross-section
of
low-income
communities
in
large
• Investments and the quality of services favour
65
and cities in the Global
metropolitan
areas.
the wealthier, regular areas.
North and in the
• Analysis of human rights, inequality and public interest Global South.
• The design of urban infrastructure and the
66
litigation on provision of sanitation.
operation of public services tend to follow the
• How to make
wider balance of power.
• Analysis of centralization as a determinant of
sanitation policies
67
government investment in infrastructure.
a topic politically
• The needs of people living far from central
appealing for
areas (State capitals and main cities) receive
• Study of the colonial roots of inequality in the access
68
governments.
less attention from public interest litigators who
to water in urban context.
could help them vocalizing their claims.
Interlinkages

Illustrative research

Source: Authors, based on inputs by experts and literature review.

Table 2-5: Important interlinkages from infrastructure to resilience
Infrastructuregresilience
Areas for further research suggested by
experts
The quality, design, distribution,
• Review of coastal disaster risk management,
• How to truly build a multi-layer protection
interrelation and operation of
engineering analysis of infrastructure resilience
system.
infrastructure affect the resilience
to natural disasters, analysis of threats and
• The issue of rapid recovery vs improving
69
of the infrastructure itself,
assessment of vulnerability.
long-term resilience.
which has an effect of people’s
• Development of strategic framework for
• Quantitative measures to describe the
resilience to economic, social and
assessing organizational and network resilience
relationship between structural design,
environmental shocks.
of critical infrastructure.70
resilience and sustainable development in
Example:
• Analysis of critical Infrastructure dependencies
model based approaches.
• The design of urban infrastructure
to determine how such infrastructure is affected • Evaluation of different approaches to
71
can influence social vulnerability.
when another critical infrastructure fails.
public-private partnerships (PPP) and
• Pre-event assessment of
• Development of unified approach for
relationship to governance of critical
vulnerability and resilience can
addressing resilience and sustainability of civil
infrastructure.
72
lead to better infrastructure design infrastructure.
• Methodologies that can quantify social
and retrofit choices.
• Development of approaches for identifying
and economic damage.
• The functionality of interurban
the trade-offs between quickly restoring
• Different ways in which to provide
traffic infrastructure is critical
infrastructure services versus taking time to
incentive to increase resilience of
for the economic efficiency of
consider and consult on alternative options.73
infrastructure.
a society. To fulfil this task,
• Development of methods to quantify the
•
Interrelations
between different kinds of
structures have to be resilient as
resilience of water networks.74
infrastructures.
well as sustainable.
• Analysis of factors that affect the resilience of
• Unification of concepts of infrastructure
• The recovery strategy after natural electrical power distribution infrastructures.75
resilience and sustainability.
disasters affects resilience.
Climate variability/change as well • Resilience assessment of interdependent
• Quantitative assessments have mostly
infrastructure systems, and analysis and
as sea level rise impact urban
been done for the various sectors in
modelling of optimum strategies to their joint
infrastructure that was designed
isolation. Research on infrastructure
76
restoration after failure.
long time ago with design criteria
interdependencies and resilience is
assuming stationarity.
• Development of models to quantify the effects
required.
of changes in international production from a
• Planning and urban design
• Development of specific water distribution
disruption in supply chain caused by natural
strategies can increase the
network infrastructure adapted to
disasters.77
resilience of cities to climate
earthquakes (automatic sluice valves,
change impacts.
• Case studies on the potential effects of failure
buried tanks for firefighting, special joints
of heavily used, outdated locks and dams.78
for absorption of displacements, etc.).
• Older infrastructure is less
resilient and more susceptible to
• Development of dynamic framework to assess
• A more systematic understanding of the
failure due to extreme weather.
multi-regional, multi-industry losses due to
required adaptation measures for ports
disruptions on commodity flow on the waterway and other critical transport infrastructure,
79
networks, including ports and waterway links.
in the light of the projected impacts of
climate variability and change.80
Interlinkages

Illustrative research
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Table 2-5: (continued)
Infrastructuregresilience
Interlinkages

Illustrative research

The quality, design, distribution
• Proposal of resilience-based approach for
and operation of infrastructure
assessing sustainability of regions to changes
affect people’s access to goods
that threatens to cross biophysical, economic,
and services, including natural
and social thresholds operating at different
services, and job opportunities,
scales, with possible knock-on effects between
which have an effect of people’s
them.81
resilience to economic, social and • Development of methods for evaluation of
environmental shocks.
performance of water supply utilities under
Examples:
varying climatic condition using reliability,
resilience and vulnerability metrics.82
• Location and concentration of
basic service infrastructures such • Analysis of the relationship between socioas pipe water system and drainage economic development and water resources
system, and paved roads is related
management strategy to attain sustainability in
to the vulnerability and resilience
water management.83
of certain areas to natural
disasters such as flooding.

Areas for further research suggested by
experts
• Sustainable urbanism design.
• The co-production of ‘natural’ disasters
and vulnerability.
• Analyses linking infrastructure like
irrigation works, or other connectivity
between communities and broader trade
networks, and resilience at community
and national scales.
• How the design of infrastructure should
encourage change of habits that are
helpful to local populations such as
walkability (encourage individuals in
general to walk, which should directly
help them exercise).

Source: Authors, based on inputs by experts and literature review.

Underlining much of that research is the view that the
shape and structure of infrastructure networks affect
how resilient they are against shocks. For example, many
infrastructure networks tend to be formed by continuously
adding new segments to existing parts of the network
that are already well connected.84 That fact is important
because these types of networks are robust to random
failure but vulnerable to failure on nodes with many links.
Public transport networks, for example, seem to be robust
under random failure but vulnerable to more targeted
shocks that disrupt nodes that are more connected or more
central in terms of having largest influence on the available
paths in the network.85 Other infrastructure may also be
affected in this way depending on their structure.86
Experts also noted that recovery strategies implemented
after natural disasters affect resilience and can lead to
increased social vulnerability;87 therefore substantial
research is going in the direction of optimizing the various
phases of disaster management. For example, considering
that pre-event assessments of vulnerability and resilience
can also lead to better infrastructure design and retrofit
choices, research has focused on techniques to identify the
most important interventions and most beneficial choices.
A basic and descriptive framework dealing with resilience
of civil engineering structures exists.
Contributing experts also suggested many areas for further
research. For example, noting that research has addressed
the fields of resilience and sustainability through different
perspectives, and contributing experts have suggested that
the two concepts have to be united since infrastructures
have to fulfil requirements of both fields at the same time.
Other areas for further research suggested by contributing
experts include: the apparent trade-off between rapid
recovery strategies after a disaster and the need for
improving long-term resilience; the development of

quantitative measures to describe the relationship between
structural design, resilience and sustainable development
in model-based approaches; the development of multilayer protection systems; and further research on the
interrelations between different kinds of infrastructures.
Similarly, more systematic approaches need to be developed
to support vulnerable countries in assessing and adapting
to the impacts of climate change on their critical transport
infrastructure such as ports and airports. 88, 89
The governance of infrastructure also influences the
resilience and vulnerability of society to disasters;
participatory governance and pro-actively informing
citizens supports their ability to cope with disasters.90
The relationship between the private and public sectors
in providing resilient infrastructure is also an area that
requires additional research. Specific topics identified
include the relationship of different approaches to publicprivate partnerships (PPP) and the governance of critical
infrastructure, and the different ways in which the public
sector could provide incentives to increase resilience of
private sector-provided infrastructure.
Relatively less developed is the research on how the quality,
design, distribution and operation of infrastructure affect
people’s resilience through their effect on people’s access
to goods, services and job opportunities. A pattern in this
area of study is the focus on specific areas and case studies
to try to identify and quantify the effects of infrastructure
on the capacity of people to withstand and adapt to shocks.
Contributing experts noted that the location and
concentration of basic service infrastructures such as
water distribution systems, drainage systems, and paved
roads is related to the vulnerability and resilience of
certain areas to natural disasters. It is also acknowledged
that there are large disparities in adequacy and quality of
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basic infrastructure between the core area and peri-urban
edge of mega urban regions, causing the latter to be more
vulnerable than the former during extreme events.
Some research has focused on the impact on jobs of building
and maintaining infrastructure, and experts gave examples
of how maintenance of inland waterways infrastructure
(i.e., locks, dams, channel dredging) supports local and
regional economies, and how the construction of droughtrelated infrastructure creates jobs.
Suggested areas for additional research include sustainable
urban design, and analyses of infrastructure connecting
communities to broader trade networks and its effect on
resilience at community and national scales.

