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The aim of this paper is to enhance understanding of how the resilience of water,
sanitation and hygiene (WASH) systems to hazards can be improved. In turn, this aims to
inform different strategies for public and private partnerships (PPPs). In a new approach,
to acknowledge the multi levelled nature of resilience; risk at the relevant levels are taken
into account, (regional/river basin, urban area, and individual). For these levels, we first
describe the different components of risk, vulnerability and resilience of the WASH system
that influence people's exposure to hazards. We illustrate these components using
examples from case studies in the literature. Using a social learning lens - a crucial
ingredient of resilience - we examine opportunities for reducing risks through improving
public-private engagement. These are presented as strategies which could guide invest-
ment decisions: As pressures from climate change and development add up, businesses
must become aware of the risks involved in operating and investing without considering
ecosystem health, both in terms of the services they provide for mitigating floods and
droughts, as well as in terms of the development approaches that define how ecosystems
are managed (e.g. “making space” for, rather than controlling water). There is a need to
develop an institutional culture that strives towards greener and more resilient urban
environments with the help of various quality assurance methods. Partnerships must
reach the poorer customer base, encourage informal small entrepreneurs, and boost
financial mechanisms (e.g. micro-insurance, micro-finance) to support the most vulner-
able in society.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

sanitation and hygiene (WASH) provision [117]. Access to
water and sanitation is an important factor in determining

One of the largest risks to people living in urban areas social vulnerability to natural hazards, not only for meet-
in the developing world is a lack of improved water, ing immediate needs, but also for the wider application

* Corresponding author.

E-mail address: ase.johannessen@sei-international.org

(A. Johannessen).

http://dx.doi.org/10.1016/j.ijdrr.2014.07.002

of relevant disaster prevention [115]. Especially, the state
of sanitation is a global crisis, and addressing the Millen-
ium Development Goal (MDG) for sanitation is lagging
significantly behind the other goals [33]. According to
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GLAAS [33], 83% of countries have fallen significantly
behind the national targets they have set for sanitation.
Many cities and their peri-urban areas, particularly those
in low-income countries experiencing rapid urbanization,
are struggling to address basic WASH needs to keep up
with service provision due to deficits in financing, capacity
and governance. This in turn leads to serious economic,
social, and health implications [53]. In other words, even
without considering “external” hazards such as floods or
droughts, cities can become unsustainable from “internal”
health hazards because WASH systems are not properly
designed, implemented and maintained.

Despite the apparent urgency of current and future
challenges from climate change and development, few
studies have explored how the resilience of WASH systems
to hazards can be enhanced. Oates et al. [75] provide a
recent review of progress and challenges in WASH service
provision and explore the potential impacts of climate
change on WASH risk assessment and planning. They
argue that near-term changes, impacts and the practical
needs of decision makers remain poorly understood, while
studies have mostly focused on modeling long-term
changes. In the context of climate change, recent work
on the resilience of water supply and sanitation was
conducted by Howard & Bartram, [40]; Howard et al.,
[41]; Calow et al. [24] and Batchelor et al. [13].

This paper aims to identify strategies for investments
by public and private partnerships (PPPs) based on an
enhanced understanding of how the resilience of WASH
systems to water-related hazards (e.g. floods and water
scarcity) can be improved. We argue here that the scope
for PPPs has not been explored to its full potential limited
by a lack of systems analysis, taking the entire social,
economic and environment system in which the WASH
system is located into account. We argue that investments
must not only focus on access and provision of WASH
services through infrastructure development, but should
be much more strongly coordinated with the activities of
stakeholders across the entire integrated urban and river
basin system, even with regional and global influences,
with which the WASH system is linked through ecosystem
services, such as hydrological flows, purification and waste
treatment, flood and drought control, etc. [49]. This
includes a stronger emphasis on the non-structural solu-
tions requiring social learning between the involved
stakeholders.

The provision of safe and resilient WASH services is
intrinsically linked to processes of water management,
land use planning, and DRR across the entire river basin
and even beyond, as well as to the urban area in which
they are located. Many hard won investments in WASH
systems can be undone by not taking the entire system
processes into account set by boundaries of the river basin
and even beyond. Within urban areas, a lack of planning
can lead to inappropriate development that in turn can
increase people's exposure to flash floods, which heighten
risks from inappropriate sanitation options that can result
in the contamination of potable water sources [80].
Despite the need to take DRR into consideration in
upstream areas connected to the WASH system, such links
and feedbacks are seldom considered in investment

decisions relating to WASH systems. Similarly, health-
related costs are often given little weight in decisions
about specific interventions to protect against hazards
such as floods. Ahern et al. [3] conclude that one reason
for this might be a poor understanding of the downstream
health impacts caused by floods. They therefore highlight
the need to quantify the degree to which climate change
and land use change contribute to flood risk and the
resulting health impacts in different settings.

Public Private Partnerships (PPP) are increasingly seen
as a way to motivate private sector investment in urban
WASH infrastructure projects that lack public funding [53].
PPPs have the potential to expand the range of service
providers beyond traditional public sector monopolies and
inject a measure of efficiency, dynamism, innovation,
increase of access, improvement in quality, cost-recovery
and consumer responsiveness [1,61]. Currently, the pro-
portion of private investment in the water and sanitation
sectors in developing countries is low, representing only
35% of the market compared to 80% in the developed
world [114]. Some authors (e.g. [61]) therefore suggest that
private sector participation should be encouraged to
increase service efficiency, quality and accountability.
However, privatization cannot be seen as a panacea. The
wave of privatization of water utilities in the 1990s, for
example, has been viewed as a failure by some observers
[7]. Privatization has shown to actually reduce competition
in the operation and management of water and sewerage
services. On the other hand, public-private cooperation
can work to everyone's benefit. The key criterion is that
public services should remain under public control [44].

PPPs have also recently emerged as important and
necessary mechanisms to strengthen DRR efforts in general.
This has been motivated by an improved understanding of the
vulnerabilities of supply chains and infrastructure assets to
hazards. The enormous potential for private sector engage-
ment in building resilience through corporate social
responsibility (CSR) and philanthropy has recently been
demonstrated by the United Nations Office for Disaster
Risk Reduction's Private Sector Partnerships in DRR [119].
However, the areas in which private sector engagement
would provide the most appropriate and effective con-
tributions have not yet been well defined, and this study
aims to provide some direction.

Resilience is the ability of a system to absorb shocks
and to maintain its functionality, structure, identity and
feedbacks, while coping and adapting to change, variabil-
ity and extreme events [122,116,94]. We use the concept of
social learning in our analysis, which is an important
element of resilience in addressing environmental change
[32,113,35]. Social learning is widely argued to have the
potential to share knowledge and lessons, both formally
and informally, between many levels and across different
sectors. As such, insights and knowledge can transfer
beyond the individual to organizations or communities
of practice [113,89]. Social learning has a great potential in
underpinning the strategic innovation needed to radically
improve the modus operandi of private sector involvement
for more resilient WASH systems. In the context of
WASH, social learning has so far only been explored
in relation to the governance of WASH systems
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[22,121,70,95,83,77,110,71,17]. However, it has not been
explored in detail in relation to DRR and WASH system
resilience at the river basin level [78].

2. Framing the construction of risk and vulnerability to
hazards in WASH systems

2.1. Data collection and analysis

The evidence presented in this paper is based on a
review and analysis of the academic and non-academic
literature. We conducted a comprehensive search of rele-
vant literature using the electronic databases Science
Direct, Google Scholar, and an internet search using Google
applying the keywords ‘WASH, sanitation, hygiene, disas-
ter risk reduction, resilience, PPPs". The search identified
about 55 documents relevant for the analysis presented in
the paper. Selected case studies were analyzed to identify
key challenges, gaps and opportunities in building more
resilient WASH systems involving social learning relating
to the three levels - regional/river basin, urban area, and
individual. The study is also based on conversations with
private actors (two private philanthropy professionals),
and three interviews with representatives of the humani-
tarian and development sectors (one humanitarian WASH
professional, one development WASH professional, and
one former Mayor).

We first describe the different components of risk,
vulnerability and resilience of the WASH system that
influence people's exposure to hazards at different levels.
We distinguish between regional/river basin, urban and
individual levels to account for different dynamics and
processes. Using empirical examples from published case
studies we then illustrate these components and examine
the resulting increased vulnerabilities and health impacts
in communities at risk. Finally, using a social learning lens
we examine opportunities for improving public-private
engagement and as such resilience at the different levels.
These opportunities are presented as strategies which
could guide investment decisions through new and inno-
vative approaches and mechanisms that involve social
learning and collaborative partnerships between private
and public actors, and potentially also urban communities.

2.2. Disaster risk in WASH systems

Disasters are often described as a result of exposure to a
hazard; the conditions of vulnerability that are present;
and insufficient capacity or measures to reduce or cope
with the potential negative consequences [116]. A disaster
can be defined as “a serious disruption of the functioning
of a community or a society involving widespread human,
material, economic or environmental losses and impacts,
which exceeds the ability of the affected community or
society to cope using its own resources.” [116]. A hazard,
such as a flood or drought, can lead to a range of secondary
hazards. For example, a health hazard might arise through
the exposure of people to contaminated water in the
WASH system. In the framework presented here, we
consider the “disaster of disease” [116] as a consequence
of a dysfunctional WASH system. For example, enteric

(intestinal) pathogens from infected humans, including
symptomless carriers, represent a hazard under the
UNISDR definition.

The impact is not exclusively on human health, but will
also affect and impact on downstream ecosystems and
communities and activities in a river basin context includ-
ing fisheries and tourism in addition to destruction of
water resources heavily polluted by nutrients and organic
compounds [30]. As water is very much a driver of
economic development, the degradation of this resource
will trigger indirect and direct financial impacts on busi-
nesses and the public sector with negative implications on
long-term economic growth rate, sustainable development
and resilience [92,91].

2.3. Vulnerabilities of WASH systems to water-related
hazards at different levels

Vulnerability is defined as the capacity of a receptor to
experience harm from a specific hazard or a range of hazards
[52,19,111,2]. Disasters occurring in WASH systems tend to
result from vulnerabilities to a range of hazards impacting
upon the system at different geographical levels.

In order to identify all vulnerabilities in the different WASH
system components, to understand interdependencies and
feedbacks, and to exclude unwanted externalities/surprises
[81] it is crucial to consider the entire river basin as the
natural boundary of the linked water and WASH system. By
selecting this boundary, upstream/downstream processes of
the WASH system can be captured and system complexities
and uncertainties can be accounted for [79]. We use the term
regional to complement the river basin level and relevant
influences beyond this, such as migrants and refugees, politics,
economic trade systems, pathogens and the hydrological
cycle, originating even at global levels. We also distinguish
between the urban system and the individual in order to
capture the dynamics at these different levels.

