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ABSTRACT
Climate variability and change alter the amount and timing of water resources
available for rural communities in the Afram Plains district, Ghana. Given the fact that
the district has been experiencing a historical and multi-scalar economic and political
neglect, its communities face a particular vulnerability for accessing current and future
water resources.

Therefore, these communities must adapt their water management

strategies to both future climate change and the socio-economic context. Using
participatory methods and interviews, I explore the success of past and present water
management strategies by three communities in the Afram Plains in order to establish
potentially effective responses to future climate change. Currently, few strategies are
linked to climate variability and change; however, the methods and results assist in giving
voice to the participant communities by recognizing, sharing, and validating their
experiences of multiple climatic and non-climatic vulnerabilities and the past, current,
and future strategies which may enhance their adaptive capacity.
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CHAPTER 1
INTRODUCTION

On a Tuesday afternoon in June, I sit on the porch of the clinic in the community
of Mem-Chemfere, Ghana, and watch as the young adults and children of the community
gather along the road holding multiple 20 L containers tied together by a string. They
wait, patiently. Sitting on the containers along the road, playing in the gravel with a
stick, and waiting. The sound of a truck can be heard in the distance and the commotion
increases. A small truck pulls up bulging with bags of charcoal four to five building
stories tall. The truck is heading to the lake to send the charcoal by boat to other parts of
the country. However, for the young adults and children waiting on the roadside, the
truck signifies easy access to several days worth of water. As the truck stops, everyone
frantically gathers around the truck, attaching their containers to the sides and climbing
on top to guarantee a place on the ride. Ten minutes later the truck drives off carrying a
dozen or more people and their containers down a bumpy dirt road towards the lake four
kilometers away. For this community, several failed water projects and a receding lake
level have resulted in this dangerous, albeit efficient strategy for accessing water for
everyday use.
Much like the community of Mem-Chemfere, access to water for household and
agricultural use remains a primary concern for several rural African communities. These
rural communities, often far from the assistance of urban and government policy, show
particular social, economic, political, and physical vulnerabilities to water resource
changes. Recent empirical research in West Africa suggests that climate change,
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particularly changes in seasonal and interannual rainfall variability increase these
vulnerabilities (Kunstmann and Jung 2005). However, few researchers have documented
the adaptations of water resource management by rural communities in Africa in relation
to variations in climate patterns. Gaining these perspectives creates a necessary link
between local vulnerabilities and the projects and policies involved in enhancing
adaptation. This study strives to more fully understand the adaptation of rural
communities, particularly as water managers, to climate variability and change in Ghana.

1.1

Water Management and Climate Change Research in the
Developing World
Water as a resource is intricately linked to climate variability and change, but also

experiences significant alteration from human impacts, such as population growth,
increased affluence, and changes in industrial and irrigation water demand (Kundzewicz
et al. 2007). The Fourth Assessment Report of the Intergovernmental Panel on Climate
Change argues that water managers can no longer assume a constant natural resource
base, requiring the revision of strategies, or adaptations, to meet altered conditions
(Kundzewicz et al. 2007, Downing et al. 1997, Adger et al. 2003). Developing
countries, already behind in their economic ability to support water infrastructure and
management, will also need to cope with the impact of climate change on water
resources.
Several researchers have considered the future impacts of climate change on
water resources and their management. Kiparsky et al. (2006) compiled a database of
scientific references for climate and water research to determine regional variation in
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research on the topic. The database revealed a differential quality and quantity in the
science available between nearly 4000 citations in developed regions and 1025 citations
in the developing world in 2000. Of more concern, the research in developing regions
rarely investigates the relationship between climate and water within human systems.
Since human systems are the drivers of water management, the lack of research is
alarming.
More particularly, climate adaptation assessments are beginning to recognize the
importance of system-specific research for implementing and facilitating practical
adaptation strategies. Broad-scale infrastructural and technological recommendations for
water resource adaptations require significant financial capital and are often developed
under the auspices of a particular predicted future climate. However, the complexities of
climate change involve variations in climate at multiple spatial and temporal scales.
Broad-scale responses, such as building a dam, may provide irrigation in an area
projected to experience long-term reduced rainfall, but this adaptation may not provide
reprieve for the small-scale farmer in the same area encountering unusual short-term
heavy rainfall events that destroy his crops over several years.
Community-based adaptation research attempts to characterize the experiences of
local people to understand the human implications of climate change, including placespecific contexts and non-climatic stressors. Using a people-centered approach, this type
of research explores the processes of adaptation to climate variability and change and
how to enhance the capacity of communities to adapt. Building a local understanding of
water management decision making and processes informs local notions of the relation
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between water management and climate, allows for planning and preparedness, and
supports the implementation of ‘climate smart’ water projects (Kiparsky et al. 2006).

1.2 Overview of Research
A few researchers have addressed the nexus between water and climate change in
Africa, particularly South Africa, Tanzania, and Nigeria, using a community-based
approach (Reid et al. 2005, Ziervogel et al. 2006, Liwenga et al. 2006, Nyong and Fiki
2005). This research project begins to address this gap in research on water and climate
change in Africa by focusing on community water management and adaptation to climate
variability and change in Ghana.
I designed this study with the understanding that rural African communities are
not passive victims to altered water supplies and climatic changes. Ghanaian
communities already experience and adapt to significant seasonal and climatic variability
because of their location within the global climatic circulations. This variability, along
with social and political structures, requires strategies for access to household water, of
which few Ghanaian communities maintain safe, year-round water sources, and
management of water resource-based livelihoods, predominately farming and fishing.
Documenting these past and present water management strategies and the processes
involved in their creation provides a starting point for discussing and visioning future
adaptations.
From this rationale, I devised three research questions. First, what are the past
and present water management strategies in a rural community in Ghana? Second, how
are internal and external institutions involved in the accessing, producing, and practicing
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of water management strategies? Finally, what are some possible adaptations to potential
future climate extremes?
To document strategies and processes for water management, I worked with three
communities in the Afram Plains district of east-central Ghana. The three communities
represent diverse livelihood and socio-economic situations: a resettlement community, a
fishing community, and a farming community. For data collection in the field, I used
participatory research activities and interviews specific to each research question. I also
use historical climate data from Ghana and outputs from general circulation models
(GCMs) and regional models to provide a story of a possible future climate for the Afram
Plains.

1.3 Organization
This thesis is divided into eight chapters. The first is this introduction. The
second chapter reviews the literature on climate change adaptation, water and climate
change in Ghana and West Africa, and the community-based research approach to
resource management. I describe the research location and methods in the third chapter.
In the fourth chapter, I address the first research question by detailing the past and present
water management strategies of the participating communities. The fifth chapter
describes the institutional structure for water management and the differential access to
institutions amongst the communities, the second research question. The sixth chapter
considers the potential adaptive range of the research communities for water management
under a future climate change. The seventh chapter includes the discussion of
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community water management in the context of adaptation to climate change. The final
chapter concludes the thesis.
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CHAPTER 2
LITERATURE REVIEW

Understanding water managers’ ability to adapt to climate change in the region of
West Africa and Ghana requires familiarity with both the literature on climate change
adaptation and research related to water resources in the context of climate change.
Previous research in Ghana linking water resources to climate change has used primarily
empirical, expert-led methodologies; however, these studies often fail to consider local
perspectives and adaptation strategies. Based on both the achievements and
shortcomings of this literature, I advocate the use of a community-based and mixed
methods approach for a more community-relevant study of water resource strategies and
other adaptations to climate change in Ghana.
This chapter is divided into four sections. First, I define adaptation to climate
change. In the second section, I explore the development of climate change adaptation
research. Third, I examine the current research and conclusions about climate change
and water resources in West Africa and Ghana. Finally, I justify the need for
community-based research on climate change adaptation.

2.1 Defining Adaptation to Climate Change
Responding to climate change involves both mitigation of carbon dioxide levels
and other greenhouse gas emissions in the atmosphere and adaptation to already
occurring and unavoidable climatic changes (Downing et al. 1997, Smit et al. 2000).
Climate change models indicate that even if global greenhouse gas emissions stabilize
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immediately, the climate will continue to change due to past emissions (Downing et al.
1997, IPCC 2007). Therefore, while mitigating greenhouse gas emissions remains a
necessary approach for reducing climate change, research increasingly acknowledges
adaptation as an important component of climate change processes, one that may
diminish adverse impacts and enhance beneficial responses.
The Webster’s New World College Dictionary (2001) defines adaptation as “a
change in structure, functions, or form that improves the chance of survival for an animal
or plant within a given environment.” The definition appears rather straightforward, an
object, which in this case includes plants or animals, an environment, and a change by
that object for increased benefit. These three parts appear in a range of definitions, but
the details are often contested. A variety of disciplines have used the term adaptation to
describe ecological and human systems; however, in almost all cases, the definition is
highly disputed within the discipline, let alone amongst them. Climate change research
derives its definition of adaptation from a variety of fields including ecology,
anthropology, sociology, political ecology, as well as research on natural hazards,
entitlements, and food security (Smit and Wandel 2006). The definition draws from three
shared concepts mentioned in the dictionary definition: an object, a stimulus from the
environment, and an adjustment. However, the complexities of climate change and its
impact on human systems result in varying details in the definitions.
First, the object in many climate adaptation definitions is a system, in this case
human systems. Systems occur at different spatial scales and have unique and varying
characteristics (Smit et al. 2000). The spatial scale ranges from an individual to a
collective, including households, communities, groups, regions, sectors, and countries
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(Smit and Wandel 2006, Smit et al. 2000). According to Smit et al. (2000), system
characteristics influence the occurrence and nature of adaptations. These characteristics
include a variety of contested terms in the field of climate adaptation studies, such as
vulnerability, sensitivity, resilience, coping range, and adaptive capacity. These terms
often address the social, economic, ecological, and political situations that characterize,
facilitate, or inhibit a system’s ability to adapt.
Second, the system in climate adaptation changes or adjusts to a climate stimulus.
The complexities of anthropogenic climate change create a range of climate stimuli at
various spatial and temporal scales. Burton (1997) considers the similarities and
differences in adaptation to climate versus climate change. Current climate conditions
already involve a range of natural hazards which often occur in the short-term. Climate
change, on the other hand, is recognized within a long-term context; however, scenarios
for future climate changes suggest both short and long-term impacts, including increased
occurrences of natural hazards. Burton (1997) suggests that adaptation looks different for
these varying time frames. Smit et al. (2000), supporting this claim, discuss various
characteristics of climate stimuli that could lead to very different adaptations, including
the relevant climate attribute and its connection to the system, the rate of onset and
change, and spatial characteristics.
Third, adaptation can take on various types or forms. Numerous attributes are
used to define how adaptation occurs, the most common being purposefulness and
timing. Researchers often recognize the distinction between autonomous and planned
adaptations. Autonomous adaptations occur as a reaction to climate stimuli as matter of
course and without intervention or forethought. Planned adaptations may be anticipatory
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or reactive (Smit and Pilifosova 2002, Smit et al. 2000). Other distinctions include
spatial scope, function and effects, and temporal scope (Smit and Pilifosova 2002). In
addition, the definition of adaptation should ask who is driving the process and how are
decisions being made.
Adaptation is highly contextualized within a system (Smit and Pilifosova 2002,
Birner et al. 2005). A system’s vulnerability and adaptive capacity are two situated
characteristics of adaptation (Smit et al. 2000). In a human system, Smit and Wandel
(2006) define vulnerability as a function of the exposure and sensitivity of the political,
social, economic, psychological, and environmental factors of a system to climate change
and adaptive capacity, the third component of vulnerability, as a system’s ability to adapt
to these same factors (Smit and Wandel 2006). Examples of these factors include social
status, access to technology, assets, and interactions with various scales of power. These
determinants are dependent and fluid (Adger 1999, Smit et al. 2000, Smit and Wandel
2006, Keskitalo 2004).

2.2 Research on Climate Change Adaptation
Climate adaptation research is rooted in understanding the three shared concepts,
an object, a stimulus from the environment, and an adjustment; however, its history is
muddled within the evolution of research on the human dimensions of climate change. In
particular, climate adaptation research transitions from a focus on impact assessments to
adaptation as an element of vulnerability to adaptation policy (Füssel and Klein 2006,
Burton et al. 2002, Smit and Wandel 2006). This transition has not been fluid as research
still occurs in each phase; nevertheless, the history is worth noting as it lays the
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foundation for an increased involvement of scientists in actually facilitating climate
change adaptations.

2.2.1 History of Climate Change Adaptation Assessments
In early research, adaptation was understood in the context of reducing or
mitigating impacts (Burton et al. 2002, Smit and Wandel 2006). This research involved,
and continues to involve, the use of climate impact assessments to estimate the extent an
assumed or hypothetical adaptation might reduce the adverse physical and biological
impacts of climate change derived from specified climate change scenarios (Burton et al.
2002, Schröter et al. 2005, Smit and Wandel 2006, Füssel and Klein 2006). Impact
assessments are broad in scale and often involve complex models. The results of impact
assessments apply either to mitigation or adaptation policy. This method continues to
today as noted in its prominence in the most recent Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC) and the documentation of the United
Nations Framework Convention of Climate Change (UNFCCC) (Smit and Wandel 2006,
Burton et al. 2002, Schipper 2007).
The second phase in climate adaptation research comprises of options
assessments. This body of work involves analysis of specific adaptation strategies to
determine their utility and eventually identify the best option using multi-criteria analyses
of cost/benefit, implementability, effectiveness, and equity to produce a ranking of
adaptation strategies (Smit and Wandel 2006). Options assessments offer solutions
applicable to policy makers, but do not propose solutions appropriate to the context of the
system.
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Smit and Wandel (2006) recognize vulnerability analysis as the third phase in
climate adaptation research. Generally, in vulnerability analyses, adaptation serves as a
component factored into an overall vulnerability index, whereby systems are analyzed by
a number of criteria and given a score that can be ranked (Haddad 2005, Smit and
Wandel 2006). For the first time, the research attempts to consider non-climatic factors
as well as place-specific context, at least on a national scale. However, this type of
research tends to focus on autonomous adaptations, does not address processes, and
merely provides a vulnerability ranking to and policy target for adaptation initiatives
(Haddad 2005, Smit and Wandel 2006, Smit and Pilifosova 2001, Füssel and Klein
2006).
According to Füssel and Klein (2006), vulnerability assessments enter a secondgeneration of climate change adaptation research where adaptive capacity becomes a key
component of the assessment and the focus turns to actual, concrete, and feasible
adaptations in a particular context, often on a more local scale. Instead of only asking
about the type and degree of vulnerabilities for a given system, second-generation
vulnerability assessments explore what the vulnerabilities remain after the
implementation of a feasible adaptation. In other words, the assessments transition from
a focus on pre-adaptation vulnerabilities to post-adaptation vulnerability, from impacts to
resource allocation (Füssel and Klein 2006). Clearly, this type of assessment involves
anticipatory adaptations as well as autonomous adaptations (Smit and Pilifosova 2001).
Füssel and Klein (2006) and Burton et al. (2002) refer to climate adaptation
policy as the most recent phase in climate adaptation research. Smit and Wandel (2006)
use “practical adaptation initiatives” as another term for this approach. Climate
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adaptation policy research arose in an attempt to address several pitfalls with the other
assessment types, particularly impact assessments. The previous research types failed to
adequately consider the range of complexities involved in the human dimensions of
climate change. In particular, these assessments insufficiently considered more pressing
immediate and short-term policy issues such as access to clean water, providing
information about future climate conditions, such as climate forecasts, at relevant spatial
scales, and the factors involved in driving or constraining the adaptation process,
including key actors (Burton et al. 2002, Füssel and Klein 2006). Climate adaptation
policy attempts to alleviate these inadequacies by providing information that directly
supports the needs of adaptation decision- makers.
Climate adaptation policy research builds upon the comprehensive work of
second-generation vulnerability analysis to contribute directly to the development and
implementation of policy (Smit and Wandel 2006). The research draws from various
fields already successful in actual adaptation practices and processes, including resource
management, community development, risk management, food and livelihood
enhancement, and sustainable development. In particular, the assessment focuses on
identifying the needed policies in a climate change context and how to best develop,
apply, and fund them. It shifts the emphasis from vulnerability as an end point to
vulnerability as a component of adaptation policy (Burton et al. 2002, Füssel and Klein
2006). More importantly, it offers the most possibilities for much needed social science
involvement.
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2.2.3 Understanding System-Specific Adaptation Processes
Climate adaptation policy research offers a practical means for inquiring about
what adaptation is and how we can practically implement it. Research by Adger et al.
(2003) suggests that climate adaptations will likely not be implemented under the
auspices of climate change alone. Termed “mainstreaming”, climate adaptation policies
should be incorporated within other development policies (Smit and Wandel 2006).
Doing so requires further knowledge about the decision making processes and their
drivers and constraints in order to appropriately link climate adaptations with other
policies. In addition to research, Vogel et al. (2007) suggest that adaptation work
requires careful and thoughtful communication amongst scientists, policy-makers, and
laypersons to bring about relevant and meaningful adaptive strategies amongst multiple
knowledge bases and experiences.
To support adaptation decision makers, Füssel and Klein (2006) point out that
adaptation policy research shifts the research output to implementing and facilitating
practical adaptation strategies. In this case, facilitation refers to activities that enhance
adaptive capacity while implementation includes the activities that actually reduce or
avoid adverse impacts from climate change by altering or moderating either climatic
hazards or non-climatic factors. To derive these outputs, the type of research requires
detailed information about past and current processes of adaptation, including both
vulnerability and adaptive capacity; it also requires determining how future adaptation
might fit within the specificities of a given system and its current decision making
processes (Burton et al. 2002, Smit and Wandel 2006). In other words, Burton et al.

15
(2002) argue that this research considers past and present adaptations and the constraints
on possible future strategies, thus informing the possibilities for future adaptation.
Analysis of past and present adaptations provides a starting point for discussing
future adaptations. How a community has experienced and responded to climatic
variability and other stressors in the past can identify potential adaptations for the future
(Adger et al. 2003, Ford et al. 2006, Wigley et al. 1985, Stigter et al. 2005). Duerden
(2004) claims that local-scale analyses that include traditional knowledge provide “a
long, experience-based history and describe current and past geographies and landscapes
in considerable detail” (206). Ford et al. (2006) provide multiple reasons for developing
historical accounts. For example, a historical perspective characterizes how communities
manage risk, determines the efficiency and success of past adaptations, and establishes a
myriad of possible responses. Adger et al. (2003) suggest the analogue approach which
enhances research in the developing world where adaptation is intricately linked with
development. They suggest studying individual, community, and institutional responses
and considering how larger structures benefit or constrain the response in a specific place
to produce winners and losers.