2.1.3 Inequality and resilience
The research on the link from inequality to resilience focuses
on social capital and the effect of inequality on social
norms, interactions and networks, which are considered
to influence the capacity of people to recover and adapt
following a natural disaster or economic shock (Table 2-6).
There is recognition that particular attention should be paid
to vulnerable populations following natural disasters, in
particular women, children and persons with disabilities, as
they are the most severely affected. Also covered is inequality
in access to resources and the potential impact of shortage
and differences in costs and quality of basic services such as
water in triggering conflicts between different groups. The
research in this area also highlights the existence of poverty
traps, in which inequalities have an impact on infrastructure
policies and then on vulnerability and resilience.
Some of the areas that require further research suggested
by contributing experts include the study of quantitative
links between resilience and inequality, and how the quality

of social and political organization affects vulnerability and
resilience.

2.2 Harnessing
trade-offs

synergies

and

addressing

This section highlights policy areas suggested by
contributing experts to harness the synergies and address
the trade-offs between the three areas of the nexus
(infrastructure, inequality and resilience). Policies aiming
at reducing inequalities in all its dimensions are considered
to have positive effect in infrastructure provision and
increasing resilience by, for example, increasing the
likelihood of infrastructure investments that benefit
vulnerable groups.91 Many policies and strategies to reduce
inequality are illustrated in chapter 1 of this Report. This
section focuses on the narrower set of policies related to
infrastructure and their effects on inequality and resilience.
The discussion of interlinkages in the previous section
highlighted that improvements in infrastructure, in terms
of provision of basic services and facilitation of access to
goods, services and job opportunities, in general increase
the resilience of people to all kinds of shocks; however, its
effect on inequality mainly depend on where infrastructure
is placed and who it serves. Reflecting this, contributing
experts recommended that infrastructure policy should
focus both on efficiency and on equity goals. In that respect,
there is the view that an important policy component is the
principle of geographic equity – that is, ‘no place left behind’,
to correct the perceived disparities in the provision of basic
services infrastructure in rural and peri-urban areas while
public resources are concentrated in upgrading core areas.
There is the recognition that urbanization in developing
countries is rising fast92 and, therefore, policies should be

Table 2-6: Important interlinkages from inequality to resilience
Inequalitygresilience
Areas for further research suggested by
experts
Inequality of opportunity and
• Analysis of the role of social capital
• Personal and interpersonal connections
discrimination affects social norms,
in building resilience for post-disaster
with wider urban and national trends
interactions and networks, which have an recovery.93
• Links between resilience and inequality
effect on people’s resilience
• Studies using social capital lens to assess quantitatively, especially at broad scales
Examples:
adaptive capacity.94
is open for research and would have a
broad audience.
• Women and persons with disabilities are
• Analysis of determinants of urban
often disproportionally affected by natural resilience.95
• Connections of scale between local
disasters
and urban processes and regional and
• Role of social networks and civil society
national pressures; how the quality of
• Particular attention should be paid to
in coping with the effects of large natural
social and political organization affects
vulnerable populations following natural
disasters.96
vulnerability and resilience; the complex
disasters, as they are the most severely
• Analysis of social resilience to the threat
interconnections between state reform
97
affected.
of water scarcity.
and the growth of vulnerability and
• Analysis of child deaths in developing
• Analysis of social resilience as is
resilience.
countries suggests that while boys and
the capacity of social groups and
girls benefit equally from positive shocks
communities to recover from, or respond
in per capita GDP, negative shocks are
positively to, crises.98
much more harmful to girls than to boys.
Interlinkages

Illustrative research

Source: Authors, based on inputs by experts and literature review.
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in place for the development of inclusive and sustainable
infrastructure in urban areas.
In terms of synergies between infrastructure and
resilience, contributing experts highlighted three key
areas of policy intervention. First, there is a need to make
infrastructure resilient to disasters by integrating disaster
risk reduction into all phases of the infrastructure life
cycle through regulation, norms and standards, urban
planning, building codes, etc. Second, to reduce the risk
of failure of critical infrastructure such as transport,
energy, and telecommunications and its negative social
and economic impact, experts highlighted the importance
of policy directives on the security and resilience of these
infrastructure.99 Damages to infrastructure sometimes
are unavoidable and appropriate recovery plans should
prioritize infrastructure components that are most critical
for affected communities. Third, infrastructure becomes
more resilient when funding mechanisms and incentives to
reduce risk are in place, for example, through the adoption
of resilient-based requirements in the tendering and
contracting process.
Contributing experts also noted the need to further
disaggregate the analysis between rural and urban contexts
to be able to provide more specific policy recommendations.
For instance, for rural areas infrastructure investments
are essential to connect individuals to livelihoods and
opportunities for rising out of poverty. Conversely, urban
areas provide easier connectivity due to concentration, but in
many cases fragmented governance structures, congestion,
and higher incidence of poverty in inadequately serviced and
disadvantaged urban informal settlements and peri-urban
areas require concerted efforts in order to achieve balanced
development. The next sections take a look at the different
challenges faced by urban and rural areas when addressing
the interlinkages. It aims at summarizing a variety of
actionable interventions highlighted by the contributors to
this chapter to give a flavour of potential tools for policy
makers dealing with these interlinked issues.

2.2.1 Infrastructure – inequality – resilience in rural
areas
Lack of infrastructure investment in rural areas has
received much attention more recently. Such investments
may help people get out of the marginalization spiral, if
properly designed and implemented. However, investment
risks to disproportionally benefit the upper socio-economic
strata if the needs of the marginalized groups are not duly
taken into account.100
Also, conventional cost-benefit analyses based on rural
road appraisal models often fail to justify investment
costs, as the traffic levels are normally too low to show
a net discounted benefit.101 Wider economic and social
benefits are generally ignored and insufficient attention is
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paid to the value of time for different groups. Some studies
propose ways in which the social costs and benefits of
rural roads can be better measured and built into road
appraisal programs.102 However, these studies have not
yet led to mainstreaming pro-poor (and pro-marginalized
groups) social measurements into conventional rural
road assessments. This is mainly due to the challenges
of identifying and measuring consistent and robust
statistics, and the considerable differences in perceptions
and weightings given by local communities and national
authorities.103
Despite the challenges, many countries have found
important to invest in rural transportation. The government
of India has made a policy decision to connect all villages
with more than 500 inhabitants (250 inhabitants in the
remoter areas) to an all-weather road. China also aims to
connect all ‘administrative villages’ to all-weather roads.
New designs of trail bridges and footpath construction have
been developed and tested by local communities.104 Some
countries, such as Lesotho and Nepal, even have specific
units responsible for installing and maintaining rural
footbridges. A rural transport project in Peru rehabilitated
and maintained 7,000 km of trails, primarily used by women
and children.105
An additional pro-poor transmission channel can be
secured by associated labour-based programs in these
types of infrastructure projects. Many guidelines are
available to help planners and engineers adopt labourbased approaches,106 and ILO, for example, has prepared
guidelines for adapting tools so that people with disabilities
can be included in these programs. 107
Quite often transport planning and decision making tend
to be conducted as a technocratic process with minimal
information released to the public until construction
begins. Infrastructure projects would benefit from
participatory processes that involve local communities
and their various segments such as women, youth,
minorities and other constituencies. A participatory
approach would increase the likelihood that the needs of
those further behind are prioritized. Participatory planning
tools such as the Sustainable Transport Appraisal Rating
(STAR) and the Integrated Rural Accessibility Planning
(IRAP) allow for consulting with local communities when
preparing investment plans based on multi-dimensional
measurement tool that includes economic, poverty and
social, environmental and sustainability risk criteria.108

2.2.2 Infrastructure – inequality – resilience in urban
areas
Compared to rural areas, cities have different challenges to
address when dealing with interlinkages in the nexus. Cities
tend to have governance structures that are fragmented
both horizontally and vertically, making it difficult to
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coordinate the design, implementation and management
of infrastructure.109 Cities, particularly in developing
countries, also face particular challenges in relation to
funding infrastructure as they show a tendency to collect
limited own-source revenues and privilege the funding of
recurrent costs, such as salaries, over capital expenditure.
As a result, the capitals of many developing countries (many
of which are LDCs) rank at the bottom of global indexes of
liveability,110 which report an increasing burden on people’s
perceptions in terms of socio-economic opportunities and
equality of access. 111

different groups in society, including poor people and
slum dwellers. However, often lacking is a comprehensive
dialogue with different groups on the key urban transport
choices. To alleviate this, urban planning involve civil
society organizations more systematically in their decisionmaking process. For example, in a well-known case in
Mumbai, India, CSOs saw that organized groups of slum
dwellers were able to reach an agreement with the Railroad
Transport Authority and municipal authorities to relocate
and resettle several thousand households living in slum
settlements located alongside railway tracks.116

In 2014, there were estimated 900 million passenger cars
and light duty vehicles in developing countries. This is
expected to increase to nearly 1.6 billion vehicles by 2035.
Mexico City’s car population is increasing twice as fast
as its population, while India’s private vehicle population
is increasing three times as fast.112 Congestion has been
an increasing problem. Financial costs of efficient public
transport development are often too high for many cities in
developing countries113. Due to this financial and capacity
constraint, informal transport dominates service provision
in most developing countries.