2.4. WASH system vulnerabilities at the regional / river basin
level

Land use in the river basin, without investment in DRR,
can affect the functionality of downstream WASH systems.
For example, in 2005 Hurricane Katrina illustrated this
very well with about 50% of existing treatment plants and
20% of sewage collection systems needing rehabilitation in
the Greater New Orleans area after the storm [25]. Water-
borne infectious diseases were of major concern, both due
to the physical destruction of the water and sanitation
system infrastructure, as well as the impact of the enour-
mous amounts of floodwater in the city due to the failure
of the levees [98].

In terms of linkages to the regional level and river basin
it was concluded that important existing buffers to natural
hazards were less functional than anticipated. It is not
possible to assess if the breaching of the levees would not
have occurred, but the increased exposure of New Orleans
to Hurricane Katrina was an important factor. For example,
a levee manager in Louisiana said in relation to Hurricane
Katrina: “There is no doubt about it that...[the] biggest
factor in hurricane risk is land loss. The Gulf of Mexico is,
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in effect, probably 29 miles [or 32 km] closer to us than it
was in 1965 when Hurricane Betsy hit”. Some of these land
losses were ironically due to the levees and the dam
barriers which were built to protect the city from previous
hurricanes [51]. Such influence from structural measures
on natural processes, e.g. sedimentation in deltas, which
maintain shorelines, is even considered more important
than sea-level rise associated with global warming and the
global ocean volume increase [107]. New Orleans exem-
plifies a situation, where the embankments and levees in
fact made the populations behind them even more vulner-
able to the consequences of a breach by providing a false
sense of security. This reliance on infrastructure measures was
catastrophic as consequences of failure were not anticipated
or planned for.

Not only coastal protection, but also protection from
river flooding has a tradition for centuries, especially in
high income countries, that the river should be controlled
by building dikes to reduce the risk of flooding [45]. But
controlling floods has also here showed to have unfore-
seen consequences, due to the dynamic nature of water
systems. Trying to control floods has resulted in the
“control paradox”, where applying controlling measures
creates the need for more control as floods consequently
increase [90]. Alternative or complementary measures of
non-structural mitigation requires knowledge of such
approaches [99], but the choice of hard infrastructure is
also more susceptible to corruption [108]. Transparency
International's 2005 report highlights 13 different features
of infrastructure projects that make them particularly prone to
corruption [101]. For example, large complex projects such as
hydroelectric dams create ample opportunity for corruption in
addition to lack of oversight or insufficient controls [43].
Corruption can also discourage the selection of softer manage-
ment options. For example, Burra et al. [21] showed how
politicians in India were opposed to community-led processes
because they did not like working with groups they found
difficult to approach for bribes.

Land use such as deforestation at river basin level can
also contribute to flooding of downstream WASH systems.
For example, in Bangladesh, the 1988 deforestation con-
tributed to flooding resulting in the disruption of the
Greater Dhaka's drinking water, sewage and drainage
systems and seriously affected the 11 million inhabitants.
As a result, diseases such as diarrhea and hepatitis, caused
by the polluted water and contaminated food, rapidly
spread within poor areas of the capital [73].

2.5. WASH system vulnerabilities at the urban level

A number of processes influence vulnerability of WASH
systems at the urban level. The lack of adequate urban
WASH facilities and rapid urban development in develop-
ing countries combine to increase health risks. Risk-related
human exposure grows mainly because of unplanned
environments with increasing crowding, inadequate
operation and maintenance, dysfunctional facilities and
consequently open defecation [34]. In many countries, for
example India, large cities do not even have the capacity to
treat sewage in an appropriate manner [72].

At the same time the removal of flood mitigating
(green) buffers in a city is a slow but steady process.
Increasing the impermeable surfaces and encroachment of
urban waterways such as rivers and creeks, canals, flood-
plains, mangrove forests, urban green zones and public
parks, that function as a network for stormwater runoff,
limit the ground's infiltration capacity and exacerbate
urban flash flooding and erosion, and increases the clog-
ging of drainage canals [10,63]. In many cities, structural
measures such as flood protection walls, embankments,
drainage channels and other efforts to control floodwaters
have proliferated. This has created incentives for further
development in high risk floodplains, and it has also
transferred flood risk downstream. In Bangkok this has
had the effect that even a relatively modest river flow can
result in damaging floods [55]. In the cities of Bangladesh,
diminished water bodies and interrupted river flows are
important factors in increasing flood risk [88]. For exam-
ple, many canals in Dhaka have been filled in to construct
settlements and small businesses [87].

Exposure to hazards varies between urban sites and are
dependent on the hydrological and morphological char-
acteristics within the river basin. Low-lying floodplains are
naturally more exposed and likely to be affected by floods
causing inappropriate sanitation systems to leak and
contaminate potable water sources [79]. The impact is also
dependent on geo-hydrological conditions for groundwater.
Both are the case in many cities, and especially low income
areas which are often located in flood-prone areas [16]. In
spite of this, human settlements continue to develop in risk
prone areas [36] through population expansion (e.g. rural-
urban migration and city expansion via informal settlements
on peri-urban boundaries).

Scarcity of water represents an environmental limit
which should rule out options which rely on relatively
large amounts of water to function. However, there are
examples from Cambodia where school latrines were
designed with flush toilets where no water source was
available [123]. Alternative options such as simplified or
condominial sewerage are, for example, promising low-
cost options which have shown to be cost efficient, and
can also be retrofitted in unplanned areas [104]. This
sanitation option is especially suitable for low-income
coastal areas subject to regular annual flooding. The city of
Salvador, capital of the Brazilian state of Bahia, has one of the
largest simplified sewerage systems in the country [69]. There,
an epidemiological investigation revealed that after the sys-
tem had been introduced, the prevalence in children under
five of two types of roundworm and Giardia reduced sig-
nificantly [12].

2.6. WASH system vulnerabilities at the level of the
individual

Ironically, efforts to increase access to improved WASH
system services at the household level often do not
adequately consider risk reduction to protect public health
in the community. Even if household options are imple-
mented, untreated wastewater is frequently discharged
into ditches or open storm-water drains (if they exist),
which defies the purpose of the household efforts. Children
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playing in the streets become exposed when partially treated
and pathogen-laden overflow from septic tanks or other
sanitary installations are drained to curb-side open channels,
or households directly flush their toilet waste into street
drains. Such drains are often clogged from silting or the
dumping of garbage, thus causing overflows. They are further
impacted during heavy rainfall causing further spread of
contamination [104]. The drains are often directly accessed
for drinking and washing water thus further increasing
exposure. Conventional sewerage is not possible when the
capital costs and water requirements are too high for the
area in question. Other factors hindering such infrastructure
investments are the additional costs for operation and
maintenance, lack of financial and technical strength within
the local administration, and too narrow streets in
unplanned settlements. When conventional sewerage is
ruled out for poor urban areas, pour flush or pit latrines
along with septic tanks seem to be the only remaining option
[104]. However these options are not appropriate in flood
prone settings because they cause contamination and leak-
age, especially in areas with high water tables [37,38].
Unfortunately, alternative approaches are not provided.
Instead a single technology, often dysfunctional, is often
promoted with subsidies attached to it [85].

Access to hand-washing facilities, improved sanitation
and safe water, can be an effective barrier against health
hazards, as can hygienic behavior [60]. However, if service
is only provided for a few hours every day the systems are
vulnerable to contaminants that can enter through leaks
when pipes are empty or pressure is low. Even where
access was once provided, the reported rates of non-
functionality of (mainly rural) hand pumps across the
sector in 20 of Sub-Saharan countries is as high as 30-
40% [58], and provide a strong signal that existing
mechanisms for financing capital maintenance are inade-
quate. Existing systems are failing or have become dys-
functional due to lack of investments in operation and
maintenance or upgrading of aging systems, resulting in
system failures and wasted donor and government invest-
ment, for example in Asia Pacific [123]. Lack of access can
also be caused by the inability of service providers' to
respond to community motivations, needs and prefer-
ences, or to be sensitive to gender issues, disability and
the needs of children. Furthermore, in cities in the global
south, dysfunctional systems have economic implications,
especially for the poor, who often have to rely on less safe
water sources or on private water vendors who deliver
water from unspecified sources (e.g. small pipe systems,
jerry cans or tankers) usually also at a unit cost several
times higher that delivered via public water supply sys-
tems to the middle and upper classes [11].

3. Strategies for linking investment in PPPs with DRR and
building resilience in WASH systems

Any business interested in ensuring the safety of long-
term investments will have to start thinking of the
adequate strategies for managing disaster risk. While
businesses are accustomed to managing business risks, in
terms of disaster risk they often focus in on the response
and reconstruction phase, and are yet to integrate the

long-term risks of development or climate change into
their strategies. They are also not preparing to grasp the
competitive advantages that will accrue to those taking
early action [54]. Consequently, relatively little attention
has been given to the extensive partnership possibilities
and innovations possible of PPPs for boosting resilient
WASH systems beyond traditional ways. Questioning the
business as usual approach could improve access to safe
WASH services, alongside economic opportunities and
security in vulnerable urban communities, which would
have positive feedbacks on societies and economies in
turn, offering more routes out of poverty [27]. In terms of
resilience, this process can be described as transformation,
which alters the fundamental attributes, such as paradigms,
power systems, goals [47] value systems, regulatory, legislative
or bureaucratic regimes, financial institutions, and technolo-
gical or biological systems [46] which underlies the way
decisions and actions are made which shape risk reduction
and future risk generation.

In Sections 3.1 to 3.7 we provide insights into some
important strategies for investments which also include
measures at the urban and river basin/regional levels, as
well as involving social learning. These are illustrated in
Fig. 1, and could guide investment decisions through PPP
initiatives and that could at the same time reduce vulner-
ability and build resilience of the WASH system at different
levels. (Table 1).

3.1. Environmental limits: profitability reexamined

Profitability is one of the main conditions for a business
enterprise. However, cost-benefit analyses may now
change the way we look at investments if we take into
account risks caused by a lack of focus on, or investment
in, environmental buffers for floods. Comparisons of losses
with investment in ecosystem services are becoming
increasingly convincing arguments for private companies
to become active in Corporate Social Responsibility (CSR)
potentially as part of PPPs. For example, in 2011 Bangkok
experienced a serious flood affecting approximately 13.6
million people and costing 1425 billion baht (US$ 45.7
billion) in economic damages and losses as of 1 December,
2011 [124,125]. Most of these were linked to manufactur-
ing industry. This made it the world's fourth costliest
disaster as of 2011 - only less than the 2011 earthquake
and tsunami in Japan, the 1995 Kobe earthquake, and
Hurricane Katrina in 2005. These events may trigger
awareness of the need for business to be aware of the
risks of a lack of investment in environmental services. It is
perhaps too early to say whether the Bangkok floods have
triggered such investment. However, this was the case in,
for example, coastal mangrove restoration in the Indian
Ocean after the tsunami in 2004, where PPPs have been
successfully launched in Gujarat [100]. However, the
linkages between investments in ecosystem services and
actual value of risk mitigation downstream may not be
obvious. One method of assessing appropriate measures
based on ecosystem services is to do strategic environmental
assessments (SEAs). These provide tools for social learning
among various partners in the public and private domain
around collaborative decision making over investments.
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BUSINESS

3.4+35

3.1 Adapting economic reality to limits of environmental reality

3.3 Adapting institutional culture

Adaptingto new

I 3.6 Developing (micro) insurance

customers
and private
actors

3.7 Developingfinancial contingen-
cies (microfinance, cross-subsidy)

CUSTOMERS
(urban communities)

Access to improved services, economic
opportunities and security

Fig. 1. The relationships and organization of the different strategies for linking investment in PPPs with DRR and building resilience in WASH systems.
Note: The government and business form the basic units for the PPP, sometimes also involving the urban communities, and ultimately benefiting customers
and the public. Communities can benefit from PPPs in terms of improved access to WASH services, economic opportunities and security, which in turn can

have positive feedbacks on society and economy.