2.2.4 The Role of Institutions in Climate Change Adaptation
Past and present adaptations are enhanced or constrained by system-specific
institutional structures. Institutions are viewed as essential for understanding and
reacting to climate change. Social institutions identify climate change as a problem and
context (Koch et al. 2006, Adger 1999, O’Riordan and Jordan 1999). They define
appropriate interpretations of scientific data and results, establish suitable uses of these
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interpretations, and decide upon socially acceptable adaptation strategies (O’Riordan and
Jordan 1999, Koch et al. 2006).
Institutions constantly re-negotiate the problem, context, and response to climate
change. Like many environmental challenges, climate change links with several other
environmental and social issues such as food security, desertification, natural disasters,
and unequal development. Framing the problem of climate change involves multiple
conceptions because it cannot be addressed in isolation of these other issues. Therefore,
each social institution relies upon its values and political context instead of considering
only objective characteristics of the problem, essentially choosing issues that resonate
with its own agenda (Koch et al. 2006, Adger 2000). For this reason, ways of
conceptualizing the issue are numerous.
How social institutions interpret climate change impacts the distribution of
vulnerability and adaptive capacity since some characteristics and issues may be valued
over others (Lindseth 2005, Adger 2003). Adger (2003) argues that the success of
adaptation to climate change relies on the social acceptability of options and institutional
constraints. These options and constraints affect access to resources for pursuing
adaptation strategies, particularly natural capital.
The complexity of climate change across space, time, and scale affects
institutional responses. Institutions are highly contextualized. They exist within a
particular social, economic, and political context and interact with each other. Therefore,
adaptations to climate change occurring at any given point in time and setting may not
produce the same result in another time or setting (Koch et al. 2006). In addition, climate
change is a crosscutting issue; therefore, response requires cooperation across scales.
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Many models suggest that institutions exist in a hierarchical structure, and to date, most
of the political attention around climate change follows this model due to political
attention directed through international and national institutions. However, successful
adaptation to climate change will require integrative decision making across institutional
scales.

2.2.5 Thresholds and Coping Range for Climate Variability and Change
Characterizing past and present adaptations, particularly in terms of events of
variability, and interactions with institutional structures establishes the adaptive or coping
range for a community. Smit and Pilifosova (2002) define coping range as a system’s
ability to cope within a certain range of conditions. Within this range, communities have
the capacity and adaptive strategies to deal with climatic events and variability.
However, this coping range can be exceeded. Communities may experience an extreme
event that surpasses their adaptive capacity. In other words, the community crosses a
coping or adaptation threshold. At this point, a successful response is no longer possible
or only for a few individuals. Thresholds and coping ranges can shift, contract, and/or
expand over time as successful adaptations occur and as social, economic, political, and
institutional conditions change (Smit and Pilifosova 2002, Smit and Wandel 2006).
Taking this framework further, understanding the past coping range can be used
for predicting the future coping range to changes in climate variability, assuming no
learning or diffusion of ideas. This prediction requires research on how current and past
adaptations might work under future predicted conditions, as well as how these
adaptations might be improved. Adger et al. (2003), however, call for caution. In
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particular, past and current adaptations may not be relevant to future climate conditions.
The speed and degree of future changes may be outside the range of past and current
strategies. For example, previously successful adaptations to a heavy rainfall event may
not work when heavy rainfall events occur more frequently, perhaps due to a reduced
recovery time. Despite these concerns, Yohe and Dwolatabadi (1999: 321) stress the
importance of using this framework: “History may not be the guide in viewing how
adaptation unfolds with future changes in the definition of ‘hazardous change’; but it
certainly is one appropriate guide that should not be ignored.”
Luers et al. (2003) suggest that adaptation research, particularly as vulnerability
assessments, should shift to assessing the interaction between specific variables of
concern, such as agricultural yield, to specific stressors, such as climate change, rather
than determing the vulnerability of a place. This approach identifies relative
vulnerability for a specific variable and its implications of management strategies. I
chose to follow a similar approach by focusing my research specifically on water
resources in the context of climate change adaptation. The Fourth Assessment Report of
the IPCC states with very high confidence that climate change, particularly variation in
temperature, sea level rise, and rainfall, impacts the operation of water infrastructure and
water management practices (Kundzewicz et al. 2007). Most of the research on water
resources and climate adaptation has emphasized studies of climate and hydrology over
natural and human systems (Kiparsky et al. 2006) and impact assessments over
vulnerability assessments (Kundzewicz et al. 2007). Kiparsky et al. (2006) argues that a
lack of political, economic, and social understanding about the interaction between water
resources and climate change, particularly at the local level, limits adaptive capacity in
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situations of heavy rainfall events and droughts and hinders water projects by
international development agencies.

2.3 Research on Climate Change and Water in West Africa and
Ghana
Generally, the research on climate change and water in Africa focuses on
hydrological impacts and concerns for droughts and heavy rainfall events (Kiparsky et al.
2006). The literature on climate and water in West Africa, and Ghana specifically,
reflects similar characteristics. In particular, empirical research on climate change and
water in this part of Africa has focused on impacts and vulnerability over adaptation and
adaptive capacity. Nevertheless, this research provides important background for
understanding the larger scale impacts of changes in climate and water resources
affecting local communities. This section provides an overview of published literature
for West Africa and Ghana on the physical impacts of climate change on water resources
and the vulnerabilities and adaptations of these resources to climate change and other
stressors.

2.3.1 Physical Impacts of Climate Change on Water Resources
Several researchers have considered the impact of rainfall variability on the
vulnerability of West African countries. Current climate conditions and model outputs
predict that West Africa can expect an increase in overall temperature with more variable
rainfall events (Gyau-Boakye and Tumbulto 2001, Kunstmann and Jung 2005, Cook and
Vizy 2006). Over 20 general circulation models (GCM) recognized by the Fourth
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Assessment Report of the IPCC predict a relatively uniform warming over Africa, but
large inconsistencies regarding precipitation responses, particularly in West Africa. Cook
and Vizy (2006) compared three GCMs to determine the most accurate projection for
rainfall in West Africa throughout the 21st century based upon the GCM’s ability to
model past climates. From their comparison, the most accurate model outputs suggest a
warming in the Gulf of Guinea that will increase the number of anomalously dry years
and cause a modest drying in the Sahel.
Downscaling of GCM simulations of climate change for the end of the 21st
century by Hewitson and Crane (2006 in Christensen et al. 2007) reveals more
consistency in projected changes of daily atmospheric circulation, the basis of
downscaling, compared to the GCM precipitation responses. For West Africa, the
authors found strong drying in the Sahel and increased precipitation along the coast
during the rainy season in June, July, and August and moderate increases in precipitation
in December, January, and February, the dry season. The results suggest a greater drying
in the Sahel than the GCMs, thus furthering caution about scenarios for West Africa.
However, it is worth noting that despite some variation in model outputs, Ghana is
projected to experience increased precipitation in the South and drying in the North.
Kunstmann and Jung (2005) and Jung (2006) used regional climate models which
projected that the Volta Basin (Figure 2.1), a river basin that covers Burkina Faso south
to Ghana and portions of Togo, Benin, Mali, and Cote d’Ivoire, will experience a
narrowing of the rainy season with an increase in precipitation and temperature. Of
particular importance for agriculture are the later onset of the rainy season in April and
increased rainfall and surface run-off in September. However, this characterization of the
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region does not consider its spatially high
heterogeneity with anticipated
precipitation change ranging from -20
percent to +50 percent (Jung 2006).
For Ghana, the Ghanaian
Environmental Protection Agency (EPA)
(2000a) completed its First National
Communication Report for the UNFCCC,
Kpong Dam

heretofore called National
Map 2.1: Map of the Volta Basin including the
Akosombo Dam. The basin includes four rivers: the
Black Volta, the White Volta, the Oti, and the
Afram River. Source: GLOWA Volta Data CD

Communication, using GCMs and
regional atmospheric models to assess
vulnerability. Their results indicated that

annual rainfall totals under medium atmospheric sensitivities would decrease by nine to
27 percent throughout the country by 2100 with spatial variation within the country.
While there remains some dissonance as to the predicted magnitude and direction of
rainfall variability in West Africa and Ghana, these models all predict an increase in
temperature and continued rainfall variability.
The impact of changes in temperature and rainfall will alter the physical
characteristics of water resources, including surface runoff, stream flow, soil-moisture
content, and groundwater recharge in the region (Jung 2006, EPA 2000). Current data
already suggests that strong rainfall variability affects surface runoff and stream flow in
the Volta basin (Gyau-Boakye and Tumbulto 2001, LeBarbe 2002, Janicot 1992, Arnell
1999). Gyau-Boakye and Tumbulto (2001) found reduced water levels in the Lake Volta
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from 1970-1990 and attribute these changes to inadequate rainfall. In addition,
temperature increase will amplify evapotranspiration altering the quantity of water
available in a system. According to Jung (2006), evapotranspiration could take away
most of the surplus rainfall that falls in the Volta Basin. In addition, groundwater sources
closer to the surface will experience decline or drying while deeper sources may have less
recharge. An EPA (2000b) report on water resources and climate change modeled future
groundwater recharge and found reductions in recharge in three sub-basins of the Volta
Basin with ranges from 5 to 22 percent by 2020 and 29 to 40 percent by 2050.
Groundwater supplied 52 percent of the rural Ghanaian population in 1998 through
mechanized and hand-pumped boreholes or wells and hand dug wells (Harvey 2004,
Martin and van de Giesen 2005).

2.3.2 Vulnerabilities of Water Resources to Climate Change and Other Stressors
A number of studies in West Africa link climate change with a range of socioeconomic and political conditions impacting water resources and increasing vulnerability
to climate change. Examples of non-climatic factors include population growth, land
degradation, water-borne disease, household water access and infrastructure, poverty,
urban-rural competition including the divide between agriculture and industry, food
security, and transboundary management (Niasse 2005, Tsikata 2006, Gyau-Boakye
2002, Andah et al. 2004, van de Giesen et al. 2001, Birner et al. 2005, EPA 2000a, EPA
2000b, Harvey 2004, Engel et al. 2005, Barry 2005). Integration of these non-climatic
factors is vital for a broader understanding of the water resource situation in West Africa
and Ghana. It also provides some context for the range of vulnerabilities affecting water
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managers’ ability to adapt to climate change. Several connections between non-climatic
factors and climate change are worth further exploration. I will focus upon population
growth, urban-rural conflict, access to safe drinking water and health concerns, and
transboundary water conflict.
Population increase adds stress to available water sources. The EPA (2000b)
water resource report indicates that population growth will result in an over 500 percent
increase in water demand by 2050. Such an increase, in addition to rising temperatures
and variable rainfall, will create significant water scarcity in several regions of the
country (EPA 2000b). van de Giesen et al. (2001) and Andah et al. (2004) suggest that
population pressure leads to extensive exploitation of natural resources for a number of
reasons including escalating urbanization, a rise in the standard of living, and industrial
development particularly in mining. Each of these responses heightens water demand, as
well as possibilities for greater population growth and degradation of water sources.
Coupled with climate change, the expanding population, and the economic mechanisms
that support it, require careful consideration of water-related vulnerabilities.
Several studies on impacts and vulnerability to climate change have explored the
developing urban-rural conflict over water in Ghana. Expansion of irrigation schemes is
expected to occur to maintain food security under both a changing climate and expanding
population. Rainfall changes and increased evaporation associated with climate change
make rain-fed agricultural less consistent (EPA 2000b, Andah et al. 2004). As the
population grows, a more reliable food supply will be required, and several researchers
and policy makers view irrigation, both large and small-scale, as the way forward (Andah
et al. 2004, van de Giesen et al. 2001, EPA 2000b). The demand for energy competes
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with agricultural water use. Hydroelectricity from the Akosombo and Kpong dams (see
Figure 2.1) provide much of the electricity for Ghana; however, changes in rainfall
diminish the capacity of the dams and drastically reduce the amount of water in the
reservoirs (Andah et al. 2004, van de Giesen et al. 2001). Using two models for both
2010-2039 and 2070-2099, Andah et al. (2004) investigated the impact of rainfall and
run-off patterns on hydroelectricity production and found an increase in energy
production and a reduction in the frequency of water volume below minimal operational
level. However, they note that even though the model predicts a rainfall increase, the
variability also increases. Therefore, as van de Giesen et al. (2001) discuss, rainfall
variability, coupled with the prior year’s withdrawals, can limit available water reserves
for both energy and irrigation. Ultimately, the withdrawals proposed from both irrigation
improvement and energy production add pressure to water systems in addition to the
impacts of climate change.
With population increase and climate change as driving forces, some researchers
have considered second order impacts of climate change on water resources. Access to
safe drinking water and water-related health concerns determine additional vulnerabilities
that impact adaptation to climate change. Barry et al. (2005) note that maintaining
adequate and safe drinking water has not been achieved in Ghana to date, let alone with a
2.7 percent yearly increase in population. Inadequate drinking water leads to waterrelated illnesses such as bilharzias. In addition, dams, irrigation, and water harvesting
systems create puddles of water which harbor diseases like onchocerciasis (river
blindness) and malaria. To mitigate rainfall variability, the EPA (2000b) notes that
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achieving adequate and safe water resources may require installing additional water
storage, which would increase the risk for these diseases.
In addition to these countrywide socio-economic vulnerabilities, some researchers
have considered the intensifying climate-inducted water conflict between Ghana and
Burkina Faso. Niasse (2005) argues that conflict must be included in any studies of
vulnerabilities and adaptation to climate change in the water-interdependent nations of
West Africa. In particular, he cites increased water withdrawals and dam storage as
major points of conflict. Ghana and Burkina Faso do not have an agreement on water
usage; therefore, Ghana is quick to blame Burkina Faso for increased withdrawals
affecting energy production at the Akosombo dams or for releasing water which then
floods much of Northern Ghana. However, these events may also be linked to climatic
changes (Niasse 2005, Barry 2005). Without adequate basin level management, tensions
will increase as the cause of these extreme fluctuations in lake level remains unclear.

2.3.3 Water Resource Adaptations to Climate Change
Relatively few studies have considered how to adapt water resources to climate
change in the region. At the regional scale, Oyebande et al. (2002) argue for adaptation
through an integrated approach to water management in their analysis of climate change,
water, and wetlands in West Africa. They identify capacity building as a priority strategy
to reduce poverty, promote action, and produce specific products. In addition, the
authors offer specific adaptation options including improvement of urban water supply
systems and irrigation systems, seeding clouds for artificial rainfall in dire situations,
building additional dams, and inter-basin water transfer. Niasse (2005) offers adaptation
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suggestions to reduce climate-induced water conflicts. Those include encouraging
collaboration on data collection and management, basin-level regulatory structures,
promotion of water saving techniques, and adoption of principles of international law on
transboundary watercourses and standards for planning and managing dams.
Using downscaled GCMs for the Volta Basin and proposed adaptation strategies,
Andah et al. (2003) modeled the effects of adaptation strategies for food and energy
provision to climate variability. In particular, they considered the impact of increased
irrigation on food production and more sustainable use of hydroelectric dams for energy
production in response to climate change in the Volta Basin. In later work, Andah et al.
(2004) studied field level adaptations for rice and maize crops using models for three
adaptation strategies: rain-fed agriculture, irrigated conditions, and intensified conditions
which include improved seeds, good soil fertility, and pest and disease management
without irrigation. They found an increase in rice yields in the short to medium term
(2010-2039) under rain-fed and intensified conditions; however, rice yields declined in
the long-term (2070-2099) under rain-fed conditions. For maize, irrigated conditions
showed a modest increase over the long-term while intensified conditions increased in the
medium term with a decrease in the long-term.
Reducing the scale to Ghana, the National Communication (2000a) and the EPA
water report (2000b) suggest broad adaptation options to address changes in the supply
and demand of water resources. Example suggestions include interbasin water transfer,
integration of reservoirs, artificial groundwater recharge, efficient appliances, low water
use crops, and drip irrigation. The EPA offers specific adaptation options, but most
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options would be implemented at the national or regional level without the input of local
participants who are the primary agents of adaptation.
Most adaptation research on water resources and climate change focuses on
adapting to impacts at regional or national scales rather than understanding adaptation
processes at all scales. Adaptation options are presented as facts rather than determining
how to facilitate practical responses. Few researchers have worked within local
communities, particularly rural African communities, to contextualize climate change and
adaptation processes based at the local level, let alone specifically with regards to water
resources.