Several policy brief contributions to this Report have
focused on emerging issues in urban areas related to
inequality, vulnerability to the effects of climate change,
and insufficient infrastructure systems. A summary of the
key messages of these contributions is presented in Box
2-2.

In urban areas, many poor can benefit from infrastructure
investment and maintenance that focus on affordable
public transport and in facilitating the use of less expensive
means of transport such as bicycles and motorcycles. Since
the poor live disproportionally in peri-urban slums and
since these areas are the least served and connected, the
poor tend to be disproportionally affected by the inadequate
status of infrastructure. Indeed, they are disproportionally
affected by the time spent on getting access to a given
service – be it transport, or securing water, electricity,
fire, etc. And since women have multiple daily journey
patterns, including taking children to school, going to work,
going to healthcare facilities, going shopping, etc., they
are disproportionally affected by the lack of services and
investment in these peri-urban areas. In addition, these are
areas where pollution levels tend to be most concentrated
and reach the highest levels.
Labour-intensive road construction programs have been
carried out in few urban projects in which the objective
was to provide employment for the poor. Examples include
the South African Expanded Public Works Programme
(EPWP) and the Bangladesh Local Government Engineering
Department (LGED), as well as several small urban
community-based employment programs in Africa, such as
storm water drainage and footpaths in Kampala and Dar es
Salaam, roads and drains in Lusaka, bicycle lanes in Kisumu
(Kenya) and road rehabilitation in Nairobi. 114
The urban planning process in many cases involves
undertaking surveys and collecting data on travel
patterns.115 To this extent, data need to be collected from

2.3

Conclusions

This chapter aimed to illustrate the importance of adopting
an integrated approach towards sustainable development,
by highlighting some of the main interlinkages between
infrastructure, inequality and resilience. Among the possible
interlinkages in the nexus, the areas that are usually covered
by scientific research are the links between infrastructure
and inequality, and how people’s resilience is affected
separately by infrastructure resilience and by inequality.
The links that are not covered are those from resilience
to inequality and from resilience to infrastructure. These
are relevant linkages and further research in this area is
needed to uncover important synergies and trade-offs.
In terms of policy areas related to the nexus, focus on
both efficiency and equity goals is needed to harness the
synergies between infrastructure, inequality and resilience.
An important policy component is geographic equity in the
provision of basic infrastructure. Regulation and incentive
mechanisms need also to be in place to integrate disaster
risk reduction into all phases of the infrastructure life cycle,
and to ensure the resilience of critical infrastructure to
natural disasters. Contributing experts have also noted the
need to further disaggregate the analysis between rural and
urban contexts to be able to provide more specific policy
recommendations.
Further cross-disciplinary collaboration and engagement
between researchers, practitioners, decision makers and
other stakeholders could be a way of achieving the mutual
learning and transfer of information that would enable
scientific knowledge to be transformed into practical
strategies to harness the synergies and address the tradeoffs between the three areas of the nexus.

Chapter 2. | The infrastructure – inequality – resilience nexus |

Box 2-2: Emerging issues in the urban context related to the infrastructure, inequality and resilience
nexus
Holistic, large-scale and integrated changes are needed to make cities more sustainable and resilient—to build capacity for absorbing
future shocks and stresses to social, economic, and technological systems, and to develop infrastructure through processes of evolution
and adaptation. Many cities are undergoing urban sustainability transformations, which aim to integrate resource efficiency, resilience
and quality of life, and address the social and political challenges inherent in transformative change.117 Green infrastructure approaches
to urban planning maximize the functions of the natural environment in urban areas while simultaneously protecting it, and have multiple
ecological and social benefits, including for sustainable water management, CO2 storage and removal, reduced energy use in buildings, air
quality improvement, and human health and wellbeing.118
In areas where the process of industrialization in still in the early stages, it is important to promote air pollution mitigation technologies
such as catalysts, filters and renewable energy replacements to make cities safer, sustainable, and more resilient.119 Successfully
integrating climate change mitigation measures in cities will require disaggregated data to better inform policies and planning in areas
characterized by high levels of urbanization and poverty and by low levels of infrastructure provision (e.g. river delta regions).120
Implementing clean and affordable modern technologies inside homes can reduce death and disease rates due to indoor air pollution,
increase women’s empowerment, and ensure a healthy learning environment for children. Bottom-up interventions such as “E-VOIDs”,
which upgrade the infrastructure of high-density slums to allow for better lighting and ventilation, are being designed and implemented
by poor communities in densely packed urban areas.121 Innovative financing such as Social Impact Bonds (SIBs) that reward investors with
financial return aligned to positive social impacts (e.g. investing in safer road infrastructure to reduce road traffic deaths),122 and green
bonds that link investment to reductions in carbon emissions (e.g. through low emissions public vehicles or investments in walking and
cycling infrastructure) are being promoted through efforts to achieve more sustainable and resilient cities.
Source: Science-policy briefs submitted for the GSDR 2016.

33

34

| Global Sustainable Development Report 2016

Endnotes
1

In many countries the private sector largely owns and operate
infrastructure.

2

Estimates from the Global Tracking Framework 2015 led by
the World Bank and International Energy Agency (IEA), in
coordination with the Energy Sector Management Assistance
Program (ESMAP) and 20 other partner agencies. Information
available from: http://trackingenergy4all.worldbank.org/

3

Estimates from UNICEF and WHO (2015), Progress on
sanitation and drinking water – 2015 update and MDG
assessment. Available from: http://www.unicef.org/publications
/files/Progress_on_Sanitation_and_Drinking_Water_2015_
Update_.pdf

4 https://www.weforum.org/agenda/2015/10/why-infrastruc
ture-investment-is-key-to-ending-poverty/
5

Infrastructure gap refers to the difference between the
expected level of infrastructure development based on past
trend and the level required to meet internationally agreed
development goals. Source: Inter-agency Task Force on
Financing for Development (2016), Addis Ababa Action
Agenda – Monitoring commitments and actions – Inaugural
Report 2016. Available from: http://www.un.org/esa/ffd/wpcontent/uploads/2016/03/Report_IATF-2016-full.pdf

6

For examples of estimates of useful time of infrastructure in
terms of capital asset depreciation, see http://www.osa.state.
ms.us/downloads/gasb34infrastructure.pdf; http://www.bls.
gov/ore/pdf/ec000040.pdf.

7

D. Guha-Sapir, R. Below, Ph. Hoyois – EM-DAT: The CRED/
OFDA International Disaster Database – www.emdat.be –
Universite Catolique de Louvain – Brussels – Belgium.

8

For examples of discussion of multidimensional aspects of
inequality see McKay, A. 2002, ‘Inequality Briefing: Defining
and Measuring Inequality’, Overseas Development Institute,
Briefing Paper No 1 (1 of 3). March 2002, and Afonso, H.,
LaFleur, M. & Alarcón, D., 2015, ‘Concepts of Inequality’,
Department of Economic and Social Affairs, Development
Policy and Analysis Division, Development Issues No. 1. 21
October 2015.

9

Following the definition of technology by Arthur, WB 2009,
The Nature Of Technology: What It Is And How It Evolves,
n.p.: New York : Free Press, 2009, United Nations DHL Library,
EBSCOhost, viewed 13 April 2016.

10 More generally, basic services also include health and
education, and infrastructure would include the physical
assets needed to deliver these, such as school buildings and
hospitals. To keep the scope of the chapter manageable, the
scope of infrastructure considered in the chapter has not
included health and education.
11 The IPCC defines resilience as “the ability of a system and
its component parts to anticipate, absorb, accommodate, or
recover from the effects of a potentially hazardous event in
a timely and efficient manner, including through ensuring the
preservation, restoration, or improvement of its essential basic
structures and functions.” (see Lavell, A., M. Oppenheimer, C.
Diop, J. Hess, R. Lempert, J. Li, R. Muir-Wood, and S. Myeong,
2012: Climate change: new dimensions in disaster risk,
exposure, vulnerability, and resilience. In: Managing the Risks
of Extreme Events and Disasters to Advance Climate Change
Adaptation [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J.
Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner,
S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special Report