Table 1
A list of strategies matched to different levels for which they are most
relevant.

Strategy Level

e 3.1 Adapting economic reality to limits of River basin level/

environmental reality regional
e 3.2 Adapting the paradigm of development
direction
e 3.3 Adapting institutional culture Urban level

e 3.4+3.5 Adapting to new customers and
private actors

e 3.6 Developing microinsurance

e 3.7 Developing financial contingencies
(microfinance, cross-subsidy)

e Access to improved services, economic Individual level

opportunities and security

These can compare ecosystem investment with alternative
investments, so by promoting these tools investment
decisions may look very different, particularly because
they take into account potential maladaptation and are
inclusive of ecosystem services. For example, in the out-
skirts of Kampala, Uganda, the Nakivubo Swamps provide
the important ecosystem service of treating and filtering
the biological waste water from much of the city. Ideas to
drain the wetland in order to gain agricultural land were
dropped when an assessment of this service showed that
running a sewage treatment facility with the same capa-
city as the swamp would cost the city around 2 million US$
annually (TEEB case by [5]). In Belgium, a strategic assess-
ment favored the restoration of approximately 5500 ha of
the Scheldt Estuary, alongside dike reinforcement and

dredging, instead of a storm surge barrier to meet flood
risk. This solution was chosen because it had an estimated
payback period of 14 years, compared with the 41-year
payback period for the storm surge barrier [26,68,18].

3.2. The paradigm underlying development

Resilience building is ultimately about transformation
towards approaches that work over the short term (meet-
ing economic viability objectives), long term (ensuring
sustainability) and which can manage change and uncer-
tainty. To ensure that the working strategy of a business
can enable progress on these horizons, it is essential to
look at the overarching paradigm, worldview and basic
principles that underlie its assumptions about socio-
economic development. One area where business can
add value is in terms of innovation and forward thinking
for solutions. In terms of resilient WASH systems, oppor-
tunities are offered by adopting the innovative paradigm of
‘living with water’ as opposed to seeing water as some-
thing to shut out, dredge and remove from human eco-
nomic development activities. This entails more integrated
social and technical programmes that incorporate flood
preparedness and non-structural mitigation, taking down
or relocating dikes, lowering flood plains, creating water
storage or removing obstacles [99]. This multifunctional
land use approach includes a great effort in design and
development, [74] where PPPs has a potential to play a
role. Other changes follow from adopting this new para-
digm, such as new management measures, new physical
interventions in the river basin, uncertainties being
addressed, changes in the regulatory framework and the
introduction of new norms and values [42]. One result of
such a paradigm shift is the Netherlands ‘Room for the
River’ programme, (www.ruimtevoorderivier.nl). A collec-
tive learning of the critical and real hazard of flooding
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from the sea led to a transformation of the existing
approach. This programme now represents the state of
the art in flood risk management, governing all other
approaches and interventions in the Netherlands.

3.3. Changing business institutional cultures, competitive
branding and ‘license to operate’

Urban companies are increasingly developing and
engaging in branding, programmes and campaigns that
include the approach of “resilient” and “green cities”,
which takes in water risk management [117]. There are a
range of different quality assurance approaches and meth-
odologies which can contribute to a company's ‘social
license to operate’, for example corporate citizenship,
corporate social responsibility (CSR), good business values
and brand reputation. This can be done through a busi-
ness’ own initiative, global standards, for example the
Global Reporting Initiative (GRI), the UN Global Compact,
[SO-standards, and liaising with programmes such as
UNISDR's new programme on risk sensitive business
investment [118]. In the same vein, many businesses factor
in continuity and long-term reliability and resilience of
urban energy, water, and transportation infrastructure into
their investment decisions [76]. The city of Miami has used
the CITYgreen Tool, a Geographic Information System (GIS)
for systematically including green infrastructure, such as
parks, urban forests and wetlands, into urban planning.
This is done mainly for storm water protection, enhance-
ment of air- and water quality and climate regulation.
Using this, a riverine area was rehabilitated that subse-
quently generated a range of positive side effects (e.g.
recreational and property values) [109]. In Sweden, a
process of sustainability certification for urban areas is
underway. Such tools could be used to mobilize private
sector codes of conduct, in integrating DRR with sustain-
ability criteria, such as aspects of drainage and run-off,
flood risk, heat absorption, cooling, and ensuring weather-
resilient development [50]. The “narrow view” of CSR
justifies initiatives when they produce direct and clear
links to firm financial performance (e.g. immediate cost
savings. The more businesses take a “broad view” of the
business case for CSR and similar efforts, the more they can
enhance their competitive advantage and create win-win
relationships with stakeholders. Support from stakeholders
is necessary to create a market for virtue and a business case
for CSR in the space where a firm's economic objectives and
the social objectives of society converge [23].

3.4. Identifying a new segment of customers

Studies show that there is untapped potential to
introduce PPPs in informal areas. In business theory,
strategic innovators do something genuinely different that
customers like and reward, based on a deep understanding
of customers' needs and priorities [62] often overturning
and challenging accepted assumptions [102]. To do that,
it is for example critical to understand and work with
community user preferences. Urban slums are often inhab-
ited by migrants seeking employment [93]. Such people are
often temporary tenants and tend to lack incentives to act

within the community to reduce the WASH systems hazard. It
is important to assess these people's world view, motivations
and economic opportunities, because, if the needs, prefer-
ences, and buying patterns of these customers at the “bottom
of the pyramid” were properly understood, new market
opportunities would open up [84].

But there are many challenges to overcome in introdu-
cing PPPs for WASH service provision in informal areas.
Limited awareness and information contribute to mistrust
and a lack of mutual solutions between service providers
and their poor constituents (USAID 2006). On the one
hand, the urban poor often lack the social, organizational
or political skills needed to approach providers or govern-
ment officials to negotiate access to the services that are so
vital to their social and economic well-being [9]. On the
other hand, the private sector is risk-averse usually focus-
ing on investment opportunities with wealthy commu-
nities, and while avoiding poor urban community service
provision since this means operating on narrow margins
with poor clients. Businesses are also often ill-prepared to
service the low-income market, and their lack of experi-
ence with poor clients makes them even more wary of
exploring profit-making opportunities in the slums [9].
This lack of experience furthermore creates misconcep-
tions which do not encourage business to engage. For
example, the main challenge facing the ‘Sanitation as a
Business Program’ in Uganda (which is based on a pro-
poor business model and employs a market-based
approach) is dealing with delays in getting bank loans
for entrepreneurs. Sanitation entrepreneurs cannot begin
operating their businesses until they receive funding
through bank loans. It has been observed that banks have
limited information on the viability of small businesses in
the sanitation sector [120]. This risk aversion is partly
based on the lack of awareness that the urban poor are
both able and willing to pay for water services, and banks
generally do not recognize the potential economic and
political benefits of serving the urban poor. For example,
poor people living in slums often pay 5 to 10 times more
per liter of water than wealthy people living in the same
city [121]. But regulation may not provide an enabling
environment. For example, there may be challenges in the
way publicly or privately operated utilities serve the
majority of low-income households [20].

When WASH system innovations become successful,
such as low cost options stormwater drainage tailored to
the needs of crowded urban environments, these need to
be scaled up [82]. To help trigger and scale up innovations,
so called ‘learning alliances’ are networks which are set up
to trigger cross-learning to make use of existing knowl-
edge across different levels and segments of society, where
the community level also can play a role and provide
insights of needs, preferences and pro-poor business
models. Some cities have piloted city-wide ‘learning alli-
ances’ [105] or ‘learning and ‘action alliances’ [8].

3.5. Adapting to new private actors: informal services also
count

Experience shows that the lowest-income groups, with
the least access to water and sanitation services, receive
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the fewest benefits from private provision [61]. Here, PPPs
require strategic decisions on financing in order to opti-
mize the public and private capacities to generate funds
but also to maintain them. This sort of “reality check” is
what has made PPPs a difficult solution for the most needy
segments of society in developing countries, including
slum communities in peri-urban areas.

However, it is important to acknowledge that the
informal sector already delivers WASH services in slum
areas. Small-scale independent providers (SSIPs) or non-
state provision (NSP) have for a long time provided water
supply; not of great quality, and at a high price, but
nevertheless providing access and a service appreciated
by community members [14]. Small (illegal) operators
have been legalized and formalized, for example in Phnom
Penh, Cambodia, and in Mozambique. This ensures they
provide an adequate service at a regulated price, in return
for being able to run a legal business [59] and also enables
risk reducing measures by making the business subject to
quality control and tasking them with improving the
quality of water sources [14].

There are a lot of challenges to empowering and
legalizing these informal players and service providers.
For example, they lack the benefits of economies of scale,
investment capital, long term corporate accountability,
and integration of the slums into the larger city - things
that are normally pursued by private sector partnerships
[9]. In terms of support from the government there are
also challenges. While policy now generally supports non-
state provision (NSP), it is often repressive and effectively
designed to protect established interests [14], and practice
is more often unsupportive and relationships are sur-
rounded by mistrust. Government approaches have unfor-
tunately often been trying to replace those informal
players rather than assist them [66]. In addition, for larger
private companies operating in other areas of a city they
represent competitors, even though they are operating in
areas where the larger companies have not yet developed
coverage [96].

Increasingly, however, formalizing service provision by
small-scale independent providers (SSIPs) is practiced in
partnership with formal utilities as an alternative model,
but little is known about how these partnerships actually
function or about their potential to serve as an alternative
model for service provision in peri-urban areas. Not only is
legalization necessary, but also sustained and non-politicized
dialog. The main providers of non-state services—local entre-
preneurs, individual practitioners, community organizations
and small non-governmental organizations (NGOs)—are
largely absent from any dialog with government or city
authorities [59]. At the same time, government led pro-
cesses are also perceived as being very politicized, because
persons are replaced after a mandated period, which leads
to reduced motivation from other actors, for example
NGOs, to cooperate (29). Local government can also be
reluctant to get involved [21]. Hesitancy can also be found
in communities, possibly due to a mistrust of the efforts of
government, politicians and NGOs as a result of past
disappointments [112].