2.4 Community-Based Climate Adaptation Research
The above studies on water and climate change in West Africa and Ghana use
expert-led methods including models or empirical data and focus mainly on impacts and
vulnerabilities rather than adaptation and adaptive capacities. Such methods overlook
important components of the human implications of climate change, including the
relationship of climate change to non-climatic drivers, variability in social, economic,
cultural, and political context, and the possibilities for behavior change in addition to
technological innovation (Tschakert 2007, Reid and Vogel 2006, Schipper 2007, Smit
and Wandel 2006). Community-based research offers one approach for addressing these
concerns with impact and vulnerability assessments. This type of research involves a
diverse range of participants to not only determine the specific adaptive capacity and
adaptive needs of a system, but also to focus on conditions important to the members of
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the system rather than those assumed by a researcher (Smit and Wandel 2006, Füssel and
Klein 2006). In essence, this research takes a bottom-up approach.
Paavola and Adger (2006) argue that climate change research should “put the
vulnerable first.” This notion recognizes that vulnerability includes more than reducing
the impacts of climate change, but that multiple non-climatic stressors, such as gender,
race, education, ethnicity, social networks, and access to resources, shape a community’s
vulnerability and adaptive capacity to climate change. Reid and Vogel (2006: 196) argue
that “attention to vulnerability, shaped by multiple causes, that aggravate and may
enhance impacts to climate stress is becoming an important research arena requiring more
data informed from local studies, particularly in those countries where climate change
may limit development activities.” Therefore, a few researchers and organizations have
participated in research to understand vulnerabilities, adaptive capacity, and past and
present adaptive strategies at the local level. Researchers include Ford et al. (2006), Reid
and Vogel (2006), Tschakert (2007), Ziervogel et al. (2006), Eriksen et al. 2005, Liwenga
et al. 2006, and the ADAPTIVE (2004) research project through the Tyndall Centre for
Climate Change. Several research and development organizations, including the
International Institute for Environment and Development (IIED), International Institute
for Sustainable Development (IISD), RedCross/ RedCresent, and CARE International,
partake in climate change vulnerability and adaptation assessments in conjunction with
development initiatives. This people-centered research identifies the multiple
experiences and knowledges of individuals and communities, many of which are not
related to climate.
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The IPCC (2007) notes in the Fourth Assessment Report that uneven impacts,
vulnerabilities, and adaptive capacity exist across and within societies at various scales.
For example, despite adding little to the concentrations of greenhouse gases, low latitude
countries in the developing world are also likely to experience the greatest physical
changes and impacts from climate change. These developing countries already
experience a low adaptive capacity due to the many disturbances affecting their
livelihoods such as HIV/AIDS, conflict, environmental degradation, and postcolonialism
(Adger et al. 2002, Thomas and Twyman 2005).
Community-based research acknowledges these inequalities by “putting the
vulnerable first.” Tschakert (2007) argues that the approach of “putting the vulnerable
first” seeks to understand and reveal people’s knowledge, agency, resourcefulness and
overall adaptive capacity to counter notions of vulnerable groups as passive victims.
Such an acknowledgement brings recognition to the marginalized rural communities in
relation to both their experiences of multiple climatic and non-climatic vulnerabilities and
the past, current, and future strategies which may enhance their adaptive capacity.
The people-centered approach of community-based research encourages sharing
of experiences, ideas, and information within and outside the community. Using methods
such as focus groups, semi-structured interviews, and participatory ranking, researchers
are able to elicit multiple perspectives (Tschakert 2007, Ford et al. 2006, Reid and Vogel
2006, Ziervogel et al. 2006). Participants are given a voice that is validated, thus
enhancing adaptive capacity through increased agency and sharing of information. My
own work attempts to facilitate the sharing of knowledge about successful water
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management strategies within the community and communicating with government
officials about possibilities for practical adaptations.
Community-based research on water management in Africa in general and climate
change in Ghana in specific is minimal. Nyong (1999) in Nigeria, Hope and Gowing
(2003) in South Africa, and Engel et al. (2005) in Ghana have completed communitybased studies on water use, socio-economic status, and improved water supplies. White
et al. (1972) conducted a study in 34 communities throughout East Africa on the social
and financial costs of either insufficient amount or poor quality household water and
provide suggestions to the government for community involvement in water projects.
Reid et al. (2005) researched climate change and water resource impacts for farmers in
South Africa, and Nyong and Fiki (2005) completed a survey with 27 communities about
drought-related conflicts in northern Nigeria. In Ghana, local scale research on climate
change is increasing as noted by the University of Ghana’s involvement in a UNITAR
research grant on climate change and food security in the Afram Plains and van der
Geest’s (2004) research on livelihood vulnerability in northwest Ghana. No communitybased research exists on the nexus between water management and climate change in
Ghana.

2.5 Summary
In this chapter, I explored the relevant literature on adaptation to climate change,
water and climate change in West Africa and Ghana, and community-based adaptation
research. I argued for the importance of characterizing system-specific processes of
adaptation to understand possible future adaptations to climate change. In particular, I
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propose building an account of past and present adaptations and the institutional
structures involved in their creation to determine a future adaptive range. Despite
increasing research, the current literature on water and climate change in West Africa and
Ghana focuses on impacts and vulnerabilities over adaptations and adaptive capacity
often on a regional or national scale. This research fails to consider adaptation strategies
and processes at the local level, particularly amongst communities who are the agents of
adaptation. Therefore, in this thesis, I propose a community-based approach to climate
adaptation research that focuses on local contexts and practical community-level
adaptations.
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CHAPTER 3
RESEARCH DESIGN: LOCATION AND METHODS

This study seeks to understand and describe the specificities of the case study
system and the processes involved in implementing water management strategies and
adaptations to climate variability and change. To understand these processes, I have
formulated a research design that characterizes past and present water management
adaptations and the institutions involved in producing them in order to inform
possibilities for future adaptation. I use a community-based perspective with three case
study communities that illustrate the system, the Afram Plains district, Ghana, and to
explore the experiences of local decision makers who are the drivers of water
management. This research design attempts to fill a gap in the current literature on
climate change adaptation in Ghana by contextualizing water management strategies and
adaptation processes at the community level to inform possibilities for future practical
adaptations.
This chapter has four parts. First, I revisit and elaborate upon the research
questions. Next, I describe the location of my research in Ghana including general
information about the Afram Plains district. In the third section, I provide specific
descriptions of the three participating communities. Finally, I explain the methods for
data collection and analysis.
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3.1 Research Questions
In my community-based study on climate change adaptation, I focus explicitly on
exploration of past and present strategies and the processes involved in producing these
strategies, including institutional support. I then consider these strategies and processes
under a future climate change. To do so, I investigate three research questions.
First, what water resource adaptations have rural Ghanaian communities used in
the past and present. Such individual and collective adaptations may occur seasonally or
to climatic variability and extreme events or may be linked to a myriad of other water
stressors. From this question, I create a past and present account of collective and
individual water resource adaptations, the reasons for these adaptations, and their success
or failure.
Second, who uses, accesses, and/or produces water resource adaptations?
Drawing from this past and present account, I explore the various institutions involved in
the adaptation process. In particular, I am concerned with who are the winners and losers
in water resource and climate change adaptation.
Third, what are some possible adaptive strategies to potential future climate
extremes? At what point are communities unable to deal with water variability from
climate extremes? Using the information gained in the first two questions, I investigate
the potential future adaptive range of communities with respect to water variability and
climate extremes. While answering these questions, I again explore the role of
institutions and power structures in accessing adaptive strategies.
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3.2 Research Location
In June of 2007, I worked with three communities, Mem-Chemfere,
Xedzodzoekope, and Boekyekrom, in the Afram Plains district in the Eastern Region of
Ghana. Geographically, the Afram Plains district is located north of the Mampongtin
Range and the Afram River arm in the southeastern portion of Lake Volta. The district
spans over 5,000 square kilometers and contains 544 communities (Ghana Districts
2006). I chose to work within this region because of its unique water and climate
situation due to proximity to Lake Volta, one of the world’s largest man-made lakes, and
the socio-economic situations linked to a legacy of immigration, agricultural
development, and neglect (Tsikata 2006). The following discussion includes an overview
of the climate, geology, and socio-economic characteristics of the Afram Plains.

Map 3.1 Map of Ghana and the Afram Plains. The red circle denotes the
location of the Afram Plains within Ghana.
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3.2.1 Climate and Geology of the Afram Plains
High temperatures and a bi-modal rainfall regime characterize the Afram Plains
climate. The region has an average temperature of 27 degrees Celsius as determined from
the most complete long-term climate record at Kete Krachi, a city about 80 kilometers
north of the Afram Plains. The warmest temperatures occur in the months of February
and March and the coolest in August. Average rainfall is around 1100 mm (44 in.) per
year in Kete Krachi from 1960-2005, with a range from 764 mm (2001) to 2015 mm
(1991). Most precipitation in the Afram Plains falls from June to September. The rainy
season often begins in April, peaks first in June during the major season and second in
September during the minor season (Figure 3.1) (van de Giesen et al. 2001).

Figure 3.1 Average monthly rainfall and temperature in Kete Krachi, Ghana from
1975-2005. This graph shows the bi-modal rainfall pattern with peak rainfall in
both June and September.
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The bi-modal rainfall results from the movement of the Inter Tropical
Convergence Zone (ITCZ), as well as several other air masses and jet streams. In
addition, the complexity of interactions amongst various air masses and jet streams at
varying scales throughout West Africa creates high inter-annual and inter-decadal rainfall
variability (Jung 2006). On a regional scale, an overall decrease in rainfall has been
observed in West Africa in the last century (Jung 2006, Cook and Vizy 2006); however,
data from Kete Krechi suggests a slight increase in yearly precipitation from 1960-2005
(Figure 3.2).

Figure 3.2 Total yearly rainfall in Kete Krachi, Ghana from 1960-2005. The trendline
indicates a slight increase in yearly precipitation. Additionally, the graph shows more
extreme fluctuations in precipitation since 1991.

Geologically, the Afram Plains reside atop the Voltaian Basin, a combination of
sandstones, mudstones, and limestone (WaterAid and British Geological Survey n.d.).
The sandstones of the Middle Voltaian Oti beds found underneath the district provide
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good groundwater potential for wells and boreholes (Martin and van de Giesen 2005).
Research and communities drawing groundwater from the Voltaian basin have
experienced saline water. In addition, Ghana as a whole has groundwater with high
concentrations of iron, although patterns are unclear due to the use of steel pumps and
anaerobic or acidic groundwater (WaterAid and British Geological Survey n.d.).
Closer to the surface, the Afram Plains encompasses low-lying land from 60-120
meters above sea level bordered by the Afram River and the main channel of the Volta
River. A large portion of this lowland flooded with the completion of Akosombo Dam in
1964, a hydroelectric dam on the lower reach of the Volta River main channel. Known as
the transitional zone or ‘middle belt’, the soils in this region are some of the most fertile
in the country with the greatest potential for agriculture improvement (Barry et al. 2005).
Major soil types in the area include luvisols which provide adequate organic matter and
clay particles for agriculture. However, some concern has arisen about an increase in
acidity of soils around the lake (Barry et al. 2005).

3.2.2 Socio-Economic Characteristics of the Afram Plains
Established in 1988, the Afram Plains district contains about 134,000 people as of
the 2000 census (WaterAid/APDO 2004). The population consists of predominately
Akan and Ewe ethnic groups with additional ethnicities represented due to migration
from the North (Andah et al. 2004). The population remains one of the poorest in Ghana
despite the area’s productive agricultural land and fishing capabilities. Little agricultural
development has occurred in the district because of a physical isolation of the district
from the rest of the country as a result of the flooded lands after the creation of Lake
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Volta. Physical access to the district only occurs directly through two ferries, one
crossing the Afram River and the other crossing the Volta River (Ghana Districts 2006).
Gyau-Boakye (2001) explores the physical, biological, and social implications of the dam
including microclimatic changes, increased disease, and concerns for lost land and
changing livelihoods with resettlement. The construction of the dam also led to urbanrural conflict over water resources for hydroelectricity or irrigation (Andah et al. 2003).
Recently, many migrants from the North have settled in the area to cultivate land and
produce charcoal. Although small boats do move throughout the river, most bulk goods
cross at the two ferry points.
Predominate livelihoods include agriculture, fishing, animal grazing, and charcoal
production. The Afram Plains exist within a transitional ecosystem between Sudan
savanna with cereals and grasslands and the root and tuber crops of the Guinea savanna.
Therefore, primary crops grown with bush fallow, or shifting cultivation, include maize,
yam, tobacco, okra, cocoa, and cassava (Andah et al. 2004). Introduced by the
government in the 1970s, cultivation close to the lakeshore, known as lakeside farming or
drawdown cultivation, has allowed for rice and vegetable cultivation such as tomatoes,
garden egg, and peppers. However, this method exposes surface waters to increased
evaporation, leading to erosion and siltation (Barry et al. 2005, APDO 2002). Locals
indicate that cocoa cultivation has decreased with the construction of the dam (APDO
2002). Farmers sell agricultural products to market women either in local markets in the
larger communities or as individual sales from the farm. Purchased products are often
transported across the lake to be sold throughout the country.
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The formation of Lake Volta improved fishing in the short-term and several
communities relocated to the lakeshore to benefit (Tsikata 2006); however, overfishing
and improper techniques have depleted the fish population over the past two decades
(APDO 2002). Fishing techniques using small net size and bamboo traps catch small
fish, thereby reducing the reproductive population. Hence the fishing industry that
boomed in the late 60s and 70s has reduced significantly (Tsikata 2006). Today, tilapia
and mudfish are the predominate fish sold in markets. Women fry or salt the fish to
preserve them for transport and sale while fresh fish is sold more locally, often within the
community.
Animal rearing and charcoal provide two livelihood alternatives as either primary
or secondary occupations. Animal rearing of sheep, goat, chicken, and cattle serves as a
common livelihood in the Afram Plains. Cattle rearing occur amongst both the local
communities as well as nomadic herders, mainly Fulani, from the North. Since the
1980s, clashes have occurred between farmers and herders over grazing land and remain
a prominent issue in the district (APDO 2002). Finally, charcoal production has become
quite lucrative. Charcoal producers can generate up to 50 bags per month. Producers
receive 20,000 cedis ($2.00) per bag and bags are transported outside the district where
they sell for 70,000 cedis ($7.00) in Accra, the capital city.

3.2.3 Governance in the Afram Plains
Governance in the district follows the particulars of decentralization implemented
by the Ghanaian government in the 1990s. As of 1998, districts have been broken into
sub-districts which include town, zonal, or area councils (Jackson and Gariba 2002).
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Communities form the last division with elected and appointed members forming Unit
Committees (UC) which create and uphold local ordinances as well as district and
national laws. The Afram Plains supports nine area councils and 190 unit committees
(Ghana Districts.com 2006). Government decentralization opened possibilities for
community management of the water sector. Therefore, in 1994, the national
government created the Community Water and Sanitation Project that later became an
agency (CWSA). CWSA seeks to implement the national community and sanitation
strategy by involving communities in the planning, funding, maintenance, and operation
of water supply systems. Communities become autonomous with their water supply by
formulating gender and ethnic balanced Water and Sanitation (WATSAN) committees
which work with the UC and opinion leaders to successfully fund and manage the water
system. In addition, the Afram Plains supports a District Water and Sanitation Team
(DWST) that helps facilitate the efforts of WATSAN committees and local communities
(Engel et al. 2005).
Development projects have recently increased in the Afram Plains particularly in
relation to Ghana’s efforts towards the United Nations Millennium Development Goals
(MDG). Locally, the Afram Plains Development Organization (APDO) has facilitated
several projects through funding organizations like UNICEF and WaterAid. They have
refurbished several schools, added sanitary facilities for schools and clinics, and aided
several communities in raising funds for boreholes and water systems. Nationally, the
Minister of Food and Agriculture is managing a $3.2 million African Development
Project in the Afram Plains that will focus on developing agriculture through new crops
and marketing and improving transportation access to the district. International funding
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through the US-funded Millennium Challenge Account (MCA) currently provides $500
million over five years to several districts throughout Ghana, including the Afram Plains,
for various projects related to transportation, agriculture, and rural services (Millennium
Development Authority, Ghana 2007).

3.3 Case Study Communities
I had access to three communities through connections and collaboration with two
funded projects, the USAID Global Climate Change Program grant through the
Pennsylvania State University titled Climate Change Learning and Observatory Network:
Ghana (CC LONG) which focuses on building an information exchange network in
Ghana regarding climate change and its adaptation and the Advancing Capacity to
Support Climate Change Adaptation (ACCCA) grant through the University of Ghana
focusing on climate change and food security in the Afram Plains. The communities for
this study had been selected for CC LONG and ACCCA based upon varying predominate
livelihood characteristics and issues of concern including disputes with Fulani herdsmen,
inadequate water supply, and charcoal production. In addition, the communities are well
distributed throughout the district, allowing for representation across the region.
Therefore, these communities serve as representative case studies for the Afram Plains. I
discuss the key characteristics of each community, including concerns for their current
access to water.
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Map 3.2 Communities in the Afram Plains. Blue denotes the three research communities.
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3.3.1 Mem-Chemfere
The community of Mem-Chemfere is located 15 kilometers to the southeast of the
district capital Donkorkrom and within four kilometers west of the main channel of the
Volta River. The name Mem-Chemfere derives from two seasonal streams located near
the community. This predominately Ewe community was established in 1964 as a Volta
River Authority (VRA) resettlement community. Most community members resettled
from a community on the east side of the main channel of the Volta River in the Volta
Region.

Map 3.3 Map of Mem-Chemfere
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Map 3.4 Map of the region around Mem-Chemfere. Note the seasonal streams
and roads linking to Lake Volta. Source: Mem-Chemfere Resident

The community includes approximately 1500 people amongst three housing
sections, A, B, and C. Section B has the most inhabitants and is located on the west side
of the road. This section includes the primary school and nursery and resides closest to
the seasonal River Chemfere and most of the cultivated land. Section C houses the
secondary school and has the second largest population, although significantly less.
Section A has the least population but provides the access road to the lake through
several small communities. The housing structures supplied with the resettlement were
constructed from cement with a tin roof under the core house concept. Each house
received one room with a foundation for three additional rooms and material and advice
for their construction (Tsikata 2006). Therefore, the housing structures throughout MemChemfere cover the same area but exist with varying number of rooms. Resettlement
houses exist in symmetrical rows as opposed to the typical family compounds.
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In addition to housing, the resettlement community of Mem-Chemfere received
electricity, potable water, land, sanitary facilities, schools, a clinic, a tractor, and a
community center. However, these benefits have been slow in arrival and often
unsatisfactory for the needs of the community. Tsikata (2006) explains that the
modernization approach to resettlement required more input than provided, and,
ironically, the resettlement communities did not receive electricity until over a decade
after the dam completion. For example, Mem-Chemfere was provided with a potable
water supply through a gravity-fed system that malfunctioned to complete disuse by
1994. According to Tsikata (2006), VRA had given up responsibility for water systems
in 1972.
Livelihoods in Mem-Chemfere vary more than those of the other two
communities largely due to the size, connection to VRA, and proximity to the district
capital Donkorkrom, 15 km away. Community members own land for cultivation as part
of the resettlement, an unusual situation since land is typically rented in the rest of the
district. Cultivation in Mem-Chemfere includes basic crops such as cassava, pepper,
groundnut, cowpea, and maize, as well as experimental crops including cashew, citrus,
sweet potato, acacia, and palm. Experimental crops are often supported by local and
international NGOs and their success has varied. Mem-Chemfere contains two cassava
and maize mills. Before resettlement, the community predominately survived upon
fishing; however, with relocation to over three kilometers from the lake, only a few
families continue with this livelihood practice. In fact, many fishing families left the
community and rebuilt their homes closer to the lake to continue fishing. Charcoal
production appears the greatest producer of income for most families. Typically
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considered a practice of Northern immigrants, charcoal production has become a
lucrative activity for most people in the community. In addition, several men are training
to become teachers and work throughout the region, and women have participated in
micro-credit and small business programs to maintain small kiosks.
Based on a risk ranking activity completed for the USAID project (CCLONG) in June
2007, access to water for everyday use is the most important concern affecting the men,
women, and youth in Mem-Chemfere. Mem-Chemfere, with its population of 1500, does
not have a consistent access to water for everyday use within the community. After the
failure of the VRA sponsored pipe system, the community acquired three boreholes in an
attempt to locate a quality water source. Limited groundwater prevented the success of
these projects and therefore, Mem-Chemfere relies upon seasonal water sources,
rainwater collection, and Lake Volta.

