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Summary in Swedish
Klimatförändringar och ökat tryck på vattenresurser genom befolkningstillväxt i städer och omvandlingsområden utgör stora osäkerheter kring
hållbar tillhandahållande av dricksvatten, sanitet och hygien (WASH), särskilt för småskaliga decentraliserade system som anses vara sårbara jämfört
med centraliserade system. Begreppet "resiliens" kan vara användbart vid
hantering av sådana osäkerheter. Det handlar om planering för chocker
och stressorer som kan bidra till att långsiktiga utmaningar för vattenförsörjning och sanitet utmärker sig. Syftet med denna forskning är att undersöka relevansen av begreppet resiliens vid hantering av osäkerheter för
decentraliserade WASH-system. Genom litteraturgranskning, intervjuer
(n = 22) och gruppdiskussioner (n = 18), undersöktes relevansen av de 7
resiliensprinciperna, utvecklade av SRC, för WASH-planering för decentraliserade system. WHOs riktlinjer för vatten- och sanitetsplanering
granskades för att bedöma hur resiliens-konceptet kan tillföra användbara
aspekter för hanteringen av decentraliserade WASH-system.
Resultaten visade att resiliens-konceptet är viktigt vid planering och hantering av decentraliserade WASH-system, eftersom det med resiliensprinciperna som utgångspunkt finns möjlighet att involvera olika intressenter
som kan dela med sig av kunskaper, färdigheter och resurser över flera
skalor. De tre resiliensprinciperna som anses vara viktigast utav de 7 SRC
principerna för decentraliserad WASH identifierades som: 1) utökat deltagande, 2) bevarande av mångfald och redundans, och 3) hantering av långsamma förändringsvariabler och återkopplingar. Andra viktiga WASHaspekter som saknas från resiliensprinciperna var: 1) Kontextualitet, 2)
Ansvar, 3) Equity och mänskliga rättigheter, 4) tillsyn och underhåll, 5)
Resurs kapacitet.
Två fallstudier fungerade som exempel på hur decentraliserade WASHsystem hanteras i ett höginkomstland (Värmdö, Sverige) och i ett låg/medelinkomstland (MSETO, Kenya). I båda fallen identifierades använda resiliensprinciper liksom förbättringspotential. Med hänvisning till
resiliens visade Värmdö kommun styrka i informationsflödet (”sammanhang”) mellan aktörer men saknade integrerade WASH-planeringsriktlinjer och mångfald inom vattenförsörjning. MSETO-projektet uppvisade
styrka i att ha överlappande ansvarsområden (policentric governance) men
saknade hantering av långsamma variabler och återkopplingar, delvis p.g.a
brist på tillräckliga resurser.
Analysen med hjälp av resiliensprinciperna av WHOs riktlinjer för säker
vattenförsörjning (Water Safety plans) och sanitetssäkerhet (sanitation
planning) avslöjade att WHOs riktlinjer har ett starkt fokus på tekniska
aspekter och saknar ett integrerat tillvägagångssätt som involverar polycentrisk styrning och komplext adaptivt systemtänkande. Det behövs en
översyn av riktlinjerna för att inkludera sociala samhällsaspekter, strategier
för att förbättra tillgången till vatten och inkluderande av komplext adaptivt systemtänkande. Kommuner och utövare rekommenderas att överväga resiliensprinciperna samt de ytterligare identifierade aspekterna i
WASH-planering och åtgärder. Ytterligare forskning är nödvändig för att
bedöma nödvändiga förutsättningar för tillämpning av resiliensprinciperna, liksom nödvändiga avvägningar.
Nyckelord: resiliens, dricksvatten, sanitet, hygien, WASH, decentraliserade system, småskalighet, WASH-planering
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Summary in English
Climate change and increased pressure on water resources through urban
and peri-urban population growth present some major uncertainties to the
sustainable provision of good quality water, sanitation and hygiene
(WASH) services, particularly to small-scale decentralized systems which
are considered more vulnerable compared to centralized systems. The
concept of “resilience” could be useful when dealing with such uncertainties. It deals with planning for shocks and stressors which could help address long-term water security and sanitation challenges. The aim of this
research is to explore the relevance of the concept of resilience in dealing
with uncertainties for decentralized WASH systems. Through literature
review, interviews (n=22) and group discussions (n=18), the relevance of
the 7 resilience principles, developed by SRC, to WASH planning for decentralized systems was explored. WHO community water and sanitation
planning guidelines were reviewed to determine how resilience could add
useful aspects to management of decentralised WASH systems.
Results showed that the resilience concept is important in planning and
management of decentralized WASH systems, since, with the resilience
principles as a basis, there is potential to involve different stakeholders to
share knowledge, skills and resources across multiple scales. The three resilience principles considered most important from the 7 SRC resilience
principles for decentralized WASH were identified as: 1) Broadening participation, 2) Maintenance of diversity and redundancy, and 3) Management of slow changing variables and feedbacks. Other important WASH
aspects missing from the resilience principles were: 1) Contextuality, 2)
Accountability, 3) Equity and human rights, 4) Monitoring and maintenance, 5) Resource capacity.
Two case studies served as examples of how decentralized WASH systems
are managed in a high-income country (Värmdö, Sweden) and a low/middle income country (MSETO, Kenya). In both cases, applied resilience
principles were identified together with areas of improvement. With reference to resilience, Värmdö municipality showed strength in the flow of
information (connectivity) between actors but lacked integrated WASH
planning guidelines and diversity of water supplies. The MSETO project
exhibited strength in overlapping responsibilities (polycentric governance)
but lacked management of slow changing variables and feedbacks, linked
to the lack of adequate re-sources.
The analysis of WHO Water Safety Plans and sanitation safety planning
guidelines through the resilience framework revealed that the WHO
guidelines have a heavy focus on technical aspects and lack an integrated
approach involving polycentric governance and complex adaptive system
thinking. There is need for the revision of the guide-lines to incorporate
community social aspects, strategies of improving water availability and
consideration of complex adaptive systems thinking. Municipalities and
practitioners are recommended to consider resilience principles as well as
the identified missing aspects in WASH planning and interventions. Further research is needed investigating necessary conditions for the application of resilience principles and important trade-offs.
Key words: resilience, drinking water, sanitation and hygiene (WASH),
decentralized systems, small-scale, WASH planning
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1. INTRODUCTION
1.1.

Background

The current and potential future impacts of climate change present some
of the major risks in the provision of quality and sustainable water, sanitation and hygiene (WASH) services in many countries worldwide (Kohlitz
et al., 2017). Besides the risks of climate change, WASH systems are also
threatened by other forces from the growing population demand, urbanization, unstable political, social and economic situations (WaterAid, 2013).
These uncertainties present multi-faceted challenges to both centralized
and decentralized WASH systems which the global population depend on
for survival.
Many countries worldwide are still struggling to meet the basic WASH
needs, which are explicitly recognized as a basic human right through the
Resolution 64/292, by the United Nations General Assembly (UN, 2010).
In 2015, according to WHO and UNICEF (2017) an estimated 2.1 billion
people worldwide lacked safely managed drinking water services (Table 1)
and approximately 4.5 billion people lacked safely managed sanitation services. About 844 million still lacked even a basic drinking water services.

Table 1: Definition of Safely Managed Drinking water source and
Safely managed sanitation facility (WHO and UNICEF, 2017).
Safely Managed Drinking water source
A safely managed drinking water source refer to the
use of an improved drinking water source, situated
within the premises, readily available when needed
and free from contamination.
Improved drinking water sources are protected
sources with potential to provide safe water such
as piped water, protected wells and boreholes.

Safely managed sanitation facility
Safely managed sanitation services refer to
the use of improved sanitation facilities
without sharing with other households and
where the excreta can be temporarily stored,
transported and treated off-site or treated
and disposed of in situ.
Improved sanitation facilities include well
designed facilities that separate excreta from
human contact, such as flush, pour systems,
ventilated pit-latrines and septic systems.

The lack of improved WASH systems can expose communities to increased water related illness, malnutrition and even death (Howard et al.,
2016). A recent study revealed that nearly 1000 children of under the age
of five years die on a daily basis due to diarrhoea disease linked to poor
WASH systems (Howard et al., 2016, Howard and Bartram, 2009). According to WHO (2005) diarrhoea diseases attributed to contaminated water and inadequate sanitation contribute to an estimated 2.4 million deaths
each year.
Furthermore, the exposure to pathogens in water from faecal contamination can result in intestinal infections which can also inhibit the body to
assimilate important nutrients leading to undernutrition (Schulte-Herbrüggen et al., 2017). There exists a strong evidence in literature on the
positive correlation between diarrhoea cases and poor WASH services
(Howard et al., 2016 and Prüss-Ustün et al., 2014).
The outbreak of waterborne diseases still persists in both developing and
developed countries, although they are most prevalent particularly in developing countries (WHO, 2005). This is despite the traditional risk-based
management approaches that are largely promoted by the international
WASH community, such as the WHO-recommended Water Safety Plans
(WSPs) to improve the quality of WASH services. However, these do not
enable WASH practitioners to deal with stresses, shocks and uncertainties
especially arising from synergies between climatic, social, political,
2

Adopting a resilience lens in managing decentralized water, sanitation and hygiene (WASH) systems

economic and ecological factors which threaten the sustainability of
WASH services (Marlow et al., 2013).
Furthermore, due to the dynamic nature of the environmental and social
systems, there still exists a lot of uncertainties on how both internal and
external threats will affect the WASH systems and little attention has been
placed on how they should be best managed to promote resilient communities (Howard et al., 2016). World Health Organization (2011b) observed
that the provision of safe and adequate WASH services presents more
challenges to decentralized systems compared to larger centralized systems. Decentralized WASH systems are usually more vulnerable to contamination and breakdowns due to the nature of their administrative, operational and resourcing characteristics (WHO, 2011b).
Yet, decentralized systems are the most common solutions where centralized systems cannot reach the most remote or poorest of the population
especially in the rural areas due to the technical, physical, institutional or
economic and other feasibility factors. According to WHO and UNICEF
JMF (2018) in 2015, it was established that approximately 64% of the
global population use centralized (piped) systems, while about 28% of the
global population depend on decentralized (non-piped) systems for drinking water systems. Also, in 2015 it was reported that 36% and 32% of the
global population use centralized sewer and onsite small-scale decentralized systems respectively.
Pain (2018) considered decentralized systems to be the more viable compared to centralized systems in remote or poor areas of the society. Marlow et al. (2013) also criticized large centralized WASH systems for being
maladaptive in changes related to demographics, climate change, environmental and socio-economic constraints. Brown et al. (2009) also argued
that centralized systems are complex in their operation, very costly and
resource intensive. Complex centralized systems could present management challenges to rural or poor communities due to their operation and
maintenance requirements. Therefore, Grönwall and Oduro‑Kwarteng
(2018) encouraged planners to shift focus from large centralized system to
focus more diversified decentralized systems.
It is still debatable whether decentralized systems are the most suitable
solution to achieve safely managed WASH services or if other arrangements such as utility-managed centralized systems are better. It is uncertain if decentralized or large centralized systems contribute better to the
resilience of the WASH system. More studies are needed that explore the
most sustainable WASH system and adaptation strategies to deal with the
impacts of climate change, socio-economic and demographic factors such
as drought, social unrest, economic market instability and population
growth.
An emerging “resilience approach” developing from the field of socialecological systems (SES), has the potential of providing a framework of
dealing with increasing uncertainty. This is being adopted by the international development community, within sectors such as food security and
nutrition, social protection, humanitarian aid, disaster risk reduction and
climate change adaptation (Béné et al., 2015). However, it’s practical application within the WASH sector remains largely unexplored. The concept of resilience has also been criticized for being vague, broad and denoting different meanings according to different disciplines and unavailable methods to measure it (Béné et al., 2014). It has also been criticized
for its limitations to integrate social dynamics in issues of power and human agency especially by the Disaster Risk Reduction community.
3
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However, a few studies have been done in relation to WASH and the concept of resilience. But no studies have been done, exploring the application
of social-ecological resilience principles in WASH systems. A study done
by Amarasinghe et al. (2016) focused on introducing technical resilience
indicators for the quantitative assessment of water supply systems relative
to threats posed by climate change. Johannessen et al. (2014) examined
the role of public private partnership as a strategy in building resilience to
hazards in WASH systems.
Hence, this study seeks to explore the relevance of the concept of resilience to WASH Safety planning in dealing with uncertainties for small-scale
decentralized WASH systems. Furthermore, this study aims to identify
how the seven resilience principles have been applied by WASH practitioners in decentralized WASH systems, using Sweden (Värmdö municipality) and Kenya (MSETO WASH) as case studies. The two cases were
selected to be the test-bed for the resilience theory because both cases
possess attributes that could be suitable for testing the resilience theory
suitability (Yin, 2003). Their selection criteria include the following:
1. Both cases are served by decentralized WASH systems and are
located in the city outskirts.
2. Both study areas experienced somehow similar climate change related stressors or shocks such as droughts and floods in the recent
past years and it will be interesting to find out how they are adapting (Appendix V).
3. MSETO project is already introducing the concept of resilience
in their WASH projects while Värmdö municipality is working
towards addressing water supply and wastewater system challenges.
Both cases are drawn from two extreme categories according to the Human Development Index. Kenya is classified under the developing countries, while Sweden is a developed country, which could be exciting to
draw lessons from both cases.
1.2.

Problem statement

The provision of safe water and sanitation for all is one of the sustainable
development goals (SDG 6), however, WASH systems are threatened by
internal and external uncertainties (WHO and UNICEF, 2017). Furthermore, the WASH sector has not adequately addressed how it will normatively deal with these threats to provide sustainable WASH services, especially with regards to decentralized WASH systems which lack political
attention (Kohlitz et al., 2017). Integrating a resilience approach within the
WASH sector can provide a framework for dealing with uncertainties and
could allow communities and WASH planners to manage various challenges, for example, water scarcity and poor water quality issues.
To date, however, only a few studies exist which have explored what resilience could mean to WASH systems. Resilience from a research point
of view, the topic is still developing, and guidelines or methods on how to
improve resilience within WASH are limited, despite the extensive push
through development programmes such as “resilient cities” (UNISDR,
2012) etc. By improving resilience of WASH systems to shocks and
stresses there is a greater chance of also achieving long-term sustainability
of the WASH sector and achieving SDG 6.
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1.3.

Aim and Objectives
1.3.1. Aim of the study
To explore the relevance of the concept of resilience to WASH Safety
planning in dealing with uncertainties for small-scale decentralized WASH
systems.
1.3.2. Specific Objectives
The specific objectives of the study are:
1. To determine which of the seven resilience principles presented
by the Stockholm Resilience Centre (2017) are relevant to decentralized WASH systems and also identify important WASH aspects missing from the resilience principles
2. To establish which and how the seven resilience principles have
been applied by WASH practitioners, using Sweden and Kenya`s
decentralized WASH systems as case studies
3. To determine if the resilience principles are integrated into the international WHO WASH planning guidelines
4. To identify the gaps in WHO guidelines and suggest how the important resilience aspects can be incorporated into WASH safety
plans
1.3.3. Research Questions
a) Which resilience principles presented by the Stockholm Resilience
Centre (2017) are relevant to small-scale decentralized WASH systems and which important WASH aspects are missing from the resilience principles?
b) Which resilience principles and how are they applied in decentralized
WASH systems in Sweden and Kenya?
c) To what extent are the resilience principles have been integrated into
the international WASH planning guidelines?
d) What are the gaps and how can the resilience aspects be integrated
into WASH planning?

1.4. Relevance of Study
The generated knowledge could be used to improve the management,
quality and sustainability of decentralized community WASH services in
Sweden and Kenya or even beyond. In the short-term, the knowledge
gained will improve the understanding of major challenges in decentralized systems, how these challenges interact, affect and shape the WASH
system now and in the near future. This understanding will also help planners to devise or improve strategic plans to address the WASH needs.
It will contribute in addressing the WASH challenges facing communities
such as water shortages, water/wastewater quality, poor hygiene and reduce disease risks. This is a first step to identify important resilience aspects for WASH planning and in the long-term could contribute to achieving SDG 6.
1.5. Scope and Delimitations of the Study
This study is limited to decentralized WASH systems, with Kenya and
Sweden as specific case studies. In Sweden, decentralized water systems
supply a population of less than 50 people and produces less than 10m3 of
water per day (National Food Agency, 2018). For Kenya, decentralized
WASH systems refer to small-scale WASH facilities run and administered
by community user members via self-responsibility. This include both individual household and small-scale decentralized WASH systems.

5
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2. LITERATURE REVIEW
The literature review explores three concepts of resilience and their relevance to decentralized WASH systems (section 2.1 - 2.1.3). Furthermore,
this chapter explores the overview of decentralized WASH systems in developing and developed countries (section 2.2 - 2.2.7). The WHO international community WASH planning guidelines for small-scale decentralized
systems are also discussed in-depth (section 2.3 - 2.3.2).