Local governments sometimes face the challenge of
designing and implementing PPP contracts with private

sector partners who may have much greater technical
expertise and knowledge of the project requirements. In
the case of formalising services provided by the informal
sector, community-based organizations (CBOs) and NGOs,
power asymmetry play a role. In the Organisation for
Economic Co-operation and Development (OECD) there is
a suggestion of how to minimize this asymmetry, through
technical assistance to cities by national governments. This
could take the form of what has been called “dedicated
PPP units”, specialized public bodies with PPP experts,
which already operate at the national level in several
OECD countries to increase the capacity of the public
sector in engaging in PPPs [76]. Efforts to redesign this
support for developing countries would need to include
capacity building for pro poor business models, and PPPs
tailor-made for collaboration with community groups and
local small-scale service providers.

3.6. Develop insurance mechanisms for the most vulnerable
people

Commercial insurance companies rank among the most
resourceful actors in the private sector for sharing and
redistributing financial risks from extreme events. Insurers
make disasters insurable by pooling risks across time,
space and large numbers of policyholders who differ in
their exposure to risks [64]. Private life, health and
property insurance is an important complement to welfare
state risk-sharing mechanisms in developed countries. In
many high-income countries, private insurers cover a large
proportion of the financial burden from natural disasters.
In developing countries, on the other hand, market pene-
tration of private insurance is usually low, and govern-
ments often rely on humanitarian assistance and financial
aid to respond to disasters. Furthermore, limited avail-
ability of non-life insurance in these countries means that
private insurers shoulder little to none of the losses
[124,125]. A healthy domestic insurance market can be a
conduit into the international reinsurance market, allow-
ing countries to tap into a pool of over US$400 billion of
capital to aid recovery in the aftermath of a disaster. One
explanation why Chile proved to be resilient in face of the
February 2010 earthquake was that domestic carriers
passed on 95 percent of the insured losses to the interna-
tional reinsurance market. Worldwide, the fraction of
insured losses coming from the reinsurance market over
the last ten years is around 35 percent [124,125]. Aside
from conventional insurance, catastrophe bonds and con-
tingent credit contracts are two potential alternative
instruments that can help developing countries to finance
disaster risk management [103]. United Kingdom water
utilities sign mutual help agreements to prepare for
disaster events. This allows water service providers to
request assistance from other water companies in case of
a low key event, a major event or an emergency. The
assistance ranges from the provision of bottled water
supplies, tankers, equipment or specialist staff. Such sec-
toral self-insurance has further scope for replication and
adaptation in developing countries [127].
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3.7. Microinsurance

Microinsurance schemes are mechanisms that can help
vulnerable populations in developing countries to deal
with the financial risks from disasters. They are increas-
ingly seen as a way forward in spreading and transferring
risk. Microinsurance could help many of the poorest
people—2.4 billion people live on less than US$2 per day
in 2010 [126]—to escape poverty and fill gaps in risk
management. There is a large scope for improvements. In
an assessment of 121 local governments progress in DRR
this area scores almost lowest of all areas in the ‘Making
Cities Resilient’ campaign (run by the United Nations
Office for Disaster Risk Reduction), [48].

Microinsurance schemes normally involve a number of
partners from the private sector, governments, NGOs and
other actors. These schemes are particularly important in
places where people are not bankable. In many developing
countries, less than half the population has access to
formal financial services, and in most of Africa less than
one in five households has access [15]. Microinsurance for
health, in some African cases [65], seems to have a much
greater chance of becoming a growing market than insur-
ance for WASH systems per se. However, indirectly, micro-
insurance can play a key role for WASH systems. Risk of
eviction is one of the biggest barriers for infrastructure
development in slums, and microinsurance in housing
could help to manage this risk better. For example, in slum
areas of Dhaka, Bangladesh, people managing ‘water
houses’ that provide WASH services would see insurance
as an incentive to improve the facilities, which often are of
poorest quality and very unhygienic [127].

For insurance to target poor people it is important to, for
example, conduct demand studies, in order to understand the
customer base and what type of insurance low-income people
want to buy. Health insurance is the top priority for low-
income households, as one big risk is hospitalization, which
often happens suddenly and in most cases requires cash for
service. A challenge is that very few companies reach out to
develop the kind of relationship of trust and direct contact
(both physical and psychological) with potential clients that is
necessary for entering the low-income market directly. A
challenge in terms of health insurance is that the poor are
very much aware of the burden of diseases which mean small
costs but which occur often, but these are difficult for a health
insurer to cover. The claim process is high cost because it is
difficult and expensive to obtain the information needed to
verify claims. For a viable health insurance scheme, it is
therefore recommended that policyholders and the commu-
nity be involved in the business process, thus mobilizing their
social capital: The greater the degree of convergence of the
interests of insured and insurer, the more viable the arrange-
ment will be [86].

3.8. Build (micro) financial contingencies

In high-income countries, governments are typically
equipped with financial reserves and quick budget reallo-
cations to cover their legal and social post-disaster respon-
sibilities. There are also directly supporting instruments,
for example social funds and livelihoods programmes,

which can enable communities to make investments that
are vital for building resilience and to transition to new
livelihoods, often in new sectors and in urban areas where
they may need temporary support. The financial implica-
tions of impacts from disasters on WASH are shared to
varying extent in existing social welfare state arrange-
ments [97]. The European Union Solidarity Fund, launched
in 2002 may become a benchmark example of how risks
from disasters can be pooled on a regional level across
different sovereign countries.

In developing countries, supporting instruments such
as social funds and livelihood programmes can enable
communities to make investments that are vital for build-
ing the resilience needed to make transitions to new
livelihoods. This can be combined with safety nets in the
form of cash transfers (both conditional and uncondi-
tional), workforce programs and in-kind transfers. In the
context of social protection instruments, several countries,
including Malawi, have explored productivity-enhancing
safety nets, direct welfare transfers and appropriate mar-
ket interventions [28]. But experience in these has not
migrated into the WASH sector as much as it has in food,
health, shelter, or transportation. However, cross-subsidies
exist in some cases, usually where utilities working across
richer and poorer urban neighborhoods agree to govern-
ment conditions for PPP service contracts that combine
profitable projects with unprofitable ones to benefit
poorer communities [53]. Creative solutions such as cross
subsidies, social funds and livelihood programmes are
necessary in order to generate interest from both public and
private investors. There is, however, a large gap between the
more typical PPPs involving utilities, when a private company
is partnering with a public authority to provide a service, and
the social protection or social safety activities that are needed
to build resilience in poor communities [28]. A recent model
which promises to fill this gap is the Asian Development
Bank's introduction of a technical and financial toolkit and
framework to support urban septage and sewerage manage-
ment, which involves a range of actors from the sector [6].
Such constructs could lead to more private sector
engagement.

Investments at the ‘bottom of the pyramid’ might seem
like an obvious route forward because of the size of the
potential market and the enormous need among such
customers for facilities and services. However, several
important hurdles will need to be overcome for such
investments to increase because of the nature of informal
settlements that require broad-based upgrades in infra-
structure, housing and services, among other things [106].
Finding incentives for businesses to invest in this segment
of society is part of the challenge of making river basins
and urban areas and hence local WASH systems resilient to
hazards. For business to do so, some sort of return on
investments is necessary within a reasonable turn-around
time, but without appropriate governance structures the
investments are not forthcoming. If ‘bottom of the pyramid’
investments are to succeed, a positive investment climate and
the governance capacity to build and maintain both simple
and complex infrastructure systems is required.

There are many moral hazards involved. Where sub-
sidies are too great it can create the perception that WASH
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services are a free commodity. There can also be disin-
centives to maintenance, for example communities often
do not find it worthwhile to invest in operations and
maintenance for DRR if they know that when there is a
breakdown, governments or NGOs will come to the rescue
[31]. Donor support in times of emergencies can also risk
crowding out existing private actors [57], and after a
humanitarian intervention residents suddenly need to
start paying for services that were free and of much better
quality (29).

Also, when social security nets are being introduced it
is important that already informal systems are not
destroyed—a lesson learned from European social history
[56]. Developing countries have a long history of informal
systems, for example reliance on neighbors and families
during disasters, which are important for strengthening
resilience to water-related disasters. In Bangladesh, for
example, people who have lost their homes due to flood-
ing are in some cases allowed to rebuild on other people's
land, under the assumption that the favor will one day be
returned [39].

3.9. Microfinance

A review of microfinance programs for water and
sanitation suggests that there is a large potential demand.
However, while there are many pilot projects, very few
have achieved scale. Microfinance institutes still show a
low interest in the water and sanitation sector, especially
urban sanitation, for it continues to be relatively unknown
and is perceived as high risk [67]. In the Philippines,
community-level microfinancing exists for both DRR and
WASH [117]. Members of a so called Purok system, a
micro-governance system at community level, voluntarily
contribute to a bank used by those in need of emergency
funds after a disaster. Private sector actors also have a role
to play in supporting such community microfinance. In the
Philippines, a real estate company in the city of Cebu has
taken the initiative to transfer the Purok system to a peri
urban area. This is motivated by legislation, which pre-
scribes a certain percentage for CSR, as well as by a wish to
leave a legacy. Financial capital is built up in a system of
co-finance, where the community delivers its part, such as
setting up an organization and activities, and then receives
incentives accordingly (4).

4. Conclusions

We have described in this paper the different ways in
which risk, vulnerability, and resilience to water-related
hazards is constructed in WASH systems, how dysfunc-
tional systems result in health impacts for communities at
risk, and why these problems should be of grave concern
to the global community.

Investments in WASH systems are often narrowly
framed. They tend to focus on the provision of access to
safe water and sanitation facilities and services at the level
of the city at the most or at the community or individual
level. Because of a lack of integrated WASH investments,
the cost-effectiveness of existing investment decisions can
be questioned. We argue in this paper that building the

resilience of WASH systems to water-related hazards and
resulting health risks requires a broader set of investments
across the entire socio-economic system to which the
WASH system is linked. This system includes the river
basin (and sometimes beyond it) and the wider urban area
in which the WASH system is located, right down to the
point of access for the individual user. Building resilience
to hazards consequently requires better coordination and
collaboration between stakeholders engaged in a broad
range of different sectors who influence the way in which
land and water resources are used at different areas, such
as agriculture, energy provision, natural resource extraction,
conservation, housing and infrastructure development,
industrial development, and disaster risk management.
Profound changes or transformations in the way we
manage natural resources will ultimately be needed as
urbanization and development in river basins increasingly
constrain systems.

Central to our examination of resilient WASH systems is
the role of Public Private Partnerships (PPPs) and social
learning, and the opportunities that exist for strengthen-
ing investments that are based on a more integrated view
of the different elements of the WASH system and how
they interact.

Business strategies

We identified a number of business strategies that
could help to reduce the vulnerability of people and
businesses to water-related hazards in urban areas, and
that have direct and indirect positive impacts on enhan-
cing the resilience of urban WASH systems, emphasizing
the important role of social learning. These strategies are
summarized below.