3.3.2 Xedzodzoekope
The community of Xedzodzoekope resides along the shoreline of an inlet in the
Afram arm of Lake Volta approximately five miles from the town of Fori-Fori along the
main road. The name derives from Togbe Xedzodzoe, a fisherman, who arrived in 1965
from Mepe, a community south of Akosombo dam in the Volta Region. The
predominately Ewe community was officially established in 1968 after Togbe Xedzodzoe
and his two brothers settled with their wives and children.
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Map 3.5 Map of Xedzodzoekope

Xedzodzoekope contains nearly 600 inhabitants spread along the length of the
shoreline in the formation of a sub-rural community. The main community, Section 1,
houses the Chief and Queen Mother and exists closer to the main channel of the Afram
River while the second community, Section 2, resides along the shoreline moving north.
Structures for Catholic and Pentecostal Churches separate the communities. Community
members reside in traditional mud and thatch houses within family compound
formations. Xedzodzoekope maintains few other amenities, only a primary school for
levels one through three and the intentions of building a nursery. The district has
threatened to shut down the school if the community does not complete the nursery.
Being a fishing village, the lake provides the primary water source.
Fishing is the predominate livelihood in Xedzodzoekope while farming, herding,
and charcoal production supplement incomes. The community practices many fishing

48
techniques, but the dominant technique involves the daily laying of a long net in late
afternoon. The net is weighted on one side and buoyed on the other and is retrieved in
the early morning with the catch. Fish are sold fresh within the village and salted or fried
for sale at the market. Farming in Xedzodzoekope includes both drawdown farming or
lakeside farming and bush fallow cultivation. Lakeside farming allows for cultivation
from January until the lake floods in July while most bush fallow cultivation begins with
the first rains in April. The major crops grown in Xedzodzoekope include groundnut,
maize, pepper, cassava, beans, okra, and watermelon. Farmers rent the land both along
the lake and further inland, and the community owns one cassava and maize mill. Some
community members also herd cattle in the area. The cattle are kept near the community
during the rainy season when grasses are lush and further away during the dry season.
The proximity of cattle herds creates conflict between the local herders and farmers due
to crop destruction. Inland farming occurs at further distance from the community to
prevent crop losses from cattle; however, even in my time in Xedzodzoekope, local cattle
destroyed one maize field. In addition to these livelihoods, a few women practice
dressmaking, one man provides a traveling chemical (pharmacy) shop, and one
household maintains a small kiosk of goods. Community members also buy and sell
goods during football matches and other community gatherings.
Community members in Xedzodzoekope gather almost all water for everyday use
from Lake Volta. Other water sources include rainwater harvesting and seasonal ponds
and streams. However, members of Xedzodzoekope do express concern for the quality
and amount of water available. In the risk ranking for the CCLONG project in June
2007, access to clean drinking was second in importance for the youth and sixth in
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importance for both the men and women. Concerns for rainfall and the reduced lake
levels were placed within the top three for both youth and men.

3.3.3 Boekyekrom
The community of Boekyekrom is located about seven kilometers from Afram
River along the main road which passes from Ekye Amanfrom at the southern ferry
crossing to the district capital Donkorkrom. The name derives from Boekye who
established the community in 1968, and some of his children and his sister remain in the
community. Boekyekrom is a migrant community due to the bush fallow cultivation
methods and proximity to good farmland and the main road. A variety of ethnic groups
are represented in the community, the most prevalent being the Kwahu (Akan) and
Daghati.

Map 3.6 Map of Boekyekrom

50
During a survey by APDO in 2002, Boekyekrom had a population of just over
200 inhabitants; however, due the migratory nature of the community members, this
population size varies greatly both on a yearly and seasonal basis. Laborers from the
North increase the population by 20 to 30 percent during the dry season. The community
exists on both sides of the main road with typically mud and thatch housing structures
spread wide apart without a family compound structure. A few houses have tin roofs and
the Queen Mother and the teacher have cement houses with tin roofs closest to the road.
As people migrate, housing structures are reused unless damaged. Boekyekrom has a
primary school for levels one through five, one borehole, and Pentecostal and
Presbyterian churches, but no maize and cassava mill nor electricity despite the electrical
lines running overhead.
Agriculture is the predominate livelihood in Boekyekrom with each ethnic group
specializing in particular crop cultivation. Yam cultivation remains the most prominent
crop for the community with four or more yam types planted in each yam field. The
Krachi and Daghati ethnic groups from the North maintain large yam farms of three or
more acres. Each acre may hold up to 1500 yam mounds. Intercropping occurs in most
yam farms allowing some farms in the community to cultivate up to eight or nine crops.
These crops include various combinations of maize, garden egg, groundnut, pepper, okra,
rice, stew leaf, tomato, cassava, millet, watermelon, and beans. After a year of yams, the
field is planted with cassava for three or more years before reuse of the land. The Akan
or Kwahu ethnic groups more typically specialize in vegetable farming and these farms
more often use row cropping to increase yields. Vegetable farms often involve plots of
tomato, garden egg, corn, and pepper, and these farms produce yields over two seasons
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because of the bi-modal rainfall patterns. Most community members participate in some
form of charcoal production. In addition, there are two kiosks, one bar, and community
members with various marketable skills such as basket weaving.
Boekyekrom accesses water from a number of sources, yet none of the sources are
sufficient during the dry season. The community maintains one borehole, several
seasonal water sources, and two small dams with reservoirs. During the CC LONG risk
ranking activity in June 2007, this community listed access to drinking water as the
primary issue for youth, the second most important issue for women, and the sixth for
men. Irregular rainfall patterns comprised the primary concern for men and the third
most concerning for women.

3.4 Research Methods
Data collection revolved around specific methods for each of the three research
questions broadly defined as past and present water adaptations, internal and external
community institutions, and the connection of these strategies and institutions in a future
climate change1.

3.4.1 Research Question 1: Past and Present Adaptation Strategies
The methods for exploring past and present water adaptations consist of two
components, discussion groups and semi-structured interviews. The discussion group
started with a participatory matrix to create a timeline of past events of climate and water

1

For research activity sheets, see Appendix A.
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variability. I completed this
component in conjunction with
a broader discussion of climate
adaptation strategies as
included in the CC LONG
project. In each community,
the timeline contained
information about both climate
Figure 3.3 Historical matrix from Mem-Chemfere.

and water events. Using paper
and markers, a line was drawn on the paper and the person who had been living longest
within the community provided a beginning date. Then, the group was asked to
determine the most extreme climate event, with instances of drought or too little water
below the line and excessive rainfall event above the line. Once determined, this event
was used to gauge the relative severity of the additional events. With each climate event
discussed, the group was asked to describe the event, how individuals and community
had responded to the event, if those strategies had worked, and who had or had not
benefited from the responses. The activity lasted two to three hours.
The size and composition of the discussion groups varied for each community
depending on the time of day available for gathering. In Mem-Chemfere, the matrix was
conducted with participants recruited by the Chief as community members versed in the
history of the community and its climate. The group consisted of seven men including
the Chief, two teachers, a local NGO director, and other opinion leaders. The unique
situation of multiple failed water projects within the community provided an opportunity
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to discuss when these projects began and when they failed. Therefore, additional colored
dots were added to the climate timeline to depict these events. The timeline in
Xedzodzoekope occurred with a group of 12 participants recruited through word of
mouth. Three of the participants were female; however, the group fluctuated in size
throughout the activity. This group also included the Chief, as well as several elders and
opinion leaders. Finally, the activity in Boekyekrom included ten male participants that
were of mixed ethnic groups and included several members of the Unit Committee.
Next, I conducted a total of 58 semi-structured interviews with women and men
regarding past adaptations discussed in the matrix and present water use and
management. The interviews elaborated upon the details of water adaptations,
particularly as experienced for different livelihoods and households. Interviewees were
recruited in response to the matrix activity, through word-of-mouth and sometimes
following a simple stratification based on primary livelihood activity. The length of these
interactions varied from 15 minutes about a particular rainwater harvesting container to
1.5 hours about a borehole. The interviews often occurred outside the participant’s home.
In Mem-Chemfere, twenty community members participated in interviews of which
seven were women. Xedzodzoekope’s interviews included eighteen participants of
which eight were women. I conducted twenty interviews in Boekyekrom and fourteen
involved women.

3.4.2 Research Question 2: Institutions
I used two methods to define and evaluate internal and external community
institutions: a participatory Venn diagram (Chambers 1994) with a small group and semi-
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structured interviews. The participatory Venn diagram involved visually representing
social networks and institutions from within and outside the community. Using circles to
represent number of members, the
participants drew institutions that
existed within the community
inside a large circle while
institutions from external to the
community were drawn outside the
circle. With each institution, I
asked the participants to discuss
Figure 3.4 Venn diagram of internal and external
institutions in Mem-Chemfere.

the function, establishment, and

access to the institution and, wherever relevant, links to water management. The activity
lasted 45 minutes to 1.5 hours.
Groups participating in this activity were much smaller in number than those in
the timeline, but provided a better mix of age and gender. The Mem-Chemfere group
included four men and two women of varying ages. The group in Xedzodzoekope
involved one young man, one elder man, and one woman. The activity in Boekyekrom
used previously gathered data by APDO and followed the same method. Therefore, the
information was verified and changed with community members.
Based upon the institutions represented in the activity, I conducted a total of 24
interviews with institution leaders to reveal further details about the function of the
institution including processes particularly for water management and responses to future
climate change and water variability. I experienced some crossover of participants
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between the first set of interviews and those of internal institutions. In each community
about six interviews incorporated information about the process and function of internal
institutions. Six interviews were conducted with external institutions with particular
emphasis on water management. Interview time ranged from 25 minutes to one hour.

3.4.3 Research Question 3: Water Management under a Future Climate Change
To connect the strategies and institutions to future climate change, I held final
group discussions within each community. These discussions involved an exchange of
ideas where I presented information about climate change and the participants offered
thoughts about how to adapt to events of heavier rainfall or more extreme drought and
changes in water availability. This discussion involved revisiting the timeline created in
the first activity as a way to envision events of greater magnitude than those of the past.
We discussed both a more extreme event of drought which may occur over a longer time
period, a more extreme heavy rainfall event which the group defined as either spanning a
longer time period or involving more water, and ability to cope with experiences of both
extremes within rapid succession. In addition, I asked the groups to discuss adaptive
strategies for two different cases, the first involving their current resources and second
their ideal adaptation strategies regardless of the resources required.
Due to time constraints, the attendance and success of those discussions varied
within each community. I was unable to complete the activity in Mem-Chemfere due to
lack of time. In Xedzodzoekope, I completed this activity with nine participants of which
one was a female. In addition, I carried out a similar session with the Chief before the
group activity because he was interested but unable to join the group. Fourteen
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community members participated in this discussion in Boekyekrom. Six of the
participants were women. In both communities, the activity lasted two hours.

3.4.4 Field Notes and Secondary Source Analysis
At the end of my time in each of the communities, I would review and fill-in my
notes and summarize the key findings under each of the three research questions. Upon
return from the field, I typed and collated the data tables from each activity in Excel
sheets and field notes into Word documents. The field notes were maintained first as a
whole collection and then parceled by research question and community, as well as a
document for institutions.
For analysis, the individual community field notes were color-coded by research
question. For the first research question on past and present water management
strategies, I coded the notes with colors to distinguish between household strategies,
livelihood strategies, and community infrastructure strategies. Livelihood strategies were
further color-coded as relating to farming, fishing, or herding. The same color-coding
methods for the different strategies and livelihoods were applied to the Excel data tables.
These color codes provided the primary means for analyzing the data on water
management strategies for patterns, similarities, and inconsitencies. For the second
research question on institutions, I coded the data by internal and external institutions and
whether those institutions directly related to water management strategies. The coding
was then arranged with the experiences of each community gathered under the
appropriate institution.
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I support the information gathered in the field with secondary analysis of
empirical data and research. In particular, I use temperature and rainfall data from Kete
Krachi, a city north of the Afram Plains, to support assertions about the climate. This
location has the most complete data set for the region although the city is located 80
kilometers North of the Afram Plains. I also draw upon regional and downscaled
circulation models by the Fourth Assessment Report of the IPCC (2007), Hewitson and
Crane (2006), and Kunstmann and Jung (2005) to understand the interannual and
seasonal projections for future climate change in the Afram Plains.

3.4.5 Validity
Finally, validity comprises an important component of any research project. By
using participatory research methods, I consider five types of validity. First,
interpersonal validity examines the skills, sensitivities and reflexivity of the researcher. I
address this validity through the reflexivity I practiced in the field by keeping a second
set of reflexive field notes and living within the communities in a open and welcoming
manner, as well as continuing to build and reflect upon the interpersonal relationships
after returning from the field. Second, I observe intersubjective validity, or recognizing
that there is not one truth but many different interpretations, by seeking out and
welcoming multiple knowledges for activities and interviews, including attention to the
number of female participants. Contextual validity, the third type, requires that the
researcher asks thoughtful questions framed in a revealing way. Fourth, my research
must involve catalytic validity where new possibilities for social action arise from the
research. Finally, the study needs to have a sound and just outcome with public
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accountability, known as consequential validity. I participate in both catalytic and
consequential validity by returning to the Afram Plains upon completion of this research
to present my conclusions to the communities and other interested parties and by
collaborating with the longer running CC LONG project.
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CHAPTER 4
PAST AND PRESENT MANAGEMENT STRATEGIES

The first research question seeks to understand the past and present water
management strategies used within the three case study communities. Communities use
water management strategies to respond to and cope with multiple stressors, such as
access to water sources and infrastructure and climate variability and change. These
strategies are place-specific and serve as a starting point for discussing plausible
strategies under a future climate change. Using a historical matrix of past climate events
and interviews, I create a past and present account of collective and individual strategies
and their success or failure for livelihoods, everyday or household activities, and for
seasonality, climate variability, and extreme events.
This chapter includes four parts. In the first three parts, I describe the past and
current water management strategies for each community. The description for each
community includes three sections: water management for livelihoods, access to and
management of everyday water, and seasonal adaptations in water management and
responses to climatic variability and extreme events. In the fourth part, I explore reasons
for the varying experiences and successes of water management strategies for the three
communities.

4.1 Mem-Chemfere
Mem-Chemfere’s water management strategies largely reflect the community’s
status as a resettlement community. The resettlement process imposed their location
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away from sufficient surface or groundwater sources, provides their access, or lack of, to
resources and infrastructure from the government, and more readily allows contact with
outside organizations. Several of the water management strategies from the past and
present reflect these characteristics, including practicing experimental cropping schemes,
adding water infrastructure, riding atop charcoal trucks to fetch water from the lake front,
and emphasizing seasonal rainwater collection.

4.1.1 Water Management for Livelihoods
Mem-Chemfere practices few water management strategies related to their
primary livelihoods including farming, fishing, small animal rearing, and charcoal
production. The lack of water management for livelihoods can be related to two
characteristics of Mem-Chemfere. First, charcoal production, animal rearing, and fishing
require very little management of water overall. Second, due to their location away from
a year-round water source, Mem-Chemfere community members recognize that they
cannot spare any water for plant cultivation.
Farming households in Mem-Chemfere practice a variety of cropping strategies
including intercropping, row cropping, and planting of experimental crops, but employ
only a few water related cropping or management strategies. First, when transplanting
crops such as pepper and garden egg, farmers wait till rain soaks the soil due to the
unavailability of water for irrigation. They do not use irrigation even during extreme dry
periods because it requires water that is not even available for the community, as well as
increased manpower. Farmers also consider the slope of the land when locating
particular water-dependent crops with lowlands often having wetter soil. Second, for
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agricultural inputs such as herbicides, some farming households dig small holes,
sometimes as small as one foot in diameter, near their farms to provide a nearby water
source to mix with the chemicals. This water source may also be used for drinking.