2.1

Resilience

The concept of resilience is recently gaining popularity in the research field
in the context of achieving sustainable development (Brand and Jax, 2007).
The concept of resilience originated from the field of ecology through
Holling who defined ecological resilience as “a measure of the persistence
of systems and of their ability to absorb change and disturbance and still
maintain the same relationships between populations or state variables”
(Holling, 1973). The ecological resilience concept challenged fundamental
assumptions of equilibrium, predictability, stability, linearity and persistence of a system (Wilkinson, 2011; Folke, 2006).
Recently, the concept of resilience has been used as a boundary object or
approach in multi-disciplines for example in ecology, social sciences, engineering and psychology etc. This study explores three concepts of resilience and their relevance to WASH. The three concepts of resilience
discussed in this chapter are Social-Ecological resilience, Engineering resilience and Development resilience.

2.1.1. Social-Ecological Resilience
Social-ecological resilience builds upon the ecological resilience concept
to further include the dynamic interplay of persistence, adaptability and
transformability across multiple temporal and spatial scales (Folke et al.
2010; Oxfam, 2013). Berkes and Folke (1994) coined the term social-ecological systems (SES) to stress that humans are part of nature rather being
regarded as external and separate from it (Folke, 2006).
At the core of social-ecological resilience is the concept of adaptive cycle
(Figure 1), which is a heuristic model describing the characteristics of the
dynamic changing ecosystems with four phases of rapid growth (r), conservation of resources (k), release of resources (Ω) and reorganization (α)
(Gunderson and Holling, 2002; Wilkinson, 2011).

Figure 1: The adaptive cycle (Resilience Alliance, 2010)
The rapid growth and conservation phases are characterized by accumulation of energy, rigidity and declining resilience. When the system experiences a disturbance, energy is released, providing an opportunity for renewal and reorganization. Gunderson and Holling (2002) extended and
modified the adaptive cycle concept to incorporate the changing nature of
6
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adaptive cycles in a nested hierarchy, functioning at multiple scale of time
and space and interacting across-scale. The interconnected set of hierarchies is called the “panarchy”.
Social-ecological resilience is defined as “the capacity of social-ecological systems
to absorb recurrent disturbances (...) so as to retain essential structures, processes and
feedbacks” (Adger et al. 2005:1036). Carpenter at al. (2001) identified three
main characteristics of SES resilience: a) The magnitude of disturbance
which a system can tolerate and still remain in the same domain of attraction b) the extent in which the system is able to self-organize, c) the degree
to which the system can build learning and adaptive capacity. Resilient SES
are capable of absorbing larger disturbances within a given state and can
renew, reorganize and transform. The theoretical framework of SES focuses on three aspects namely: persistence, adaptability and transformability capacity (Walker et al., 2002).
Persistence is the ability of a system to cope with disturbances and restore
primary functions after the shock. The skills and resources of coping are
usually mobilized internally (Bernier and Meinzen-Dick, 2014). Transformation refers to the ability of a system to radically change in structure and
variables to a new stability landscape when conditions make the current
system untenable (Walker et al., 2004; Bernier and Meinzen-Dick, 2014).
Adaptation refers to the preventative actions of individual or communities
acquired from learning to reduce shocks. Adaptation requires additional
outside resources and skills. The Resilience assessment workbook developed by Resilience Alliance (2010) argues that adaptive governance enhances general resilience and focuses on cross-scale interactions and encourage interactions across organizational levels.
Therefore, adaptive governance is characterized by experimentation, new
approaches to promote flexibility, novel approaches of cooperation, new
policies for managing the ecosystem, novel institutional and organizational
arrangements which promotes, inclusiveness, innovation, openness diversity, tightness of feedbacks, modularity and flexibility (Resilience Alliance,
2010). Managing for resilience needs the fundamental understanding of
threats, thresholds and multiple state system movement. Threats are seen
to provide windows of opportunities for learning and innovation (Oxfam,
2013; Folke et al. 2010; Folke, 2006).
According to Folke et al. (2002) resilient SES can cope, adapt, or reorganize and maintain the structure and functions of ecosystem services. Socialecological systems are characterized by fast or slow changing variables,
innovative capacity, complexity, diversity of management options or opportunities, cross-scale interactions that support and maintain the adaptive
and learning capacity (Folke et al., 2002). Therefore, enhancing the resilience of a system requires a crystal clarification of “resilience of what to
what?” and this aspect is important to consider in policy formulation
(Biggs et al. 2015). It is critical to specify what the desirable state should
be resilient to. The existence of a resilient system is underpinned by an
interplay of several principles.
Over the past years there has been an increased research into different
ways of improving the resilience of various systems and therefore, multiple concepts gained popularity (Biggs et al. 2012). However, this quest of
critical resilience concepts has resulted in somewhat, fragmented and confusing understanding of the key building blocks of resilience and how they
could be applied. Therefore, it is against such background that in 2017 the
Stockholm Resilience Centre (SRC) published a set of seven resilience
principles that could be applied in different systems.
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The seven resilience principles (Table 2) were first proposed by Biggs et
al. (2012) and later adopted by the SRC in 2017. In this context, resilience
is defined as “the capacity of a system to deal with change and continue
to develop” (SRC, 2017). Accordingly, this research adopts a similar definition in WASH, “the capacity of decentralized WASH systems to deal
with change, continue to deliver essential services and develop”. This ensures the seven resilience are evaluated and applied in an identical context,
considering there are several definitions of resilience.

Table 2: The seven principles for building resilience in Social-Ecological systems according to the Stockholm Resilience Centre (2017)
Principle
1. Maintain diversity and
redundancy

2. Manage connectivity
3. Manage slow
variables and
feedbacks

Description/Definition
Diversity is the various components that
provide different options for responding
to change and dealing with surprise or
uncertainty. Redundancy is the presence
of species or system elements that can
functionally compensate for one another
The way and degree to which resources,
species, or social actors disperse, migrate,
or interact across ecological and social
landscapes
Slow changing variable- is a variable
whose rate of change is slow in relation
to the timescales of SES and management and is therefore often considered
constant. Feedbacks- is a mechanism,
process, or signal that loops back to influence the SES component emitting the
signal or initiating the mechanism or process. Positive and dampening feedback.

4. Foster complex adaptive
systems
thinking

A system of interconnected components
that has the capacity to adapt and self-organize in response to internal or external
disturbance or change

5. Encourage
learning

Ability to acquire knowledge through experimentation, experience and training

6. Broaden participation

Active engagement of all relevant stakeholders

7. Promote polycentric governance systems

A governance system in which there are
multiple interacting governing bodies
with autonomy to make and enforce
rules within a specific policy arena and
geography.

Examples
Diversity - Several different food
crops for food security
Redundancy - Seed dispersal is
carried out by a wide variety of
animals
Connection of forest patches in a
landscape for the provision of
ecosystem services
Slow changing variables- Phosphorus concentration in the sediment from fertilizer runoff affecting the water quality of a lake
Positive Feedback - Soil water
supports plant growth and plants
in turn promotes water infiltration. Dampening feedback are
fines or sanctions to discourage
humans misbehaving.
Keeping species populations and
fire frequencies fluctuating between specified boundaries instead keeping them at a fixed optimal level
Learning from past disturbance
events, collaboration increased
learning to improve the area.
Diversity of stakeholders in the
management of SES. e.g. Involvement of users, regulators,
investors, researchers, service
providers etc.
Integrated water resources management

According to Biggs et al. (2012) the resilience principles co-occur, are connected and are highly interdependent on each other (Figure 2).
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Figure 2: The relationship between the seven resilience principles (Biggs et
al., 2012).
Biggs et al. (2012) divided the seven principles into two main categories
which are governance and management. Governance is described as the
process of defining objectives, trades-off resolution in the management of
SES within the political and social arena. Management is considered to be
the activities taken to achieve the set objectives, involving monitoring and
implementation processes.
However, the seven principles were said not be a panacea for building
resilience, because it is impossible to simultaneously enhance resilience in
all ecosystem services (Biggs et al., 2015). Nevertheless, the principles provide a guidance for intervening and implementation management interventions to support sustained human well-being.
Literature review also shows that, resilience is not a new concept and has
been applied in the field of e.g. psychology, engineering, and development
(Holling 1996, Folke 2006, Barretta and Constas 2014). The latter two
concepts are briefly described in the following sections.
2.1.2. Engineering Resilience
According to Pimm (1991) engineering resilience is defined as “How fast a
variable that has been displaced from equilibrium returns to it. Resilience could be estimated by a return time, the amount of time taken to displacement to decay to some
specified fraction of its initial value”
The definition comes from traditional deductive mathematical theory
whose main objective is to design a single function operating system (Holling, 1996). It assumes the existence of predictable world operating near
equilibrium in a single stable state. The management goal of engineering
resilience is to achieve efficiency, constancy of production, resist disturbance or change, which Holling (1996) views as a short-term approach vulnerable to long-term surprises.
The engineering resilience definition concentrates on predictability, constancy, efficiency, return time and stability near equilibrium steady state
(Folke, 2006; Holling, 1996). According to the authors, it applies to linear
systems and focuses on measuring the amount of persistence to disturbance and the speed of return to an equilibrium steady state of a system or
property. Holling (1996) argues that engineering resilience emphasizes on
maintaining the efficiency of function instead of the existence of function,
9
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the latter which is considered most critical to the maintenance of any system.
According to Barretta and Constas (2014) several ecologists refer to this
type of resilience as “resistance resilience”. This is because the focus is on
technical aspects instead of the entire both social and physical system. Engineering resilience focuses on objects with no agency and aspirations to
enhance their initial state. Principles within engineering resilience could be
applicable in managing the technical WASH components, ensuring that
the equipment continues to provide critical services and this continuity in
functionality is an essential aspect of sustainable development (Barretta
and Constas 2014).
But more importantly is the linkage and interaction between human behaviour and physical components. Hence, engineering resilience is limited
to inanimate objects and therefore, for systems with intimate connections
between both ecology, technical systems and humans (such as WASH systems). Therefore, it is imperative to consider the human agency as well,
which is the center of Development resilience.
2.1.3. Development Resilience
The adoption of the Hyogo Framework for Action in the decade 20052015 prompted the increased application of the resilience concept in longterm development programmes, disaster risk reduction, climate change
adaptation, social protection and humanitarian interventions (Béné, 2015;
Oxfam, 2013). The conference was held in Kobe, Hyogo, Japan on 18 22 January 2005 and aimed at building resilience of nations and communities to disasters losses from hazards of natural, environmental, social and
technological origin.
The Hyogo Framework defined resilience as “The capacity of a system, community or society potentially exposed to hazards to adapt, by resisting or changing in
order to reach and maintain an acceptable level of functioning and structure.”
(UNISDR, 2005). This capacity is based on the ability of the social system
to self-organize itself and learn from past disaster events for future development. This definition focuses on the three aspects of social-ecological
resilience which are adaption, persistence and transformation.
The World Bank is also working towards building social resilience through
its Social Development division. They define resilience as “the ability of
societies or groups within society to withstand, recover from, and reorganize in response to crisis so that all members of society may develop or
maintain the ability to thrive” (World Bank, 2012). They suggest the focus
of building resilience should be on supporting local community-driven development, encouraging social learning and supporting activities that diversity community livelihood opportunities.
The World Resources Institute (WRI) et al. (2008) argues that building
rural community resilience requires three factors to be considered: Ownership, Capacity and Connection. Ownership refers to the ability to influence resource management, through participation in decision-making and
having a recognized right to benefit from resources. Capacity refers to
skills required for resource management. These include technical, social,
business, leadership skills and capacity to establish local institutions, support organisations and community groups (Oxfam, 2013). Connection refers to the available network links for support, learning, associations and
business. These include horizontal links to other community support
groups and cross-scale vertical links to the private sector and the government (WRI et al., 2008).

10

Adopting a resilience lens in managing decentralized water, sanitation and hygiene (WASH) systems

However, local communities need an enabling environment to be able to
freely exercise their rights and to further develop their communities. Financial support and funding, regulatory environment, policies and taxes
are critical for sustainable resource management. Therefore, CARE International (2018) proposed a Community-Based Adaptation for building individual and community resilience to climate change. It stresses the climate
risk reduction, equity, rights, traditional knowledge, income diversification, enhancing local capacity and addressing underlying climate vulnerability causes in building resilience.
It is evident that resilience is increasingly the center of international development, climate change adaptation and humanitarian aid interventions.
However, resilience is a relatively new concept within the development
community, and lacks a standardized definition (Béné, 2015). Development resilience concept has its roots in social-ecological resilience and the
concept of development resilience emerges from across diverse disciplines
and communities of practice (Oxfam, 2013). There are different schools
of thoughts on resilience definition, which vary depending on what exactly
they want the system to be resilient to.
In aid and development projects, there are two main streams of resilience
namely `specified` and `general` resilience. Specified resilience deals with
a specific type of disturbance such as floods or drought in the provision
of WASH services. The definition should clearly define the resilience of
what to what. General resilience is not specific and focuses on a broad
range of disturbances, aiming at dealing with all kinds of shocks and stressors (Oxfam, 2013). This thesis research adopts a general resilience dimension.
As earlier highlighted that the concept has been criticized for its ambiguity
and lack of a standardized definition. Therefore, Leach (2008) argues that
the concept of resilience should be accepted as a new paradigm for development rather than as the new overarching goal. Accordingly, resilience
must first be embodied in an intensive theoretical and empirical framework for widespread acceptability. Although, the concept seems to provide prospects for an integrated policy making and planning, Levin et al.
(2012) further argues that there is need for a strong case to justify why a
humanitarian organisation will channel its resources into a resilience pathway because there still remains uncertainties on which specific type of support is most needed, effective and how to best implement it.
According to Béné (2015), resilience is perceived as a “mobilizing metaphor” that breaks traditional silos of disparate disciplines and communities of practice. It provides a more systematic and comprehensive framework that emphasizes on the anticipation of complex dynamic interactions
and helps to focus on long-term development. It links development and
humanitarian aid sectors (Levin et al. 2012). However, the concept of resilience is neither good nor bad. With development interventions,
strengthening resilience can create winners and losers in the society (Bernier and Meinzen-Dick, 2014). This means closer attention should be paid
on disparate impacts and tradeoffs of any interventions.
Dealing with shocks has always been the focus of Humanitarian aid and
Disaster Risk Reduction (DRR) sectors and lately the scope of dealing with
stressors and shocks has significant expanded to the Development sector
to ensure sustainability of development efforts (Salvation Army Sweden,
2017). Unlike resilience, DRR aims at reducing exposure and damage to
natural hazards through analyzing the causal factors of disasters
(UNISDR, 2018). With DRR, the focus is on individuals or community
vulnerability to natural hazards (floods, drought etc.) and catering for their
11
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needs in emergency cases. Principally this improves resilience of individuals and communities (WHO, 2017).
Resilience on the other hand, aims at strengthening communities to act on
themselves by building buffering, learning, adaptation and self-organisation capacities (Twigg, 2007). Resilience is nested within broader systems
and recognizes the role of stressors in the social, physical, climatic, economic, environment and political systems. Therefore, development resilience focuses on improving the capacity of individuals and collective human-wellbeing to prevent and escape poverty dynamics in the face of multiple shocks and stressors overtime (Barretta and Constas, 2014). The aspect of reducing exposure, vulnerability, shocks anticipation and mitigation of mainly the poor, links DRR and development resilience.
Observing poverty through the lens of resilience offers a causal-effect relationship framework which explicitly considers effects of risks, uncertainties and feedbacks in the social-economic domain. Shocks and stressors
undermine development progress and it is important to build capacity of
avoiding or handling them for all the sectors. The identification of key
resilience concepts is essential in building resilient communities to different uncertainties. Through literature review, some key definitions and concepts of development resilience are summarized in Table 3.

Table 3: Summary of key concepts in development resilience
Organization/Framework
Hyogo framework
(UNISDR,
2005)

World Bank
(World Bank,
2012)
WRI
(WRI et al.,
2008)
CARE
(CARE International, 2018)
(Barretta and
Constas, 2014)

Resilience definition

Resilience components

The capacity of a system, community
or society potentially exposed to hazards to adapt, by resisting or changing
in order to reach and maintain an acceptable level of functioning and structure

Strengthening governance and institutional capacities, Risk assessment, management and early warning systems, encouraging learning,
innovation and knowledge sharing,
stakeholder participation, reduce
the underlying risk factors,
strengthening disaster preparedness
Community driven development,
encouraging social learning and
supporting activities that diversity
community livelihood opportunities

The ability of societies or groups
within society to withstand, recover
from, and reorganize in response to
crisis so that all members of society
may develop or maintain the ability to
thrive
The capacity to thrive in the face of
challenge.
Building the adaptive capacity of individuals and communities in order to reduce their vulnerability to the impacts
of climate change
Development resilience is the capacity
over time of a person, household or
other aggregate unit to avoid poverty in
the face of various stressors and in the
wake of myriad shocks. If and only if
that capacity is and remains high over
time, then the unit is resilient.