1. Reexamine the profitability of existing WASH invest-
ments in light of expected losses and damages caused
by water-related hazards. Cost-benefit analysis and
strategic environmental assessment tools can help
raise awareness of the benefits of investing in
ecosystems.

2. Replicate and upscale approaches that acknowledge
that water needs to have adequate space. This entails
more integrated social and technical programmes that
incorporate flood preparedness and non-structural
mitigation, and a multifunctional land use approach.

3. Create an institutional culture for private sector
investment based on accountability, facilitated by
quality assurance approaches and methods. Strive
towards a more green and resilient city environment,
and promote concerns about the continuity and long-
term reliability of investments.

4. Develop a better understanding of the customer base,
including worldviews, needs and preferences, motiva-
tions, and purchasing power. Find out how the ‘Bot-
tom of the pyramid’ investments can become
profitable through strategic innovation, especially in
poor urban communities.

5. Support a new segment of private entrepreneurs
through legislation, as well as empowerment of and
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dialog with (informal) small private actors. Create an
enabling policy, and a supportine practice in building
trust, capacity and dialog.

6. Develop micro-insurance mechanisms in dialog with
vulnerable communities to help them cope with
financial risks. The most needed insurance is likely
to be for health risks.

7. Build (micro) financial opportunities which can
enable vulnerable people to make a transition into
new livelihoods and reduce poverty. Consider how to
reduce moral hazards when a service is provided for
free or at a subsidized price.

Acknowledgments

The authors would like to thank the Swedish Civil
Contingencies Agency (MSB) (Grant number MSB: 211-
946) for providing the funding for this research. We are
grateful to Lisa Segnestam and Guoyi Han for valuable
discussions on the conceptual framework presented in
Section 3. We are also very grateful to two anonymous
external reviewers for their constructive comments, which
has helped to improve the manuscript. We also would like
to thank Tom Gill for a final language review and edit of
the manuscript. We also would like to thank Magnus Enell
and Bjorn von Euler for initial discussions and input from a
private sector philanthropy perspective.

References

[1] ADB. 2006. Expanding access to basic services in Asia and the
pacific region: Public Private Partnerships for poverty reduction.
Adrian P. PANGGABEAN. ERD - Economics and Research Depart-
ment. Working Paper seRIES No.87 [online] URL:¢(http://www.adb.
org/sites/default/files/pub/2006/WP087.pdf).

[2] Adger N. Social vulnerability to climate change and extremes in
coastal Vietnam. World Dev 1999;2:249-69.

[3] Ahern M, Kovats RS, Wilkinson P, Few R, Matthies F. Global health
impacts of floods:Epidemiologic Evidence. (July 1, 2005). Epidemiol
Rev 2005;27(no. 1):36-46, http://dx.doi.org/10.1093/epirev/mxi004
(accessed 03.07.14).

[4] Alfredo Arquillano, personal communication, (former Mayor
Camotes Islands Philippines), digitally recorded and transcribed
interview 14 Jan 2014, at Quest Hotel, Cebu City, The Philippines.

[5] Almack K. 2010. River restoration to avoid flood damage, USA,
[online] URL: ¢http://www.teebweb.org/wp-content/uploads/2013/
01/River-restoration-to-avoid-flood-damage-USA.pdf).

[6] Alzate E. 2014. Technical and Financial Toolkit. Presented at Joint
ADB-WB Sanitation Workshop. Jan 27-29, 2014. Manila, Philip-
pines. 39p (PDF). 2014-06-30 [online] URL: (http://tinyurl.com/
okenaqt).

[7] Araral E. The failure of water utilities privatization: synthesis of
evidence, analysis and implications. Policy Soc 2008;27(3):221-8.

[8] Ashley RM, Blanskby ], Newman R, Gersonius B, Poole A,
Lindley G. Learning and action alliances to build capacity for flood
resilience. ] Flood Risk Manag 2012;5:14-22, http://dx.doi.org/
10.1111/j.1753-318X.2011.01108.x.

[9] Baker JL, McClain K. 2009. Private Sector Initiatives in Slum
Upgrading.The World Bank Group. Washington, D.C. Urban sector
board; Urban Papers. UP-8. MAY 2009. [online] URL: ¢http://
siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/
336387-1169585750379/UP-8.pdf).

[10] Baker JL. 2012. Climate Change, Disaster Risk, and the Urban Poor:
Cities Building Resilience for a Changing World. World Bank,
Washington, DC. [online] URL: ¢(http://ella.practicalaction.org/node/
1149?automodal=true&automodalClose=true&automodalReload=
true#sthash.NNo3BG9Z.dpuf).

[11] Bakker K. Archipelagos and networks: urbanization and water priva-
tization in the South. Geogr ] 2003;169:328-41, http://dx.doi.org/
10.1111/4.0016-7398.2003.00097.x.

[12] Barreto ML, Genser B, Strina A, Teixeira MG, Assis AMO, Rego RF.
Impact of a citywide sanitation program in northeast Brazil on
intestinal parasites infection in young children. ([online] URL). Environ
Health Perspect 2010;118(11):1637-42. ¢http://www.ncbi.nlm.nih.gov/
pmc/articles/PMC2974706/Accessed 2012-11-27).

[13] Batchelor C, James AJ, Smits S. 2010. Adaptation of WASH Services
Delivery to Climate Change and Other Sources of Risk and Uncer-
tainty. International Water and Sanitation Centre (IRC).

[14] Batley R. Engaged or divorced? cross-service findings on govern-
ment relations with non-state service providers Public Adm Dev
2006;26:241-51, http://dx.doi.org/10.1002/pad.422.

[15] Beck T, Demirgii¢-Kunt A, Honohan P. Access to financial services:
measurement, impact, and policies. World Bank Res Obs 2009;24
(1):119-45, http://dx.doi.org/10.1093/wbro/lkn008.

[16] Bizimana JP, Schilling M. Geo-Information Technology for Infra-
structural Flood Risk Analysis in Unplanned Settlements: A Case
Study of Informal Settlement Flood Risk in the Nyabugogo Flood
Plain, Kigali City, Rwanda. (99 Geotechnologies and the Environ-
ment 2). In: Showalter PS, Lu Y, editors. Geospatial techniques in
urban hazard and disaster analysis; 2010, http://dx.doi.org/10.1007/
978-90-481-2238-7_6 (Chapter 6).

[17] Blackmore C, Ison R, Jiggins J. Social learning: an alternative policy
instrument for managing in the context of Europe's water. Environ
Sci Policy 2007;10(6):493-8.

[18] Broekx S, Smets S, Liekens I, Bulckaen D, De Nocker L. Designing a
long-term flood risk management plan for the Scheldt estuary
using a risk-based approach. Nat Hazards 2011;57(2):
245-66, http://dx.doi.org/10.1007/s11069-010-9610-x.

[19] Brooks N. 2003. Vulnerability, risk and adaptation: A conceptual
framework. Tyndall Centre for Climate Change Research. Working
paper 38. 16p. [online] URL: (www.tyndall.ac.uk/sites/default/files/
wp38.pdf).

[20] Budds J, McGranahan G. 2003. Privatization and the provision of
urban water and sanitation in Africa, Asia and Latin America.
International Institute for Environment and Development (I[ED)
[online] URL: ¢http://www.acquaevita.info/pag/pdf/Water_dp1.pdf).

[21] Burra S, Patel S, Kerr T. Community-designed, built and managed
toilet blocks in Indian cities. Environ Urban 2003;5(2):
11-32 (accessed 06.03.14) ([online] URL) (http://www.sdinet.org/
media/upload/documents/EU2003152BurraPatelKerr.pdf).

[22] Butterworth ], Morris M. 2007, Developing processes for delivering
demand-led research in urban water management. SWITCH report
[online] URL: ¢http://tinyurl.com/p787gsn).

[23] Carroll AB, Shabana KM. The business case for corporate social respon-
sibility: a review of concepts, research and practice. Int ] Manag Rev
2010;2010:85-105, http://dx.doi.org/10.1111/j.1468-2370.2009.00275 X.

[24] Calow R, Bonsor H, Jones L, O'Meally S, MacDonald A, Kaur N. In:
Climate change, water resources and WASH: a scoping study.
London, UK: Overseas Development Institute; 2011 (ISSN17592917).

[25] Copeland C. In: Hurricane-damaged drinking water and wastewater
facilities: impacts, needs, and responses. The Library of Congress, U.S.
A.: Congressional Research Service; 2005 ([online] URL) ¢http://www.
policyarchive.org/handle/10207/bitstreams/4235.pdf).

[26] De Nocker L, Broekx S, Liekens I. 2004. Maatschappelijke kosten-
batenanalyse voor de actualisatie van het Sigmaplan, Conclusies op
hoofdlijnen, Tussentijds rapport in opdracht van Ministerie van de
Vlaamse Gemeenschap, LIN AWZ, Afdeling Zeeschelde, door Vito i.
s.m. Tijdelijke Vereniging.

[27] Dercon S. 2002. Income risk, coping strategies and safety nets.
WIDER Discussion Papers. World Institute for Development Eco-
nomics (UNU-WIDER), No.2002/22, ISBN 9291901636. [online]
URL: (http://www.econstor.eu/bitstream/10419/53051/1/346063647.
pdf) [accessed 13.04.14].

[28] Devereux S, Macauslan I. 2006. Review of Social Protection Instru-
ments in Malawi: A desk study for DFID Malawi. Inst of Develop-
ment Studies. Univ Sussex. 27p. (https://www.ids.ac.uk/files/
MalawiSocialProtectionReview.pdf).

[29] Erik Rottier., personal communication, (consultant Resilient WASH),
Sweden, digitally recorded and transcribed interview 18 Oct 2012, at
Stockholm Environment Institute.

[30] Falkenmark M. 2003. Water Management and Ecosystems: Living
with Change. Global Water Partnership Technical Committee (TEC),
TEC Background papers no. 9.