4.1.2 Access to and Management of Everyday Water
Mem-Chemfere does not currently have access to a sufficient quantity or
proximate source of drinking and household water. The current inadequacies of drinking
and household water stem from a history of infrastructure failures, institutional
constraints, and insufficient groundwater supplies, as well as climatic factors.
The Volta River Authority (VRA) provided Mem-Chemfere with a potable water
supply when the community was established in 1962 as a resettlement community. The
location of the community does not support adequate groundwater sources; therefore,
water was gravity-fed into the community from a source approximately seven miles to
the North called Kayera. The water was piped to four taps located throughout the
community. The system malfunctioned to complete disuse by 1994 when the motor
extracting the water in Kayera broke; however, the taps began to fail in the 1980s causing
the community to consider other sources of water. Community members expressed
discontent towards VRA for failing to fix the system; although, there appears to be
miscommunication and misinformation about who was in charge of the maintenance of
the system.
By the early 1980s, the taps did not function well and the country experienced a
severe two-year drought beginning in 1982. As a response to these institutional and
climatic constraints, the community hand-dug a pond with hoes to capture rainwater in a
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low-lying marshy area. The community continues to use the pond which is located on the
west side of the road, about a quarter of a mile south of Section B. The rainy and dry
seasons dictate the amount of water in the pond which can vary greatly in a year. The
area does dry during Harmattan in the dry season, but can hold enough water in the wet
season to contain mudfish. As the water bodies only connect during the wet season, fish
swim from the River Chemfere. In mid-June 2007, the reservoir was about one foot deep
with brackish, olive green water which contained lily pads and grasses. Community
members expressed concern about cattle and formerly pigs drinking from and defecating
in the water; therefore, few people want to drink from it. About two years ago, MemChemfere asked a construction company repairing the road to deepen the pond with their
bulldozer, but the community, particularly the elderly and youth, could not provide
adequate funds to pay for the excavation.
In February 1989, World Vision, an international Christian relief organization,
installed two boreholes in Section B. Neither was successful. One never had good
pressure and the water tasted salty. The second had better pressure but the water had an
unpleasant odor. Both boreholes are now dry.
In 1996, Mem-Chemfere worked with the Afram Plains Development
Organization (APDO), a local NGO, and the District Water and Sanitation Team
(DWST) to install another borehole donated by WaterAid. This borehole is located
behind Section B towards the River Chemfere with the possibility of finding adequate
groundwater due to proximity to the river and the slope of the land. Despite this logic,
the groundwater was insufficient with an unpleasant odor, reddish color, and insufficient
pressure. As with any APDO sponsored borehole, four members of the community were
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trained to maintain the borehole and a Water and Sanitation (WATSAN) committee was
formed to collect funds and implement sanitation standards. Even with this support, the
borehole failed in 2003. It was fixed and broke again in 2006 at which point the
WATSAN committee disbanded out of lack of interest and conflicts over money. As of
now, two community members have taken over the mechanics and intend to add a third
pipe, but they will not offer their services for free. In addition, some community
members express distrust of APDO who has not returned despite complaints. The
borehole is currently locked to prevent children playing with it.
As of June 2007, Mem-Chemfere has been without a consistent source of water
near the community for four years. Seasonal sources such as rainwater harvesting, the
pond, and River Chemfere provide water from April till November. Therefore, Lake
Volta, located four kilometers away when the lake is at its lowest, offers the primary and
most consistent source of water for the village. The distance to the lake raises a number
of concerns as fetching a day’s worth of water on foot requires several trips, each lasting
one or two hours, taking children out of school and women away from the house and
fields. Therefore, the community has taken advantage of its location along a main road
by riding on to trucks and tractors that carry bags of charcoal to a port on Tuesday and
Wednesday. Young women and children climb atop the trucks with multiple plastic
containers and ride down to the shoreline where they fill the containers while the truck
drivers unload the charcoal. Then, the passengers load their containers on to the empty
truck that returns to the community.
Riding atop the charcoal trucks represents an efficient, albeit questionable,
response to institutional and climatic constraints. First, institutionally, for a resettlement
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community, VRA should supply adequate potable water. This invokes questions about
why the community was settled far from a water source in the first place. Second, the
lake has receded due to a reduction in rainfall and thus increasing the distance from the
community to the lake.
Despite its efficiency, community members raised a number of concerns about
this adaptation. First, the trip is unsafe. The top of a truck is over ten feet above the
ground and riders must hold their plastic containers while balancing on bags of charcoal
as the truck travels over uneven
roads. Second, the five to seven
trucks only arrive throughout the
day and night on Tuesday and in the
morning on Wednesday; therefore,
children often skip school in order
to fetch water. One teacher also
noted that students awake at 4 AM
Figure 4.1 Riding atop charcoal trucks - children
and young adults loading containers to ride to Lake
Volta to fetch water.

to catch the trucks and often fall
asleep in class. Drivers also incur

risk from this strategy. If a rider falls from the truck, the driver must take the injured to
the hospital. If a rider dies, the driver can be taken to jail and required to pay a fine.
Despite these risks, both drivers interviewed wanted to help alleviate the dire water
situation in the community.
Community members also use bicycles and the community tractor to fetch water
from the lake. Not every family, though, owns a bicycle and those who do typically can
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carry only one to three 20 L plastic containers. On occasion, the community charges
1000 cedis ($.10) per 20 L container to use the community tractor to fetch from the lake.
As of June 2007, Mem-Chemfere has been approved for a Rural Water Supply
much like the original gravity and pipe borne system. The groundwater would originate
in Kayera and would provide water to five communities in the area. Each community is
required to raise a portion of the funds and is represented on a water board which, much
like the WATSAN committee, monitors the collection of funds and maintenance of the
system. Mem-Chemfere was able to use funds from the VRA to cover their cost of the
system and raised additional funds to add to the bank account safety net. However, the
other communities do not know how they will financially support the system, thus
postponing the construction. In early July 2007, the District Assembly predicted
construction to begin during the summer of 2008. DANIDA, the Danish development
organization, funds the project and the District Assembly will help cover other expenses.
As a resettlement community, Mem-Chemfere benefits from government-supplied
housing with tin roofs. These roofs allow for rainwater harvesting, an important seasonal
water source. Nearly all households
participate in some form of rainwater
harvesting; however, the methods of
collection and storage vary. Gutters are
typically formed from scraps of roofing
tin. Some households have attached the
gutters to the roof while most others use
Figure 4.2 Gutters for rainwater harvesting.

sticks to prop the gutter and direct it into
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a storage container.
Containers for water storage vary greatly within the community and largely
depend upon historical or current access to resources. Some households use bridge
pilings stolen in 1964 when the road was being built to Mem-Chemfere. The pilings
were sealed and permanently fixed into the ground. The materials used to create these
structures included a mixture of gravel and cement which make them resistant to erosion
and cracking.
Since 2001, some community members installed permanent, spherical cement
storage containers near their homes. The household purchases three to four cement bags
and hires a craftsman from the town of
Gyamini in the Volta Region. Labor prices
range from 120,000 ($12.00) cedis to
300,000 ($30.00) cedis depending on size
and thickness of the sphere. However, the
structures crack easily if not built to the
appropriate thickness, and several of the
spheres have required an additional layer of
Figure 4.3 Spherical cement container
for water storage.

cement to seal and strengthen the original
structure.

Other forms of rainwater collection and storage include large plastic and metal
barrels, large bowls, and buckets; however, these structures tend to be moved or tipped
over by strong winds. For example, one woman cemented a metal barrel to the ground,
but the wind takes it off the foundation, despite multiple attempts and repairs.
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Several community members indicated that they use these storage structures for
both rainwater collection and the storage of lake water during the dry season. For
example, one household discontinued using its cement sphere for rainwater collection in
October and shifted to collected lake water. Another household did not store any water in
its cement sphere out of concern for other community members stealing from it.
In addition to individual household rainwater harvesting, the community has
benefited from two collective rainwater harvesting and storage structures. First, VRA
constructed three cement pools in 1962 to hold water for mixing cement for the houses.
Upon completion, the pools remained and provided another structure for the capture and
storage store water. Each of the pools is about ten feet long, five feet wide, and four feet
deep, allowing for the storage of significant amounts of water. However, when holding
water, the uncovered pools
bolster the breeding of
mosquitoes that can carry
malaria. Four years ago, one
community member had the
cement pool in front of the
clinic drained onto the grass to
Figure 4.4 Cement pool in Section B.

prevent mosquito breeding.

Since then, the pool has acquired more cracks and holds less water. In recent years,
cracks and leaks have rendered all three pools useless.
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Second, the District Assembly (DA) provided toilet facilities at the primary
school which include a gutter system leading to a
polytank, a thick plastic tank of about three feet in
height and two feet in diameter. Students use the
water collected in the polytank for washing their
hands. The tap does not attach to the tank
correctly, causing a leak. Therefore, some
community members fill from the leaky tap,
arguing that they are preventing the loss of water.
Now, the headmaster removes the tap from the
Figure 4.5 Polytank storage and
gutter system attached to primary
school toilet facilities.

tank each day to prevent collection of the water
while attempting to buy the appropriate part.

4.1.4 Seasonal Adaptations in Water Management and Response to Climatic
Variability and Extreme Events
Mem-Chemfere’s livelihood and household water management strategies reflect a
number of challenges such as inadequate access to surface and groundwater supplies and
intermittent interactions with VRA for government resources. In conjunction with these
challenges, the community also experiences climatic variability and change. Community
members suggested an overall drying trend in rainfall patterns since the completion of
Akosombo dam and the formation of Volta Lake. They also indicted more recent
seasonal changes in the rainfall pattern since 2003, including a minor season drought
from August 2003 until November, with increased November and December rain,
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drought from October till April in 2007, and one week heavy rainfall events in July of
2005 and 2006. The area experienced another heavy rainfall event in September of 2007.
Mem-Chemfere practices a few livelihood, household, and infrastructural water
management strategies to alleviate the impacts of these seasonal and climatic variability.
I discuss the strategies of experimental cropping, riding atop charcoal trucks, increased
water storage, and trenches as responses climatic variability and extreme events.
Farming practices are intricately linked to variability of rainfall and MemChemfere’s adaptation of experimental cropping regimes reduces their vulnerability to
these rainfall fluctuations. Experimental cropping allows farmers to diversify their crop
schemes. Planting some experimental crops such as sweet potatoes, citrus, and cashew
trees in addition to or within a field of traditional crops increases the likelihood of some
crops surviving adverse climate conditions (Smit and Skinner 2002). However, while
beneficial in diversification, the amount of rainfall necessary for the experimental crop
and its ability to withstand climatic events may be unknown. For example, one farmer
planted 40 citrus trees in 2006 that failed due to a drought from October 2006 till April
2007.
Although much of their water problems are related to hydrological and
infrastructural constraints, Mem-Chemfere’s adaptations to these constraints suggest a
changing climate. First, the overall decrease in lake levels since the 1970s largely related
to decreased rainfall in the northern Sahel has required households to determine the most
timely and efficient means for fetching water (Gyau-Boakye and Tumbulto 2000).
Young adults and children riding atop the charcoal trucks to the Lake improves the time
and efficiency for fetching water, particularly during Harmattan when seasonal water
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sources are reduced. Second, an increased number of Mem-Chemfere community
members have purchased and installed additional water storage capacity. The spherical
cement storage only appeared in the community beginning in 2001. These storage
containers often overflow in the July and August heavy rains and provide storage for lake
water during the dry season.
Mem-Chemfere has also adapted to the impact of heavy rainfall and flood events
on community infrastructure including houses, roads, and paths to fields. In 1972, it
experienced an extreme rain event that destroyed crops, flooded roads, and devastated
any mud houses in the community. In response, individuals and the community built
trenches around their homes and along the roads to direct the flow of water away from
the community. One woman who lives near a road in the back of Section B experienced
flooding on her property because of her lowland location and has built trenches around
her house for the past 15 years. After a heavy rain, the trenches require another digging.
Despite the success of these trenches for directing water flow in the community,
community members have not applied this strategy for moving water towards or away
from fields. In the fields, most farmers rely upon the trenches created by the flow of
rainwater or the tractors that clear their fields. One farmer did discuss increasing the
depth and length of the tractor trenches in July before the heavy rains come.

4.2 Xedzodzoekope
Xedzodzoekope always has access to water because of its location on the shore of
the Afram arm of Lake Volta. The lake supports their fishing livelihood, offers an
additional farming season, and provides for all household water needs. However,
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consistent access to the lake inhibits innovations in water management strategies.
Additionally, Xedzodzoekope is remote from access to government or other services,
which may reduce resources and ideas for new management strategies. Xedzodzoekope’s
limited water management strategies reflect these characteristics.

4.2.1 Water Management for Livelihoods
Xedzodzoekope participates in multiple livelihood strategies including fishing,
farming, charcoal burning, and cattle rearing. Water management strategies are mostly
practiced in farming and cattle rearing, although fishing remains the primary livelihood.
Fish constitutes the major protein source and fried and salted fish are sold at the market.
Based upon the importance of the fishing livelihood for the community, I discuss the
general decline in fish population as a water management concern.
Lake Volta has experienced a decline in the lake levels related to decreased
rainfall in the Volta Basin and increased demand and depletion of the fish population due
to harvesting methods. In particular, some community members remarked upon the
severity of the drought in 1983 and the extent of decline in the lake level to one of the
lowest memorable; however, the catch was still high by comparison to the last decade of
fishing. One fisherman recalls being able to pick tilapia out of the lake with his bare
hands even in the drought. Therefore, in addition to consistently lower lake levels,
several community members raised concerns about harvesting methods that capture
young fish and reduce the population, including use of poison and a method called atidza
that involves laying branches atop a square net of smaller mesh (Tsikata 2006). The
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decline in the fish population and reduced lake levels require fishermen to travel further
in their canoes to deeper areas.
When not on the water, most households maintain farms for subsistence and cash
crop production. As a lakeside community, Xedzodzoekope can plant crops in the soils
of the receding shoreline. The lake recedes in January, leaving moist soils capable of
sustaining crops such as groundnut, pepper, and beans. Rains begin sporadically in
February and March, supporting the growth of these crops. Harvest occurs as the lake
begins to rise in July. Lakeside farming also provides an opportunity for more efficient
manual irrigation due to proximity to the water source; however, the man-power required
limits manual irrigation only to times of severe drought like the 1983 drought.
Fields located inland from the community use limited water management
strategies. The two inland farms visited used a tractor for land clearing and row cropping
of corn and pepper. No intentional trenches were located around the farms, but gullies
created by the tractors directed some excess water flow. Farmers use seasonal lowland
ponds and hand dug reservoirs for mixing with agricultural chemicals, as well as drinking
water. One farmer took advantage of the moist lakeside soils to plant and irrigate his
pepper nursery before transplanting the nursery plants in his fields after the first rain.
Several community members own cattle which graze around the community.
Water management for rearing cattle varies seasonally. During the rainy season,
abundant grasses allow for cattle to graze close to the community and drink water from
seasonal streams and ponds in the bush. Cattle graze further from the community, up to
ten miles, during the dry season in order to find sufficient grasses. The cattle must return
to the lake to drink, because seasonal streams and ponds dry up during this time.
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Livelihoods in Xedzodzoekope have some flexibility as most households fish,
farm, and hunt with a few also herding cattle. Nevertheless, some contention occurs
amongst the livelihoods. For example, most inland farms are located a far distance from
the community to reduce the likelihood of cattle destroying the crops. One household
chose to stop fishing in June in order to spend the entire day tending the household’s
pepper and cornfields which were located several miles away. The household’s decision
was driven by both the poor fish catch and the need to protect crops from destruction by
cattle, but the father did intend to return to fishing when the lake level rose.

4.2.2 Access to and Management of Everyday Water
The community of Xedzodzoekope acquires the large majority of its water from
the Afram arm of Lake Volta. Women and children typically fetch water three to four
times per household in the
morning and afternoon using
large metal bowls and some
plastic containers. They wade
three to four meters into the water
from the shoreline to avoid the
algae and debris in the shallower
water. Women can fill the large
metal bowls using a smaller
Figure 4.6 Fetching water from Lake Volta in the
morning.

plastic bucket without removing
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the bowl from their head. However, when other people are present, containers can be
filled in the lake and lifted with multiple hands.
Once retrieved, women store the water in various containers, often near their
cooking area. Tin and plastic barrels are the most common storage containers. Women
often rinse the container in the morning before filling it. Households use the stored
water for cooking, washing, cleaning, and drinking. Due to incidences of waterborne
diseases like bilharzias, most households boil their drinking water. Women boil the
drinking water in the morning and store it in a small metal spherical container kept inside
the corner of the house or kitchen area. However, some argue that boiling is unnecessary
because their bodies are used to the water and that their ancestors drank the same water.
A drastic difference exists between the turbid lake water and clear boiled water.
In addition to the lake, some households participate in rainwater harvesting.
Compared to Mem-Chemfere, very few individual houses have tin roofs. The majority of
rainwater harvesting occurs off the roofs of the Catholic and Pentecostal churches.
Households bring bowls and buckets at the start of the rain event to collect accumulated
water and a few large plastic barrels always remain along the side of the Catholic Church.
No gutters direct the flow of the water and only those living within proximity collect
from the buildings. One individual household acquired a leftover sheet of tin from the
construction of the Pentecostal Church. To collect rainwater, they attached the sheet to
the edge of the thatch roof and directed the water flow into a tin container.
In December 2004, Xedzodzoekope began the preliminary steps with APDO and
the DWST to acquire water infrastructure. A baseline study was completed and names
were provided for a WATSAN committee. APDO drew up plans and located funding
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from Buckley’s Bank for a solar water system. Due to inadequate groundwater in the
village, the water would be lifted from a village further inland and piped by a solar
system to the village. APDO and the DA worked with opinion leaders in 2004 and again
in 2006 and provided mobilization training, but Xedzodzoekope was unable to mobilize
the 2.5 million cedis ($260) for the system.

4.2.3 Seasonal Adaptations in Water Management and Response to Climatic
Variability and Extreme Events
Xedzodzoekope rarely responds directly to climatic variability and change due to
the presence of a consistent water source, but experiences a significant secondary impact
resulting from the altered lake levels. Lake Volta demonstrates a high sensitivity to
changes in rainfall where relatively small changes in yearly rainfall create large changes
in riverflow (van de Giesen et al. 2001). Community members explained that the lake
level in June of 2007 was comparable, if not worse, than the lake level during the extreme
drought of 1983. Despite consistent water access, variation in lake level, related to both
rainfall patterns and water demand, has required a few adaptations for management of
both livelihood and household water. Community members have responded to seasonal
variation in lake levels by altering fishing patterns, changing livelihoods, lakeside
farming, changing locations for cattle to drink from the lake, and boiling water. Climate
variability and extreme events have led to relocation closer to the lake and building of
household trenches.
According to several fishing households, the greatest fish catch occurs in
September, a month after the peak of the lake. The lowest catch happens in April and
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May when the lake is lowest. While fishing as a livelihood strategy generally does not
require water management, the reduction in lake levels has caused community members
to either alter their fishing patterns or change their livelihood. Some fishermen may
paddle up to four hours to lay their nets to improve their catch when lake levels are low
while others with sufficient funds have invested in outboard motors in order to travel
further in the lake. A few community members chose not to participate in fishing year
round in order to practice other livelihood strategies when lake levels are not conducive
to fishing.
Lakeside farming represents another adaptation to varying lake levels and climate
variability and change. It provides an additional growing season during the dry period,
an opportunity not available to inland communities. However, large fluctuations in lake
level and climate variability affect the success of this adaptation. Reduced rainfalls
modify the amount of cultivatable land for farming and affect the moisture and nutrients
available yearly on this land (Tsikata 2006). Seasonally, lakeside farms are sensitive to
variability in the first rainfalls in February and March. While the soil is moist from the
receding lake and high water table, the land in the spring is in direct sunlight and at a
slope which affects the soil moisture content. Therefore, late rainfall easily leads to
drought as experienced in the dry and yellow bean crop of June 2006. On the other hand,
early rainfalls may cause the lake to rise early and flood the crops.
Households that own cattle have adapted to receding lake levels that create thick
mud along the shoreline. When at the lake for drinking, cattle become trapped in the
mud, requiring multiple community members to pull them out before they die. For
example, one herder interviewed has lost 15 cattle for this reason and another lost eight.
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To alleviate this problem, herders attempt to find drier places around other parts of the
lake or lay tree branches across the mud for additional support.
In terms of household water, quality is influenced by fluctuations of the lake
level. In the low lake levels from April till early July, the water quality declines with an
increase in algae and weed growth due to stagnant water and high temperatures.
Collected water from this time period is turbid and often includes floating specs of green
algae and mosquito larvae. Therefore, the majority of families boil their drinking water
during these months. Several women suggested that the water quality improves with the
rains as indicated by fewer algae and decreased turbidity. Decreased lake levels have
also increased the distance women walk to fetch water requiring additional time and
energy, and some claimed the added distance creates pain in their neck and back.
Due to consistently low lake levels, some community members have moved
closer to the lake. These households now reside within the VRA established demarcation
zone at an 85-meter (280 foot) contour around the lakeside that delineates the highest
possible level of Volta Lake. Xedzodzoekope acknowledges this demarcation zone and
have assisted in the evacuation of households within the zone during years of heavy
rainfall and increasing lake levels, such as during the heavy rains of 1995 (Figure 4.7).