Ownership, capacity, connection,
enabling environment
Equity and rights, traditional
knowledge, enhancing local capacity, addressing underlying causes of
climate vulnerability, reducing the
risk of climate-related disasters, diversification of income sources
Basic human rights, adaptation of
preexisting conditions, avoid poverty, aspirations for better living
conditions
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Based on literature review (UNISDR 2005, CARE International 2018,
Oxfam 2013, World Bank 2012) it emerged that resilience of a system can
be perceived from three dimensions of time which are anticipation and
preparation, survival and adaptation during the disturbance, and recovery
or self-reorganization after the disturbance.
However, in summary it can be argued that the key concepts in development resilience should have a grounding in “complexity thinking” and include adaptive management and continuous learning. Development resilience can bring about pro-poor focus in dealing with risks and vulnerabilities, hence linking international development and humanitarian aid. It
helps connect cause effects relationships for evaluating the effectiveness
of the sectors, prevent chronic poverty trap and facilitates broader system
integration and guidance to sustainable interventions, as also noted by Barretta and Constas (2014).
These aspects could be very useful and important in building resilience in
decentralized WASH systems. To link resilience aspects to WASH interventions, requires a fundamental understanding of the decentralized
WASH sector.

2.2

DECENTRALIZED WASH SYSTEMS OVERVIEW
The definition of small-scale WASH facilities varies across and within different countries based on the size of the population served, type of technology available, supply capacity, legislation, number of service connections and other specific criteria. The most commonly used classification
that distinguishes them from centralized systems is their administrative,
operational and managerial characteristics (WHO, 2011b).
In both developing and developed countries small-scale decentralized
WASH supplies are usually prevalent in rural areas, small towns, hamlets,
small islands, farms and villages (WHO, 2011b). They are also common in
peri-urban areas which are beyond reach of municipal services. Small-scale
water supplies are usually grouped into different categories of management and users (Table 4).

Table 4: Types of Small-scale decentralized systems (Adapted from
WHO, 2011b)
Supply type
Private
Community- managed supplies
Public supplies

Group category
User/Management (Single
family, producers)
Management, administration
(Community)
Management & Administration
(Municipality)

Technology examples
Boreholes, individual wells, latrines,
septic tanks, small-scale solutions
Dug wells, springs, boreholes, piped
distribution, flush septic systems
Simple to sophisticated systems

According to Chirisa et al. (2017) and USEPA (2005) decentralized sanitation systems refer to systems used to treat toilet waste and dispose onsite
or near the source, which are relatively small, catering for single households or a small group of houses close together (less than 3-5 km) and not
connected to the by a central sewer system.
Thomasand and Twyman (2005) argues that decentralized systems are key
to effective governance and are more robust, long-term and reliable, because they facilitate decision making which closely reflects specific community needs. They further argue that decentralized systems can help continued function of the system since the breakdown of one subsystem, will
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not result in the collapse of the whole entire system. However, experience
has shown that decentralized WASH systems are characterized by lack of
proper management, adequate funding, monitoring and maintenance and
are prone to frequent breakdowns (WHO, 2011b).
According to WHO (2011b), management of small-scale supplies, are often characterized by lack of awareness and lack of application of international recognized practices, such as the WHO Guidelines for Drinking
Water Quality, Water Safety Plan Approach and Safety Sanitation Planning. This is because most small-scale WASH systems are regulated in a
unique and context-specific fashion compared to large centralized systems.

2.2.1 Small-scale water supplies regulation in Europe

In Europe, small-scale water supplies are often not regulated, or their regulation is usually different from larger supplies. The European Union supranational law, specifically the provisions of the Drinking Water Directive (Council Directive 98/83/EC), states that supplies serving less
than 10 cubic meters per day or less than 50 people can be exempted from
legal regulation by member states unless the supplies are serving economic
or public activity (Boscheck, 2013). The monitoring frequencies for smallscale water supplies are often based on the size of the population served
and minimum monitoring requirements do not exist.

2.2.2 Small-scale water supplies in Sweden

Sweden has approximately 1.2 million (10% - 15% of the population) permanent residents and about the same figure of recreational residents which
are served by small-scale drinking-water supplies, such as individual wells
and boreholes (Livsmedelsverket, 2018). The owners of small-scale water
supplies are they themselves responsible for ensuring that their drinking
water supply maintains good water quality. However, The National Board
of Health carried out a study in 2007 which revealed that almost 35 percent
of individual water wells are unfit to drink (Livsmedelsverket, 2018). This
signifies the lack of proper management from responsible properties and
authorities.
According to the Swedish National Food Agency (2018), Sweden complies with the European Union Directive on the minimum requirements
for drinking water quality (98/83/EC). In 2004, Sweden transposed the
Drinking Water Directive into the national law covered by the Swedish
Food Administrations regulation (SLVFS 2001: 30).
The Implementation of the Water Directive is shared amongst various actors. At National level there is the National Food Administration
(Livsmedelsverket), the Geological Survey of Sweden (Sveriges Geologiska Undersökning), Swedish Agency for Marine and Water Management
(Havs och Vatten myndigheten), the National Board of Housing, Building
and Planning (Boverket). The Parliament (Riksdagen) and various government arms are at the central administration. At a regional level, the County
Administration has the coordination, supervision and examination function (Sydvatten, 2011).
At local level, municipalities are responsible for drinking water supply,
sewage treatment, water use and land planning (Livsmedelsverket, 2018).
The National Food Agency is responsible for coordinating food control
and regulation of drinking water, mostly municipal drinking water facilities. The National Food Agency provides guidance on the management of
individual wells. The Geological Survey of Sweden (SGU) is responsible
for groundwater quality and the Swedish Water & Wastewater Association
(Svenskt Vatten) is responsible for municipal drinking water producers
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(Swedish Agency for Marine and Water Management, 2018). The local
municipality can help provide advice and information on environmental
health conditions that can help protect and improve the quality of the individual drinking water supply.
The National Food Agency provides rules, regulations and guidelines for
large utility-managed drinking water supplies. However, the drinking water
regulations does not apply to small-scale water supplies providing less than
10m3/day or serving less than 50 people. Irrespective of population size
or drinking water production capacity, public or commercial activity are
subject to these regulations (National Food Agency, 2018).
Instead, the National Food Agency published “Advise on individual drinking water supply” to provide guide owners on their individual drinkingwater supplies. The advice is not legally binding however, some of the
regulations that apply to small-scale drinking water revenues are contained
in the Swedish Environmental Code (Boverket, 2018).

2.2.3 Decentralized sewer systems in Sweden

In Sweden small-scale (onsite) decentralized sanitation systems refers to
wastewater systems that serve up to 200 people (Swedish Agency for Marine and Water Management, 2018). Several authorities are responsible for
the supervision and management of small-scale sewage plants.
Local municipalities are responsible for issuing permits and overall supervision of small sewage plants which are outside the municipal wastewater
system. The Swedish Agency for Marine and Water Management are also
responsible for the supervision of small sewage plants. The County Board
and the National Board of Housing provides guidance to municipalities.
The Environmental protection Agency guides the municipalities, county
boards and operators on wastewater and waste management (Swedish
Agency for Marine and Water Management, 2018).
According to the SCB (2017), an estimated 13 percent (700,000 households) of the total population in Sweden use individual small sewers.
Around 35 percent of these contribute about 50 percent of phosphorus
contamination in the environment due to poor management techniques.
Small wastewater treatment plants for domestic wastewater in Sweden are
regulated by the General Council of the Sea and Authority (HVMFS 2016:
17) legislation. However, municipalities use prohibitions, injunctions and
fines to enforce small scale property owners to comply. Users or property
owners are responsible for the management, administration and operation
of their small-scale decentralized systems.

2.2.4 WSP Approach in Sweden

Livsmedelsverket plays a central role in Swedish drinking water legislation,
regulations, guidelines, surveillance and has also incorporated the HACCP
principles in the SLVFS 2001:30 drinking water framework (Svenskt Vatten, 2016). Sweden implemented the HACCP principles in 2012. Drinking
water suppliers are required to establish, implement, maintain, document
and integrate risk-based approaches. However, in Sweden or EU there is
no legal requirement that drinking water producers are mandated to work
with the WSP (Svenskt Vatten, 2016).
Svenskt Vatten has incorporated the WSP approach, developed a checklist
and simplified it for drinking water suppliers to easily understand the concept to meet its requirements. The WSP contains the following steps: Selfcontrol programs with HACCP, Water protection areas, Supply water plan
and Emergency handling plan (Niedbalski and Cos, 2015). However, according to a study carried out by Niedbalski and Cos (2015) the
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development of WSP is not well documented, although some parts of the
WSP risk-based approach are already in place.

2.2.5 Decentralized WASH systems in Developing countries

Decentralized treatment systems are wide spread especially in rural small
communities in developing countries (Massourd et al., 2009). The most
common sanitation technology is the conventional septic tank, while wetlands are slowly gaining popularity. The implementation of Water Safety
and Sanitation Planning is limited to a few countries in Africa (Water
Safety Portal, nd).

2.2.6 Water and sanitation system in Kenya

At national level, the Ministry of Water and Irrigation (Government) oversees the management and coordination of water and sanitation sector in
Kenya (Figure 3). The water sector is decentralized and is administered by
a central regulatory body. The Water Works Development Agencies
(WWDAs) formerly Water Services Boards (WSBs) have the responsibility
for the providing of water and sanitation services through a license system
issued by the Water Services Regulatory Board (WSP, 2011a).

Figure 3: Overview of Institutional arrangements in the water supply and sanitation sector in Kenya (Water and Sanitation program,
2011b).
The Water Works Development Agencies are also responsible for smallscale water supplies and can delegate responsibilities to Water Trusts who
then can engage water user cooperatives, associations or sub-contract directly the small-scale water providers. The WWDAs issues annual licenses
for small systems that supplies less than 2, 500m3 per day (WSP, 2011a).
Community users are responsible for the installation, management and
operation of their small-scale decentralized systems.

2.2.7 Water Safety Planning in Kenya

The water and sanitation sector are regulated mainly by the Water Act of
2002 (Water Safety Portal, nd). In 2011, various utilities and companies
came together to develop Water Safety Plans. Currently, the utilities are at
various stages in the implementation of Water Safety Plans.
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2.3

WHO-RISK MANAGEMENT APPROACHES
A Water Safety Plan (WSP) is a proactive, comprehensive risk assessment
and risk management-based approach that aims at ensuring cost effective,
safety, security and consistent supply of drinking water (WHO, 2004). The
Sanitation Safety planning (SSP) adopts a similar approach to WSPs and
the significant difference is that SSPs are applied in safely managing
wastewater use and sanitation systems. The key differences and similarities
between SSP and WSP are shown in Table 5. Therefore, this study refers
to both WSPs and SSPs as Water safety plans (WSPs), also considering
that sanitation aspects are as well incorporated in the WSPs.

Table 5: Key differences and similarities between SSP & WSP (WHO, 2016)
Feature
Similarities

Source

Sanitation safety
planning
WHO Guidelines for the
safe use of Wastewater,
Excreta and Greywater

Approach

Risk management, HACCP

Core Components

System assessment,
monitoring and
management
Sanitation chain
Multiple exposure groups
for microbiological, physical
and chemical

Differences Scope
Target exposure
group

Structure

Regulatory
framework

Objectives

Implementing
Agency

Expands from waste
generation to its uses and
discharge into the
environment
No clear framework. Roles
and responsibilities are
shared over different levels
and sectors
Minimize health impacts
and maximize the use of
wastewater, excreta or grey
water
Varies based on objectives,
resources and skills

Water safety planning
WHO Guidelines for Drinkingwater Quality
Risk management
HACCP
System assessment, monitoring
and management
Drinking-water supply chain
Single group (Drinking water
consumer) for microbial,
chemical, physical and radiation
hazards
Contracts from catchments and
converges to the drinking water
delivery point
Usually functions in a clear
framework

To consistently ensure the
acceptability and safety of
drinking water supply and reduce
contamination
Water utility or a community
association for small supplies

2.3.1 History of Water Safety Plans (WSPs)

The first Water Safety Plans (WSPs) were published in 2005 after the 3rd
edition of the WHO Guidelines for Drinking-water Quality (GDWQ) of
2004. The water safety plan was developed based on the Hazard Analysis
and Critical Control Point (HACCP) principles which were tailored, refined and applied in the context of drinking-water (WHO, 2004). The
HACCP approach prioritizes risks assessments and ensures hazards are
identified and controlled to reduce risks to acceptable levels.
The WSP aims at improving the safety and quality of drinking water supplies. The WSP manual was issued in 2009 to provide guidance to facilitate
the development and implementation of WSPs (WHO, 2009). The
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practical application of the manual mainly focuses on organized utility
managed supplies. The first WSPs for Small Community Water Supplies
was introduced in 2012 to practically guide small communities in the improvement of drinking water quality and safety. The manual is applicable
to all sources of water supplies such handpumps, piped systems, rainwater
harvesting systems to mention just a few (WHO, 2012).
The WHO Regional Office for Europe (2014) later published the WSP: A
field guide to improving drinking-water safety in small communities following the revision of the GDWQ in 2011 (WHO, 2012). The field guide
provides additional guidance with case examples and is applicable worldwide (WHO, 2014). It is the first WSP that incorporates the aspect of continued water supply in addition to water quality, within the WSPs principles framework. The Climate-Resilient WSP was later introduced in 2017,
particularly focusing on addressing public health risks related to climate
variability and change (WHO, 2017).
On sanitation system the Sanitation Safety Planning (SSP) manual was introduced in 2016 to facilitate the implementation WHO Guidelines for
Safe Use of Wastewater, Excreta and Greywater of 2006 (WHO, 2006). A
total of nine WSP documents were reviewed (Figure 4).
Guidelines for
Drinking-water
Quality
WHO, 2004
Guidelines for Safe
Use of Wastewater,
Excreta and
Greywater
WHO, 2006

Water Safety Plans
WHO, 2005
WSP Manual

Guidelines for
drinking-water
quality (4th
edition)
WHO, 2011a

WHO & IWA, 2009

WSP for Small
Community Water
Supplies
WHO, 2012
WSP: A field guide to
improving drinkingwater safety in small
communities
WHO Regional
Office for Europe,
2014

Sanitation Safety
Planning
WHO, 2016
Climate-Resilient WSP
WHO, 2017

Figure 4: Overview of reviewed documents on WSP and time of publication
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2.3.2 WSPs for decentralized systems

Water Safety Plans for community-managed water systems are developed
and implemented in six step-by-step tasks (WHO, 2012). The six tasks for
the development of community-managed WPS is illustrated in Figure 5.

Figure 5: Tasks in Community WSP development and implementation (WHO, 2012).
Task 1 requires the engagement of the community and assembling of the
WSP team. The WSP team should take into consideration community aspirations including gender, vulnerable groups, elderly, government, NGOs
and other stakeholders. Task 2 involves the description of the community
water supply system. Tasks 3-5 covers the identification of hazards, hazardous events, assessment of risks, development of incremental improvement plan and monitoring control. Task 6 involves determining and validating control measures, documentation, reassessing and prioritizing risks
for continuous improvement (WHO, 2012).
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3 METHODOLOGY
This qualitative research was based on literature review, two case studies,
focus group discussions and interviews. A qualitative research approach
was adopted because there was a need to dig deeper and understand the
specific subject in its natural real-life context. (O’Leary 2017, Yin 2003,
Patton 2002 and Krueger 2002). Two case studies were chosen to better
understand the challenges affecting decentralized WASH systems and how
practitioners deal with uncertainties. The following section outlines how
the research was structured. The study was organized into five stages summarized in Figure 6.

Figure 6: Stages in research design
The five stages are described below:
1. General resilience principles
Presentation of the seven social-ecological resilience principles
(SRC, 2017) from literature review.
2. WASH resilience principles
WASH experts were engaged to translate the seven resilience principles into WASH resilience principles in the context of decentralized systems. The experts were engaged through face-to-face interviews, skype interviews and focus group discussions
3. Case studies
In-depth interviews were conducted with key informants from the
MSETO WASH project in rural Kenya and local authorities in
Värmdö municipality in Sweden. These were analyzed and set in
relation to the developed WASH resilience framework set in the
previous stage.
4. WASH safety plans
WHO-recommended WASH safety planning guidelines for smallscale decentralized supplies were analyzed using the WASH resilience framework developed in stage 2 and gaps were identified.
5. Policy recommendations
Findings were translated into policy recommendations.
The study adopted a combination of several methods for data collection.
The data collection methods consisted of literature review, world café,
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documents review, focus groups and semi-structured interviews. These
are discussed in detail in the following section.