[31] Fonseca C, Smits S, Nyarko K, Naafs A, Franceys R. 2013. Financing
capital maintenance of rural water supply systems: current prac-
tices and future options. WASHCost working paper; 9. [online] The



http://www.adb.org/sites/default/files/pub/2006/WP087.pdf
http://www.adb.org/sites/default/files/pub/2006/WP087.pdf
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0005
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0005
http://dx.doi.org/10.1093/epirev/mxi004
http://dx.doi.org/10.1093/epirev/mxi004
http://dx.doi.org/10.1093/epirev/mxi004
http://www.teebweb.org/wp-content/uploads/2013/01/River-restoration-to-avoid-flood-damage-USA.pdf
http://www.teebweb.org/wp-content/uploads/2013/01/River-restoration-to-avoid-flood-damage-USA.pdf
http://tinyurl.com/okenaqt
http://tinyurl.com/okenaqt
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0015
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0015
http://dx.doi.org/10.1111/j.1753-318X.2011.01108.x
http://dx.doi.org/10.1111/j.1753-318X.2011.01108.x
http://dx.doi.org/10.1111/j.1753-318X.2011.01108.x
http://dx.doi.org/10.1111/j.1753-318X.2011.01108.x
http://siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/336387-1169585750379/UP-8.pdf
http://siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/336387-1169585750379/UP-8.pdf
http://siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/336387-1169585750379/UP-8.pdf
http://ella.practicalaction.org/node/1149?automodal=true&automodalClose=true&automodalReload=true#sthash.NNo3BG9Z.dpuf
http://ella.practicalaction.org/node/1149?automodal=true&automodalClose=true&automodalReload=true#sthash.NNo3BG9Z.dpuf
http://ella.practicalaction.org/node/1149?automodal=true&automodalClose=true&automodalReload=true#sthash.NNo3BG9Z.dpuf
http://ella.practicalaction.org/node/1149?automodal=true&automodalClose=true&automodalReload=true#sthash.NNo3BG9Z.dpuf
http://ella.practicalaction.org/node/1149?automodal=true&automodalClose=true&automodalReload=true#sthash.NNo3BG9Z.dpuf
http://dx.doi.org/10.1111/j.0016-7398.2003.00097.x
http://dx.doi.org/10.1111/j.0016-7398.2003.00097.x
http://dx.doi.org/10.1111/j.0016-7398.2003.00097.x
http://dx.doi.org/10.1111/j.0016-7398.2003.00097.x
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974706/Accessed 2012-11-27
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974706/Accessed 2012-11-27
http://dx.doi.org/10.1002/pad.422
http://dx.doi.org/10.1002/pad.422
http://dx.doi.org/10.1002/pad.422
http://dx.doi.org/10.1093/wbro/lkn008
http://dx.doi.org/10.1093/wbro/lkn008
http://dx.doi.org/10.1093/wbro/lkn008
http://dx.doi.org/10.1007/978-90-481-2238-7_6
http://dx.doi.org/10.1007/978-90-481-2238-7_6
http://dx.doi.org/10.1007/978-90-481-2238-7_6
http://dx.doi.org/10.1007/978-90-481-2238-7_6
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0050
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0050
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0050
http://dx.doi.org/10.1007/s11069-010-9610-x
http://dx.doi.org/10.1007/s11069-010-9610-x
http://dx.doi.org/10.1007/s11069-010-9610-x
www.tyndall.ac.uk/sites/default/files/wp38.pdf
www.tyndall.ac.uk/sites/default/files/wp38.pdf
http://www.acquaevita.info/pag/pdf/Water_dp1.pdf
http://www.sdinet.org/media/upload/documents/EU2003152BurraPatelKerr.pdf
http://www.sdinet.org/media/upload/documents/EU2003152BurraPatelKerr.pdf
http://tinyurl.com/p787gsn
http://dx.doi.org/10.1111/j.1468-2370.2009.00275.x
http://dx.doi.org/10.1111/j.1468-2370.2009.00275.x
http://dx.doi.org/10.1111/j.1468-2370.2009.00275.x
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0070
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0070
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0070
http://www.policyarchive.org/handle/10207/bitstreams/4235.pdf
http://www.policyarchive.org/handle/10207/bitstreams/4235.pdf
http://www.econstor.eu/bitstream/10419/53051/1/346063647.pdf
http://www.econstor.eu/bitstream/10419/53051/1/346063647.pdf
https://www.ids.ac.uk/files/MalawiSocialProtectionReview.pdf
https://www.ids.ac.uk/files/MalawiSocialProtectionReview.pdf

A. Johannessen et al. / International Journal of Disaster Risk Reduction 10 (2014) 102-115 113

Hague, The Netherlands: IRC International Water and Sanitation
Centre. [online] URL: ¢http://washurl.net/6nm7ue).

[32] Folke C. Resilience: the emergence of a perspective for social-
ecological systems analyses. Glob Environl Change - Hum Policy
Dimens 2006;16:253-67.

[33] GLAAS. 2012. The Global Analysis and Assessment of Sanitation and
Drinking-Water (GLAAS) The challenge of extending and sustaining
services. UN Water, WHO. [online] URL: (http://tinyurl.com/
nbptpr6).

[34] Guarin GP, Westen CJ, Montoya L. Community-based flood risk
assessment using gis for the town of San Sebastidn, Guatemala. ]
Hum Secur Dev 1554-3617 2005;1(1):29-49.

[35] Govindarajan V, Trimble C. Organizational DNA for strategic inno-
vation. Calif Manag Rev 2005;47(3):47-76.

[36] Gupta TN. 1994. Vulnerability of houses in hazard prone areas. In:
Proceedings of the world conference on the international decade
for natural disaster reduction (IDNDR). Yokohama, Japan; May 23-
27,1994.

[37] Hardoy JE, Satterthwaite D. Environmental problems of third world
cities: a global issue ignored? Public Adm Dev 1991;11:341-61.

[38] Harvey P. 2007. Excreta disposal in emergencies. WEDC. [online]
URL: (www.wedc.lboro.ac.uk/publications).

[39] Hoff H, Bouwer L, Berz G, Kron W, Loster T. 2003. Risk Management
in Water and Climate - the Role of Insurance and Other Financial
Services [online] URL: (http://germanwatch.org/download/klak/
dwc2003.pdf).

[40] Howard G, Bartram ]. In: Vision 2030: the resilience of water
supply and sanitation in the face of cllimate change. Geneva,
Switzerland: World Health Organization; 2010.

[41] Howard G, Charles K, Pond K, Brookshaw A, Hossain R, Bartram J.
Securing 2020 vision for 2030: climate change and ensuring
resilience in water and sanitation services. ] Water Clim Change
2010;01(1):2, http://dx.doi.org/10.2166/wcc.2010.205.

[42] Huntjens P, Pahl-Wostl C, Rihoux B, Schiilter M, Flachner Z, Neto S.
Adaptive water management and policy learning in a changing
climate: a formal comparative analysis of eight water management
regimes in Europe, Africa and Asia. Environ Policy Gov 2011;21:
145-63.

[43] Hawkins ]. 2013. Evidence on demand, Climate, Environment,
Infrastructure and Livelihoods Professional Evidence and Applied
Knowledge Services (CEIL PEAKS) program How to Note: Reducing
corruption in infrastructure sectors. [online] URL: ¢http://tinyurl.
com/lhfcdt7).

[44] Hukka JJ, Katko TS. 2003. Water Privatization Revisited - Panacea or
Pancake? IRC International Water and Sanitation Centre, Delft, the
Netherlands, 2003 [online] URL: (http://www.irc.nl/page/6003
accessed 2014-04-08).

[45] Immink I. Towards new policy arrangements for river management
in The Netherlands? In: Tress B, Tress G, Fry G, et al., editors. From
landscape research to landscape planning: aspects of integration,
education and application. Dordrecht: Springer; 2005.

[46] IPCC. A special report of working groups I and II of the Inter-
governmental panel on climate change. In: Field CB, Barros V,
Stocker TF, Qin D, Dokken DJ, Ebi KL, Mastrandrea MD, Mach K],
Plattner G-K, Allen SK, Tignor M, Midgley PM, editors. Managing
the . risks of extreme events and disasters to advance climate
change adaptation. Cambridge, UK, and New York, NY, USA:
Cambridge University Press; 2012.

[47] IPCC. 2014: Climate Change 2014: impacts, adaptation, and vulner-
ability. Working group II report to AR5.

[48] Johannessen A, Han G, Rosemarin A. 2014. Analysis of 121 local
governments' self assessed progress in urban DRR and resilience. In
Manuscript. Presented at the Global Platform for DRR, 20 May,
2013. Basis of Chapter 2 in Local DRR, UNISDR, forthcoming in
2015.

[49] Johnston R, Cools ], Liersch S, Morardet S, Murgue C, Mahieu M,
et al. WETwin: a structured approach to evaluating wetland
management options in data-poor contexts. Environ. Sci. Policy
2013;34:3-17, <http://dx.doi.org/10.1016/j.envsci.2012.12.006 >.

[50] Karlsson A. 2012. Sustainability Certification of Urban Areas and
opportunities to integrate resilience and DRR. Seminar Presenta-
tion 25/5 2012 “Resilient cities - From knowledge to local action”
Swedish Water House. 2013-01-16 [online] URL: http://tinyurl.
com/nzvhnoa.

[51] Klein Christine A, Zellmer Sandra B. Mississippi river stories:
lessons from a century of unnatural disasters. SMUL Rev 2007;60:
1516.

[52] Klijn F, van Buuren M, van Rooij SAM. Flood-risk management
strategies for an uncertain future: living with rhine river floods in
The Netherlands? AMBIO 2004;33(3):141-7.

[53] Koppenjan JFM, Enserink B. Public-private partnerships in urban
infrastructures: reconciling private sector participation and sus-
tainability. Public Adm Rev 2009;69:284-96, http://dx.doi.org/
10.1111/j.1540-6210.2008.01974.x.

[54] KPMG International. In: Climate changes your business. Nether-
lands: KPMG, Amstelveen; 75.

[55] Lebel L, Manuta J, Khrutmuang S. 2005. Risk reduction or distribu-
tion and recreation? the politics of flood disaster management in
Thailand. USER Working Paper (WP-2004-16). Unit for Social and
Environmental Research, Chiang Mai University, Chiang Mai.

[56] Lindbeck A. In: European social model: lessons for developing
countries. ERD Working paper series number 11. Economics and
Research Department. Asian Development Bank: DIANE Publish-
ing; 12.

[57] Linnerooth-Bayer Mechler. Disaster safety -nets for developing
countries: extending public-private partnerships. Environ Hazards
2007;7(1):54-61, http://dx.doi.org/10.1016/j.envhaz.2007.04.004.

[58] Lockwood H, Smits S. In: Supporting rural water supply - moving
towards a service delivery approach. The Schumacher Centre, Bour-
ton on Dunsmore, Rugby, UK: Practical action Publishing; 2012
([online] URL) ¢http://tinyurl.com/a6v33s2 Accessed 2013-01-17).

[59] Mara D, Evans B. In: Sanitation & water supply in low-income
countries. Ventus Publishing ApS /BookBoon, Frederiksberg Den-
mark: Ventus Publishing; 2011 ([online] URL) ¢http://bookboon.
com/en/textbooks/civil-engineering/sanitation-and-water-supply-in-
low-income Accessed 2012-11-27) ISBN: 978-87-7681-866-1.

[60] Mara D, Lane ], Scott B, Trouba D. Sanitation and health. PLoS Med
2010;7:11.

[61] Marin P, et al. In: Public private partnerships for urban water
utilities: a review of experiences in developing countries.
Washington DC: World Bank, Public Private Infrastructure Advisory
Facility; 2009.

[62] Markides C. Strategic innovation. Sloan Manag Rev 1997;38(3):
9-23.

[63] Matagi SV. Some issues of environmental concern in Kampala, the
capital city of Uganda. Environ Monit Assess 2002;77:121-38.