of Working Groups I and II of the Intergovernmental Panel
on Climate Change (IPCC). Cambridge University Press,
Cambridge, UK, and New York, NY, USA, pp. 25-64.Lau, S.H.P.
and Sin, C.Y. (1997), Public Infrastructure and Economic
Growth: Time Series Properties and Evidence. Economic
Record, 73, 125-135, Australia).
12 For example, low resilience to economic and environmental
shocks due to lack of social protection programs could lead to
an increase in inequality, since the poor would suffer more.
13 The World Economic and Social Survey 2016 examines and
presents relevant lessons on these links from resilience to
inequality and to infrastructure.
14 A list of additional illustrative reports is available at
https://sustainabledevelopment.un.org/globalsdreport/
2016/chapter2.
15 Overall, the literature finds positive effects of investment in
infrastructure development on economic output and growth.
For examples see Aschauer, D., (1989). Is Public Expenditure
Productive? Journal of Monetary Economics 23, 177-200;
Munnell, Alicia H. (1992), Policy Watch: Infrastructure
Investment and Economic Growth. The Journal of Economic
Perspectives Volume 6 No. 4, pp. 189-98; Lau, S.H.P. and Sin,
C.Y. (1997), Public Infrastructure and Economic Growth: Time
Series Properties and Evidence. Economic Record, 73, 125135, Australia; Walsh J.P, C. Park, and J. Yu (2011), Financing
Infrastructure in India: Macroeconomic Lessons and Emerging
Markets Case Studies. IMF Working Paper/181, Washington,
D.C; Mohommad, A. (2010), Manufacturing Sector Productivity
in India: All-India Trends, Regional Patterns, and Network
Externalities from Infrastructure on Regional Growth. Ph.D
Dissertation, University of Maryland), although with disparities
across countries (see Canning, D. and Pedroni P. (2008),
Infrastructure, long-run economic growth and causality
tests for cointegrated panels. The Manchester School,
University of Manchester, Volume 76 (5), 504-527) and types
of infrastructure. In particular, electricity and connectivity
infrastructure such as roads and telecommunications have been
found to have a substantial positive productivity effect, which
contributes to economic growth (For examples see Calderón,
C. and Servén, L. (2003), The Output Cost of Latin America’s
Infrastructure Gap, in Easterly, W., Servén, L., eds., The Limits
of Stabilization: Infrastructure, Public Deficits, and Growth in
Latin America. Stanford University Press and the World Bank,
USA; Estache, A., B. Speciale, and D. Veredas, (2006). –How
Much Does Infrastructure Matter to Growth in Sub-Saharan
Africa?. The World Bank, Washington, D.C., processed; Roller
L.H., Waverman L. (2001), Telecommunications Infrastructure
and Economic Development: a simultaneous Approach. The
American Economic Review, 91 (4), pp. 909-23; and Poulos,
C., S.K. Pattanaya, and K. Jones, (2006). A Guide to Water
and Sanitation Sector Impact Evaluations, Doing Impact
Evaluation #4, The World Bank).
16 For a review of the literature, see Calderón, C, & Servén, L 2014,
Infrastructure, Growth, And Inequality: An Overview, n.p.:
Washington, D.C., The World Bank, 2014, ebrary, EBSCOhost,
viewed 23 March 2016.
17 Jalilian, H. and J. Weiss, (2004). Infrastructure, Growth And
Poverty: Some Cross Country Evidence, Paper Prepared
for ADB Institute Annual Conference On Infrastructure
and Development: Poverty, Regulation and Private Sector
Investment‘, December 6th 2004.
18 For example see López, H. (2004) ‘Macroeconomics
and inequality.’ The World Bank Research Workshop,

Chapter 2. | The infrastructure – inequality – resilience nexus |

35

Macroeconomic Challenges in Low Income Countries,
October; Calderón, C. & A. Chong 2004, ‘Volume and Quality
of Infrastructure and the Distribution of Income: An Empirical
Investigation.’, Review of Income and Wealth 50, 87-105;
Calderón, C, & Serven, L 2004, The Effects Of Infrastructure
Development On Growth And Income Distribution. [Electronic
Resource], n.p.: [Washington, D.C. : World Bank, 2004], ebrary,
EBSCOhost, viewed 28 March 2016; Seneviratne, D, & Sun,
Y 2013, ‘Infrastructure and income distribution in ASEAN-5:
what are the links?’, IMF Working Papers, p. 1, Academic
OneFile, EBSCOhost, viewed 28 March 2016.

Productivity? Collaboration for Environmental Evidence,
Bangor, UK. Available at: http://r4d.dfid.gov.uk/pdf/outputs/
systematicreviews/CEE11-007_SystematicReview.pdf
31 Reinikka, R. and J. Svensson, (1999). How Inadequate
Provision of Public Infrastructure and Services Affects Private
Investment‘, The World Bank, Policy Research Working Paper
Series: 2262.

19 For examples see Bajar, S, & Meenakshi, R 2015, ‘The Impact
of Infrastructure Provisioning on Inequality: Evidence from
India’, GLU Working Papers, 33-37, p. 1, Publisher Provided
Full Text Searching File, EBSCOhost, viewed 28 March 2016;
and Balisacan, A. M., and E. M. Pernia, 2002. Probing Beneath
Cross-National Averages: Poverty, Inequality, and Growth in
the Philippines. ERD Working Paper Series No. 7, Economics
and Research Department, Asian Development Bank, Manila;
Songco, 2002.

33 Dercon S, Gilligan D O, Hoddinott J and Tassew Woldehanna,
2009. The impact of agricultural extension and roads on
poverty and consumption growth in fifteen Ethiopian villages.
American Journal of Agricultural Economics, 91 (4): 1007-1021.
http://ajae.oxfordjournals.org/content/91/4/1007.abstract.

32 Escobal J and Ponce C, 2002. The benefits of rural roads:
enhancing income opportunities for the rural poor. GRADE
Working Paper 40. Grupo de Análisis para el Desarrollo
(GRADE), Lima, Peru. 56p. ISBN: 9972-615-25-I http://grade.
org.pe/download/pubs/ddt/ddt40EN.pdf.

20 Calderón, C. & Servén, L. (2014). “Infrastructure, Growth
and Inequality.” Policy Research Working Paper No. 7034.
Washington, D.C.: World Bank.

34 Orbicon and Goss Gilroy, 2010. Impact evaluation of Danida
support to rural transport infrastructure in Nicaragua.
Evaluation Department, Ministry of Foreign Affairs of
Denmark, Copenhagen. 128p. Available at: http://www.oecd.
org/countries/nicaragua/46750469.pdf.

21 For example see Reardon, T., Stamoulis, K. and Pingali, P.
(2007). “Rural non-farm employment in developing countries
in an era of globalization” Agricultural Economics 37(s1): 173
– 183.

35 Salami A, Kamara A and Brixiova Z, 2010, Smallholder
agriculture in East Africa: trends, constraints and opportunities.
AfDB Working Paper No. 105, African Development Bank
(AfDB), Tunisia.

22 For a review of the literature see Calderón, C. & Servén,
L. (2014). “Infrastructure, Growth and Inequality.” Policy
Research Working Paper No. 7034. Washington, D.C.: World
Bank.

36 Khandker S R, Bakht Z, Koolwal G B, 2009. The poverty impact of
rural roads: evidence from Bangladesh. Economic Development
and Cultural Change, 57 (4): 685-772. http://www.jstor.org/
discover/10.1086/598765?uid=3738032anduid=2anduid
=4andsid=21103879752227.

23 Large is thought as more than 20% improvement with
significant infrastructure development or more than 0.2 point
increase with 1 point infrastructure increase. Moderate is
considered as 10-20% improvement or 0.1-0.2 point increase,
and small is 5-10% improvement or 0.01-0.1 point increase
that is statistically significant.
24 Willoughby, C., (2004). Infrastructure and the MDGs,
sponsored by DFID.
25 Poder and He. 2011. How can sanitary infrastructures reduce
child malnutrition and health inequalities? Evidence from
Guatemala, Journal of Development Effectiveness, 3:4, 543566.
26 Funke, N., Ntombela, C. and Masangane, W. 2014. A Policy
and Practice Guideline for Local, Provincial and National
Government to Improve the Operations at Wastewater
Treatment Works. Pretoria: Council for Scientific and
Industrial Research. CSIR Report Number: CSIR/NRE/WR/
IR/2014/0027/A.
27 Phansalkar SJ (2007) Water, equity and development. Int J
Rural Manag 3(1):1–25.
28 Allen 2010, ‘Neither Rural nor Urban: Service Delivery Options
That Work for the Peri-urban Poor’; Sajor (In Press) Periurbanization and environmental issues in urban mega-regions.
29 Arbués, F., & Barberán, R. (2012). Tariffs for Urban Water
Services in Spain: Household Size and Equity. International
Journal Of Water Resources Development, 28(1), 123. doi:10
.1080/07900627.2012.642235.
30 Knox J, Daccache A and Hess T, 2013. Systematic Review:
What is the Impact of Infrastructural Investments
in Roads, Electricity and Irrigation on Agricultural