3.1

Literature review

3.2

World Café (Round table discussions)

A literature review was conducted to set the research work within a
broader context, learn and identify knowledge gaps to be addressed
(O’Leary, 2017). The body of knowledge in the background and literature
review section was largely obtained from peer-reviewed scientific journal
article.
Although the priority focus was on peer-reviewed documents, some nonpeer reviewed articles including conference papers and reports from the
local municipality were used. Publications accessed through the WHO resource guide containing bibliographic reference works and the “Water
Safety Portal” was used to find relevant literature on WHO planning tools.
For non-peer reviewed to be used in the study, they should be well cited,
strongly argued and relevant to the topic (O’Leary 2017).
Primo, the KTH Library search tool, Google Scholar and Web of Science
cross-search engines were used to search a wide variety of database for
relevant scholarly literature. Several search strings with terms such as “Decentralized Water, Sanitation and Hygiene systems”, “Climate change resilience”, “Drinking water safety planning”, “Sanitation Safety Planning”,
“Resilience principles”, “Social-ecological resilience”, “Development resilience”, “Engineering resilience” and “WASH resilience” were implied.
The `search article results` were further screened based on their title and
abstract relevance. Also, the bibliographic references of relevant literature
were used to find other relevant articles.
Semi-structured round table discussions were conducted within a SIANI
(Swedish International Agricultural Network Initiative) expert group
workshop held at the Stockholm Environment Institute on the 23rd of
March 2018. The expert group (Strengthening collaboration at the WASH,
food and nutrition nexus to build community resilience in low income
countries (WASHnut) consists of researchers and practitioners who collaborate to contribute to the holistic understanding of WASH and nutrition.
An open-ended questionnaire was the tool used to collect the data. An
open-ended questionnaire serves as critical tool of acquiring specific information from participants about a specific subject (Hsu and Sandford,
2007).
In this workshop, fourteen participants were divided into three groups of
round table discussions each focusing on a different aspect of the topic. A
table host was permanently dedicated to a table, exploring the seven SRC
resilience principles in decentralized WASH planning. Three rounds of
switching tables took place, where the new group build on the previous
groups results. All people switched tables except for the table hosts who
occupied the same table under the entire discussion period.
Another table was dedicated to a focus group discussion. The focus group
consisted of a mixture of four different WASH experts from Nepal, drawn
from the civil society organisations, public institutions and private companies. Their approach was similar to the world café, but they were not
switching tables. In total there were eighteen participants for the discussions. The steps in the world café are described below:
a) Brainstorming and sharing WASH experience
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In this first round involved the host introducing the subject of discussion
and each participant sharing about their related work experiences. The discussions were captured by the table host.
b) Analysis and clustering of ideas
In the second round the table host introduced the topic of discussion to
the new participants and gave a summary of the key findings from first
round. The participants were allowed to analyze the notes and cluster them
into different themes.
c) Synthesis and picking of 3 most important principles
The last group reflected upon the previous group findings and further synthesized the results. The participants voted for the three most important
principles and identified missing key aspects from the resilience principles.

3.3

Individual interviews

3.4

Case studies

The aim of the interviews was centered on understanding the meaning and
translation of the seven SRC resilience principles within a WASH context
through expert opinions and experiences. The snowball sampling method
was applied, (Alvi, 2016) where interviewees also recommended other potential practitioners relevant to the study and were added to the contact
list (Appendix IV).
A list of 23 potential interviewees was compiled and later contacted over
the email to schedule an interview. Out of the 23 contacted, 18 responded
positively and 16 semi-structured interviews were held face-to-face interviews, while 2 were done on Skype.
Interviewees presented their WASH projects while the interviewer listened
and categorized the action according to the resilience principles. A list of
actions per principle were developed showing what each principle could
possibly mean in practice. With the aid of specific examples, relevant resilient principles and their practical meaning within a WASH context were
determined. Interviewees later voted for the most three important principles and identified key aspects which were not captured by the resilience
principles. The examples of WASH resilience were later used to assess the
two case studies. These initial interviews were also considered as pilot interviews to further refine questions for in-depth interviews in the case
studies.
This section provides a brief introduction to the two case studies. The
discussion includes details on the location and demographics of Värmdö
Municipality and KISC-MSETO WASH project. The two data collection
methods of in-depth interviews and document review are also discussed
in detail.

3.4.1 Värmdö Municipality

Värmdö municipality is the second largest municipality in the Stockholm
county, east central of Sweden (Figure 7). The municipality has more than
10, 000 Islands, with about 43, 200 inhabitants and approximately 14,000
vacation homes. Its total area is 2, 980, 11 km2 and a population density of
15/km2 (SCB, 2017b).
The department of Environmental and Health Office is responsible for
both centralized and decentralized drinking water and sewage services at
Värmdö municipality. It is involved in the supervision, permits issuing,
beach protection, food hygiene, monitoring and regulation of both private
decentralized water and drainage systems (Varmdo, 2018). The municipality has an assembly which appoints executive committee and other
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committees such as the Building, Environment and Health Protection
Board (BEHP) which have an oversight on the stated responsibilities.

Figure 7: Map of Sweden showing location of Värmdö municipality
(Google maps, 2018).

3.4.2 Kenya MSETO WASH project

The Kenya Integrated School and Community (KISC WASH) also known
as MSETO WASH project is a WASH project of The Salvation Army in
the rural drought prone areas of the Kenya lower eastern region (see Figure 8).
The project is being implemented in three counties of Machakos, Kitui
and Makueni, which are grouped and managed in clusters of Makueni/Kibwezi, Mwala/Yatta, Kilome/Sulutani and Kitui/Mwingi (see
Table 6).

Table 6: MSETO demographic and location

The MSETO WASH project is area is shown in Figure 8:
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Figure 8: Map of Africa with Kenya showing location of MSETO
WASH project. Source: Google maps (2018)

3.4.3 In-depth interviews

Two in-depth interviews were conducted with WASH project managers
from The Salvation Army (TSA) a faith-based Non-Governmental Organisation (NGO) in rural Kenya. Another two in-depth interviews carried
out involved a Food and Health inspector and Head of a Sewage system
unit in the Environment and Health office at Värmdö municipality in Sweden. The participants were selected based on their extensive knowledge of
decentralized WASH systems, experiences, professional roles and influence in their organisation.
Consent was first granted to record the sessions, participants assured of
information confidentiality and established whether their contributions
should remain anonymous. This generated a lot of mixed feelings, some
wanted to remain anonymous while some were comfortable with revealing
their names. For consistency, all contributions are reported as anonymous.
The interviews were one-to-one, informal and semi-structured to create a
conducive environment for building trust, establishing rapport and opening flexible lines of communication (O’Leary, 2017).
The interview template guide developed during the preliminary pilot interviews was slightly modified to suit the context and adopted (Appendix
I). The interviews started with predefined questions but shifted with the
flow of the conversation to gain in-depth understanding of the cases. Indepth (Skype) interviews were conducted with WASH planners from TSA
in Kenya, while face-to-face interviews and field visits were conducted
with local authorities in coastal municipalities in Sweden.

3.4.4 Document Analysis

The document analysis process involved a review of recent Värmdö municipality water supply and wastewater inspection reports, guidelines to
determine the current state of different measures in place for supply. The
review provided an overview of the different available technologies, their
current condition and management responsibility. For example, The
Combo Aqua Tank 2018 for National Emergency Water Supply and the
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Evaluation of groundwater supply in Värmdö municipality report dated
2016-10-25.
Some key documents reviewed were from the Kenya Integrated Schools
and Community WASH project. The reviewed documents were prepared
by The Salvation Army Kenya East territory (TSA Kenya East territory)
who are responsible for managing and implementing the project. The documents included the MSETO Wash Baseline Survey Report (2015),
MSETO WASH Annual report (2016 - 2017) and Mid Term Review
(2016). Some project documents were retrieved from the WASHnut group
shared folder created in 2017. These consisted of workshop presentation
material, transcripts of previous WASH interviews and workshop reports.
The project documents reviewed were dating from June 2014 - November
2017. The objective of reviewing exercise was to get a clear understanding
of the background of the project, its motivation, actors, technologies,
strategies involved and its progress update. The information compiled
during the document review complimented in-depth interview transcripts.
Working with secondary data in these documents saved a lot time and
energy. According to O’Leary (2017) the use of existing data reduces the
possibility of bias because the researcher is not involved in any interaction
to taint the data.

3.5

Step 1

Step 2

Data analysis

This study adopts three main processes of providing meaning to the data
collected. The key elements are data interpretation, evaluation and translation. The three key elements were incorporated in 5 steps of data analysis
(Figure 9).

•Interviews transcription
•Familization of collected data
•Clustering of WASH expert responses according to the 7 resilience principles
•Missing aspects were sorted, coded, categorised and analysed
•List compilation of missing aspects & WASH resilience principles
•Results were graphically presented

Step 3

•In-depth Interview transcripts from case study were analyzed
•Data was sifted, coded, indexed and categorized according to the resilience principles
•Emerging patterns were indexed and clustered according to the new themes

Step 4

•Case studies were analyzed using the developed WASH resilience framework
•Comparison of case studies

Step 5

•WHO-Recommended WASH safety guidelines were analyzed using the WASH
resilience framework
•Identified gaps were translated to policy recommendations

Figure 9: Steps in Data Analysis

3.6

Limitations in data collection

This research is based on two cases studies, Värmdö municipality and
MSETO WASH project whose findings might not be a representation of
all decentralized systems in Sweden or Kenya. Different locations have
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unique influencing factors, domains, structure, environment and context.
However, although transferring and generalization of findings might not
be possible in this research, it is possible to expand and generalize on theories (Yin, 2003). This study cannot be considered exhaustive but provides
a piece in the puzzle of understanding resilience within WASH.
The interpretation of resilience principles was highly dependent on the
knowledge, opinions, preferences and experiences of the interviewees, as
well as the guidance of the moderator. The knowledge and understanding
of the interviewees could be indicated by the most voted resilient principles and, therefore, do not necessarily imply that the least voted principles
are not important. To improve their level of understanding, interviewees
were provided (sent by email) with information a few weeks containing
definitions, explanations and examples to familiarize with prior to the
scheduled interview.
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4 RESULTS
4.1

TRANSLATION OF RESILIENCE PRINCIPLES
In the following section, each principle is presented with examples on how
they could be applied in managing decentralized WASH systems as interpreted by the respondents. The principles were ranked in order of their
relevance, as voted by respondents. Also, the missing key concepts relevant to decentralized are also presented in this section. The summary list
of specific examples of resilience aspects in WASH as suggested by respondents is attached in Appendix II. Unique study codes were used to
protect the confidentiality and anonymity of respondents. For example,
R1 stands for respondent one drawn from the individual interviews, while
CR1 stands for case study respondent from the in-depth interviews.
i. Principle one: Maintain diversity and redundancy
“Different pathways sometimes lead to the same well”[R9]
Based on the responses of the majority of the interviews, it was critical to
build a decentalised WASH system characterised by diversified and
redundant components. One respondent was quoted saying:

“I think it is important to have an alternative water supply systems in case one
system fails, the other one can compensate. For example, if the municipal water
supply has a problem, we can turn to our wells” [R15]

Diversity vs Redundacy: Some respondents compared the importance of
diversity and redundancy aspects in relation to decentralized systems.
Redundancy was considered more important than diversity in the context
of drinking water supply. Most respondents expressed that diversification
of water sources or technologies highly depends on the redundancy or
availability of water resources. The critical aspect is to harness adequate
water supplies, enough to retain large reserves to serve for a longer period
in the future. Hence, they declared the function of redundancy key to
sustainable drinking water supplies. One respondent was quoted saying:

“Diversity is important because most solutions are very site specific. However, I
think diversity is more complex than redundancy and I will prioritize redundancy
before diversity. Imagine a rural community with twenty different water technologies,
that requires more knowledge, capacity, management, skills and capital to run all
the different systems...Jack of all trades, master of none… Considering we are
dealing with rural areas in developing countries probably with low income, it might
be difficult to maintain highly diverse systems, since they require more diversified
knowledge, resources, operation and maintenance which is always attached to a cost
and it is complicated. And that depends on the willingness and capacity of
communities to meet it. However, all things being equal, diversity is necessary.”
[R1]

In the context of sanitation, diversity was considered to be a function of
accessibility and coping mechanism in the event of fluactuation adverse
climatic conditions. Different groups of people in the society, for example
the disabled, cultural and religious sects have different accessibility needs.
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The diversity of sanitation systems in a community is normally
underpinned by individal accesibility preferences as compared to resilience
thinking. One responded indicated the following:

“Communities prone to fluctuating flooding and drought seasons require both dry
and wet toilets. Therefore, the availability of a wide variety of sanitation technologies in the market, provides communities with a wide range of climate adaptation
options that could best suit their local context. However, too much (redundancy) of
faecal disposal points are highly likely to be contact sites of spreading diseases,
contamination of groundwater if not properly managed” [R4]

Respondents argued that different options provide a basis for survival in
the face of shocks such as drought or floods. The respondents pointed
out that different decentralized water supplies are important to maintain
and retain the key functions of the WASH system. Most respondents emphasized that diversified decentralized systems spread risks to multiple options and stand a better chance to survive shocks or stressors compared
to centralized water supply systems.
ii. Principle two: Manage connectivity
“Shared water sources bring us life, but as well can destroy us”[R7]
Responses from the WASH experts indicated that there are two types of
connectivity in WASH, that is desirable and undesirable connectivity. The
desirable connectivity involves factors that enhance the resilience of the
WASH sector, while the underesirable connectivity tends to destroy the
WASH system.
Repondents identified desirable connectivity as the flow of WASH related
information, the cross interaction of key actors and infrastructure
components. Connectivity involves the horizontal and vertical flow of
information via different established lines of communication between
WASH actors. For example, sharing key information on current water
quality standards, treatment methods, responsibilities, risks, technologies,
weather forecasting, legislation etc.
The WASHnut group identified “communication” as the main driver of
connectivity between key stakeholders and facilitates the flow of
information. For example, the interaction of community water
associations at local level with regional or national level water associations
promotes knowledge sharing. Cross-sectoral connectivity was considered
important by a participant from the Nepal experts:

The interaction between the health, water, sanitation, energy, agriculture and
humanitarian sector can help communities recover faster after a flood disturbance”
[Nepal experts]

Respondents indicated that connectivity meant the physical connections
of WASH infrastucture to supply households (e.g. pipelines between
municipalities) and the accessibility of WASH services. However, for a
hygiene perspective, well connected system can widely spread
contaminants in case of cross-contamination in the pipelines. Therefore,
this is undesirable connectivity which needs to be carefully managed.
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iii. Principle three: Manage slow variables and feedbacks
“Some people do monitoring & evaluation but do not know what their results mean”
[R1].

Respondents emphasised the need to pay special attention to slow
changing variables, as they considered them a root cause of failure for
most WASH projects. Slow changing variables identified by respondents
include changes in climate, behavoir, demographics, groundwater levels
and pollution levels. Monitoring and evaluation of WASH projects was
recognized as a process to manage major feedbacks and learning to the
system. As per intervieews, less attention was paid to these slow changing
variables due to the lack of knowledge, identification mechanisms,
capacity and resources to make follow-up studies. Respondents also
emphasised the need to monitor fast changing variables and understand
their relation to slow changing variables which were not emphasised in the
SRC principles.
iv. Principle four: Foster complex adaptive systems thinking
(CAS)
“Our societies are not rooted on a resilience mindset.” [R7]
According to some respondents, complex adaptive systems thinking
(CAS) is the combination of hard and soft solutions to achieve the desired
WASH goals. The emphasis was having a clearly defined WASH goal and
applying multiple pathways to reach it. The following qoute is what one
respondent considered CAS in WASH:

“I think it is a matter of understanding how WASH issues are interlinked to
environmental, political, social, economical and cultural aspects. It is the knowedge
of coordinating irrigation, environmental conservation, industrial and domestic
water use, transboundary water issues, river catchment and other different sectors”
[R12]

Some respondents indicated that there is still lack of understanding of the
linkages between different sectors such as water, sanitation, health and
other sectors. They associated the lack cost-benefit analysis and solid
examples across sectors as the major barrier to attract CAS. They
highlighted that most linkages between sectors are broken and high levels
of uncertainities. However, some respondents were against the idea of
encouraging CAS because they believed simplicity thinking is the best.
While other interviewees, stated that humans do not always consider
resilience thinking in their planning nor did our communuties evolve from
a resilience mindset. The regime shift to a CAS community will take time
considering our limited resources, interests and gradually changing
environment .
v. Principle five: Encourage learning
“Hosea 4:6 ‘My people perish because of a lack of knowledge”[CR1]
Learning in WASH was considered by most respondents very important
and must be encouraged all the time. Respondents mentioned that people
learn from their past failures, experiences, meetings, mass media, trainings,
community groups and school education. What was highlighted more
important was to harness local knowledge from the communities and use
their strengths to develop resilient communities. It was mentioned that
learning was a countionus process and the youth should harness
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knowledge from more experienced and knowledgable citizens for the
sustainability of the WASH services.
vi. Principle six: Broaden participation
“Strength in numbers” [Nepal Experts]
According to the respondents, participation was regarded key to the
success of WASH systems. What they considered significant was the
ability of all stakeholders to influence the decsion making process. The
learning principle was perceived to be closely linked to the participartion
principle. In WASH, actors participate across sectors, from local to a
global level through meetings, water associations, Community Led Total
Sanitation (CLTS) groups and other platforms. What was also regarded
imperative was the recognition of margimalised and vulnerable groups of
the society such as the elderly, women, girls, disabled and other groups.
However, some repondents highlighted that too much of participation
slows the process or project. Too much of diversified views can lead to
conflicts. However, participation was viewed as the driving factor of the
success of the sector.
vii. Principle seven: Promote polycentric governance
“Government usually do not have the capacity and resources, therefore engage
other actors” [R10]
There were mixed feelings on polycentric governance. Some repondents
highlighted that it was vital to have overlapping roles, while others
expressed their disagreement with the principle mentioning the risk of
`nothing being done` assuming the other actor is doing it. Some encouraged
the concept of nested institutions governing the WASH sector, based on
the principle of participation, connectivity, learning, diversity and
highlighting the critical need of defining responsibilities for each
governing body, working together for the interest of WASH. One
responded mentioned the following:

“I think the WASH is usually context specific and one governance approach can
not fit all contexts. Some contexts requires a combination of poly and monocentric
governance. Sometimes, the overlaps leads to competition, conflict of interest, power
issues and inefficiencies. It is important to have a polycentric gorvenance system but
very difficult and needs defined roles and responsibilities. The government should
trust above and below levels”[R7]

According to the participants responses, polycentric governance meant
multi-strategic, multi-level, multi-purpose and multi-sectoral governance
in WASH. However, some mentioned that it is difficult to operatinalise
and needs complex adaptive system thinking to map all the
interconnectedness, and take advantages of different strengths of
governing bodies for the success of the WASH sector.