[64] Maynard T. Climate change: impacts on insurers and how they can
help with adaptation and mitigation. In Geneva Pap Risk Insur-
Issues Pract 2008;33(1):140-6.

[65] McCod M], Steinmann R, Tatin-Jaleran C, Ingram M, Mateo M. 2013.
The Landscape of Microinsurance in Africa. Munich Re Foundation
and GIZ-Program Promoting Financial Sector Dialog in Africa:“-
Making Finance Work for Africa.

[66] McGranahan G, Njiru C, Albu M, Smith M, Mitlin D. 2006. How
small water enterprises can contribute to the Millennium Devel-
opment Goals: evidence from Dar es Salaam, Nairobi, Khartoum
and Accra. [online] Loughborough, UK: Water, Engineering and
Development Centre, Loughborough University of Technology,
WEDC. [online] URL: (http://docs.watsan.net/Downloaded_Files/
PDF/McGranahan-2006-How.pdf).

[67] Mehta M. 2008. Assessing microfinance for water and sanitation,
Exploring Opportunities for Sustainable Scaling Up. For the Bill &
Melinda Gates Foundation. Final Report. [online] URL: (https://
docs.gatesfoundation.org/Documents/assessing-microfinance-wsh-
2008.pdf) [accessed 06.03.14].

[68] Meire P, Ysebaert T, van Damme S, van den Bergh E, Maris T, Struyg E.
The Scheldt estuary: a description of a changing ecosystem. Hydro-
biologia 2005;540(1-3):1-11.

[69] Melo JC. 2005. The Experience of Condominial Water and Sewerage
Systems in Brazil: Case Studies from Brasilia, Salvador and Parauape-
bas. August 2005. WSP-LAc The World Bank. [online] URL: ¢http://
www.wsp.org/sites/wsp.org/files/publications/BrasilFinal2.pdf).

[70] Moriarty P, Batchelor C, Abn-Alhadi FT, Laban P, Fahmy H. 2007. The
Empowers approach to water governance, Guidelines, Methods
and Tools. Inter-Islamic network on water resources development
and management (INWRDAM).

[71] Mostert E, Pahl-Wostl C, Rees Y, Searle B, Tabara D, Tippett ]J. Social
learning in European river-basin management: barriers and foster-
ing mechanisms from 10 river basins. Ecol Soc 2007;12(1):19.

[72] Narain S. 2012. Excreta Matters: How Urban India is soaking up
water, polluting rivers and drowning in its own waste. 7th State of
India Environment Report (http://csestore.cse.org.in/).

[73] Neto F. Alternative approaches to flood mitigation: a case study of
Bangladesh. Nat Resour Forum 2001;25:285-97.

[74] Nijland H, Menke U. (eds). 2005. In: Proceedings of the Conference
on flood risk management and multifunctional land use in river



http://washurl.net/6nm7ue
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0080
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0080
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0080
http://tinyurl.com/nbptpr6
http://tinyurl.com/nbptpr6
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0085
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0085
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0085
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0090
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0090
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0095
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0095
www.wedc.lboro.ac.uk/publications
http://germanwatch.org/download/klak/dwc2003.pdf
http://germanwatch.org/download/klak/dwc2003.pdf
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0100
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0100
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0100
http://dx.doi.org/10.2166/wcc.2010.205
http://dx.doi.org/10.2166/wcc.2010.205
http://dx.doi.org/10.2166/wcc.2010.205
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0110
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0110
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0110
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0110
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0110
http://tinyurl.com/lhfcdt7
http://tinyurl.com/lhfcdt7
http://www.irc.nl/page/6003 accessed 2014-04-08
http://www.irc.nl/page/6003 accessed 2014-04-08
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0115
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0115
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0115
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0115
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0120
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0120
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0120
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0120
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0120
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0120
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0120
http://dx.doi.org/10.1016/j.envsci.2012.12.006
http://dx.doi.org/10.1016/j.envsci.2012.12.006
http://dx.doi.org/10.1016/j.envsci.2012.12.006
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref7847
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref7847
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref7847
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0130
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0130
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0130
http://dx.doi.org/10.1111/j.1540-6210.2008.01974.x
http://dx.doi.org/10.1111/j.1540-6210.2008.01974.x
http://dx.doi.org/10.1111/j.1540-6210.2008.01974.x
http://dx.doi.org/10.1111/j.1540-6210.2008.01974.x
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0140
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0140
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0145
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0145
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0145
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0145
http://dx.doi.org/10.1016/j.envhaz.2007.04.004
http://dx.doi.org/10.1016/j.envhaz.2007.04.004
http://dx.doi.org/10.1016/j.envhaz.2007.04.004
http://tinyurl.com/a6v33s2 Accessed 2013-01-17
http://bookboon.com/en/textbooks/civil-engineering/sanitation-and-water-supply-in-low-income Accessed 2012-11-27
http://bookboon.com/en/textbooks/civil-engineering/sanitation-and-water-supply-in-low-income Accessed 2012-11-27
http://bookboon.com/en/textbooks/civil-engineering/sanitation-and-water-supply-in-low-income Accessed 2012-11-27
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0165
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0165
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0170
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0170
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0170
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0170
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0175
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0175
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0180
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0180
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0185
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0185
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0185
http://docs.watsan.net/Downloaded_Files/PDF/McGranahan-2006-How.pdf
http://docs.watsan.net/Downloaded_Files/PDF/McGranahan-2006-How.pdf
https://docs.gatesfoundation.org/Documents/assessing-microfinance-wsh-2008.pdf
https://docs.gatesfoundation.org/Documents/assessing-microfinance-wsh-2008.pdf
https://docs.gatesfoundation.org/Documents/assessing-microfinance-wsh-2008.pdf
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0190
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0190
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0190
http://www.wsp.org/sites/wsp.org/files/publications/BrasilFinal2.pdf
http://www.wsp.org/sites/wsp.org/files/publications/BrasilFinal2.pdf
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0195
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0195
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0195
http://csestore.cse.org.in/
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0200
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0200

114 A. Johannessen et al. / International Journal of Disaster Risk Reduction 10 (2014) 102-115

catchments. Mainz, Germany, 17- 19 October 2005, Ministry of
Transport, Public Works and Water Management - The Nether-
lands, Directorate-General of Public Works and Water Manage-
ment/RIJKSWATERSTAAT, ISBN 90-369-5730-3.

[75] Oates N, Ross I, Calow R, Carter R, Doczi J. Adaptation to climate
change in water, sanitation and hygiene: assessing risks, appraising
options in Africa. London, UK: Overseas Development Institute;
2014.

[76] OECD. 2012. Roundtable of Mayors and Ministers. Mobilising
Investments for Urban sustainability, Job Creation and Resilient
Growth. 8 March 2012, Chicago, Illinois, United States. Issues Paper.
(http://www.oecd.org/gov/regionaldevelopment/49826482.pdf).

[77] Pahl Wostl C, Craps M, Dewulf A, et al. Social learning and water
resources management. Ecol Soc 2007;12(2):5 (accessed 2014-03-06)
([online] URL) ¢http://www.ecologyandsociety.org/vol12/iss2/art5/).

[78] Pahl Wostl C. Transition towards adaptive management of water
facing climate change. Water Resour Manag 2007;21(1):49-62.

[79] Pahl Wostl C, Sendzimir ], Jeffrey P, Aerts ], Bergkamp G, Cross K.
Managing change toward adaptive water management through
social learning. Ecol Soc 2007;2(2):30.

[80] Pantelic ], Srdanovic B. Sources of disaster vulnerability of the
urban poor: issues and views. In: Geyer HS, editor. International
handbook of urban policy: issues in the developing world. Edward
Elgar Publishing; 2007. p. 176-89.

[81] Parkes MW, Horwitz P. Water, ecology and health: ecosystems as
settings for promoting health and sustainability. Health Promot Int
2009;24(1):94-102.

[82] Parkinson ], Tayler K, Mark O. Planning and design of urban
drainage systems in informal settlements in developing countries.
Urban Water ] 2007;4(3):137-49.

[83] Pinkerton E, editor. Cooperative management of local fisheries:
new directions for improved management and community devel-
opment. Vancouver, Canada: University of British Columbia Press;
1989.

[84] Prahalad CK, Hart SL. 2002. The Fortune at the Bottom of the
Pyramid. 10 Jan 2002, Strategy+ business PwC strategy Inc (http://
www.strategy-business.com/article/11518) accessed 2014-04-05.

[85] Prakash Kumar. personal communication, (WASH Institute), India,
digitally recorded and transcribed interview 18 Sep 2012, at
Stockholm Environment Institute.

[86] Radermacher R, Dror I, Noble G. Challenges and strategies to
extend health insurance to the poor. (Chapter 2.1). In: Churchill
Craig, editor. Protecting the poor - a microinsurance compendium.
Geneva: International labour office; 2006 (Munich Re Foundation,
CGAP working group on microinsurance).

[87] Rana MMP. Urbanization and sustainability: challenges and stra-
tegies for sustainable urban development in Bangladesh. Environ
Dev Sustain 2011;2011(13):237-56.

[88] Rashid SR. The urban poor in Dhaka city: their struggles and coping
strategies during the floods of 1998. Disasters 2000;20(3):240-53.

[89] Reed MS, Evely A, Cundill G, Fazey |, Glass J, Laing A, et al. What is social
learning? Ecol Soc 2010;15(4):r1, (http://www.ecologyandsociety.org/
voIXX/issYY/artZZ/).

[90] Remmelzwaal A, Vroon ]. 2000. Werken met water; Veerkracht als
strategie, RIZA/RIKZ report nr. 2000.021.

[91] Sachs JD. 2001. Macroeconomics and health: Investing in health for
economic development. Report of the Commission on Macroeco-
nomics and Health, prepared for WHO, Geneva.

[92] Sanctuary M, Tropp H, Berntell A. 2006. Making Water a part of
economic development. The economic benefits of improved water
management and services. Stockholm International Water Institute
(SIWI), WHO. [online] URL: ¢(http://www.who.int/water_sanitation_
health/waterandmacroeconomics/en/index.html).

[93] Satterthwaite D, Huq S, Pelling M, Reid H, Romero Lankao P. 2007.
Adapting to Climate Change in Urban Areas, The possibilities and
constraints in low- and middle-income nations. Working paper.
Human Settlements Discussion Group Series. Theme 1: Climate
Change and Cities. The International Institute for Environment and
Development (I[ED).

[94] Segnestam L. 2014. Culture and Capacity - Drought and Gender
Differentiated Vulnerability of Rural Poor in Nicaragua, 1970-2010,
Stockholm Studies in Economic History 62 [Ph.D. thesis]. Stock-
holm University.

[95] Schusler TM, Decker DJ, Pfeffer MJ. Social learning for collaborative
natural resource management. Soc Nat Resour 2003;15:309-26.

[96] Schwartz K, Sanga A. Partnerships between utilities and small-scale
providers: delegated management in Kisumu, Kenya. Phys Chem
Earth Parts A/B/C 2010;35(13-14):765-71, http://dx.doi.org/
10.1016/j.pce.2010.07.003.