37 Porter, G. (2008). Transport planning in sub-Saharan Africa II:
Putting gender into mobility and transport planning in Africa.
Progress in Development Studies, 8: 281-289.
38 Gachassin M, Najman B and Raballand G, 2010. The impact
of roads on poverty reduction: a case study of Cameroon.
Policy Research Working Paper 5209, World Bank, Washington
DC, USA. 39p. Available at: http://elibrary.worldbank.org/doi/
pdf/10.1596/1813-9450-5209.
39 Brenneman A and Kerf M, 2002. Infrastructure and
poverty linkages: a literature review. International Labour
Organisation, Geneva, Switzerland. 122p. http://www.ilo.org/
emppolicy/pubs/WCMS_ASIST_8281/lang--en/index.htm.
40 Babinard J and Roberts P, 2006. Maternal and child
mortality development goals: what can the transport sector
do? Transport paper TP-12, World Bank, Washington DC,
USA. 50p. Available at: http://documents.worldbank.org/
curated/en/2006/08/7065270/maternal-child-mortalitydevelopment-goalscan-transport-sector.
41 Calderón, C. & A. Chong 2004, ‘Volume and Quality of
Infrastructure and the Distribution of Income: An Empirical
Investigation.’, Review of Income and Wealth 50, 87-105.
42 Power, A. (2012). Social inequality, disadvantaged
neighbourhoods and transport deprivation: an assessment
of the historical influence of housing policies. Journal Of
Transport Geography, 39.
43 Fernández-Baldor, Á., Boni, A., Lillo, P., & Hueso, A. (2014).
Are technological projects reducing social inequalities and
improving people’s well-being? A capability approach analysis of
renewable energy-based electrification projects in Cajamarca,
Peru. Journal of Human Development & Capabilities. Feb2014,
Vol. 15 Issue 1, p13-27. 15p.

36

| Global Sustainable Development Report 2016

44 Calderón, C.   & A. Chong 2004, ‘Volume and Quality of
Infrastructure and the Distribution of Income: An Empirical
Investigation.’, Review of Income and Wealth 50, 87-105.
45 Calderón, C, & Serven, L 2004, The Effects Of Infrastructure
Development On Growth And Income Distribution. [Electronic
Resource], n.p.: [Washington, D.C. : World Bank, 2004], ebrary,
EBSCOhost, viewed 28 March 2016.
46 Seneviratne, D, & Sun, Y 2013, ‘Infrastructure and income
distribution in ASEAN-5: what are the links?’, IMF Working
Papers, p. 1, Academic OneFile, EBSCOhost, viewed 28 March
2016.
47 Calderón, C, & Serven, L 2008, Infrastructure And Economic
Development In Sub-Saharan Africa. [Electronic Resource],
n.p.: [Washington, D.C. : World Bank, 2008], ebrary, EBSCOhost,
viewed 29 March 2016.
48 Calderón, C. & Servén, L. (2010). “Infrastructure in Latin
America.” Policy Research Working Paper No. 5317.
Washington, D.C.: World Bank.
49 Majumder,R. 2012, ‘Removing Poverty and Inequality in India:
The Role of Infrastructure’, Munich Personal RePEc Archive,
viewed 11 April 2016.
50 Khandker, S., and G. Koolwal, R 2007, ‘Are pro-growth policies
pro-poor? Evidence from Bangladesh.’ Mimeo, The World
Bank, viewed 11 April 2016.
51 Bajar, S, & Meenakshi, R 2015, ‘The Impact of Infrastructure
Provisioning on Inequality: Evidence from India’, GLU Working
Papers, 33-37, p. 1, Publisher Provided Full Text Searching
File, EBSCOhost, viewed 28 March 2016.
52 López, H. (2004) ‘Macroeconomics and inequality.’ The World
Bank Research Workshop, Macroeconomic Challenges in Low
Income Countries, October.
53 Bhattarai, M., R. Sakhitavadivel, and Intizar Hussain, 2002.
Irrigation Impacts on Income Inequality and Poverty
Alleviation. International Water Management Institute
Working Paper 39, Colombo.
54 In China, Fan, Zhang and Zhang (2002) find that the estimated
output elasticity is 0.41, implying that a 1% increase in
irrigation is associated with a 0.41% rise in agricultural output
per worker, resulting in a 1.13% drop in poverty incidence.
In the Philippines, the poverty elasticity is lower at 0.31
(Balisacan and Pernia, 2002). These results confirm Van de
Walle’s (2000) according to which irrigation seems to have a
particularly pro-poor outcome.
55 For example, Balisacan and Pernia (2002) use Filipino data
from 1985-1997 to argue that the rich tend to benefit more
from increased access to electricity. Balisacan, A. M., and E.
M. Pernia, 2002. Probing Beneath Cross-National Averages:
Poverty, Inequality, and Growth in the Philippines. ERD Working
Paper Series No. 7, Economics and Research Department,
Asian Development Bank, Manila.
56 Some examples of the literature are the following: Review of
27 studies linking road access to agriculture and summary
of how the construction of rural roads had led to increased
agricultural production (Knox J, Daccache A and Hess T, 2013.
Systematic Review: What is the Impact of Infrastructural
Investments in Roads, Electricity and Irrigation on
Agricultural Productivity? Collaboration for Environmental
Evidence, Bangor, UK). Surveyed Ugandan firms and shows
that, faced with unavailable and unpredictable services, many
firms invest in substitutes such as electricity generators and
significantly reduce productive private investment (Reinikka,

R. and J. Svensson, 1999, How Inadequate Provision of Public
Infrastructure and Services Affects Private Investment, The
World Bank, Policy Research Working Paper Series: 2262).
Their findings are similar to those from investment climate
assessments, such as (Anas A., Lee K. and Murray M., 1996,
Infrastructure Bottlenecks, Private Provision and Industrial
Productivity, World Bank Policy Research Working Paper
1603.) and (Lee K. S., A. Anas and G.-T. Oh., 1996, Cost of
infrastructure deficiencies in Manufacturing in Indonesia,
Nigeria, and Thailand, World Bank Policy Research Working
Paper 1604) on Indonesia, Nigeria and Thailand, and (Alby
P. and Straub S., 2007, Investment Climate Assessment and
Infrastructure: Evidence from 8 Latin American Countries,
mimeo World Bank) on eight Latin American countries. Escobal,
J. and Ponce, C., 2002, (The benefits of rural roads: enhancing
income opportunities for the rural poor, GRADE Working
Paper 40. Grupo de Análisis para el Desarrollo (GRADE),
Lima, Peru. 56p. ISBN: 9972-615-25-I) also reviewed 25
studies relating to rural transport in various countries and
found that investment in this type of infrastructure enhanced
agricultural production, employment, living standards and
poverty reduction. Lebo and Schelling (Design and appraisal of
rural transport infrastructure: ensuring basic access for rural
communities. Technical Paper 496, World Bank, Washington
DC, USA, 2001) showed that new roads are correlated with
lower input prices and freight costs in India, with increasing
crop outputs in Ethiopia (Dercon S, Gilligan D O, Hoddinott J
and Tassew Woldehanna, 2009. The impact of agricultural
extension and roads on poverty and consumption growth in
fifteen Ethiopian villages. American Journal of Agricultural
Economics, 91 (4): 1007-1021.) and increasing cultivated farm
areas in Nicaragua (Orbicon and Goss Gilroy, 2010. Impact
evaluation of Danida support to rural transport infrastructure
in Nicaragua. Evaluation Department, Ministry of Foreign
Affairs of Denmark, Copenhagen. 128p.). In sub-Saharan
Africa, Dorosh, Wang, You and Schmidt (Crop Production and
Road Connectivity in Sub-Saharan Africa: A Spatial Analysis.
Policy Research Working Paper 5385, World Bank, Washington
DC, USA, 2010) concluded that agricultural production in
areas more than eight hours travel time from a town of
100,000 people was only at 5% of its potential, compared
with 45% of its potential in areas less than four hours travel
time. The lack of rural roads and the poor quality of road
infrastructure has also been cited as a major constraint to
agricultural production in East Africa (Salami A, Kamara A
and Brixiova Z, 2010, Smallholder agriculture in East Africa:
trends, constraints and opportunities. AfDB Working Paper No.
105, African Development Bank, Tunisia).
57 Gibson and Rozelle (Poverty and Road Access in Papua New
Guinea, Economic Development and Cultural Change, 52(1),
159-185, 2003) calculated that the incidence of poverty for
people living over 60 minutes’ walk from a road in Papua New
Guinea was double than that of people closer to the road.
Research on Viet Nam reveals that poor households living in
rural communes with paved roads have a 67% higher probability
of escaping poverty than those in communes without paved
roads (Glewwe, P., M. Gragnolati, and H. Zaman, 2000. Who
Gained from Vietnam.s Boom in the 1990s? An Analysis of
Poverty and Inequality Trends. World Bank Working Paper
2275, Washington, D.C.). Likewise, an evaluation of a World
Bank-funded rural road rehabilitation project in Viet Nam
finds that the strongest positive impact was for the poorest
households. In particular, the time savings to reach habitual
places of destination were highly significant for the poorest
40% of households (Van de Walle, D., and D. Cratty, 2002.
Impact Evaluation of a Rural Road Rehabilitation Project.