4.1.1 Relevance of the resilience principles to WASH

Based on respondents votes, Figure 10 represents the order of relevance
of the seven resilience principles to decentralized WASH systems.
According to WASH expert’s, stakeholder participation ranked highest,
while connectivity as ranked the lowest in their relevance to decentralized
WASH systems.
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Experts ranking according to relevance of resilience
principles
Diversity &
Redundancy
16
14
12
10
8
6
4
2
0

Polycentric Governance

Connectivity

Slow Changing
Variables & Feedback

Participation

Complex Adaptive
Thinking

Learning

Figure 10: Radar representation of resilience principles as voted by
WASH experts

4.1.2 Missing Key Concepts

The results of the cluster analysis are shown in Figure 11. The missing key
concepts from the resilience principles were clustered into five themes
(Figure 11). According the respondents, WASH interventions or systems
that reflects the culture and contexuality of a community are likely to be
more resilient, hence this theme had the highest votes.

Experts votes on missing key concepts
Contextuality & Culture
recognition
20
15
10
Resources Capacity

Equity, Rights & Vulnerable
groups

5
0

Monitoring & Maintenance

Accountability,
Responsibility & Ownership

Figure 11: Radar representation of the missing key aspects as suggested by WASH experts
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4.2

HOW RESILIENCE COMPONENTS APPLY TO THE TWO
CASE STUDIES

This section presents findings from in-depth interviews with key informants and documents review from the two case studies. The section explores the aspects of resilience present in the case studies using a resilience
framework and identifies how the two cases are similar or different from
each other. According to the WASH resilience framework (Appendix II)
developed by the WASH experts, both case studies exhibits some characteristics of a resilient system and key principles with examples.

4.2.1 MSETO WASH case in Kenya

The MSETO WASH project is being implemented in 40 rural schools and
20 rural communities, targeting to reach 110, 400 beneficiaries in 5 years
since its inception in mid-year of 2013. The MSETO project aims at supporting and strengthening target communities and schools in developing
capacity to secure and manage water, sanitation and healthy environment
for improved health and sustainable livelihoods focusing on food, nutrition and health security elements (TSAKE, 2015). This section presents
the case study findings from a resilience perspective.
i. Principle one: Maintain diversity and redundancy
A review of project implementation documents and in-depth interviews
revealed that diversity and redundancy are present in the project. For example, communities and schools use a wide variety of water sources during the wet and dry season (see Figure 12).

Dry season(n=282)
1%
3%

Wet season(n=298)
1%

1% 2%

3%

1%

1%

Roof catchments

1%

Rivers/Streams

3%

6%

Boreholes
5%

Pans/Sand dams

8%
35%

Protected wells

7%

Protected spring
Piped scheme

18%

16%

62%

Unprotected well
Unprotected spring
Others

26%

Underground tanks

Figure 12: Main Sources of Water for Drinking and Domestic use in the MSETO
project (Source: TSA Kenya territory, 2016).
The diversity of water supply technologies is selected based on the context
of the area. There is also redundancy and diversity of actors, conservation
strategies, reservoir capacity, user groups, governance approaches, planning timeframe and funding. According to the respondent, The Salvation
Army partners assist in funding and the partners include The Salvation
Army Switzerland, Hungary & Austria, Sweden/Latvia, United Kingdom
and Australia Eastern Territories. The respondent highlighted that they
share costs to cater for water reservoirs (see Figure 13). The interviewee
was asked to briefly explain how they implement a project:
32

Adopting a resilience lens in managing decentralized water, sanitation and hygiene (WASH) systems

“Initially, we engage the community and other key stakeholders in mapping out the
project, research what sources are available, what do the communities want and
what is applicable to the area. As implementors we basically hear from the
communities and calibrate accordingly. We also do visits to the responsible ministry
of water for consultation….On rainharvesting we share the water tank costs with
households 50/50 and also train them on water conservation, water use, saving
water, because if you harvest a lot today and leave your children with the tape open
to play with, during the dry spell you won’t have it… We cater for poor
community vulnerable groups who cannot afford the costs….. a meaningful
WASH project/programme should not be less than 5 years that is my personal
recommendation …We have managed to install 3 boreholes that are solar powered
and look forward to having more.” [CR1]

Figure 13: Storage Tanks awaiting installation at Migwani Primary
school (Source: TSA Kenya territory, 2016).
The MSETO case is limited to diversity and redundancy of alternative
safety sites in case of floods, water treatment technologies and investment
strategies. For example, there is lack of adequate sanitary pads funding for
adolescent girls in project schools and investment opportnities to support
the Tank Provision Project (TSA Kenya territory, 2016).
It was also revealed that 50% of the schools sometimes treat drinking
water, 30% never treat the water and only 20% treat water regularly. Of
the total that always treat water and sometimes treat, 10% boil, 50%
chlorinate/use water guard, 20% biosand and filter, and 20% use other
methods (TSA Kenya territory, 2016). Although there are a variety of
water treatment techiniques, there is a low uptake of technology. The TSA
Kenya territory (2016) report also revealed that around 66% of the schools
have inadequate toilet facilities. Girls and boys are sharing latrines on the
same block, in bad hygienic state but still in use. The sanitation is limited
to latrines in schools and lack diversity.
ii. Principle two: Manage connectivity
In terms of connectivity, the MSETO WASH project has invested in collaborative links with relevant government ministries. The project has developed capacity building trainings for selected government officials in areas of CLTS and School Health Clubs (SHC). The project has incorporated a cross sectorial approach. One respondent was quoted saying:
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“In the second phase of our WASH implementation we incorporated health, nutrition, agriculture and environmental education” [CR1]

MSETO WASH project communities have structures to manage communication and flow of WASH related information. At village level, there are
water committees called the Village Management Committee (VMC)
which are made up of Sub-Village Management Committees (Sub-VMC).
These work together with other village management committees and form
links to the regional and national levels in the context of WASH. However,
there are no structures in place for engaging different ministries. In terms
of physical technological connectivity, rain water harvesting is the major
water source and is combined with other technologies.
iii. Principle three: Manage slow changing variables and feedbacks
According respondent [CR3] many slow changing variables were being
managed in the project. The respondent specifically mentioned climate
change, equipment maintenance, behavior change and demographic
changes as variables they were managing. MSETO project implementors
adopted two strategies to deal with “slow onsets” as they call them in the
project. The two strategies are mitigation and adaptive measures.
Mitigation measures are long-term strategies that seek to minimize negative change for example for land degradation by environmental education
and encouraging communities to plant trees that encourage recharge of
groundwater levels. Through engaging with local knowledge MSETO
have also identified the Neem tree to be well suited for the drought region,
providing good shelter and used for medical purposes. In terms of feedbacks, they have meetings and reporting. However, MSETO WSH project
lack adequate capacity to monitor pesticides, heavy metal contamination,
nutrients or ground water levels within the project sites. Another challenge is the unhygienic state of the toilets at schools, which is a component
of behavior.
iv. Principle four: Foster complex adaptive systems thinking
(CAS)
Based on the responses of the participants, the project adopted a CAS
thinking approach. The respondent was aware how multiple interconnections exists at the same time on different levels, interdependencies and
relationships between human-nature. They could understand how environmental degradation and water scarcity are connected, how various sectors (for example use of sanitation sludge in energy production, agricultural production and its health challenges) are interlinked and adopted a
holistic system perspective. They stated that:

“We use a multi-sectoral approach, whereby you have produced food, you eat the
food, it does something to the body and after eating there is waste. If you don’t manage this waste properly, it`s going to be a source of problem. A circle of poverty is
just like that, people are producing, some are getting sick and some are reusing that
money to treat themselves, people are becoming poor, and keep coming back to the
same point.” [CR1]
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The interviews revealed that uncertainties were expected and accounted
for in the project. The respondents were making effort to monitor the
impacts of climate variables, environmental and social change. However,
documents review, and interviewees showed that the major limitation to
monitoring slow changing variables was the identification of threshold values and indicators.
v. Principle five: Encourage learning
The interviews and documents review showed that learning is encouraged
is several ways within the project case study. Learning by project participants and within the community as a whole is encouraged through, organized training, community meetings, awareness campaigns, field visits,
workshops, mass media and capacity development. One respondent
stated:

“Sometimes we have onsite exchange visits whereby communities visit a farmer and
learn on the ground on conservation agriculture. We have staff development programmes for implementors where we draw experiences from other parts of the world.
We also commemorate international days like the World Water day, World Environment day, Menstrual hygiene day, and Global hand washing day. Organisations come together and share experiences and learn” [CR1]

Schools have WASH clubs who are responsible for organizing the children
in terms of messaging, creating drama and poems, in order to make learning more interesting. The school club can steer tree planting, clean-ups
and disseminate health messages to parents. Communities also have social
mobilization groups such as the Community Led Total Sanitation (CLTS).
The communities are provoked and motivated to improve their sanitation
situation through the F-Diagram. The "F-diagram" shows pathways of fecal-oral disease transmission. According respondent CR1, communities
are engaged to conduct a transact walk to identify faecal matter around the
village. Participants are then requested by the project implementors to suggest ways of tackling the identified open defecation problem with appropriate solutions in relation to the local context.
vi. Principle six: Broaden participation
As stated by the respondent [CR3], the main actors involved in the project
are the communities, local and/national government, schools, the implementing NGO and other NGOs. During the initial stages, the roles and
responsibilities are defined, and each stakeholder signs a `memorandum of
understanding`. The government is the legal duty bearer that provides legal
guidance, resources, technical expertise, and arbitrates conflicts. The community users are involved in project concept, operation, funding, management and maintenance (Figure 14). The Village Management Committee
acts on behalf of the community.
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Figure 14: Community involvement in the WASH development program. (Photo credit: Ngolia Kimanzu)
According respondent [CR1], Kenyan schools have an oversight management structure recognized by the Kenya Education Act. In the Kenyan
arrangement, they have the Board of Management in every school chaired
by the head teacher. The Board of Management takes the overall responsibility of managing all activities occurring in a school for example, learning, resource mobilization for construction, disciplinary case as well as
WASH issues.
The Salvation Army compliments the duties of government by providing
support to WASH services in schools and communities. The organization
also provides technical support through its technical working group.
Other NGOs such as World Vision assist the Salvation Army to implement the project. At national level, Government line ministries on Agriculture and the Hindu council help assist in non-technical issues such as
health training at schools. At International level there is Swedish, Swiss,
Dutch supporting partners in capacity building on for example water quality testing and Monitoring and Evaluation. Therefore, learning and participation is encouraged at different levels.
vii. Principle seven: Promote polycentric governance
In the MSETO project, there is an overlapping of responsibilities between
the organs of the government and the NGO. According to the respondent:

“We don’t purchase drugs, mosquito nets, equipment for the cancer screening process. These services are provided by the government and our role as project implementing agent is just to facilitate them. The government do assist with resources to
the community because they have a budget. We are working in three counties and
the government has a WASH budget to assist communities. In some respects, the
budgets are not enough. So as an Agent, we are just complimenting the government
where they are under-resourced. Otherwise, the function is for the government, because it has the legal duty to provide WASH services to communities” [CR1]

When asked if there were any overlapping governing responsibilities in the
management of WASH, the respondent mentioned the following:
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“Whenever there is an overlap of roles; before they become messy, we have feedback
meetings with communities to iron out such issues periodically or on a quarterly
basis. So, communities just give us feedback and where we have gone wrong we say
sorry, and where they are veering off we also tell them. Through feedback meetings,
we have a process of managing the whole process. However, in fact you might find
that you had assigned certain roles somewhere, and with overlap, it is done better
and then you learn your lessons. Next time you are aware who can better undertake a specific role. Conflict is not necessarily bad, it also sometimes brings the best
out of us e.g. lessons” [CR1]

The Salvation Army compliments the duties of the government by providing support to WASH services in schools and communities. The WASH
services are governed by the government, NGO, communities and regulators. This is basically a function of polycentric governance.

4.2.2 Värmdö municipality case

The municipality receives half of its drinking water requirement from
Stockholm waterworks in pipelines via Nacka municipality which is augmented with local groundwater. The municipality also receives groundwater from Ingarö waterworks, Sandön waterworks and Sandhamn waterworks (Varmdo, 2018). The main drinking water suppliers is the municipal
and private sector. The private sector is divided into two, mainly individual
wells and private producers. Table 7 provides a breakdown on the population connected to different water and sewage systems.

Table 7: Total population connected to water and sewage systems
as of 2015 in Värmdö municipality (Adapted from SCB, 2018c).
Type of Sewage connection
Municipal WC Sewer
Single WC drain
WC drain is missing

Population
served
26 352 (64%)
12 504 (30%)
2 235 (5%)

Data not available

16 (1%)

All connection types

41 107 (100%)

Type of water connection
Municipal water all year round
Individual all year round
Municipal/individual summer
water
Water is missing
Data not available
All connection types

Population
served
26 258 (63%)
12 955 (31%)
1 139 (3%)
724 (2%)
16 (1%)
41 092 (100%)

Currently, according to Värmdö (2018) individual sewers systems have increased to approximately 15, 000 and of which about 60 - 70 percent of
them do not meet environmental requirements in Värmdö municipality
(Värmdö, 2018).
This section identifies the aspects of the seven resilience principles present
in decentralized water and wastewater systems in Värmdö municipality.
The results are based on the two in-depth interviews and documents review:
i. Principle one: Maintain diversity and redundancy
According to one respondent (CR4), Värmdö municipality has limited
drinking water supplies [redundancy], especially during the summer season
when there is a high-water demand.
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“In our municipality we have about 40 000 - 50000 people all year round and in
summer the figures get to 100 000 people who visit their summer homes in the Archipelago by boat including tourists. The season (summer) when we the lowest
amount of groundwater, the population numbers are doubled. That is when we start
to face severe water challenges. At the moment we don’t have a solid solution to the
water scarcity issues” [CR4]

As stated by respondent [CR4], water challenges at Värmdö municipality
have been going on for while long time now, but they are not sure when
they started because the municipality has not been monitoring the trends.
It is only in the recent years, when the problem became severe then we
started working towards addressing them. It was revealed that the municipality had limited options for water supply, since most coastal areas have
limited soils (rocky) and deep wells risks salt intrusion. Respondent [CR2]
was asked if they had considered to diversify the water supply system or
there are any diverse water supply options like rainwater harvesting. The
respondent stated the following:

“I have not seen any rainwater harvesting mechanisms here in Värmdö, but maybe
they do harvest. My wife used to capture the rainwater in cylinders and use them to
water the gardens, saving water from the drain pipes. I do not know why she
stopped that practice” [CR2]

The individual properties mainly depend on groundwater availability for
their supply and once their well runs dry, they have to outsource for themselves. In cases where the central supply system fails, the municipality declares it an emergency case and try to provide water Combo tanks (Figure
15).