[97] Schwarze R, Schwindt M, Weck-Hannemann H, Raschky P, Zahn F,
Wagner GG. Natural hazard insurance in Europe: tailored
responses to climate change are needed. Environ Policy Gov
2011;21(1):14-30, http://dx.doi.org/10.1002/eet.554.

[98] Seed R. et al. 2006 Investigation of the Performance of the New
Orleans Flood Protection System in Hurricane Katrina on August
29, 2005: Independent Levee Investigation Team: Final Report.
2006. National Science Foundation. [online] URL:(http://Malam
53digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=1031&
context=cenv_fac).

[99] Silva W, Dijkman JPM, Loucks DP. Flood management options for
The Netherlands. Int J River Basin Manag 2004;2(2):101-12.

[100] SPMU. West Bengal and Directorate of Forest, West Bengal 2012. A
report on orientation tour to Gujarat. Report from the Integrated
coastal zone management project [online] URL: http://tinyurl.com/
mrapfey.

[101] Stansbury N. 2005. Exposing the Foundations of Corruption in
Construction, in Chapter 2: Corruption in Practice, Transparency
International Global Corruption Report 2005.

[102] Styles C, Goddard ]J. Spinning the wheel of strategic innovation. Bus
Strategy Rev 2004;15(2):63-72.

[103] Suarez P, Linneroth-Bayer J. 2011. Insurance-related instruments for
disaster risk reduction. Submitted to the International Strategy for
Disaster Reduction (UNISDR) in the context of The 2011 Global
Assessment Report on Disaster Risk Reduction. [online] URL: www.
preventionweb.net/english/hyogo/gar...gdocs/Suarez_&_Linnerooth-
Bayer_2011.pdf.

[104] Sundaravadivel M, Doeleman JA, Vigneswaran S. Combined surface
sewerage: a low-cost option for effective sanitation in semi-urban
areas of India. Environ Eng Policy 1999;1:181-9.

[105] Sutherland A, da Silva Wells C, Darteh B, Butterworth ]. Researchers
as actors in urban water governance? Perspectives on learning
alliances as an innovative mechanism for change' Int | Water
2012;6(3/4):311-29.

[106] Sy J, Warner R, Jamieson . In: Tapping the markets: opportunities for
domestic investments in water and sanitation for the poor. Washing-
ton: World Bank; 143, http://dx.doi.org/10.1596/978-1-4648-0134-1.

[107] Syvitski JPM. Deltas at risk. Sustain Sci 2008;3(1):23-32.

[108] Tanzi V, and Davoodi HR. 1997. Corruption, Public Investment, and
Growth, Issue 97-139. International Monetary Fund. 23 pp.

[109] TEEB case. 2010. Multiple benefits of urban ecosystems: spatial
planning in Miami, USA. Compiled by ]. Férster mainly based on
American Forests (2008), available at: TEEBweb.org.

[110] Tippett J, Searle B, Pahl-Wostl C, Rees Y. Social learning in public
participation in river basin management—early findings from
HarmoniCOP European case studies. Environ Sci Policy 2005;8:
287-99.

[111] Turner BL, Kasperson RE, Matsone PA, McCarthy JJ, Corell RW,
Christensen L, et al. A framework for vulnerability analysis in
sustainability science. PNAS 2003;100(14):8074-9 ([accessed 06.03.14])
([online] URL) ¢http://www.pnas.org/content/100/14/8074.full.pdf).

[112] UNDP. Human Development Report. 2006. [online] URL: (http://
hdr.undp.org/en/media/HDRO6-complete.pdf).

[113] UNEP. 2012. The Fifth Global Environment Outlook (GEO 5) Report,
Chapter 17 Box 17.1, p 480.

[114] UNESCO. 2006. Water, a shared responsibility. The 2nd UN World
Water Development Report 2. UNESCO & Berghahn Books, NY.
accessed 18.01.13. [online] URL: ¢http://unesdoc.unesco.org/images/
0014/001454/145405E.pdf).

[115] UNISDR. 2004. Living with Risk: A Global Review of Disaster
Reduction Initiatives. United Nations International Strategy for
Disaster Reduction, New York, USA.

[116] UNISDR. 2007. UNISDR terminology. (Disaster) [online] URL:
(http://[www.unisdr.org/we/inform/terminology) [accessed 18.02.14].

[117] United Nations Office for Disaster Risk Reduction (UNISDR). How to
make cities more resilient — a handbook for local government
leaders. Geneva, 2012. p. 99.

[118] UNISDR. 2013. Work Program 2014-2015, delivering against the
strategic framework. [online] URL: (http://www.unisdr.org/files/
36219_unisdrbwp20142015.pdf).

[119] United States Agency for International Development (USAID). 2006.
Enabling water services delivery for the urban poor in Asia. Best
Practices review and workshop. USAID's Regional Environmental
Cooperation-Asia (ECO-Asia) Program.

[120] UWASANET. 2012. NGOs in the Ugandan Water and Sanitation
Sector. Performance report FY 2011/12 Uganda Water and Sanita-
tion NGO Network (UWASNET) [online] URL: ¢http://uwasnet.org/
Admin/pdf/2011-12_NGO_Report.pdf)[ accessed 18.01.13].



http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0205
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0205
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0205
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0205
http://www.oecd.org/gov/regionaldevelopment/49826482.pdf
http://www.ecologyandsociety.org/vol12/iss2/art5/
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0215
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0215
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0220
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0220
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0220
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0225
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0225
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0225
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0225
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0230
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0230
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0230
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0235
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0235
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0235
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0240
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0240
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0240
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0240
http://www.strategy-business.com/article/11518
http://www.strategy-business.com/article/11518
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0245
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0245
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0245
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0245
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0245
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0250
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0250
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0250
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0255
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0255
http://www.ecologyandsociety.org/volXX/issYY/artZZ/
http://www.ecologyandsociety.org/volXX/issYY/artZZ/
http://www.who.int/water_sanitation_health/waterandmacroeconomics/en/index.html
http://www.who.int/water_sanitation_health/waterandmacroeconomics/en/index.html
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0265
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0265
http://dx.doi.org/10.1016/j.pce.2010.07.003
http://dx.doi.org/10.1016/j.pce.2010.07.003
http://dx.doi.org/10.1016/j.pce.2010.07.003
http://dx.doi.org/10.1016/j.pce.2010.07.003
http://dx.doi.org/10.1002/eet.554
http://dx.doi.org/10.1002/eet.554
http://dx.doi.org/10.1002/eet.554
http://Malam53digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=1031&context=cenv_fac
http://Malam53digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=1031&context=cenv_fac
http://Malam53digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=1031&context=cenv_fac
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0280
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0280
http://tinyurl.com/mrapfey
http://tinyurl.com/mrapfey
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0285
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0285
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0290
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0290
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0290
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0295
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0295
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0295
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0295
http://dx.doi.org/10.1596/978-1-4648-0134-1
http://dx.doi.org/10.1596/978-1-4648-0134-1
http://dx.doi.org/10.1596/978-1-4648-0134-1
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0305
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0310
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0310
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0310
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0310
http://www.pnas.org/content/100/14/8074.full.pdf
http://hdr.undp.org/en/media/HDR06-complete.pdf
http://hdr.undp.org/en/media/HDR06-complete.pdf
http://unesdoc.unesco.org/images/0014/001454/145405E.pdf
http://unesdoc.unesco.org/images/0014/001454/145405E.pdf
http://www.unisdr.org/we/inform/terminology
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0320
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0320
http://refhub.elsevier.com/S2212-4209(14)00055-7/sbref0320
http://www.unisdr.org/files/36219_unisdrbwp20142015.pdf
http://www.unisdr.org/files/36219_unisdrbwp20142015.pdf
http://uwasnet.org/Admin/pdf/2011-12_NGO_Report.pdf
http://uwasnet.org/Admin/pdf/2011-12_NGO_Report.pdf

[121]

[122]

[123]

A. Johannessen et al. / International Journal of Disaster Risk Reduction 10 (2014) 102-115 115

Van Koppen B, Smits S, Moriarty P, Penning de Vries F, Mikhail M,
Boelee E. 2009 Climbing the water ladder: Multiple use water
services for poverty reduction. The Hague: IRC International Water
and Sanitation Centre.

Walker B, Holling CS, Carpenter SR, Kinzig A. 2004. Resilience,
adaptability and transformability in social-ecological systems.
Ecolo Soc 2004; 9(2): 5. <http://www.ecologyandsociety.org/vol9/
iss2/art5).

Willetts ], Pedi D, Carrard N, Powell B, De Lacy 1. 2008. NGO
Partnerships and capacity development in the water, sanitation
and hygiene sector. Prepared by the International Water Center
(IWC) and the Institute for Sustainable Futures (ISF), University of

Technology Sydney. [online] URL: (http://www.isf.uts.edu.au/pub
lications/willettsetal2008ngowash.pdf).

[124] World Bank. 2011a. Innovation in Disaster Risk Financing for
Developing Countries:Public and Private Contributions. [online]
URL: ¢http://tinyurl.com/nxbnzbs).

[125] World Bank. 2011b. Thai flood 2011. OVERVIEW Rapid Assessment
for Resilient Recovery and Reconstruction Planning. 69822 v1
[online] URL: ¢http://tinyurl.com/k46h920).

[126] World bank. 2014. Poverty overview. webpage [online] URL:
(http://www.worldbank.org/en/topic/poverty/overview) [accessed
12.02.14].

[127] Zeug H. 2011. Analysis: Potential of microinsurance to sustain water
and sanitation service. Report for Water for People.


http://www.ecologyandsociety.org/vol9/iss2/art5
http://www.ecologyandsociety.org/vol9/iss2/art5
http://www.isf.uts.edu.au/publications/willettsetal2008ngowash.pdf
http://www.isf.uts.edu.au/publications/willettsetal2008ngowash.pdf
http://tinyurl.com/nxbnzbs
http://tinyurl.com/k46h92o
http://www.worldbank.org/en/topic/poverty/overview

	Strategies for building resilience to hazards in water, sanitation and hygiene (WASH) systems: The role of public private...
	Introduction
	Framing the construction of risk and vulnerability to hazards in WASH systems
	Data collection and analysis
	Disaster risk in WASH systems
	Vulnerabilities of WASH systems to water-related hazards at different levels
	WASH system vulnerabilities at the regional / river basin level
	WASH system vulnerabilities at the urban level
	WASH system vulnerabilities at the level of the individual

	Strategies for linking investment in PPPs with DRR and building resilience in WASH systems
	Environmental limits: profitability reexamined
	The paradigm underlying development
	Changing business institutional cultures, competitive branding and ‘license to operate’
	Identifying a new segment of customers
	Adapting to new private actors: informal services also count
	Develop insurance mechanisms for the most vulnerable people
	Microinsurance
	Build (micro) financial contingencies
	Microfinance

	Conclusions
	Business strategies
	Acknowledgments
	References