Chapter 2. | The infrastructure – inequality – resilience nexus |

World Bank, Washington D.C.). Gachassin M, Najman B and
Raballand G, 2010 (The impact of roads on poverty reduction:
a case study of Cameroon. Policy Research Working Paper
5209, World Bank, Washington DC, USA.) use the Cameroonian
national household survey (2001) and report that it is not
road availability per se that helps to reduce poverty, but the
labor opportunities opened by roads. Rehabilitation of rural
roads raises male agricultural wages and aggregate crop
indices in poor villages of Bangladesh (Khandker S R, Bakht Z,
Koolwal G B, 2009. The poverty impact of rural roads: evidence
from Bangladesh. Economic Development and Cultural
Change, 57 (4): 685-772). In Viet Nam, public investment on
infrastructure has resulted in an increase in the availability of
food, the completion rates of primary school and the wages
of agricultural workers (Mu R and van de Walle D, 2011. Rural
roads and local market development in Vietnam. Journal of
Development Studies, 47 (5): 709-734). In addition, other
studies find that access to new and improved roads in rural
areas enhances opportunities in non-agricultural activities
in Peru (Escobal J and Ponce C, 2002. The benefits of rural
roads: enhancing income opportunities for the rural poor.
GRADE Working Paper 40. Grupo de Análisis para el Desarrollo
(GRADE), Lima, Peru. 56p. ISBN: 9972-615-25-I) and in nonfarm activities among women in Georgia (Lokshin, M., and R.
Yemtsov, 2005, Has Rural Infrastructure Rehabilitation in
Georgia Helped the Poor? The World Bank Economic Review
19(2):311-333). Finally, Jalan and Ravallion, 2003 (Does Piped
Water Reduce Diarrhea for Children in 31 Rural India? Journal
of Econometrics 112(1):153-173) showed that the water supply
system had a relatively stronger economic effect among poor
households than it did among non-poor households.
58 A program whose main output was to maintain rural pathways
and feeder-roads in Peru, increased primary school enrolment
for girls by 7% and secondary school attendance for boys
by 10% (McSweeney C and Remy M, 2008. Building roads to
democracy? The contribution of the Peru Rural Roads Program
to participation and civic engagement in rural Peru. Social
Development Notes 111, World Bank, Washington, DC, USA).
Mukherjee, 2012 (Do better roads increase school enrolment?
Evidence from a unique road policy in India. Research seminar
paper posted on Social Science Research Network. 39p.
Available at: http://dx.doi.org/10.2139/ssrn.2207761) provided
empirical evidence that school attendance increased by 22%
as a result of an Indian project building new village roads. In
particular, enrolment from disadvantaged groups increased
significantly. Aggarwal (2014, Do rural roads create pathways
out of poverty? Evidence from India. Job Market Paper,
University of California, Santa Cruz) concluded that there was
a 5% improvement in primary educational enrolment for 5-14
year old children, without significant gender differences.
59 After reviewing eight studies from around the world,
Brenneman and Kerf (2002, Infrastructure and poverty
linkages: a literature review. International Labour Organisation,
Geneva, Switzerland. 122p.) concluded that reducing the cost
and time to reach health centers through improved transport
frequently leads to an increase in timely access of the poor to
health care. Babinard and Roberts (2006, Maternal and child
mortality development goals: what can the transport sector
do? Transport paper TP-12, World Bank, Washington DC, USA)
highlight how poor access to transport is a major cause of
peri-natal mortality resulting from inadequate transport to
access basic health facilities and/or transport for referrals to
hospitals.
60 Examples are: Dercon S and Hoddinott J, 2005, Livelihoods,
growth and links to market towns in 15 Ethiopian villages. Food

37

Consumption and Nutrition Division (FCND) Discussion Paper
194, International Food Policy Research Institute (IFPRI),
Washington DC, USA; Dercon S, Gilligan D O, Hoddinott J
and Tassew Woldehanna, 2009, The impact of agricultural
extension and roads on poverty and consumption growth in
fifteen Ethiopian villages. American Journal of Agricultural
Economics, 91 (4): 1007-1021.; Essakali M, 2005. Rural
access and mobility in Pakistan: a policy note. Transport Note
TRN-28. World Bank, Washington DC, USA; Mu R and van de
Walle D, 2011. Rural roads and local market development in
Vietnam. Journal of Development Studies, 47 (5): 709-734;
Levy H, 2004, Rural roads and poverty alleviation in Morocco,
Case Study for ‘Reducing Poverty, Sustaining Growth’. World
Bank, Washington DC, USA; Khandker S R, Bakht Z, Koolwal
G B, 2009. The poverty impact of rural roads: evidence from
Bangladesh. Economic Development and Cultural Change, 57
(4): 685-772.
61 A study from Nepal has shown very high benefit to cost ratios
for new rural roads (Shrestha I and Starkey P, 2013. Economic
analyses of three DRSP roads. Annex 3 (pp 53-62) in: Starkey
P, Tumbahangfe A and Sharma S, 2013, External review of
the District Roads Support Programme, Final Report. Swiss
Agency for Development and Cooperation, Kathmandu, Nepal).
A study of public investments in rural Uganda suggested that
the most basic ‘feeder’ roads had a benefit-cost ratio of 7.2,
with 34 people taken out of poverty for each million shillings
invested (Fan S, Zhang X and Rao N, 2004. Public Expenditure,
Growth and Poverty Reduction in Rural Uganda, Development
Strategy and Governance Division, Discussion paper 4,
International Food Policy Research Institute, Washington DC,
USA). In contrast, the benefit-cost ratios of gravel roads were
not significant. Fan and Chan-Kang (2005, Road development,
economic growth and poverty reduction in China, Research
Report 138, International Food Policy Research Institute,
Washington DC, USA) concluded that the greatest returns
to investments in China came from the construction of lowvolume rural roads as their benefit-cost ratios were four times
greater for national GDP than investments in high-volume
roads. Banjo, Gordon and Riverson (2012, Rural transport:
improving its contribution to growth and poverty reduction in
Sub-Saharan Africa. SSATP Working Paper 93, World Bank,
Washington DC, USA) also emphasized the need to focus rural
transport investments in rural community roads, paths and
trails.
62 In Peru, rural road projects increased women’s income by 14%,
primary school attendance by girls by 7%, and the number
of visits by women and children to health centers by 55%
(World Bank, 2000, Peru Rural Roads Project Impact Survey.
Washington, D.C. World Bank). Dinkelman (2011, ‘The Effects of
Rural Electrification on Employment: New Evidence from South
Africa’, The American Economic Review, 7, p. 3078, JSTOR
Journals, EBSCOhost, viewed 23 March 2016.) provides insights
of the effects of a household electricity access project in South
Africa and finds that within five years, treated areas substitute
towards electricity in cooking and an overall 13.5 percent increase
in women employment, driven by the switch to electricity from
cooking wood that is usually collected by women. In Nicaragua,
access to electricity increased the propensity of women in rural
areas to work outside the home by 23% (Grogan and Sadanand,
2012, “Rural Electrification in Poor Countries: Evidence from
Nicaragua.”). At the same time, it has been shown that women’s
participation can help to ensure that infrastructure projects
fulfill their objectives (Narayan, D. (1995). “The Contribution of
People’s Participation: Evidence from 121 Rural Water Supply
Projects.” Washington, D.C.: World Bank).

38

| Global Sustainable Development Report 2016

63 This effect has also been termed cascading failure. See for
example Van Eeten, M; Nieuwenhuijs, A.; Luiijf, E.; Klaver, M. and
Cruz, E. (2011). The state and the threat of cascading failure
across critical infrastructures: the implications of empirical
evidence from media incident reports. Public Administration
89(2) 381-400.
64 Ioris, A.A.R. 2012. Applying the Strategic-Relational Approach
to Urban Political Ecology: The Water Management Problems
of the Baixada Fluminense, Rio de Janeiro, Brazil. Antipode,
44(1), 122-150.

78 Gwen DiPietro; Chris Hendrickson; H. Scott Matthews, Estimating
economic and resilience consequences of potential navigation
infrastructure failures: A case study of the Monongahela River,
Transportation Research Part A 69, 142-164.
79 Pant, R., K. Barker, and T.L. Landers. 2015. Dynamic Impacts
of Commodity Flow Disruptions in Inland Waterway Networks.
Computers and Industrial Engineering, 89: 137-149.

65 Venter, C.; Vokolkova, V.; Michalek, J. (2007). Gender,
residential location, and household travel: Empirical findings
from low-income urban settlements in Durban, South Africa.
Transport Reviews, Volume 27, Issue 6, Pages 653-677.