Figure 15: National Food Agency's "Emergency Water Containers”
Combo tanks (Source: Crest, 2018)
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However, there is a diversity of supply systems (decentralized, centralized
and combined systems), actors (municipality, private sector, Svenskt Vatten, the National Food Agency (Livsmedelsverket) and SGU. The municipality is mainly limited to water, sources, conservation strategies, siting
and planning timeframe. Diversity of user groups such as the vulnerable
groups, elderly people and disabled are not recognized.
ii. Principle two: manage connectivity
In terms of connectivity, responses from the interviews revealed that there
is a lot of flow of information from various actors dealing with drinking
water and wastewater such as the National Food Agency, SGU, consultancy companies, private sector, users and the municipal authority. Besides
actor`s connectivity, the case lacked connectivity in the aspect of technology, cross sectoral and organizational. For example, related to organizational connectivity, the employee dealing with drinking water has no
knowledge about what happens, for instance in wastewater management.
Departments at the municipality are working in isolation. This was highlighted by the respondents answer to a question about wastewater management:

“I do not know about that one and it is my colleague who deals with that. My focus area is only on drinking water and food inspection” [CR2]

Another finding is that the municipality does not suggest or recommend
any company to tackle private households’ problems. They only inspect,
certify or condemn and advise individuals to manage their drinking water
problems, excluding recommendations on which best company to engage
in solving the problem. The how part is left to the owner to decide, but
the municipality advises on the best solutions.
iii. Principle three: Manage slow changing variables and feedbacks
Results from in-depth interviews and documents scrutiny revealed that
managing slow changing variables and feedbacks are very important in the
municipality, especially with regards to the significant climate change related variables of drought and dwindling groundwater levels. Upon noticing the trends in water shortages, in 2015 the municipality engaged a consultancy (Swedish Ecology AB) company to conduct an investigation into
the overall availability of groundwater in different parts of the municipality.
The study also identified areas where the risk of withdrawal exists and
calculated sustainable withdrawal rates. Areas having the most groundwater shortages were defined as the areas where an outlet of 0 to 500 liters
per property per day is estimated to be the maximum sustainable yield
(Värmdö, 2016). These are the areas highlighted in yellow and purple (Figure 16). The restriction is due to the high risk of water deficiency and salt
water intrusion in the coastal zone.
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Figure 16: Map showing groundwater sustainability yields. The
green color indicates a high sustainable yield as yellow, red, purple
indicate progressively lower levels. Source: (Värmdö, 2016).
In response to these groundwater availability challenges, the Environment
and Health Committee proposed to the City Council for approval to introduce permits for the construction of groundwater and which does not
affect the seven areas that already have such a permit and notification requirements. These are dampening feedbacks (permits) that prohibit residents to consume less drinking water. According to this study the construction, environmental health committee meeting held on the 31st of
March 2015 to evaluation the groundwater resources at Värmdö is viewed
as a positive feedback. Although the groundwater levels still remain unmonitored in the long-term.
Another feedback which was unwanted was the contamination of groundwater due to the poor siting of sewer systems leading to cross contamination. However, in terms of managing slow changing variables, the municipality largely adopted a reactive approach as revealed during the interview.
The respondent was asked how the municipality work with these slow
changing variables and they were quoted stating:

“It is the people living in these coastal places who call us every time reporting that
they have water shortage problems report any strange or abnormalities in water. It
is sometimes difficult for us to control all these private sector suppliers, because they
are many here at Värmdö. To be after them all the year, it very difficult, complicated and impossible. The system depends on the people who make the call to tell us
that something is wrong.” [CR2]
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In terms of saline water, the municipality is working with Stockholm Vatten to address the issue. There are ongoing activities to desalinize water.
The respondent also mentioned that in some islands where there are severe water shortages, private owners use desalination technology. It was
also mentioned that the municipality had not adequately planned how to
cope with climate adaptation, because in the past Sweden did not have
such water problems.
iv. Principle 4: Foster complex adaptive systems thinking
According to the respondent, holistic planning to address these uncertainties has not been adequately addressed. The overall understanding of how
the system is interconnected and best solutions to tackle some of these
challenges is still a big challenge in the municipality. For example, at organisation level, the systems thinking mindset in Värmdö is limited since
the wastewater and drinking water supply departments operate in silos.

“Water consumption levels peak, during the summer compared to winter, because
most people fail to consider the consequences, that there is little groundwater, they
start to wash their cars and start calling us that we have a problem and we do not
have any water. It is a big problem and sometimes they don’t make rational decisions of saving water.” [CR2]

The municipality is limited in terms of combining different hardware and
software solutions in addressing some of these challenges. The current
structures in place as revealed in the interview are reactive measures such
as responding to emergency cases by supplying Emergency water containers to the affected areas.
v. Principle five: Encourage learning
Based on the interview responses, there are several ways in which learning
is incorporated in the municipality. There is a standing water committee
responsible for managing and addressing water challenges. Therefore, they
learn through meetings and workshops. The municipality provides information on their websites or mass media for the public and interested parties to learn. Residents also visit or call the municipality for advice. The
municipality also learn from consulting organisations such as the National
Food Agency, SGU, Environmental Protection Agency, Svenskt Vatten,
Swedish Chemical Agency and other organisations. Värmdö municipality
interacts with Nacka municipality especially providing assistance in water
crises emergency cases, hence they learn from each other. The actors also
learn from the challenges they face in the management of water services.
vi. Principle six: Broaden participation
As stated during the interview, the municipality works with individual residents, private water providers, Nacka municipality, the National Food
Agency, SGU, Environmental Protection Agency, Svenskt Vatten, Swedish Chemical Agency and other organisations. It was evident during the
discussion that there was limited horizontal participation. This was highlighted during the interview when the responded was asked how the municipality could address the water scarcity problems they are facing. The
respondent had the following to say:
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“I think, in the future we might have more problems with water. We need to try to
cooperate more with other municipalities and try to solve the water problems. Currently, we work with Nacka municipality, but we can work with other municipalities/other countries, who are in the North of Sweden. Sweden snows every year and
we might need to capture the snow, all this water gets into the sea and rivers and
disappear” [CR2]

It is evident from the responses that the case study lacks horizontal level
and cross sectorial collaboration. The interventions have not recognized
vulnerable or marginalized groups such as the disabled. Since water challenges started recently in the couple years, there is still the tradition of
working in silos.
vii. Principle seven: Promote polycentric governance systems
The respondent highlighted that the supply of water and wastewater disposal in Sweden are the legal responsibilities of the municipality. The municipality is responsible for ensuring that water is supplied in good quality
and adequate quantity. The municipality is also working with private producers to supply water and some of its roles are executed by private individuals where the municipality is not able to supply. The overlapping governing responsibilities are limited in the municipality. Individuals households sometimes must find their way when they cannot access groundwater as stated in the interview:

“When residents wash their cars and the groundwater runs out, they normally call
the municipality. So, in such cases we advise them to buy water” [CR2]

Overlapping of responsibilities in the municipality is very limited, since
the residents are sometimes advised to outsource their own water. There
is a gap on alternatives in the supply and management of water. It was also
not very clear the roles and responsibilities between the municipality and
government (National Food Agency) of managing private wells. What was
clear, was that the government provided rules and regulations for managing private wells.

4.3

COMPARISON OF WSP AND RESILIENCE ASPECTS
The WASH resilience framework developed by the WASH experts was
compared with the main aspects of decentralized WHO water safety plans.
In order to analyze the WSPs, a scale with three (green, yellow and red)
levels was introduced to determine the extent of the resilience aspects integration (Table 8). Green means the aspects are well integrated, yellow
means the aspects are partially integrated (incorporated but lacks diversity,
still with more room for improvement) and red means the aspect was not
considered in the WSPs.
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Table 8: Incorporation of resilience aspects in WASH planning
Aspects of WASH
resilience principles
Principle 1:
Water source
Technologies
Supply system
Conservation strategies
Reservoir capacity
Siting
User groups
Governance approach
Funding & Investment
Treatment methods
Actors
Planning period
Backup system
Principle 2:
Information
Actors
Technological
Principle 3:
Climate change
Demographic
Pollution
Behavior change
Maintenance
Groundwater levels
Feedbacks
Principle 4:
Approaches
Principle 5:
Experiences
Capacity development
Social mobilization
Mass media
Principle 6:
Cross-sectorial
Community groups
Multiple level actors
Principle 7:
Strategies
Multi-level
Multi-sectorial
Multi-functional

KEY
Incorporated
Partially Incorporated
Not Incorporated
Specific examples According to WASH experts
WSP
Maintain diversity and redundancy
Surface water, groundwater, rainwater, combined source
Boreholes, tubewells, tap, springs, pit latrines, flash, septic, wetlands
Centralized, decentralized, combined, off-grid, shared municipalities
Water optimization, recycling, reuse, laws, taxes, economic instruments
Large dams, storage tanks, septic tanks, raising toilets to resist floods
Variety of location sites for WASH facilities, floods relocation
Community, women, girls, elderly, youth, poor, disabled
Top-down/bottom-up approach, private sector, cooperative, CBO
Micro-funding, private sector, public-private partnership
UV light, chlorination, boiling, biological, filters
NGOs, private sector, communities, local/national government
Long term planning e.g. 5 years plans
Energy system, spare parts, extra pipelines, skilled manpower
Manage connectivity
Multi-dimensional information flow via e.g. internet, media, meetings
Cross sectorial connectivity e.g. health, water, sanitation, energy
WASH infrastructure e.g. pipelines, tanks
Manage slow variables and feedbacks
Drought, sea level rise
Increased population growth, migration
Heavy metals, pesticides, waste, salt intrusion, nutrients, wastewater
Cultural, attitudes, morals, interests, awareness, willingness to pay
Long-term maintenance and operation of equipment
Reduction of levels due to urbanization, deforestation, low recharge
Evaluation, penalties, reporting back, reviews, economic instruments
Foster complex adaptive systems thinking
Hard and soft measures, non-linear, holistic, mapping the nexus
Encourage learning
Experimentation, past failures, pilot projects, feedbacks
Trainings, educational curriculum, conferences, research, workshops
CLTS, water committee meetings, participation, discussions
TV, adverts, newspapers, internet
Broaden participation
Health, Energy, Agriculture, Water, Sanitation
CLTS, marginalized groups, women, youths, committees, associations,
Individual, community, local, region, national institutions, international
Promote polycentric governance systems
Regulatory, policies, plans
Individual, community, local, region, national institutions, international
Overlapping roles of private sector, public sector, NGOs
Various organisations e.g. SGU, National Food Agency, municipalities
The results in Table 8 were further analyzed, summarized and evaluated
according to level of importance of the WASH resilience principles which
was determined by the WASH experts (Radar charts) including the missing
aspects. The summary results are presented in Figure 17.
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RESILENCE PRINCIPLES
Complex Adaptive System
Thinking, Polycentric governance

Connectivity,
Diversity & Redundancy,
Participation, Learning, Slow
Changing variables

WSP & SSP
Accountability, Fast Changing
variables

Fig 17: Relationship between resilience principles and Small-scale
decentralized WSP
The WHO WSP guidelines were analyzed in the broader context within
the Social-Ecological System and development resilience framework and
the identified gaps (Table 9).

Table 9: Identified gaps in WHO WASH guidelines
#
1
2
3
4
5
6
7

GAPS IN WASH PLANNING
Adopts a technical approach in solving WASH challenges
Adopts a human-centered approach rather a social ecological system approach
Lack mechanisms for groundwater recharge to ensure continued water supply
Limited to risks identification, paying less attention to community strengths and
opportunities
Encourages cross-sectional participation rather longitudinal participation
Skewed towards water quality rather quantity issues
Too much cross-referencing and incremental plans making it difficult to synchronize all steps.
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5 DISCUSSION
5.1

WASH AND RESILIENCE PRINCIPLES
This chapter discusses the results focusing particularly on how the WASH
experts interpreted the seven resilience principles that were used to develop a framework to analyze the two case studies together with the WHO
plans.
The results of interviews with WASH experts indicate that the application
of the seven resilience principles to decentralized WASH systems is a complex and generates a great number of interpretations. Applying the principles, also requires a fundamental understanding of the meaning of each
principle, together with the knowledge their mutual interconnectedness.
SRC (2017) also acknowledged this occurrence emphasizing the need to
add some “common sense” in applying the resilience principles. Interviews with experts revealed that all the seven resilience principles were
relevant to decentralized WASH systems.
What clearly emerged from the WASH expert responses was that the resilience discourse is a neutral concept which can either exist in a desirable
or undesirable state. For example, communities can be trapped in poverty,
which is an undesirable state. When trapped in poverty and apply the concept of resilience, it means we have to consider the whole system and focus certain principles. Therefore, the resilience concept facilitates a new
mode of management, culminating to a shift in attention and prioritizing
certain areas of interest.
Past experiences have shown that small-scale community-managed
WASH facilities often lack regulation, political attention, skilled personnel
and are managed by people with low level of knowledge of potential risks,
making them more vulnerable to disturbances compared to utility-managed systems (WHO, 2011b). Therefore, “broadening participation (P6)”
emerged as the most important resilience principle in community-managed WASH systems based on (80%) respondents ranking.
About 75% of the respondents argued that the diversity of actors at multilevel and multi-sectorial context in managing decentralized WASH systems can help build resilience by enhancing legitimacy, transparency, diversity of knowledge, ownership, problem identification and solving. SRC
(2017) also reported similar views emphasizing that participation helps
build trust, knowledge and understanding, which forms the basis of collective action. It is pivotal that the views of the participants are reflected
in the decision-making.
On the other hand, broadening participation can lead to delayed decision
making, lack of agreement, conflicts and increased costs. Considering that
water and sanitation are crucial for health, delayed responses may result in
severe consequences. Given such circumstances, clear definition of structures, roles and responsibilities, and conflict resolution mechanisms can
help address such challenges.
Connectivity and Complex Adaptive System thinking had a low score
ranking on their relevance to decentralized WASH systems, scoring 5 %
and 10% respectively. Most respondents reiterated the fact that stakeholder participation is automatically include the principle of connectivity
and learning. Participation can influence behavior change through learning
and behavior change is a slow changing variable and also complex system.
In addition to the seven resilience principles, experts argued that contextuality, cultural recognition, accountability, equity and respect of human
rights should be reflected in community-managed WASH systems. The
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respondents also emphasized the importance of ensuring the system has
adequate available resources, maintenance and monitoring mechanisms in
place.
Noteworthy, is that about 85% of respondents identified the aspect of
contextuality, monitoring, maintenance and cultural recognition very important to decentralized systems. For the sustainability of WASH services,
they need strict monitoring and maintenance and there is need of funding.
The success of WASH programmes is strongly based on the local context,
the interests of stakeholders, recognition of cultural values and building
upon local knowledge. The importance of this aspect is described by
UNICEF (2015) as “Look for the best fit, not the best practice”. The
technologies, strategies and other WASH solutions should adapt to the
context, otherwise the system will be less resilient. The traditional methods of focusing on the international state of art practices, ignoring the
social aspect have in the long-run resulted in the communities deserting
the technology.