Figure 4.7 Annual rainfall and runoff of the Volta Basin. Source: van de Giesen et al. (2001)

78
In addition to adaptations related to fluctuating lake levels, Xedzodzoekope
endures severe erosion in the community during heavy rainfall events. Several gullies
exist throughout the community. These natural trenches direct the flow of water;
however, flooding still spoils the mud houses. A few community members have
surrounded their houses with trenches to direct the flow of water away from the house.
The trenches are created every year and must be reformed after heavy rains multiple
times a year.

4.3 Boekyekrom
Boekyekrom is a migratory farming community with extensive arable land. It is
located directly on the main road for the Afram Plains. Boekyekrom practices a few
water management strategies related to farming and has made several attempts to locate
year-round water sources which would sustain its fluctuating population, particularly
during the dry season. However, despite success in building a year-round reservoir and
receiving a borehole, access to water remains a consistent problem for this community,
particularly during Harmattan.

4.3.1 Water Management for Livelihoods
Commercial vegetable and yam farming is the predominate livelihood in
Boekyekrom. Farmers practice shifting agriculture which includes four years of fallow
after one year of yams or intensive vegetable cultivation. In some instances, when the
yam crop did not exhaust the land, maize or groundnuts are planted before the fallow
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period. While all farming households employ shifting agriculture, farming and water
management practices vary depending on the crop planted.
Farms with yam crops use intercropping, a method considered necessary because
of the difficulties of manual labor for multiple fields. Intercropping involves little water
management because farmers do not irrigate their
crops and use the soil moisture to plant rice. Yams are
sown into mounds about one to two feet in height and
two feet in diameter at the base that provide extra
room for the plant roots and tuber. While not the
major purpose, the mounds raise the tuber and other
crops from saturated soils after a heavy rainfall event.
However, heavy rainfall events often cause the tuber
Figure 4.8 A yam mound with
okra and corn.

to rot because the clay content of the luvisol and
lixisol soils holds water.

Vegetable farmers practice water management strategies primarily in field
preparation. The location of farmland plays a vital role in water management. Farmers
pay attention to high and low lying areas. Farmland located in low-lying areas maintains
more soil moisture to provide some insurance if the timing of rainfall varies, particularly
in the early part of the season. Some farmers have successfully participated in year-round
vegetable farming in the saturated soils of low-lying areas. Less commonly, farmers also
plant crops in high-lying areas for times of heavy rainfall because water will flow to
lower areas and reduce the excess moisture in the soil. In addition to locating the field,
farm preparation also includes raising some vegetables in nurseries such as eggplant and
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pepper. Nursery plants are transplanted after the soils are sufficiently saturated from rain,
often between April and May in the major season and September and October in the
minor season. Finally, unlike yam farms, tractors clear vegetable farms and leave gutters
throughout the field that direct water away from the field and limit erosion; however,
these gutters are rarely purposefully created for water management.
Agriculture inputs are applied on both yam and vegetable fields. Some farmers
choose to use herbicides on the yam crops which are often only applied with the first
weeding when the tuber is small. Most vegetable farmers use insecticides at all phases of
growth. Both agricultural inputs must be mixed with water and therefore, farmers use
whatever water source is available. These sources include seasonal ponds in low-lying
areas, seasonal streams, the dam, or transporting water from the community. No
irrigation is practiced in the community because the annual total rainfall is sufficient for
farming and because the community lacks a sufficient water source and labor to practice
manual irrigation.

4.3.2 Access to and Management of Everyday Water
Seasonal surface water sources and Lake Volta, which is located seven kilometers
from the community, provided the primary water sources at the community’s inception in
1968. The community still draws upon these sources, although they have participated in
several attempts throughout the past 40 years to increase water access on site. The
success of these attempts has varied, and Boekyekrom still experiences a water shortage
each year.
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Boekyekrom relies upon several low-lying areas that capture rainwater and serve
as seasonal ponds. Three ponds, in particular on the outskirts of town, have provided
drinking water in the past. The water in these ponds ranges in color from clear to green
and brown depending on the depth and rainfall; therefore, most community members
recognize the need to filter their water. The community has altered the depth of some of
these ponds using hoes and communal labor. Since the installment of the borehole in
2004, only a few families continue to use pond water for cleaning, cooking, and bathing,
fetching one or two times a day. One community member raised concern about the
washing of clothes near the pond because the soap seeps into the water.
In response to the drought in the early 1970s, Boekyekrom applied for an open
well with the Catholic Mission through the World Mission. The well was dug a few feet
from the road on the North side of the community. Upon completion of construction, no
water flowed. The 30-foot deep and five-foot diameter open well remains visible,
surrounded by metal and without a cover behind the old mill. A small amount of water
remains on the bottom with a few items of trash.
Due to the failure of the well, when water was not available in the community
particularly during the dry season, residents walked the seven-kilometer distance to
access Lake Volta at the town of Ekye Amanfrom. The two hours each way required to
walk this distance made it a less viable solution and not enough water could be collected
for everyday use in a given day. In these dire situations, some community members take
advantage of taxis and mini-buses passing by along the road for faster travel and ability
to carry more containers. However, cost serves as a limiting factor for this solution.
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With the success of more recent water infrastructure, traveling to the Lake is now seen as
a last resort if all other sources dry up.
After the extreme drought of 1983, Boekyekrom again applied for the services of
the Catholic Mission and World Mission to provide a well or borehole. Two attempts
were made, one near a field and the other close to a seasonal stream down the road
towards Ekye Amanfrom, but neither attempt found an adequate water supply.
Boekyekrom applied for a borehole through World Vision in 1985. World Vision had a
USAID sponsored Ghana Rural Water Project which funded the drilling and
establishment of boreholes (Sullivan 2002). However, the drilling did not lead to any
water.
In response, the community organized to build a dam along a small stream about a
mile from the community on the West side of the road. Residents contributed money pay
for a bulldozer, its fuel, and labor.
The reservoir did not fill in the first
year because of the continued
drought, so the community used
communal labor to clear mud and
weeds from the stream. The
reservoir has not dried up since it
filled in 1985, but rises and falls
Figure 4.9 Dam and reservoir in June.

with the rainy season.

The dam and reservoir provide the only year-round water source; however, water
quality has decreased over the past two decades. Currently the reservoir is a nutrient rich
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water body with regular algae blooms and vegetative growth. Dense marsh vegetation
surrounds the water body and access is limited to one gravel mound. For these reasons,
most households filter or boil the water collected from the reservoir. Additionally, in
recent years, increased usage of the reservoir by Fulani herdsman and their cattle has
raised additional concerns for water quality and sanitation; therefore, the community does
not use the dam in March and April when cattle are more prevalent.
In 2002, Boekyekrom began the process of working with the APDO and the
DWST to acquire two boreholes within the community. The Boekyekrom WATSAN
committee formulated to mobilize funds for the project at the end of January 2001. This
committee, selected by the residents, organizes and maintains the water, sanitation, and
hygiene matters within the community. In particular, they collect funds to pay for capital
costs, provide services and goods for the maintenance of the borehole, and provide
education about hygiene. In addition, the committee works with the Unit Committee
(UC), a government sponsored legislative body at the community level, to create bylaws
for the upkeep and maintenance of the water and sanitation facilities. Four community
members are also trained in the maintenance of the borehole.
Boekyekrom collected enough money to pay its portion of two boreholes. In
2003, World Vision, who provided the equipment and labor, dug three holes in search of
water to only find a sufficient source in the third. The first two attempts are located on
the North side of the road, one near the road not far from the open well and the second
much further back on the edge of the community. Capped pipes remain at these drilling
attempts. Despite paying for two boreholes, the two failed attempts resulted in the
provision of only one borehole, leading to dispute over finances and responsibility for the
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acquisition of a second borehole. According to the DWST, Boekyekrom owes an
additional 1.5 million cedis ($155.00) to own a second borehole. The price of a borehole
increased from one million cedis ($100.00) to 2.5 million cedis ($260.00) thus requiring
Boekyekrom to raise the difference from the one million cedis ($100.00) they already
acquired. The DWST maintains that an appropriate location for the second borehole has
already been determined.
The third borehole did strike a sufficient water source and is located on the East
side of the road at the back edge of the community and to the South. The borehole is a
modified India MK II characterized by a straight steel hand pump and stainless steel rods
and pipes suitable for depths between 54-feet and 230-feet (APDO). According to one
participant, the India MK II is more difficult to maintain and supply parts; however, its
ability to cover a range of depths makes it more ideal with the water table in the Afram
Plains.
The single borehole provides a fairly limited amount of clean water for the
community, particularly during the dry season. The water is salty in taste and the
pressure is low making it more difficult and requiring more time to fetch water. Two
pipes have been added in the past two years to increase the pressure and with hopes of
providing a year round supply; however, the pipe still dries up during Harmattan,
particularly in January. The reduced flow during the dry season can also be attributed to
the population increase of migrant farmers leading to increased use during that time of
year.
Boekyekrom households participate in various forms of rainwater harvesting.
Only five houses and one small shop kiosk in the community bear a tin roof. The
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community built cement houses for the community teacher and the Queen Mother in
2005 which include tin roofs, two community members inherited a house with a tin roof,
and one purchased the roofing sheets for a portion of her house. The woman who
purchased the roofing sheets added them in 1998 and a gutter to direct the flow of the
rainwater collection in 2002. She covers the container with a cloth filter provided by
environmental health inspectors at an undisclosed time before the borehole and uses
rainwater as their main water source. Community members without tin roofs on their
personal houses gather rainwater from the teacher and Queen Mother’s houses, harvest
from thatch roofs, or not participate in rainwater harvest. Rainwater gathered from thatch
maintains a dark red color or coffee color from the thatch. Recently an organization
called StopKillingUs.com brought clay filters in plastic containers to approximately 15
members of the community. Those provided with the filters claim to use it mostly for
filtering harvested rainwater.
The collection of water for household use occurs in a range of container types and
sizes. The most common containers for fetching from the borehole include large metal
bowls and five to 20-liter plastic containers which can be capped for tight closure. Plastic
containers are also used to fetch from the pond and dam. Since small children typically
fetch the pond water, the containers are often five to ten liters as well as small buckets.
Once gathered, households often store the water in containers near their house.
These containers range from metal and plastic barrels to metal bowls. Most community
members have at least one metal or plastic barrel for water storage. Several women
indicated that the barrels last for long periods of time since they have brought the barrels
from other locations and one woman bought hers in 1986. However, when these barrels
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spoil, they can require significant capital to replace. One woman’s metal barrel spoiled
recently and she has since had to continuously refill her 20-liter plastic container
throughout the day as she uses the water in it. One household spent 25,000 cedis ($2.59)
eight years ago for a metal barrel while another household recently spent 350,000
($36.00) to 400,000 cedis ($41.46) for a plastic barrel from Mame-Krobo, a nearby
market town. In Donkorkrom, the district capital, a plastic barrel at one kiosk would sell
for 250,000 cedis ($26.00) while a metal barrel costs approximately 200,000 cedis
($20.73) with prices up for negotiation.

4.3.3 Seasonal Adaptations in Water Management and Responses to Climate
Variability and Extreme Events
As a predominately migratory farming community located inland from Lake
Volta, Boekyekrom is particularly dependant on and sensitive to seasonal rainfall
patterns. Farmers follow the major and minor seasons for planting and harvesting of
crops. For household water, Boekyekrom uses all available seasonal water resources in
addition to the borehole, but experiences lack of water during the dry season every year
and heavy rainfall events each year saturate the soil and flow to low–lying areas
damaging homes in the community. Boekyekrom practices several water management
strategies to alleviate these vulnerabilities to variation in the seasonal rainfall pattern, but
practice few strategies for interannual climatic variability. Strategies include planting
rice, irrigating nursery plans, water conservation, trenches, and filling in holes and
puddles.
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Boekyekrom participates in several adaptation strategies as responses to seasonal
experiences of climate variability and change. Farmers select fields based on topography
and access to soil moisture for various crops. First, planting rice after the second
weeding takes advantage of heavy rainfall events that occur in July and August by both
providing the necessary moisture for rice as well as reducing erosion. Second, farmers
take advantage of major and minor seasons. Vegetable farmers plant two sets of crops
while yam farmers use the minor season for additional intercropping. Additionally,
vegetable farmers also irrigate plants in the nurseries if the rainy season is inconsistent
for the growth of vital nursery plants. Nursery plants are only transplanted once the soil
is sufficiently saturated
Boekyekrom has a consistent pattern of strategies for responding to extreme
events and seasonality in their household water resources. Notably, several of the major
infrastructural attempts for household water sources in Boekyekrom occurred in response
to major droughts. Seasonally, most households in Boekyekrom use multiple water
sources despite having access to clean water from a borehole and being required to pay
for that water source. Some women described using both borehole and pond water daily
and taking advantage of rainwater collected from either a tin roof or the thatch. A few
households suggested that they practice water conservation particularly during the dry
season, such as reducing the amount of water used for bathing or washing. Therefore,
some households have adapted to using all available water sources while also conserving
when water is less abundant.
The soil and slope of the land in Boekyekrom create a number of concerns for
flooding and standing water during heavy rain events. Households located in lowland
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areas of the community and near the road surround their property with trenches and
gutters to direct water flow away from housing infrastructure. Trenches in this
community were much deeper and more elaborate than in the other two communities.
Some households used wood to support the structures and slow erosion while others dig
them out after they collapse during heavy rains. In late June, the middle of the rainy
season, one household had already dug out their trenches four times with seven to eight
times per year being the average number of re-digs. Several community members agree
that the trenches do work for the community and prevent flooding; however, in addition
to collapsing, standing water often remains within them because the network of trenches
does not sufficiently direct the flow of water. Community members are concerned
because the standing water allows for the breeding of mosquitoes.
Standing water also accumulates in large holes throughout the community and
along the roads. Households dig holes about four feet across and three feet deep for the
mixing of mud and cement in the building of houses. After the house is completed, the
hole collects rainwater and garbage, which also breeds mosquitoes.
Tracks from tractors collecting produce or charcoal from farms create large mud
puddles. According to one community member, some attempts are made to fill in these
depressions. These puddles, in addition to thick mud, make walking to farms difficult
after a heavy rainfall.
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4.4 Variations in Past and Present Water Management
Strategies
Each of the three communities provides unique stories of failed and successful
water management strategies amongst multiple stressors including geologic and
infrastructural constraints, inconsistent access to resources, and climatic variability. In
this section, I reflect upon the various characteristics leading to a community’s
experience of water management for livelihoods, household use, and amongst seasonal
and climatic variability.
Mem-Chemfere’s experiences as a resettlement community have resulted in
numerous successful and unsuccessful water management strategies, many of which
reflect interactions with outside organizations. Livelihood water management has been
limited to farming where Mem-Chemfere has been involved with multiple outside
organizations to develop experimental cropping schemes. The success of these schemes
remains largely unknown. The community relied on several organizations for improving
its water infrastructure with little success but hope for a future rural water supply.
Ultimately, Mem-Chemfere has adapted by using its immediate resources, such as
rainwater harvesting and storage and riding atop the charcoal truck, to increase its coping
capacity and alleviate failed relationships with outside organizations.
Xedzodzoekope participates in limited water management strategies largely
because of its consistent access to water from Lake Volta. This consistency limits the
community’s innovation of water management strategies and adaptations, particularly for
household water. The community continues to use the lake water despite the
inadequacies of the water quality and occurrences of bilharzias and other waterborne
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diseases. Efforts to mobilize for water infrastructure have failed and strategies like
rainwater harvesting are rarely used. Therefore, the majority of water management
strategies occur as a response to variations in the lake levels as opposed to rainfall
variability, such as lakeside farming, boiling drinking water, and moving closer to the
lake.
Boekyekrom experiences adverse impacts of rainfall variability yearly and despite
the community’s persistent efforts, they continue to have an inadequate water source
during the dry season. The construction of the reservoir in 1985 and the addition of the
borehole in 2004 have improved the water crisis in the community, but both sources are
insufficient year-round. Additionally, the arable land surrounding the community
provides adequate soil for yam and vegetable farming, but adversely holds water during
heavy rainfall events and dries significantly during Harmattan. These characteristics of
the soil, coupled with rainfall variability, lead to both destruction of infrastructure and
crops and the drying of all seasonal water sources and the borehole.
While each community has its own constraints and adaptations, some
commonalities occur. First, all three communities practiced few water management
strategies for livelihoods. The impact of heavy rainfall events on the farm was often
recognized as out of their control and any efforts to direct water to or from the farm did
not include human labor but instead used natural or tractor made paths. Additionally, all
three communities depended upon the timing of the major and minor seasons for
vegetable crops. Second, both Mem-Chemfere and Boekyekrom participated in
innovative household water collection, including constructing reservoirs and harvesting
rainwater. Xedzodzoekope’s access to the lake limited the community’s innovations for
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collecting household water. Finally, heavy rainfall events affected infrastructure in all
three communities and therefore, households in each community-constructed trenches to
move water away from their houses, roads, and other community infrastructure.
Table 4.1 shows the various water management strategies of the past and present
that have been described in this chapter for each community. Efficient livelihood water
management strategies found in multiple communities include intercropping, attention to
soil moisture based upon the topography of the land, and sowing crops after the first rain.
Very few livelihood strategies have been used to manage climate variability and change.
Within the household, all three communities participate in some form of rainwater
harvesting and both Boekyekrom and Mem-Chemfere are dependent upon efficient
seasonal water sources. Some individual households in all three communities build
trenches around the house to manage heavy rainfall events. Also note the number of
household water management strategies used only within one community, suggesting the
place-specificity of water management in Afram Plains’ communities.