80 IPCC, Climate Change and the Ocean. Special Collection
of Reprints from the Working Group II Contribution to the
Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. 2014. On this issue see also the outcomes of
a number of UNCTAD Expert Meetings on the subject (http://
unctad.org/en/Pages/DTL/TTL/Legal/Climate-Change-andMaritime-Transport.aspx).

66 Barcellos, Castro and Fae (2016). Human Rights, inequality
and public interest litigation: a case study on sanitation from
Brazil (working paper).

81 Walker BH et al. (2009) Resilience, adaptability, and
transformability in the Goulburn-Broken catchment, Australia.
Ecology & Society 14:art12.

67 Albalate, D., Bel, G., & Fageda, X. (2012). Beyond the efficiencyequity dilemma: Centralization as a determinant of government
investment in infrastructure. Papers In Regional Science,
91(3), 599-615. doi:10.1111/j.1435-5957.2011.00414.x.

82 Asefa, T., J. Clayton, A. Adams, 2014, Performance Evaluation
of Water Supply Utilities under Varying Climatic Condition:
Reliability, Resilience, Vulnerability, and Beyond, Journal of
Hydrology. Volume 508, 16 January 2014, Pages 53–65.

68 Dill, B., & Crow, B. (2014). The colonial roots of inequality:
access to water in urban East Africa. Water International,
39(2), 187-200. doi:10.1080/02508060.2014.894212.

83 Wang Xiaojun, Zhang Jianyun, Shamsuddin SHAHID, etc,
Water resources management strategy for adaptation to
droughts in China [J]. Mitigation and Adaptation Strategies for
Global Change, 2012, 17 8 : 923-937.

69 Esteban, M. Takagi, H. and Shibayama, T., (2015) Handbook of
Coastal Disaster Mitigation for Engineers and Planners. Edited
Book, Butterworth-Heinemann (Elsevier), Oxford, UK.
70 Valiquette L’Heureux, A., & Therrien, M. C. (2013).
Interorganizational Dynamics and Characteristics of Critical
Infrastructure Networks: The Study of Three Critical
Infrastructures in the Greater Montreal Area. Journal of
Contingencies and Crisis Management, 21(4), 211-224.
71 Lauge, A., Hernantes, J. and Sarriegi, J. (2015) Critical
Infrastructure Dependencies: A holistic, dynamic and
quantitative approach. International Journal of Critical
Infrastructure Protection, Vol. 8, pp. 16-23.
72 Bocchini, Frangopol, Ummenhofer, Zinke (2014). Resilience
and sustainability of civil infrastructure: Toward a unified
approach. Journal of Infrastructure Systems, ASCE, 20(2),
04014004.
73 MacAskill, K. & Guthrie, P., 2015. A hierarchy of measures
for infrastructure resilience – learning from post-disaster
reconstruction in Christchurch, New Zealand. Civil Engineering
and Environmental Systems, 32(1-2), pp.130–142. Available
at: http://www.tandfonline.com/doi/full/10.1080/10286608.2
015.1022728.
74 Zhang, Z., Feng, X., & Qian, F. (2009). Studies on resilience of
water networks. Chemical Engineering Journal, (2-3), 117.
75 Maliszewski, P. J., & Perrings, C. (2012). Factors in the
resilience of electrical power distribution infrastructures.
Applied Geography, (2), 668.
76 Ouyang, M., & Wang, Z. (2015). Resilience assessment of
interdependent infrastructure systems: With a focus on joint
restoration modeling and analysis. Reliability Engineering And
System Safety, 74. doi:10.1016/j.ress.2015.03.011.
77 MacKenzie, C.A., J.R. Santos, and K. Barker. 2012. Measuring
Changes in International Production from a Disruption: Case
Study of the Japanese Earthquake and Tsunami. International
Journal of Production Economics, 138(2): 293-302.

84 For example, public transport networks exhibit behaviour
characteristics of networks that are considered scale-free.
For a review of the literature, see Derrible, S, and Kennedy, C
2011, ‘Applications of Graph Theory and Network Science to
Transit Network Design’, Transport Reviews, 31, 4, pp. 495519, Academic Search Premier, EBSCOhost, viewed 23 March
2016.
85 A study of how public transport networks of a set of 14 major
cities of the world respond to shocks suggests that they
follow that behaviour. The public transport networks included
bus, electric trolleybus, ferry, subway, tram and urban train
networks. The cities considered in the study were Berlin,
Dalas, Dusseldorf, Hamburg, Hong Kong, Istanbul, London,
Los Angeles, Moscow, Paris, Rome, Sao Paulo, Sydney and
Taipei. See Berche, B., von Ferber, C., Holovatch, T., and
Holovatch, Yu., 2009, ‘Resilience of public transport networks
against attacks’, The European Physical Journal B. 71, 125–
137 (2009).
86 A review of studies of robustness of power grids using complex
network concepts has found no predominant structure (scalefree, small-world) in high-voltage transmission power grids,
the vast majority of power grids studied so far. However,
most of them are vulnerable to targeted attacks on the
most connected nodes and robust to random failure. In this
respect there are only a few works that propose strategies to
improve robustness such as intentional islanding, restricted
link addition, microgrids and smart grids, for which novel
studies suggest that small-world networks seem to be the
best topology. See Cuadra, L, Salcedo-Sanz, S, Del Ser, J,
Jiménez-Fernández, S, & ZongWoo, G 2015, ‘A Critical Review
of Robustness in Power Grids Using Complex Networks
Concepts’, Energies (19961073), 8, 9, pp. 9211-9265, Academic
Search Premier, EBSCOhost, viewed 23 March 2016.
87 For example, in coastal fishing communities in Sri Lanka after
the 2004 Indian Ocean Tsunami, relief groups delivered new
boats and fishing equipment in such quantity that there were
more fishing vessels soon after than before the tsunami. As

Chapter 2. | The infrastructure – inequality – resilience nexus |

consequence, vulnerability to fishery collapse increased in
an area where fisheries were already thought to be stressed
and where decreasing in catch by subsistence fishing directly
affects a main source of protein for a large number of people.
De Silva, DAM and M Yamao (2007), Effects of the tsunami
on fisheries and coastal livelihood: A case study of tsunamiravaged southern Sri Lanka. Disasters, 31(4): 386–404; and
Subasinghe, S. (2005) Sri Lanka: Assessment of rehabilitation
and re-construction needs in the tsunami affected postharvest fisheries sector. FAO, Rome.
88 A part of its work on transport policy and law, UNCTAD has
been focusing since 2008 on the issue of climate change
impacts and adaptation for critical transport infrastructure,
see the UNCTAD website at: http://unctad.org/en/Pages/DTL/
TTL/Legal/Climate-Change-and-Maritime-Transport.aspx.
See also Becker et. al, “A Note on Climate change adaptation
for seaports: A challenge for global ports, a challenge for
global society”. Climatic Change (2013); G.Woolhouse and D.
Lumbroso, HR Wallingford (2015). Using climate information
to achieve long-term development objectives for African
ports,
http://cdkn.org/wp-content/uploads/2014/12/FCFA_
PolicyBrief_PORTS_WEB.pdf
89 Given their strategic role as part of the globalized trading
system, adapting ports in different parts of the world to the
impacts of climate change/enhancing their climate-resilience
is of considerable importance. With an estimated 80 per cent
of the volume of world trade carried by sea, international
shipping and ports provide crucial linkages in global supplychains and are essential for the ability of all countries,
including those that are landlocked, to access global markets.
Ports are likely to be affected directly and indirectly by
climatic changes, such as rising sea levels, extreme weather
events and rising temperatures, with broader implications for
international trade and for the development prospects of the
most vulnerable nations, in particular LDCs and SIDS. Ad Hoc
Expert Meeting on Climate Change Impacts and Adaptation: A
Challenge for Global Ports Geneva, Palais des Nations, 29-30
September 2011, Information note by the UNCTAD secretariat
(UNCTAD/DTL/TLB/2011/3), available at http://unctad.org/ttl/
legal. See also references in previous note.
90 This is also very relevant for the infrastructure and inequality
relationship, although it is was not highlighted by contributing
experts.
91 For example see Venter, C.; Vokolkova, V.; Michalek, J. (2007).
Gender, residential location, and household travel: Empirical
findings from low-income urban settlements in Durban, South
Africa. Transport Reviews, Volume 27, Issue 6, Pages 653677.
92 Of the world’s 22 mega-cities, 17 are in developing countries
and Dhaka and Lagos are predicted to grow fastest - at more
than three per cent per year. By 2025, over three-quarters of
cities over 5 million inhabitants will be in developing countries
(Nixon, H., Cambers, V., Hadley, S. and Hart, T. (2015) Urban
Finance: Rapid Evidence Assessment. London: Overseas
Development Institute). The currently slum dwellers that
are already above one billion are expected to double by 2030
(Bahl, Roy W., Johannes F. Linn, and Deborah L. Wetzel. 2013.
‘Financing Metropolitan Areas in the Developing World.’ In
Financing Metropolitan Governments in Developing Countries.
Cambridge, MA: Lincoln Institute of Land Policy, pp. 1-30). By
2050, the urban population will triple in Africa and double in
Asia (Slack, N. E. 2009. Guide to Municipal Finance. Nairobi:
UN-Habitat.). Currently, 52% of the world’s urban population
live in cities of less than 500,000 and the bulk of urban