5.2

CASE STUDIES
Through in-depth interviews and thorough documents review, it was determined that both cases were encountering similar challenges of climate
change (floods and drought) however adopted different strategies in managing the challenges.
Based on the results, MSETO WASH project area has a more diversified
and redundant WASH system in terms of water sources, conservation
strategies and planning compared to Värmdö municipality. This is due to
the fact that Kenya has a long history of receiving less than 647 cubic
meters per person per year supply of freshwater and is considered amongst
the most chronically water scarce nations around the world (World Bank,
2004). About eighty percent of the land is considered arid and semi-arid,
receiving frequent floods and endemic droughts. This implies that the
WASH system has evolved overtime, learnt their lessons in the past, upgraded strategies and continued to develop. The existence of MSETO
WASH systems in certain project areas is an example of the interplay of
absorption, adaptation or transformation capacities according to Béné et
al. (2012).
Another important issue mentioned by the interviews was the legal duty
of government to provide WASH services. The right to water increases
the resilience of a system even during shocks or stressor (Salvation Army
Sweden, 2017). Adopting an RBA framework means that projects engage
communities for planning, allowing participation of marginalized and vulnerable groups, and implemented in a way that ensures accountability and
transparency. Accountability was also identified by WASH experts to be
of critical importance in building resilient WASH systems. In relation to
accountability, TSA has an initiative called the “Accountability movement” that aims at strengthening impact measurement and learning for
communities, donors and other relevant actors (Salvation Army Sweden,
2017). This has created an enabling environment for a resilience system.
However, the project lack adequate funding to develop infrastructure to
support WASH activities in the MSETO Wash project area (schools and
communities). For example, at one of the schools four water tanks have
been lying on the ground for more than a year waiting for the repair of the
building roof to fit them (TSA Kenya territory, 2016). Such projects need
financial investments to address such challenges and sustain WASH services.
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A study done by Johannessen et al (2014) identified the need to engage
public private partnerships (PPPs) as a strategy of building resilience to
hazards in WASH systems. At face value this might be a good method to
finance WASH projects lacking capital investment and other resources.
However, several studies argue that private firms main agenda is to earn
profits, have a high contract transition costs, avoid competition, have conflicting objectives to long term public interests, promote high quality infrastructure in high income areas neglecting poor areas and uneven service
delivery which tends to fragment the service area and creating several service inequalities (Warner 2012, Graham and Marvin 2001, Hodge 2004,
Sclar 2009).
Public Private Partnerships also risk drowning the citizen`s voice while the
private market focus on pursuing profits and its business growth preferences Graham and Marvin (2001). This could thwart the achievement of
the SGD 6 by 2030, if there is no mechanism to handle PPP. Instead,
Public-Public Partnerships have been cited to better address the needs of
the population compared to Private Public Partnerships (Warner 2012).
There is dire need of vigorous studies to determine the suitable conditions
for engaging PPPs in investing in decentralized WASH systems.
The importance aspect of resources availability was earlier identified by
WASH experts as an enabling environment component in building resilient WASH systems. Lack of funding means groundwater levels are not
monitored, hygiene facilities not adequate, no supporting infrastructure,
hydrological data not monitored, pollution is not detected, untreated water
and water conservation strategies not enforced.
The untreated water situation in some MSETO Wash project area schools
and communities need to be further investigated to determine if it’s a financial, technical, skill or behavioral issue. The bad unhygienic state of
toilets in schools should be rectified and is connected to behavior change
which is a slow changing variable. The problem is deep rooted considering
that half of the rural Kenya population lack basic sanitation, the norm
being open defecation (Republic of Kenya ministry of health, 2016). It will
might take time to change the hygienic situation in schools. The building
of new latrines which is currently underway in schools will only contribute
to solving the shortage and meeting the WHO standards of 1:25 for girls
and 1:30 for boys. However, the Sanitation system may collapse in due
course if the cultural aspects and behavior change factors are not taken
into consideration and rectified.
As highlighted by the WASH experts, aspects of accountability, responsibility, cultural recognition and contextuality can be revisited to identify the
gaps to address the hygiene challenge in MSETO WASH projects at
schools. After addressing this challenge there is need to develop an effective monitoring and maintenance system which takes into consideration
the local conditions and diversity of solutions. Essential in the monitoring
process is identification of indicators to monitor critical thresholds.
Värmdö municipality has a diversity of actors such as The National Food
Agency, municipalities, Swedish Water & Wastewater Association, private
water producers, private individuals, Sweden Agency for Marine and water
management (Havs och Vatten myndigheten).
However, Värmdö WASH systems were very limited in terms of diversity
of water supply options, planning strategies, water conservation strategies
and options to recharge groundwater supplies. Historically, Sweden has
had abundant water supplies with good accessibility. The average global
citizen consumes about 4,000 liters per day, while a Swede consumes
roughly 5,500 L/day including food production average figures (Miljömål,
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2018). Yet, in the past few years, the effects of climate change have seriously stressed the water supply in many parts of Sweden, as experienced
in Värmdö municipality. The culture of saving, diversification of supplies,
strategies and solutions should be cultivated.
At the moment Värmdö municipality`s decision-making in WASH is
based on a day-to-day planning ad hoc basis. The municipality adopted a
reactive strategy in dealing with major water interruptions and shortages.
For example, in cases of water crisis, the municipality caters for water supplies using Combo tanks. There is need for long term planning for WASH
vulnerabilities and engagement of relevant stakeholders.
The strategic planning should be based on the local context, incorporating
local knowledge and aiming to address the uncertainties. This could include methods to diversify the WASH system, for example, by harvesting
the snow, rainwater, water reuse, greywater recycling, water saving installations in buildings, and conserve drinking water supplies. Extra pipelines
could be connected from Stockholm to complement the existing one and
build redundancy in case there is a major breakdown in the existing pipeline. Diversity and redundancy always comes with a cost
In terms of connectivity, the MSETO WASH project actors are well connected to one another. For example, at community level, the Village Management Committee (VMC) and Sub-VMC interact horizontally and vertically with government structures. However, as noted in the results, there
is need for structures to engage the government levels to create long term
connectivity. The synchronization of other actors undertaking similar projects such as AMREF, Plan International, Child Fund, Compassionate International and World Vision is important. The connectivity also improves
the flow of information which is critical for monitoring purposes of, for
example, groundwater levels, demographics, weather forecasting and
other important statistics.
Compared to MSETO, the Värmdö municipality is more connected in
terms of actors and flow of information on the internet. Those who are
not internet connected can visit the municipality for advice. In-depth interviews and review of documents indicated that connectivity is the main
strength of the Värmdö decentralized WASH system. The municipality
provides accessible advice and information on the website, media and
other platforms together with other related actors on how to manage water and wastewater issues. Individuals are also able to consult the municipality in person and get advice get free advice that could help improve
their water and wastewater management system.
Even though the WASH actors (government, NGOs, private, property
owners) are well connected in Värmdö municipality in terms of information flow, most WASH actors are working in silos. There could be a
tendency of people exchanging and easily accessing information but still
not working together. There is a great potential within the municipality to
use their strength within connectivity by developing their system by increasing knowledge on complex adaptive system thinking, water conservation, diversification strategies and monitoring of slow changing variables.
Other aspects worth monitoring is the trends of urbanization, which increases hard surfaces inhibiting water infiltration to recharge underground
aquifers. The municipality have planned to construct housing at Gustavsberg, Brunn, Hemmesta, Stavsnäs and Björkås based on the Översiktsplan 2012-2030 (Varmdo, 2018). For, example, 4000 new housing are
planned to be constructed at Gustavsberg, part of Värmdö municipality.
This increases surface runoff and inhibits infiltration. Therefore, the
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municipality should encourage integrated planning (CAS) to be able to
identify and solve such challenges considering their tradeoffs. Green infrastructure could be another option for grey infrastructure to improve
groundwater recharge (Värmdö, 2018).
As highlighted in the results, MSETO project management is aware of
slow changing variables and the main limitation identified was investment
and funding opportunities to monitor pollution levels such as heavy metals naturally occurring in the groundwater. This monitoring function could
be done by the government functions in partnership with the private sector, since the government has a budget for WASH issues.
It was also revealed that MSETO project was based on a CAS framework,
by adopting an integrated approach in the main focus areas of food, nutrition, waste management, water supply, sanitation and hygiene. A limitation identified is the identification of critical thresh holds to monitor the
different variables for resilient WASH systems. For Värmdö municipality,
an important CAS aspect would be to develop plans for change, mapping
the system components and identify critical thresholds for monitoring.
In terms of learning between case studies, MSETO can draw lessons from
Värmdö municipality, especially in areas of connectivity where Värmdö
has strength. Värmdö can draw lessons from MSETO especially in areas
of polycentric governance, contextuality, CAS, diversity and redundancy
which came out as key areas of strength. Stakeholder participation is a key
area of development decentralized WASH systems, which needs working
together of people and learning from each other.
WHO (1996) high-lighted community-centered approach and increased
stakeholder participation at all stages in order to strengthen communitymanaged rural water supply and sanitation systems. Past research on resilience has also indicated that stakeholder participation is the key driver of
absorption, adaption and transformation (Westley et al, Béné et al 2012,
Béné et al 2014).
In-depth interviews in Värmdö municipality revealed that even though
there was a high level of connectivity and flow of information most actors
were working in silos. Municipalities rarely work together, although, for
example, Nacka municipality assisted Värmdö municipality in times of water crises. The importance of stakeholder participation cannot be over emphasized, and actors have a lot to learn from working together. For example, infrastructure planners can work closer with water/environment department to design structurers that can harness rain water and reduce surface runoff. Various society groups such as the vulnerable groups should
be considered during the planning phase. Cross sectorial participation will
encourage learning for stakeholders from each other.
Concerning the principle of polycentric governance in Värmdö municipality, overlapping of responsibilities in the municipality was found to be very
limited. As discussed in participation principle, most municipalities work
in silos and independent from other actors. The municipality monitors
work of private water producers and have limited alternatives in crises
cases. The groundwater levels and demographic monitoring are still lagging behind. That is the reason why when during summer, when the number of water consumers increases, this causes water shortages. The municipality will direct the private individuals to buy the water commodity.
It was also not very clear the roles, accountability and responsibilities between the municipality and government of managing private wells. It is
uncertain whether the municipality has a legal mandate to ensure every
resident has the right to adequate and quality water supplies since private
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individuals are responsible for managing their own systems. The municipality is not aware of the total number of private water or sanitation facilities because residents manages the construction and demolition of source
points. What was clear, was that the government provided rules and
standards for private wells. The gap needs to be filled by developing structures (nested institutions) for water redundancy similar to the water quality
structures in place to monitor both quality and quality.
On the other hand, through in-depth interviews it was revealed that the
MSETO project is profoundly based on the polycentric governance principle. The activities by The Salvation Army Kenya East Territory staff is a
matter of complimenting the government efforts where it is weak or under
resourced. Accordingly, the government is the legal bearer of providing
WASH services to the people, but however it is resource limited. The Salvation Army Kenya East Territory (NGO) had to fill the WASH gaps,
with overlapping responsibilities.
Noteworthy, was the argument posed by WASH experts that polycentric
governance risks giving rise to a situation where by “nothing is being done,
assuming the other stakeholder is doing it, power issues, conflict, duplication, competition and inefficiencies”. This project seems to have handled
well most of these concerns, more so, thriving from this complexity. There
is seemingly strong evidence revealing that the success story of this principle (P7) on the MSETO project case is heavily grounded on the application of Elinor Ostrom`s (1990) eight principles for managing the commons.
The SRC (2017) brought on the spotlight that the foremost hindrance and
appeal of operationalizing P7 is the lack of clear principles. Interestingly,
the eight principles linkage to WASH in this study seems to address the
identified weakness. Appendix III shows how Ostrom`s eight principles
have been applied in the MSETO project to strengthen the SRC polycentric governance principle.

5.3

INTEGRATED PLANNING: WASH AND RESILIENCE
Documents review revealed that diversity and redundancy resilience aspects are both incorporated in the WSP documents. For example, task 1
of WHO (2012) requires the engagement of community and assembling
of WSP team incorporating local leaders, decision makers, elderly, vulnerable, marginalized groups, women, local or regional government officials,
community health workers, community health workers, environmental,
agricultural extension workers teachers, influential people with local
knowledge and varying background. The WSP encourages broaden participation (P6) of a diversity (P1) of actors and sectors. This cultivates
community interest, ownership, empowerment, learning (P5) and flow of
knowledge (P2).
However, noteworthy is that task 1 is most probable applicable to organized community-managed supplies such as rural villages (MSETO project), small towns rather than individual households and vacation homes
similar to Värmdö municipality. The risk assessment (P3) process is considered a technical task, requiring a certain level of competence which
could be a challenge for individual private systems. WASH systems managed by municipality and private producers, competence might possibly
exist which is highly unlikely with household or land owners.
Therefore, the EU (2014) suggested the responsibility of conducting risks
assessments could be assigned to public health officers, local environmental working jointly with the owner of the individual WASH supplies. The
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combined initial process will provide the owner of the WASH supply the
necessary skills, knowledge and competence to carry on maintaining the
risk assessment under the supervision of the local authority.
However, this delegation of task eliminates the diversity of stakeholders,
connectivity, richness of knowledge and learning. Another possibility is
the establishment of structures such as local water associations, which
could work together with a variety of stakeholders to help build resilience
for individual private systems. The Water Association will develop a mechanism of assurance and hold an obligation to develop capacity for risk
assessment and risk management. But this depends on the local context
and willingness of individuals to participate.
Tasks 2, 3, 4, 5, 6 (Figure 5) WSPS incorporates some of the principles
such as diversity, redundancy, connectivity, participation, feedback, diversity and slow changing variables. The main SRC resilience principles missing from the WSP as shown in the results section is the encouragement
the adoption of complex adaptive system thinking (P4) and polycentric
governance (P7). There is a great need to understand the complex interconnections, interplay and dynamics that exist between the social, economic, political, technical, cultural and ecological systems in building a resilient WASH system. Today, most of the WASH challenges are multidimensional with no one definite solution. Therefore, the CAS appreciates
this complexity and encourages actors to acknowledge a multiple perspective of solving a problem as stated by SRC (2017).
For example, the introduction of water associations working with other
associations, local or national government, private sector, NGOs and Civil
organisations is a collective action that can result in the creation of social
engagement rules which is a component of nested institutions (P7). However, as pointed out by the WASH experts, (P7) is prone to conflicts,
which can possibly be managed by applying Ostrom`s (1990) eight principles as earlier discussed (Appendix III).

5.4

REVIEW OF WHO WSPS GUIDELINES
The review of WSP related documents revealed that they tend to focus
more on identifying and addressing health related to chemical and microbial contamination of water supplies. According to WHO (2017) resilience
is defined as “the capacity of the system itself to cope with and manage health risks
in a way that the essential functions, identity and structure of health systems are maintained.”
The WHO (2017) document mentions how different water technologies
could be used to harness water resources. However, mechanisms of ensuring that aquifers or rivers are recharged, and water levels monitored are
lacking. Therefore, there is need to incorporate in the guidelines mechanisms to promote the recharge of groundwater that will ensure sustainable
supplies.
Furthermore, the climate-resilient approach in WHO (2017) is based on
the human-centered approach, focusing on how best we can exploit benefits from the ecosystems, concentrating less on mechanisms to sustain
the water resources. This limitation can be noted in the strategies highlighted in section 5.4.2 and table 3 of the WHO (2017). The WHO planning documents rarely focuses on social-ecological system (SES) approach
and fails to mention it within the reviewed documents. It is still the same
traditional resource-by-resource management instead of a more integrated
SES approach.
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Another limitation in WSPs is that they adopt a technical approach which
emphasizes the use of different technologies to solve a problem. The social aspects that seeks to influence behavior are rarely addressed.
Another gap in the WSP approach is that the WSPs are limited to risks
assessments and fails to consider other wider important aspects in the
community. For instance, there is a risk that community strengths and opportunities are overlooked if the main focus lies on identifying risks. Approaches such as SWOT (Strengths, Weakness, Opportunities and
Threats) analysis or Cross SWOT diversifies the approach and are more
holistic. The SWOT approach as applied by SEEDS Technical Services
and Knowledge Links (2013) in disaster risk reduction helps to identify
internal strengths and weaknesses of a system together with external opportunities and threats.
Another challenge identified is that there is a lot of cross-referencing between WSP documents containing incremental changes making the WSP
process complicated and difficult to follow. Many documents are said to
be complimenting each other but there is risk that readers fail to see how
the WSP documents can be used as a whole. A thoroughly reviewed, single
WSP document aimed at practitioners and implementers which is easy to
read, follow and adopt is recommended.
The WSP encourages the participation of different actors in the identification of hazards according to Task 1 (Engage the community and assemble a
water safety plan team). The participation process is limited to the risk assessment process, assumes the actors will work together beyond the risk assessment process. Responsibility of WSP implementation resides with the
operator rather than the water committee or other stakeholders. Documents do not encourage actors to work together beyond the risk process
in addressing the identified challenges and sharing responsibilities.
As much as the WSP documents cannot prescribe solutions and identify
challenges since these are context specific, the WSP guidelines are very
generic. The documents provide limited strategies for community guidance in adopting control measures, by applying phases such as “the table is
not intended to be exhaustive”. There is need to identify more examples in the
context of water supply and sanitation, to guide communities in Complex
adaptive system thinking.
The WSPs aims at “Managing drinking-water quality from catchment to consumer”
This approach can be considered traditional within the water sector, however when the water system is studied separately, the potential of identifying the cross-sectional interconnectedness is limited. It would be desirable
to include a more integrated holistic system rather than separating the water system. For instance, the approach can include drinking water quantity,
complete hydrological water cycle and link sanitation.

6 CONCLUSIONS
This research aimed at exploring the relevance of the concept of resilience
to WASH Safety planning in dealing with uncertainties for small-scale decentralized WASH systems using Sweden and Kenya as case studies.
WASH experts were engaged to translate the resilience aspects into a
WASH context. The developed WASH framework that was used to assess
the two case studies and WASH planning documents.
What emerged from the individual interviews and focus group discussions
with WASH experts is that all the seven SRC resilience principles are relevant to decentralized WASH systems. The application of resilience
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should not substitute the principles of sustainable development but rather
used as a framework to compliment efforts, since resilience considers
broad issues and applies complex adaptive system thinking. Other important aspects missing from resilience principles included contextuality,
accountability, resources capacity, human rights, monitoring and maintenance
The bigger challenge of diverting attention to a resilience agenda is the fact
that the principles have their weakness, that might undermine WASH social equality and human rights issues. However, development resilience
has a great potential in WASH systems to address some of the observed
shortcomings of SES resilience. Development resilience incorporates a
human rights-based approach, which is a pro-poor strategy and considers
contextuality which is missing from the seven principles. However, the
major challenge with development resilience is that it is anthropocentric
and should be combined with an SES strategy.
What emerged critical in WASH planning is the integration of CAS and
promotion of polycentric government. A good example is the Integrated
water resources management which encourages polycentric governed,
learning, connectivity and participation. It emerged that Värmdö had
strength in connectivity while MSETO had strength in polycentric governance. It can be concluded that the WHO WASH planning guidelines
have a technical approach and lacks the social perspective in addressing
issues. It is limited to quality issues, has gaps in Complex adaptive system
thinking and polycentric governance. These have shown to be important
in case studies hence there is need to review the WHO guidelines based
on the findings of the case studies.

7 LESSONS LEARNT
The key lessons learnt from the resilience concept application in decentralized WASH systems were summarized in Table 10. The table also
shows lessons that could be drawn from both case studies.

Table 10: Lessons Learnt from resilience application in WASH
LESSONS LEARNT
1. Our societies have developed and evolved based not on a resilience mindset. Therefore, it is
crucial to understand the fundamentals of a society and their needs before applying the concept of resilience.
2. Resilience should not substitute sustainable development as a goal but rather used as a framework to compliment it.
3. Resilience discourse is a neutral concept which can exist in a desirable or undesirable state.
There is need to identify undesirable resilience characteristics in order to break the undesirable
cycle. For examples a poverty trap, human induced drought etc.
4. No strategy or approach solves all WASH challenges
5. Broadened participation is key to decentralized WASH systems, which are typically fragmented
and isolated. Adoption of a resilience concept has the potential to integrate the WASH sector.
Värmdö municipality
KISC-MSETO project
i. Connectivity (flow of information) can be
used as a tool to integrate a diversity of
WASH actors to work together (Broadening
participation).
ii. It is important to adopt proactive rather reactive strategies in dealing with WASH services.
This is because any disruption in WASH

Broadened active participation and ability of participants to influence in decision making is key to
sustainable WASH services
The application of polycentric governance (overlapping responsibilities) principle can result in the
tragedy of the commons and conflicts. Therefore,
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services warrants an Emergency Response and
Crises Management situation. Drinking water
is a critical life support need and its shortage
can compromise human existence. The same
is true for diseases related to poor management of sanitation and water supply services,
such as cholera and diarrhoea
iii. The mapping of groundwater yields, and risk
zones is the first step in groundwater (level)
monitoring.

conflict resolution structures and mechanisms are
a prerequisite in WASH for the success of polycentric governance systems.