Household

Livelihood

Strategy
All the Time Hand Dug Ponds on Farm
Experimental Crops
Intercropping
Low/High-land Planting
Agricultural Inputs
Seasonal
Lakeside Farming
Plant after First Rain
Planting Rice
CV and Change Irrigate Nurseries
Change Livelihood
Alter Fishing Pattern
All the Time Pipes and Tap
Borehole
Dam and Reservoir
Bridge Pilings
Spherical Cement Storage
Cement Pools
School Polytank Storage
Lake Volta
Open Well
Fill Cement Mixing Holes
Clay Filters
Seasonal
Hand-dug Pond
Seasonal Streams
Boil Water
Rainwater Harvesting
CV and Change Relocate Closer to Lake
Taxi to the Lake
Deepen the Borehole
Household Trenches
Community Trenches
Riding Charcoal Trucks

Mem-Chemfere
Xedzodzoekope
Boekyekrom
Past Efficient Present Efficient Past Efficient Present Efficient Past Efficient Present Efficient
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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Table 4.1 Past and Present Water Management Strategies
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CHAPTER 5
INTERNAL AND EXTERNAL INSTITUTIONS FOR WATER MANAGEMENT

For the second research question, I ask who uses, accesses and/or produces water
resource adaptations? To answer this question, I explore the role of institutions, both
internal and external to the community, in the water management process. Communities
experience differential access to and interaction with institutions that can enhance or
constrain their ability to manage water resources generally and within climate variability
specifically. Using interviews and a Venn diagram research activity to map institutional
interactions at the community level, I explain the institutional structure for water
management in the Afram Plains and reasons for varying institutional interactions
amongst the research communities.
This chapter includes six sections. First, I provide a brief overview of the
institutional structure for water management in the Afram Plains. For the next three
sections, I describe the institutions involved in water management at the community,
district, and at the national and international scale, respectively. Fourth, I identify other
institutions that interact with the participating communities but are not involved in water
management. Finally, I explore the differential experiences with institutions amongst the
communities.
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5.1 Institutional Structure for Water Management in the
Afram Plains
The Afram Plains sustains a small collection of internal and external institutions
involved in the management of community water resources. Most of these institutions
are affiliated with the Community Water and Sanitation Agency (CWSA) which provide
an institutional structure to support water and sanitation infrastructural projects, such as
the borehole in Boekyekrom. CWSA was formulated out of Ghana’s transition to a
decentralized government beginning in the late 1980s. This regional government agency
supervises the demand-driven provision of boreholes to communities through a series of
district and community-level institutions as shown in Figure 5.1. The primary purpose
for this institutional structure includes providing clean, safe drinking water to
communities by following the principles of community ownership, capital cost
contribution, and private sector participation (Birner et al. 2005). Rarely do these
institutions within this structure address water management for livelihood strategies, such
as farming practices.

Figure 5.1 Diagram of the Community Water and Sanitation Institutional Structure
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The formation of CWSA under the restructuring of the government led to three
important changes in community water management. First, the reform separated the
urban and rural water sectors (Engel et al. 2005). Second, rural communities were now
being asked to assume ownership over their water systems by participating in a needs
assessment, manage funds, and learn how to maintain water infrastructure. Water
management under this structure is essentially demand-driven by the community.
Finally, decentralization increased the need for stakeholder coordination due to the
multiple scales of stakeholders; therefore, an increasing number of government and nongovernment organizations, such as the District Assembly, have become intermediaries
between communities, donors, and other stakeholders (Jackson and Gariba 2002).

5.2 Community Institutions for Water Management
The decentralization of the Ghanaian government has led to the formation of
multiple governing institutions at the community scale. In particular, each community
maintains a couple of legislative bodies that work together to mandate their own
community bylaws as well as represent and maintain government laws. For water
management, this structure includes two primary committees, the Water and Sanitation
(WATSAN) committee and the Unit Committee (UC). Within the community, these two
committees work with each other, the traditional leader, and in some communities, other
organizations of elders and opinion leaders, to devise regulations and provide information
to the community. At times, communal labor groups provide the labor to uphold these
regulations, particularly for sanitation purposes; however, the labor groups do not
participate in decision making about water management. I describe the institutional
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functions of the two primary committees and detail a few other internal community
institutions involved in water management.

5.2.1 WATSAN Committee
The Water and Sanitation (WATSAN) committee is the primary internal
institution for matters concerning water and sanitation at the community scale. The
committee is selected primarily through a community election and provides training in
advance of any water project. The community reviews terms of membership every two
years, and new elections are held only when necessary. The committee designates a
chairperson, secretary, treasurer, hygiene facilitator, and hand pump supervisor. Prior to
the project, the committee organizes an application explaining their current status,
resources, and methods of collecting funds and collects five percent of the total cost for
the new water infrastructure, a price of 2.5 million cedis ($250.71) for a borehole in
2007.
The functions of the WATSAN committee fall into three categories: finances,
maintenance, and education. The committee collects fees for the use of the borehole
either by monthly door-to-door collection with a register or per bucket. For example,
Boekyekrom practices monthly fee collection of 5,000 cedis ($.50) from every member
over 18 years of age. During the collection period, the borehole is locked. The treasurer
maintains an account of the funds and deposits the monthly fees in a bank account. The
deposited money is available for purchasing parts or mechanic services and to build funds
to cover any additional capital costs for new water infrastructure. Three or four members
of the committee are trained in the operation and maintenance of the water infrastructure.
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The training includes preventative maintenance and aboveground repairs. The committee
also provides hygiene education on a regular basis where the community can address
concerns over water quality and create action plans to solve these concerns.
Each of the three communities in this study has some experience with a
WATSAN committee; however, only Boekyekrom currently maintains a working
committee. Despite elections in each community, neither Xedzodzoekope nor MemChemfere included WATSAN on their Venn Diagrams. In fact, I only learned that
Xedzodzoekope elected a committee in 2004 through access to paperwork from the
Afram Plains Development Organization (APDO). I spoke with several of the
presumably elected community members during my fieldwork and the committee was
never mentioned. In fact, one member and a district official both denied ever reaching
that stage in the process of mobilizing funds for water infrastructure despite the
committee being listed on paper. District officials claimed to have visited the community
several times to educate and help mobilize, but to little success. This reaction reflects
Xedzodzoekope’s general inability to organize and mobilize and the importance of the
demand-driven characteristic of the current institutional structure.
In Mem-Chemfere, the committee disbanded for two related reasons. First, the
committee was unable to maintain the borehole. The failure of the borehole involves
both the inadequate water supply, as well as the inability of the committee to provide the
necessary labor or capital to repair it. One community member interviewed currently
services the borehole, but was not part of the WATSAN committee and does not have the
formal mechanic training provided to WATSAN members. Second, the community
member claimed that the committee disbanded out of lack of interest and access to
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support and over money. Another community member also suggested that the WATSAN
committee degenerated due to money smuggling by some members.
The WATSAN committee in Boekyekrom remains intact after five years and has
achieved some success in maintaining their borehole. The committee collects funds
monthly, retains a sanitary area around the borehole, and has added two pipes to deepen
the infrastructure. Despite generally fulfilling their water management roles, the
committee has a few structural and functional problems. Structurally, Boekyekrom’s
committee began with eleven elected members representing all ethnic groups. However,
as a migrant community, some members have moved from the community, leaving seven
to nine members. In addition, trained mechanics migrate in and out of the community.
The committee secretary offered optimism that while the original mechanics have since
left the community, a new migrant has been trained somewhere else and can fill that role.
Furthermore, as the chairperson pointed out, the committee only meets when a problem
arises.
Functionally, the WATSAN committee in Boekyekrom comes under much
criticism for the community’s inability to procure a second borehole through APDO.
Based upon my observations during the research activities, it appears there is a general
misunderstanding as to why the community has not received a second borehole; however,
the criticism tends to be focused towards WATSAN committee members, suggesting
some distrust between community members and the committee. Finally, one of the
primary purposes of the WATSAN includes sanitation education. Not one WATSAN
committee member discussed what the sanitation education involved despite
acknowledging it as one of their responsibilities.
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5.2.2 Unit Committee
In 1996, as part of the decentralization, each community in Ghana was required
to form a Unit Committee (UC). The UC represents the community in the name of the
government by maintaining government laws, including the ability to arrest, and
establishing community bylaws. The committee also serves as a judicial body for the
community bylaws, but cannot hold a trial within the government bylaws. Membership
in the UC involves both election and appointment. Ten members are elected every four
years. Candidates must apply through the regional assemblyman. The community
opinion leaders appoint the remaining five members. UC meetings should occur
monthly; however, all three communities noted that meetings are typically only held
when problems arise.
The UC creates bylaws regarding community water management, often in
conjunction with the WATSAN committee. For example, in Boekyekrom, the UC
instituted a bylaw requiring the payment of fees for use of the borehole. In addition, the
WATSAN committee requests communal labor from the UC to clear land for sanitation
around the borehole. Boekyekrom’s UC also created a bylaw mandating no fishing in the
community reservoir. In Mem-Chemfere, the UC represents the community in
negotiations with the district for the proposed small town water supply since the fivecommunity Water Board has not been formed.
The UC is a required institution in each community; however, the three
participating community’s offered differing notions of the committee’s purpose and
power. The UC had the most prominent role in Boekyekrom by comparison to its status
in Mem-Chemfere or Xedzodzoekope. I interviewed several UC members in
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Boekyekrom that described the committee’s structure and function, as well as the process
of producing water management bylaws as described above. Much like the WATSAN
committee, Boekyekrom’s UC has also lost active members because of migration,
reducing the size from 15 to seven. They do not replace members until elections every
four years.
The UC was mentioned during the Venn Diagram activity in both Xedzodzoekope
and Mem-Chemfere, but with a sense of indifference. In both communities, participants
explained the election process, largely because a call for nominations was recently
posted, and vaguely stated that the UC interprets government policy and works with the
District Assembly (DA). In several cases, community members could not list anyone on
the committee when asked. Such a reaction suggests two plausible scenarios. First, both
communities may lack the organization of leadership to sustain a UC. Second,
communities may distrust the usefulness of the UC because it is a government-mandated
structure that may impede upon traditional methods of organization and leadership.

5.2.3 Other Community Institutions Involved in Water Management
The WATSAN committee and UC interact with two other institutions internal to
the community that assist with water management. First, traditional leaders such as a
Chief or Queen Mother and other elder opinion leaders are always involved in
community decision making. These traditional leaders do not have formal representation
at the District level, but provide indirect rule particularly at the sub-district level (Birner
et al. 2005). Opinion leaders are held in high regards and yield a significant amount of
power within the community. The UC chairman in Boekyekrom indicated in an
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interview that “everything”- all bylaws and sharing of ideas - goes through the Queen
Mother. Some communities, such as Mem-Chemfere’s Town Development Committee,
have specific groups formulated amongst opinion leaders. This particular committee
includes eleven members of unquestionable character, usually elders, who gather to
discuss town affairs, such as raising funds for projects. Like any form of leadership,
community opinions about the leadership vary. Discontent with the leadership was
particularly evident in Boekyekrom which may be attributed to the more organized
institutional structure.
Second, every community maintains elder, women, and youth groups that practice
various forms of communal labor and social support, but do not participate in community
decision making. Examples of activities include funeral assistance, night watch,
emergency response, communal farm labor, and midwifery. With the exception of
minimum age of 18, membership to the groups varied in each community. For example
Xedzodzoekope does not require students to participate in the groups. The groups do not
participate in decision making related to water management, but participate by fulfilling
communal labor requests from the UC, traditional leaders, or WATSAN. In MemChemfere, the youth association digs out the River Chemfere to remove sediment buildup. In Boekyekrom, the WATSAN chairperson can summon communal labor to clear
around houses and the borehole for sanitation purposes. These communal labor groups
interact solely within the community and do not have linkages to other external
institutions.
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5.3 District Institutions for Water Management
Internal institutions like the UC and WATSAN engage with district
officials, the regional assemblyperson, council members, and other external organizations
to provide a link between the community and district government, the next scale in the
hierarchy of the Ghanaian government. For water management, communities work
primarily with two institutions, the District Water and Sanitation Team (DWST) and the
Afram Plains Development Organization (APDO), a district-level NGO. These two
institutions serve as the middle-men between communities and international donor
organizations for facilitating water infrastructure projects and provide education and
training on water and sanitation strategies and maintenance of water systems prior to
installment of water infrastructure in a community. Communities also interact with a few
other NGOs and government officials and services, such as health clinics, for resources
and decision making about water. In this section, I explore the functions of the DWST
and APDO and the roles of the assemblyperson, StopKillingUs.org, and the Tease Clinic
in Tease, Ghana.

5.3.1 Afram Plains District Water and Sanitation Team
The Afram Plains district maintains a District Water and Sanitation Team
(DWST) with the primary purpose of providing needy communities with potable water.
The Afram Plains DWST supports six mobilization and development staff members. The
staff consists of several backgrounds including environmental health, rural development,
and sanitation and excretion.
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The DWST functions as an intermediary between the community and the donor
organization by preparing the communities for ownership and maintenance of their water
infrastructure. The team reviews the district water plan yearly to determine which
communities will benefit from the year’s work. Once determined, DWST facilitates the
mobilization of the community to write an application for the DA and raise capital costs.
They provide training to the community WATSAN committee in conjunction with local
NGOs. Training comprises of management and conflict management, responsibilities of
positions, and critical aspects such as capital contributions and maintenance training. In
addition to facilitating these preparations, DWST monitors boreholes and completes
follow-up visits to communities based on need as indicated by the strength of the
WATSAN committee, hygiene education, etc. Finally, all large sanitation projects, such
as toilet facilities for a school, are facilitated by DWST.
The information presented thus far reflects an interview with three DWST staff
members. While two of the three communities acknowledged DWST specifically on
their Venn Diagrams, the institution was often described within the context of the entire
district government. During individual interviews with community members, views
about the function and success of DWST varied. In Mem-Chemfere, one community
member mentioned DWST in regards to the future rural water project commenting that
the team was not aiding with water management currently, but had asked for money from
the community. Several Mem-Chemfere community members expressed a general
distrust for DWST because they had waited several years for the proposed rural water
project. In Xedzodzoekope, two community members acknowledged that a DWST staff
member had come to the community to help mobilize the community for a borehole, but
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the interaction between the community and DWST stopped with the unsuccessful
mobilization of funds. One interviewee in Boekyekrom recognized the importance of the
DWST for the borehole application and early stages of the process, but the chairman of
the WATSAN committee stated that the district had nothing to do with the acquisition
and maintenance of their borehole. The reactions of these three community members
generally reflect the role of the DWST only in the early processes of a water project, and
sanitation education was not discussed in any of the communities.

5.3.2 Afram Plains Development Organization
The Afram Plains Development Organization (APDO) represents the second
external institution involved in community management of water infrastructure. APDO
began as the Afram Plains WATSAN committee with no money in the late 1980s as a
response to guinea worm outbreaks and the difficulties maintaining boreholes
experienced by donor organizations. As years passed, the committee received donor
funds and took on more issues and arrived at their current mission statement in 1990.
The mission statement reads: “APDO is a professional registered NGO committed to
contribution towards poverty reduction through empowering the poor and vulnerable
communities to access safe water, hygiene and sanitation services, quality education,
information on HIV/AIDS prevention, and sustainable use of natural resources.”
This work is supported by multiple donor organizations including USAID,
UNICEF, WaterAid, Church of Christ, and the Global Environmental Facility. Funds are
delivered through government agencies including the district assembly, community
development office, civic education office, health services, and social welfare. APDO
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currently supports 22 staff members of which 11 are fulltime working in eight districts
within three regions. They also train district level staff and over 60 volunteers in capacity
building to support their work.
For water management, APDO works in conjunction with DWST to facilitate the
preparations for and maintenance of community water infrastructure. The process
involves several steps. First, APDO leverages funds from donor organizations once the
community expresses interest and completes an application. Then, volunteers work with
the community to complete a baseline study regarding the community’s water and
sanitation situation. With volunteers, APDO has completed a water and sanitation survey
and mapping program in all Afram Plain’s communities, but only works in 134 out of
334 communities. Third, once a donor source has been secured, the WATSAN
committee is formed in the community and APDO and DWST provide the training and
support for mobilizing the five percent capital cost. APDO does not participate in the
drilling, but provides the training for maintenance at their office and provides the only
pump parts store besides those in Kumasi or Accra. Finally, with training complete and
infrastructure installed, APDO largely withdraws from the community.
In addition to assisting with water projects, APDO supports several other
programs. For the past 13 years, APDO has focused on improving education with the
help of UNICEF. Programs include child-centered education focusing on girls by
providing girl-friendly latrines, the Childscope program which focuses on school
accountability and parent involvement, and school rehabilitations. Several of their
programs have been assimilated by the federal government including green clubs in
schools, education and tree planting for women, Childscope, and the School Alert for
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HIV/AIDS program. APDO facilitates community capacity building and support by
providing materials once community leaders have completed a project proposal. For
example, Xedzodzoekope was provided cement from APDO when the community
decided to build a nursery in order to keep their primary school open. In addition, the
organization recently began a social accountability project to produce a scorecard of
accountability of policy such as health insurance, education, and WATSAN. Finally,
APDO partners with researchers on geological and animal disease research.
Each community and individuals within the communities offer a range of views in
regards to the utility of APDO. APDO is the only NGO interacting with all three
communities; however, the extent of interaction varies greatly. Xedzodzoekope has only
recently received the cement described above and has not interacted with APDO in
regards to water management since the initial baseline study for a borehole in 2004. The
overall feeling from participants in Mem-Chemfere suggests distrust towards APDO for
two reasons. First, APDO has not followed up on the borehole despite attempts to
contact the NGO about the borehole’s failure. Second, APDO aided the building of a
public toilet facility in the community that was never completed. In addition, one
community member expressed frustration because he believes the resources would have
been better used for providing clean water.
Participants in Boekyekrom provided an overall positive response to APDO and
recognized the role of the NGO as a middleman and support only when needed. The
WATSAN secretary explained that APDO had always been responsive. The NGO did
several follow-ups after the initial installation of the borehole and now come whenever
called upon to help with the borehole. However, the issue of not receiving a second
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borehole also impacts some community members’ opinions of the NGO. Interestingly,
based upon my interview with APDO, it appears the NGO is most active in Boekyekrom
which provides one reason for the positive interaction.