39

population growth will be in these smaller cities and towns
rather than in the largest cities.
93 Aldrich, D. (2012). Building Resilience: Social Capital in PostDisaster Recovery. University of Chicago Press.
94 Pelling, M., and High, C. (2005). “Understanding adaptation:
what can social capital offer assessments of adaptive
capacity?” Global Environmental Change,15(4), 308-319.
95 Therrien, M. C., Tanguay, G. A., and Beauregard-Guérin, I.
(2015). “Fundamental determinants of urban resilience: A
search for indicators applied to public health crisis”. Resilience,
3(1), 18-39.
96 Aldrich, D. (2012). “Social, Not Physical, Infrastructure: The
Critical Role of Civil Society after the 1923 Tokyo Earthquake”,
Disasters, 36 (3), 398-419.
97 Langridge, R., Christian-Smith, J., & Lohse, K. A. (2006).
Access and Resilience: Analyzing the Construction of Social
Resilience to the Threat of Water Scarcity. Ecology & Society,
11(2), 511-525.
98 Maguire, B., & P. Hagan. (2007). Disasters and Communities:
Understanding Social Resilience, Australian Journal of
Emergency Management, Vol. 22, No.2, p. 16-20.
99 For example: The White House Presidential Policy Directive:
Critical infrastructure security and resilience, Available at:
https://www.whitehouse.gov/the-press-office/2013/02/12/
presidential-policy-directive-critical-infrastructure-securityand-resil, Accessed: 15th February, 2016.
100 For examples see Khandker and Koolwal, 2011; Starkey et
al, 2013; Gachassin, Najman and Raballand, 2010; Ahmed,
2010; Hettige, 2006; and Duncan, 2007.
101 Van de Walle, D., 2000. Are Returns to Investment Lower for
the Poor? World Bank Working Paper 2425, Washington, D. C.
102 For example, Odoki J, Ahmed F, Taylor G and Okello S, 2008.
Towards the mainstreaming of an approach to include social
benefits within road appraisal: a case study from Uganda.
Transport Papers TP-17, Transport Sector Board, World
Bank, Washington DC, USA.
103 Modelling techniques to reduce bias when correlating road
access and poverty have been discussed by Khandker S R,
Bakht Z, Koolwal G B, 2009. The poverty impact of rural
roads: evidence from Bangladesh. Economic Development and
Cultural Change, 57 (4): 685-772; Gachassin M, Najman B and
Raballand G, 2010. The impact of roads on poverty reduction: a
case study of Cameroon. Policy Research Working Paper 5209,
World Bank, Washington DC, USA. 39p.; and Mu R and van de
Walle D, 2011. Rural roads and local market development in
Vietnam. Journal of Development Studies, 47 (5): 709-734.
104 ILO/ASIST 2000; Lebo and Schelling, 2001; IT Transport,
2002; SKAT, 2002; IT Transport, 2004.
105 McSweeney C and Remy M, 2008. Building roads to
democracy? The contribution of the Peru Rural Roads Program
to participation and civic engagement in rural Peru. Social
Development Notes 111, World Bank, Washington, DC, USA. 6p.
https://openknowledge.worldbank.org/handle/10986/11157.
106 IT Transport (2003), Kafle (2007) and ADB (2011).
107 Dilli D, 1997. Handbook: accessibility and tool adaptations for
disabled workers in post-conflict and developing countries.
International Labour Office, Geneva, Switzerland. 51p. ISBN
9221095118. Available at: http://www.ilo.org/wcmsp5/
groups/public/ed_emp/-ifp_skills/documents/publication/
wcms_107950.pdf.

40

| Global Sustainable Development Report 2016

108 Véron-Okamoto A and Sakamoto K, 2014. Toward a
sustainability appraisal framework for transport. Sustainable
Development Working Paper 31, Asian Development Bank
(ADB), Manila, Philippines..
109 Bahl, Roy W. and Johannes F. Linn. 2014. Governing and
Financing Cities in the Developing World. Policy Focus
Report. Cambridge, MA: Lincoln Institute of Land Policy.
110 Such as the ranking of liveability of the Economist Intelligence
Unit.
111 This is the case of Lusaka, Phnom Penh, Dakar, Abidjan, and
Dhaka (EIU, 2015).
112 UN-Habitat, 2013. Planning and design for sustainable
urban mobility: global report on human settlements 2013.
UNHabitat, Nairobi, Kenya. 348p. ISBN 978-92-1-132568-3
Available at: http://unhabitat.org/planning-and-designforsustainable-urban-mobility-global-report-on-humansettlements-2013.
113 For an upper middle income country (USD 13,000 per capita)
the full infrastructure and rolling stock costs of a urban
transit system are calculated to be in the order of USD 54
mln per km for a metro, USD 16 mln per km for light rail and
USD 7 mln per km for a bus rapid transit system (UN-Habitat,
2013).
114 Van Esch W and Fransen J, 1997. Transport, urban
infrastructure upgrading and employment creation: a labour
and community based approach. ILO-ASIST (Advisory
Support information Services and Training for Labour-based
Programmes, International Labour Organisation), Nairobi.
18p. Available at: http://www.ilo.org/emppolicy/pubs/
WCMS_ASIST_6296/lang--en/index.htm.
115 The use of Big Data could be an important tool for collecting
data in that context. For an example, see https://www.
technologyreview.com/s/514211/african-bus-routesredrawn-using-cell-phone-data/.
116 Kumar, A, 2005. Mumbai’s expendable poor. Economic and
Political Weekly, 40 (6): 506-510.
117 Florian Koch, Kerstin Krellenberg, Sigrun Kabisch. Helmholtz
(2016), How to achieve Urban Sustainability Transformations
(UST) in real life. Brief for GSDR – 2016 Update. Available
from
politics?https://sustainabledevelopment.un.org/
content/documents/961514_Koch%20et%20al._
How%20to%20achieve%20Urban%20Sustainability%20
Transformations%20(UST)%20in%20real%20life%20
politics.pdf
118 Shikha Ranjha (2016), Green infrastructure: planning for
sustainable and resilient urban environment. Brief for GSDR –
2016 Update. Available from https://sustainabledevelopment.
un.org/content/documents/95599_Ranjha_Green%20
infrastructure_planning%20for%20sustainable%20and%20
resilient%20urban%20environment.pdf
119 Pedro Piqueras and Ashley Vizenor (2016), The rapidly
growing death toll attributed to air pollution: A global
responsibility Brief for GSDR – 2016 Update. Available
from
https://sustainabledevelopment.un.org/content/
documents/1008357_Piqueras_The%20rapidly%20
growing%20death%20toll%20attributed%20to%20air%20
pollution-A%20global%20responsibility.pdf
120 Z. Sebesvari, E. Foufoula-Georgiou, I. Harrison, E. S. Brondizio,
T. Bucx, J. A. Dearing, D. Ganguly, T. Ghosh, S. L. Goodbred,
M. Hagenlocher, R. Hajra, C. Kuenzer, A. V. Mansur1, Z.
Matthews, R. J. Nicholls, K. Nielsen, I. Overeem, R. Purvaja,

Md. M. Rahman, R. Ramesh, F. G. Renaud, R.S. Robin, B.
Subba Reddy, G. Singh, S. Szabo, Z. D. Tessler, C. van de
Guchte, N. Vogt, C. A. Wilson – Belmont Forum DELTAS
Project members (2016), Imperatives for sustainable delta
futures. Brief for GSDR – 2016 Update. Available from https://
sustainabledevelopment.un.org/content/documents/972032_
Sebesvari_Imperatives%20for%20sustainable%20delta%20
futures.pdf
121 Akiko Okabe (2016), E-VOIDs: a bottom-up microintervention for better lighting and ventilation in high density
slums, Jakarta (Indonesia). Brief for GSDR – 2016 Update.
Available from https://sustainabledevelopment.un.org/
content/documents/966220_Okabe_E-VOIDs-a%20bottomup%20micro-intervention%20for%20better%20lighting%20
and%20ventilation%20in%20high%20density%20slums%20
Jakarta%20Indonesia.pdf
122 Saul Billingsley (2016), Time for Results: Road safety and
clean air for all, leaving no one behind. Brief for GSDR – 2016
Update. Available from https://sustainabledevelopment.
un.org/content/documents/971129_Billingsley_Time%20
for%20Results--Road%20safety%20and%20clean%20
air%20for%20all,%20leaving%20no%20one%20behind.pdf