Diversity of water sources provides alternatives in
the face of different seasonal vulnerabilities. Societies can adapt technologies based on local prevailing climatic conditions, environmental, cultural, economic and social context.

8 RECOMMENDATIONS AND FURTHER RESEARCH
This section summarizes the recommendations and areas of further research. These suggestions aim to achieve sustainable WASH services and
reduction of challenges (e.g. diseases, loss of life etc.) related to WASH.
•

•
•
•
•

Rigorous evaluation of the identified missing aspects from the resilience principles and considering a review of the principles to
incorporate the missing aspects (e.g. fast changing variables, contextuality and accountability)
Review of the community WHO planning tools to bridge the
identified gaps.
Identification of resilience thresholds and development of a tool
in WASH for resilience assessment measurement
Further scrutinize principle 7, through the lens of Ostrom`s eight
principles. A comparative study can be made with more international cases to determine its applicability.
Further research is needed in investigating necessary pre-conditions for the application of resilience principles and important
trade-offs
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APPENDIX I: INTERVIEW GUIDE
1. Please briefly tell me about your role in the Organisation?
2. Briefly elaborate on how the Organisation is involved in Water, Sanitation and Hygiene?
3. Thematic focus area? (drinking water/irrigation/wastewater/hygiene)
4. Which different actors are involved in your water supply and sanitation system. What are their roles?
5. Do you work with actors outside the WASH sector and how are they
involved?
6. Which strategies or technologies are used to support community water and sanitation systems?
7. Which WASH International guidelines or planning tools do you use?
8. What shocks, challenges, or unexpected events, were experienced in
the WASH system?
9. What are the current internal or external threats affecting your system?
10. What enabled the WASH system to overcome shocks/challenges?
11. Were there some challenges that you could not overcome?
12. How have you planned for continued supply of quality WASH services?
13. I would like to know whether you have considered how they will deal
with climate change or sudden drought or flood?
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APPENDIX II: INTERVIEW RESILIENCE PRINCIPLE EXAMPLES
Resilience
principles
Diversity
& Redundancy

Aspect

Specific examples

Respondent

Water source

Surface water, groundwater, rainwater, combined
source
Boreholes, tubewells, tap, springs, pit latrines,
flash, septic, mobiles toilets, dry/wet toilets, wetlands, water harvesting techniques, water trucks
Centralized, decentralized, combined centralized
& decentralized, off-grid, shared between municipalities
Water optimization, recycling, reuse, laws, taxes,
policies, economic instruments, installations, incentives, fines, grey water & black water separation for reuse, different qualities in drinking &
washing water
Large dams, storage tanks, septic tanks, raising
toilets to resist floods
Variety of location sites for WASH facilities, alternative relocation places in cases of floods and
emergencies
Women, elderly, youth, poor, disabled
Top-down/bottom-up approach, private sector,
cooperative, community based organisations, municipality, private individual, management tools &
strategies, Integrated water resources management (IWRM)
Micro funding, micro insurance, private sector
funding, Public-private partnership (PPP)

Nepal experts, R6, R13,
R14, R16
R1, R3, R4, R5, R6, R7,
R8, R9, R10, R11, R12,
R15, R17, R18
R11, R13, R15

UV light, chlorination, boiling, biological

R16, R17

NGOs, private sector, municipality, civil society
organisations, national/local government, communities, marginalized/vulnerable groups, providers,
Long term planning e.g. 15 years plans

WASHnut, R2, R3, R5,
R11, R15

R4, R5, R6, R8, R14,
R15, R16
WASHnut, R7, R9, R13,
R14, R15, R16, R17, R18

Technological
infrastructure
and water
sources
Climate change

Energy system, spare parts, extra pipelines, skilled
manpower/competence
Horizontal & vertical flow of information via
various platforms e.g. internet, workshops, media, meetings. Community connection to lines of
communication
Connectivity between water, sanitation, hygiene/health, agriculture, energy, government,
private, climate change, municipalities, peer to
peer
Combined water supply, pipelines, centralized/decentralized systems, rainwater harvesting,
connected treatment plants, access to WASH services
Drought, sea level rise

Demographic

Increased population growth, migration,

Technologies
Supply system
Conservation
strategies

Reservoir capacity
Siting
User groups
Governance approach & system of management
Funding & Investment strategies
Treatment technology
Actors

Planning
timeframe
Backup system
Connectivity

Information

Cross sectorial,
organizational,
actors

Slow changing
variables &
feedbacks
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Nepal experts, R2, R7,
R14, R15, R17

Nepal experts, R3, R7,
R8, R10, R12, R16, R17
R4
R1, R10, R11, R15,
R1, R2, R7, R8, R14,
R17, R18

R5, R12

R7, R8, R10, R12

Nepal experts, R1, R2,
R10, R11, R13, R14, R7,
R17, R18
R3, R4, R5, R6, R8, R12,
R16, R17, R18
WASHnut, R7, R9, R12,
R16, R17,
R2, R7, R9, R16, R17,
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Changes
Pollution

Behavior
change and capacity
Equipment
maintenance
Groundwater
levels
Feedbacks

Complex
Adaptive System Thinking

Learning

Approaches

Experiences &
experiments
Capacity development

Participation

Social mobilization
Mass media
Cross-sectoral
Community
groups

Arsenic, manganese, pesticides, herbicides, waste,
BOD levels, salt intrusion, nutrients, wastewater
Motivation, attitudes, morals, interests, operation
conditions of toilets, mass awareness, willingness
to pay, leadership, cultural beliefs,
Long-term poor maintenance and operation of
equipment leads to collapse
Long-term mining of groundwater, increased
hard impervious surfaces inhibiting recharge of
groundwater due to urbanization, deforestation,
increased water demand,
Monitoring & evaluation, social audits, reporting
back, review meetings, feedback between implementors, regulators, enforces and users, factors in
the F-diagram for hygiene, laws, taxes, evaluation
of implemented programmes, sensors in equipment, water security measuring at household, recycling nutrients, sustainability indicators, communication channels for feedback, diseases &
sickness, economic instruments, polluter pays
principle, incentives, fines, economic state of users not able pay in time, afforestation, accountability mapping, performance evaluation of service
provides, follow-up
Demand driven system combining different hardware and software measures considering local
and global scale perspective. Holistic planning for
uncertainties, considering multiple pathways, system thinking and different actors. Coordination
of irrigation, environmental conservation, industrial and domestic water use, different ministries.
Transboundary water issues, river catchment.
Humanitarian aid and development nexus. Understanding how environmental degradation &
water scarcity is connected, various systems are
linked
Learning from past failed WASH projects, feedbacks, pilot projects and scaling up
Curriculum/community education, trainings,
courses, seminars, water committee workshops,
awareness, consultation, counselling, research,
WASH Alliance, Health education on hygiene by
local clinics, conferences, peer to peer
Community Led Total Sanitation (CLTS), water
committee meetings, participation, discussions,
TV, adverts, newspapers, internet
Health, Energy, Agriculture, NGOs, Water,
Wastewater/Sanitation, Hygiene, humanitarian,
development
CLTS, marginalized/vulnerable groups, women,
girls, youths, disabled, water committee, WASH
alliance, School clubs, WASH Associations,
64

WASHnut, Nepal experts, R1, R3, R4, R6,
R8, R12, R13, R15, R16,
R17,
Nepal experts, R5, R7,
R10, R17, R18,
R4, R7
Nepal experts, R9, R2,
R4, R18
WASHnut, R1, R3, R4,
R5, R6, R7, R8, R9, R10,
R11, R12, R13, R14,
R15, R16, R17, R18

Nepal experts, R3, R4,
R5, R7, R8, R12, R14,
R15, R17, R18

WASHnut, Nepal experts, R1, R7, R9 R10,
R14, R16, R17, R18
Nepal experts, R1, R2,
R3, R5, R6, R7, R8, R9,
R10, R11, R12, R14,
R15, R16, R17, R18
Nepal experts, R2, R3,
R4, R7, R9, R14, R15
R12, R13, R15
WASHnut, Nepal experts, R7, R11, R16, R17
Nepal experts, R4, R6,
R7, R9, R11, R12, R13,
R15, R18
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Actors: vertical
& horizontal
collaboration
Polycentric
Governance

Multi-level governance
Multi-sectoral
Multi-functional/purpose
Strategies

Drillers, users, regulators, enforcers, politicians,
donors, producers, educators, suppliers, researchers, implementors, entrepreneurs, consultants at
local, national or global level
Individual, community, local, region, national institutions, international
Private sector, public sector, NGOs
For example, in Sweden there is Geological Survey of Sweden (SGU), National Food Agency,
municipalities, Swedish Agency for Marine and
Water Management
Regulatory, policies
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R12, R15, R16, R17
R2, R5, R6, R7, R10,
R15,
WASHnut, R1, R5, R9,
R11
R6, R17

R5, R15
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APPENDIX III: APPLICATION OF OSTROM`S EIGHT PRINCIPLES TO
SRC POLYCENTRIC GOVERNANCE PRINCIPLE IN MANAGING DECENTRALIZED WASH SYSTEMS.
Principle
1. Well-defined
boundaries

2. Congruence
between appropriation
and provision
rules and local conditions
3. Collectivechoice arrangements

Description
Clear social or geographic boundaries
around community
of users and the resource system.
There is effective
exclusion of other
external parties that
are not titled.
Appropriate governing rules and regulations are adapted to
the local resource
conditions and
needs.
Ensures that users
affected by certain
decisions can participate in the decision-making process.

4. Monitoring

Effective monitoring by monitors
who are part of or
accountable to the
appropriators

5. Graduated
sanctions

Establish a system,
where by resource
users who violate
regulations are assessed by graduated
sanctions through
monitors

6. Conflict-resolution mechanisms

A low-cost mechanism for resolving
conflicts for resource users and

MSETO case examples
Stakeholders upon agreeing to work together sign a
memorandum of understanding which bind their actions,
commitments and accountability to the project. The
actors include government public health officials,
The Salvation Army (TSA) Church, Schools Heads,
VMCs, Sub-VMC, CLTS, Local leaders, user
groups, and other key stakeholders. The document
defines the roles, responsibilities and geographic
boundaries.
Typical example is that project communities are not
allowed to cut down the trees, especially the Neem
tree, because local knowledge have shown that the
tree is good for medical purposes, hardly sheds
leaves during drought and significantly reduce surface water runoff.
For sanitation, TSA engaged communities to form
Community Led Total Sanitation (CLTS). The
CLTS conduct transect walks exposing members to
fecal matter in the local community and further analyzing exposure routes using the F-diagram. The
CLTS then develops rules based on the findings to
solve the sanitation problems.
The Salvation Army is the moral duty bearer complimenting the works of the legal duty bearer which
is the government. TSA ensures communities undertake their obligation of ownership, monitoring
and maintaining whatever has been implemented
for continuity. Therefore, the water committee, the
TSA (field coordinators, project manager, monitoring & evaluation officer) and government are monitors who are accountable to the communities. They
have an obligation to ensure all actors are complying with the set rules and regulations.
The community developed structures on handling
the violation of community regulations. At the lowest village level, there is the Sub-Village Management Committee, followed by the Village Management Committee and the Government is the highest office. Depending on the severity of the violation, the identified structures deal with the penalties. That is minor violations at the Sub-VMC to the
major violations at government level, matching the
offense severity. The most common violations are
corruption and conflict of ownership cases.
The government is the legal duty bearer and provides conflict resolution avenues, for example at the
courts. However, depending on the gravity on the
matter, conflicts can be resolved at Sub-VMC level,
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7. Minimum
recognition of
rights

8. Nested enterprises

monitors using the
graduated sanctions
The ability of communities to develop
their own rules not
challenged by government authorizes
Multiple, nested tiers system of resource governance
from the lowest
level to the highest
entire interconnected system

VMC level or Government level. Mostly, government arbitrate conflict.
TSA engage communities in the selection of technologies matching their local conditions. The communities then come up with water committees,
which defines the rules, water tariffs and sets up a
bank account for keeping operation and maintenance funds
The WASH project is managed from individual,
household, Sub-VMC, VMC, local, regional to national government level. There is also cross-sectorial management from churches, schools, NGO`s,
humanitarian, aid and development organisations
such as AMREF, Plan International, Child Fund,
Compassionate International and World Vision.
The governance is structured in multiple layers of
nested institutions. However, there is limited synergy between the latter stated NGO`s.
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APPENDIX IV: INTERVIEW DETAILS
I.D

Organisation Name

Profession

Years
practice

WASHnut

WASHnut, SIANI

WASH & Nutrition
Experts

Mixture

Nepal
WASH
Group

Nepal, Asia

WASH

Each
had
over 4 years

R1

Ramböll

Head of Department, Water Resources

R2

Ecoloop

Deputy CEO

R3

Ecoloop

Practitioner

R4

SEI

Senior Research Fellow

R5

KTH

Professor

R6

Campus Roslagen AB

Director

R7

Ecoloop

Strategic services &
Sustainable Development
& Partner

R8

KTH & Kounkuey
Design Initiative

Director

More than 10
years

R9

International Aid Services (IAS)

Humanitarian manager

More than 10
years

R10

SEI & KTH

Teacher
searcher

More
than
18years
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R11

Slovatten

R12

SIMAVI, Bangladesh

WASH Country coordinator

More than 33
years

R13

(SGU)
Geological Survey of
Sweden

Water specialist

More than 20
years

R14

SIWI

Programme
ager

man-

More than 7
years

R15

Campus Roslagen AB

Operational Manager and CEO

More than 20
years

R16

National Food Agency
(Livsmedelsverket)

Specialist in water
treatment

More than 20
years

R17

SIWI & UNDP

WASH expert

More than 20
years

R18

SIDA

Senior programme
specialist

More than 10
years

CR1

Salvation Army

WASH
Manager

CR2

Värmdö municipality

Food Health Inspector

CR3

Salvation Army

Quality Assurance
manager

CR4

Värmdö municipality

Head of unit of sewage systems

69

Project

Claudius Mpofu

TRITA-ABE-MBT-18472

APPENDIX V: Challenges affecting the Värmdö municipality and KISC MSETO WASH
project
Värmdö Municipality
KISC-MSETO WASH project
Main Challenges Affecting the WASH system
Water scarcity – due to drought, deWater scarcity – drought, disruption from
mographics, technical or water quality issues
poor maintenance
causing disruption of water services from
Stockholm main pipeline supply
Floods
Floods, impassive roads, infrastructure disruption
Water pollution - Salt intrusion, heavy metWater pollution – heavy metals, lack of waals
ter treatment
Cross-contamination of onsite systems, poor
Corruption- abuse of funds collected for
water quality from water producers (private
maintenance purposes
sector)
Routine monitoring – shortage of manpower
Humanitarian and development sectors
to conduct frequent routine monitoring.
working separate. Lack of cross sectorial
Physical terrain - little soils to install onsite
Different learning needs of communities.
systems. Areas inaccessible with no roads
Some are fast learners while some needs
and sometime need use of helicopters. Inmore time and patience. Also, some comspections or onsite installations are difficult
munities are skeptical about the technology
to conduct
or project and adopt a wait and see method.
It delays implementation of the project.
Onsite installation services - Shortage of
drillers or entrepreneurs, they are booked a
year or two in advance. This has caused doubling of drilling prices in the last 5 years

Resilience Aspects present
Diversity of actors (NFA, SGU, private)
Supply systems (Centralized, decentralized
or combined), water treatment methods
- Limited integration within organisation and other key players
Connectivity - flow of information guidelines and advice
Learning - meetings, experiences

Strength
Connectivity of information, actors, availability of information, (More resources compared Mseto)
Weaknesses
Connectivity of pipelines, cross contamination
Redundancy- water supplies

Donor strict requirement might present a
challenge and timing and deadlines. For instance, the process might take longer due to
different community needs and affects donor deadlines

Diversity and redundancy of water sources.
Others missing include contextuality, rights,
accountability

Polycentric governance
Learning
Connectivity
Participation
Poly-centric governance (Government and
MSETO

Limited, slow changing variables,
Cross-sectoral participation
Financial investment
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Polycentric governance – lack of integrated
planning, unclear roles and responsibilities
organisation working in silos
CAS – lack of planning guidelines, reactive
Slow changing variables – lack monitoring of
groundwater levels, population dynamics
Diversity – lack of diversity of water supplies
technologies, restriction to develop salt desalination plants for individuals
Participation – water associations and structures which form the nodes of connectivity,
cross sectoral and organizational
Feedbacks – permits to drill wells (more
zones, groundwater recharge, stakeholder
meetings

Behaviour challenges
Lack of drinking water treatment
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