5.3.3 Other Institutions and Water Management
The assemblyman, a government position, is another middleman involved in
community decision making. The assemblyman represents several local communities
and acts as the liaison between the district assembly and the community. At times, the
assemblyman will be involved in moving applications for government services, such as
water infrastructure or electricity, to the district assembly for review. The assemblyman
also represents the complaints of his constituents to the DA. However, much like
descriptions of DWST, the role of the assemblyman is often lumped together with the
responsibilities of the DA and, therefore, not well understood within the community.
A few external institutions support water management strategies beyond
community water infrastructure. The campaign StopKillingUs.com and the Tease Clinic,
a small clinic in the town of Tease near the center of the district, provide education and
materials to the community for filtering water. StopKillingUs.com is a campaign by the
Gold Coast Projects, an NGO, to raise awareness about and support for the impacts of
climate change in Africa. The campaign includes a t-shirt initiative to advertise the
NGO’s message and a tree planting initiative. StopKillingUs.com often visits
communities and donates items such as maize, cloth, and water filters to flood victims in
northern Ghana (StopKillingUs.com). They visited Boekyekrom in April of 2007 and
delivered 15 clay filters in plastic containers after witnessing the conditions of the
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drinking water at the reservoir. The organization agreed to return with additional filters
for the rest of the community; however, as of June, they had not returned thus benefiting
only a few community members, several of whom were chosen by the Queen Mother to
participate in the visit.
The Tease Clinic in Tease provides education on water filtration and boiling and
supplied water filters to communities in the past. The district health team and regional
clinics like the Tease Clinic provided cloth water filters during heavy rainfall events in
the late 70s and a major outbreak of guinea worm during the 1980s. These filters were
mentioned during interviews in all three communities, but I only observed one cloth filter
in Boekyekrom. The nurse interviewed from the Tease Clinic on a site visit to
Xedzodzoekope also indicated that the clinic often visits communities, particularly along
the lakeside, to encourage and educate about boiling water. She pointed out that many
community members still do not boil their water despite the education. In addition,
mobile teams from the Clinic visit communities often to provide vaccines for babies and
young children, monitor diabetes, and provide services for minor ailments and dental and
eye care.

5.4 National and International Institutions for Water
Management
Communities in the Afram Plains have little interaction with national or
international institutions, a product of a decentralized government. The location of the
district along the shore of Lake Volta requires some interactions between communities
and the Volta River Authority (VRA), the national government body that regulates all
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activity related to Lake Volta, Akosombo dam, and the Kpong dam, a smaller
hydroelectric dam south of Akosombo dam. VRA’s involvement in a community’s water
management depends on the type of community, either a resettlement community or
lakeside community. For a resettlement community, VRA provided the original water
infrastructure in the new community. Lakeside communities interact with the VRA in
response to changes in lake levels, transportation, and fisheries. In the past, direct
connections occurred between communities and international donor organizations such as
WaterAid or World Vision to provide water and sanitation infrastructure. These
interactions are now facilitated through APDO. In this section, I elaborate on these
interactions with the VRA and international donor organizations.

5.4.1 Volta River Authority
The Volta River Authority (VRA) is the only national entity directly linked to
communities in the Afram Plains. The Volta River Development Act of 1961 created the
VRA to plan, execute, and manage the development of the Volta River, particularly the
construction of Akosombo Dam. VRA’s primary functions include generating electrical
power and providing facilities and assistance for the development of the Lake Volta for
transportation, fisheries, and for the health and well-being of lakeside inhabitants
(Gordon and Amatekpor 1999). In addition, VRA was tasked with the resettlement and
compensation of 80,000 displaced people. This task included the formation of 52 new
townships that include housing and provisions of utilities and the regular allocation of
funds to each community from the VRA Resettlement Trust Fund.
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VRA works specifically with Mem-Chemfere because the community’s status as
a resettlement community. The relationship between VRA and Mem-Chemfere is
tenuous at best, as reflected in individual comments about the institution during
interviews and the failure of the participants in the Venn diagram activity to include the
VRA on the drawing. VRA built the community of Mem-Chemfere and provided
original infrastructure such as a water system, electricity, road, a clinic, and schools.
However, over the years since the institutions inception in 1961, VRA has waned in its
provisions to resettlement communities, including complete disregard during several
years in the 1980s (Tsikata 2006). One community member said that VRA was helpful to
the community at first, but many governments did not maintain support for the
resettlement communities until recently, a story noted in other resettlement communities
by Tsikata (2006) and Gordon and Amatekpor (1999). The Chief of Mem-Chemfere also
noted that the VRA should provide more support for the community, citing the poor state
of the buildings and the lack of water, but did recognize the funds VRA would contribute
to the new small town water supply.
Xedzodzoekope mentioned VRA in regards to the lake level. In particular, VRA
established the peak flood demarcation zone around the lake that Xedzodzoekope uses to
determine the location of their households. Boekyekrom did not refer to the VRA
because they are neither located along the lake nor a resettlement community and
therefore have no interaction with the institution. VRA does not have a local office
anywhere in the Afram Plains.
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5.4.2 International Donor Organizations
International donor organizations provide over 270 million USD for rural and
small town water projects in Ghana (WaterAid 2005). Examples of recent donor
organizations include WaterAid, DANIDA (the Danish international aid organization),
and the Barclay Bank. In most cases, the donor organizations complete the drilling and
construction of water projects by providing the labor, equipment, and infrastructure.
Prior to the establishment of APDO and the CWSA, donor organizations such as
WaterAid, World Mission, and World Vision worked directly with communities to
provide water infrastructure. Boekyekrom and Mem-Chemfere both worked with World
Vision in attempts to find potable groundwater in late 1970s and throughout the 1980s.
However, these interactions rarely involved input from the community and often did not
include training for the maintenance of the system or creating a sense of ownership by
requiring a portion of the capital cost. Now, with APDO and DWST acting as
intermediaries, communities receive more training and ownership, but no longer have
direct contact with the donors. One community member in Boekyekrom pointed out that
the community only knows association with DA or APDO and not the specific NGO or
organization providing the services. According to APDO, DANIDA financed
Boekyekrom’s borehole.

5.5 Interaction with Institutions Not Involved in Water
Management
The participating communities also interact with internal and external institutions
that are not involved in the management of water. Recognizing these institutions
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provides further insight into the institutional structure of the community that enhances or
constrains a community’s ability to manage their water resources. Additionally, analysis
of other institutions reveals possible ‘windows of opportunity’ for improved institutional
support for water management. Other institutions involved in the participating
communities include religious organizations, institutions supporting livelihood
diversification, other departments in the district government, and a few local and
international NGOs.
All three communities in this study support multiple religious organizations. In
addition to worship, these organizations function as support for their members during
funerals, births, and sickness. Some of the organizations were transplanted from previous
communities, such as during the resettlement of Mem-Chemfere and the establishment of
Xedzodzoekope. Others have appeared more recently such as the 1990 establishment of
the Pentecostal church in Boekyekrom or the recent formation of the Assemblies of God
church in Xedzodzoekope. Religious affiliation is important in the lives of many
community members. One participant in the Venn diagram activity in Mem-Chemfere
stated that the whole community is part of the Church and it was not worth distinguishing
one religion from another. However, these organizations are constrained mostly to their
social capital and rarely have the financial capacity or infrastructure to aid its members or
the community in other coping strategies.
Other internal institutions occurred only in Mem-Chemfere likely due to its
population size and proximity to Donkorkrom. Two organizations provide opportunities
for diversification of livelihoods. The Agroforestry Organization, established in 2001,
involves about 70 percent of the community in experimental tree planting, such as citrus,
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cashew, or neem, on farms. The organization relies upon an outside NGO providing the
tree seeds and training. The success of the cropping schemes has varied largely because
of crop failure from variable weather. Second, the Women’s Trade Association offers
micro-credit and loans to women for selling commodities, such as sugar, rice, cookies,
and batteries. Opportunities to diversify livelihoods provide flexibility when the primary
livelihood fails to support the household.
The District Assembly and Administration and several NGOs work within the
various communities. The roles of the DA include a broad array of services including
education, social welfare, community development, and environmental concerns. Not all
facets of the DA work in each community and when discussed with community members,
district services were often presented as one entity instead of multiple teams or
departments. However, participants often argue that the government should assist with
community problems, such as a lack of water or electricity. The combination of these
two responses suggests a general misunderstanding about the roles of the district
government.
Xedzodzoekope and Boekyekrom had a few interactions with NGOs not related to
water resource management while Mem-Chemfere benefited from three. UNICEF
provides education materials, first aid boxes, and medicines to schools for all three
communities. Ricerca e Collaborazione (RNC), an Italian NGO, facilitates the
Agroforestry Organization by providing seedlings and education. Deprived Mission
Fields is a local NGO involved in AIDS education, health services particularly for
bilharzias, and environmental management.
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5.6 Variations in Institutional Support
The number of institutions and their interactions vary greatly amongst the three
participating communities. Currently only Boekyekrom sustains the entire institutional
collaboration involved in the maintenance of community water infrastructure. MemChemfere maintains connections with several internal and external institutions that do not
work in the other two communities while Xedzodzoekope appears to have very little
organization within the community and few external connections. However, all three
communities work within the same demand-driven institutional structures established by
the decentralization of government. Thus, the variation in access reflects characteristics
of the community such as leadership, physical access, cross-scale connections, and
fluidity and size of the population enable or constrain their ability to work within the
demand-driven structure (Table 5.1)
Community Characteristics Boekyekrom Mem-Chemfere Xedzodzoekope
Leadership
X
Physical Access
X
X
Cross-scale Connections
X
Fluidity & Size of Population
X
X

Table 5.1 Community Characteristics reflected in Variation of Institutional Support.
The ‘X’ denotes the presence of the characteristic in the community.

Boekyekrom’s institutional structure is both enhanced and constrained by its
migratory population and proximity to the main road. Boekyekrom is the most politically
active of the three communities. They support an active UC and WATSAN committee
and have several examples of applying for utilities such as a borehole and electricity,
albeit not always with success. Essentially, the community works within the demanddriven approach. While Boekyekrom has the smallest population, a migratory population
often promotes the sharing of new ideas from new community members that bring

115
different experiences, including ways of organizing internally, and external connections.
However, as noted in both the WATSAN committee and UC, migration also results in
inconsistent committee membership which may be detrimental to decision making such
as representation of genders and ethnic groups. In addition, Boekyekrom resides along
the main road for the district and has physical access to more resources and connections
over Mem-Chemfere and particularly Xedzodzoekope. Easy access is arguably one of
the reasons StopKillingUs.com chose to work in Boekyekrom.
Mem-Chemfere has successfully maintained an external institutional structure
because of its large population size, status as a resettlement community, and proximity to
the district capital. Mem-Chemfere’s large population provides two opportunities for
institutional support. First, with a larger population, the community requires greater
internal organization to ensure representation; however, it appears this organization is
hindered in Mem-Chemfere by weak leadership. As opposed to Boekyekrom, MemChemfere has some prominent individuals in leadership roles, but committees have less
success as noted by the failure of the WATSAN committee and the lack of general
knowledge about the UC. Second, a large population more readily attracts external
support under the auspices that one project will affect a greater number of people. In
addition, Mem-Chemfere receives more opportunities for external support because of its
status as a resettlement community and proximity to the district capital. The resettlement
status leads to improved cross-scale interactions because the community is recognized at
the federal level through VRA. This recognition translates into more readily accessible
government resources that exist at the district capital only 15 miles away. For these
reasons, Mem-Chemfere relies on support from external institutions; however, the

116
success of these projects varies, leading to distrust and at times hindering their internal
organization.
Xedzodzoekope sustains few internal or external institutions which can be
attributed to its limited leadership and its isolation from the rest of the district.
Xedzodzoekope has no known examples of working committees. Participation in the
research activities suggested leadership exists in the community; however, collaboration
is lacking as noted by employees of APDO and the DWST when describing the
community. Furthermore, Xedzodzoekope’s primary transportation occurs via the lake,
often to other districts, and not easily accessible roads within the district. The physical
isolation also creates a static population generating little exchange of ideas. The
combination of these characteristics results in dissociation from the district, an inability
to organize within the demand-driven approach, and a general failure of internal and
external institutional support.
Table 5.2 conveys the various internal and external institutions discussed in this
chapter. By marking the presence or absence of an institution for each community, the
variation between the number and success of institutions becomes evident. Both
Boekyekrom and Mem-Chemfere have maintained several institutions either in the past
or currently; however, Mem-Chemfere tends to have less success with sustaining these
institutions. Xedzodzoekope has fewer institutional connections than the other two
communities and several of their connections have failed.

Table 5.2 Institutions in the Afram Plains
Volta River Authority

NGO
NGO

UNICEF
Ricerca e Collaborazione

NGO
NGO
Danish Gvt

Government

Awareness about climate change
and provide various donations
Education, vaccines, services for
minor ailments

Liason between DA and community

Allocates funds, district level bylaws

N/A

N/A

Provide water infrastructure
Provide water infrastructure
Provide water infrastructure

Sanitation services, NVIP
Other donations
Other donations
Education materials, First aid
boxes, Medicines to schools
Provides seedlings and education
for Agroforestry

Maintain transportation, fisheries, and Plan, execute, and manage the
resettlement communities
development of the Volta River

Education on water filtration and
boiling, Provides water filters

Government Donation of water filters

Tease Clinic
NGO

Government

Assemblyman

Moving applications through district
assembly for water projects

Government Allocates funds for water projects

District Assembly (DA)

StopKillingUs.org

Worship, Support for Members

Experimental tree planting

Communal Labor
Micro-credit to support commondity
stands

Discuss town affairs

Other Functions
N/A
Local legislative body, Uphold
government laws

Mobilization, training, monitoring for
N/A
community water systems
Mobilization, training, monitoring for HIV/AID education, Capacity
community water systems
building, Education programs
AIDS education, environmental
N/A
management, health services

NGO

NGO

Government

N/A

N/A

Deprived Mission Fields

Water and Sanitation Team
(DWST)
Afram Plains Development
Organization

International WaterAid
World Vision/ World Mission
Danida

National

District

Church Groups

NGO
Sponsored
Religious

Micro-credit

Women Traders Association
Agroforestry Organization

N/A

Traditional

Work Groups
N/A

N/A

Government Water-related bylaws

Town Development Committee Traditional

Unit Committee

Community WATSAN Committee

Function
Category Water Management
Government Finance, maintenance, education

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Boekyekrom
Mem-Chemfere
Xedzodzoekope
Presence Success Presence Success Presence Success
X
X
X
X
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CHAPTER 6
WATER MANAGEMENT UNDER FUTURE CLIMATE VARIABILITY
AND CHANGE

For the third research question – what are some possible adaptive strategies to
potential future climate extremes – I apply the findings from the first two questions to
investigate the potential future adaptive range of water management for communities
under climate change. The adaptive range depends upon the projected future climate and
the ability of communities to adapt, likely drawing upon past and present strategies and
institutional support to facilitate the adaptation process. Using community discussions
about future climate, I explore the differential adaptive ranges in the three communities
towards water management under a future climate change.
This chapter occurs in four sections. First, I describe the most recent and
regionally downscaled models for a projected future climate in the Afram Plains. Then, I
discuss water management strategies and adaptations for the projected future climate.
Third, I explore the role of the institutional structures for facilitating future water
management. Finally, I explore the future adaptive range for water management in each
community based upon both the community’s own notions and the findings of this
project.

6.1 Future Climate
The Fourth Assessment Report of the IPCC states that model outputs for West
Africa are inconsistent, particularly for projections of precipitation changes. However,
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climate change is occurring and communities such as those in the Afram Plains will need
to adapt regardless of the scientific projections. Projections from General Circulation
Models (GCMs) provide an important resource for creating scenarios of a future climate.
These can aid in understanding a community’s future adaptive range by considering the
possible success of past and current water management strategies under future climate
conditions. In addition, West Africa already experiences tremendous rainfall variability,
offering an opportunity to identify strategies that already exist for drought and heavy
rainfall events. I explore possible scenarios for a future climate in Ghana and the Afram
Plains using model outputs from the IPCC reports, Hewitson and Crane (2006), and
Kunstmann and Jung (2005) and Jung (2006).
As illustrated in Figure 6.1 from the Fourth Assessment Report of the IPCC2, no
uniform precipitation projection, either wetter or drier, is generated for Ghana based on
the models used for the IPCC (Christiansen et al. 2007, Cook and Vizy 2006). West
Africa experiences tremendous rainfall variability characterized by the interactions
between two differing climate regions, the bi-modal equatorial Guinea Coast region and
the semi-arid subtropical Sahel (Jung 2006, Cook and Vizy 2006). The complexity of the
climate in this region leads to inconsistent GCM scenarios for precipitation.

2

See Appendix B for all 21 model outputs for temperature and precipitation in
Africa from the Fourth Assessment Report of the IPCC.
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Figure 6.1 The annual mean precipitation response in Africa in 16 GCMs as percent change
between 1980-1999 to 2080-2099 under A1B scenario. Source: Christiansen et al. (2007).

Despite these inconsistencies, several model outputs suggest a change in the
intensity and frequency of extreme events. In particular, the findings from the Fourth
Assessment Report of the IPCC suggest a roughly 20 percent increase in the number of
extremely rainy seasons for West Africa. In other words, one in five rainy seasons is
expected to be extremely wet, compared to the one in 20 in the control period. Areas of
mean drying may experience a proportionally larger decrease in the number of rain days,
which suggests compensation between intensity and frequency of rain (Christiansen et al.
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2007). Regional modeling by Jung (2006) for the Volta Basin, including parts of seven
West African countries, shows an increase in interannual variability, indicated by the
variations coefficient, or percent variability of interannual rainfall, in Figure 6.2,
particularly in the early stages of the rainy season from April to June.

Figure 6.2 Averaged mean monthly variations coefficient for
precipitation in the Volta Basin in 1991-2000 and 2030-2039.
Source: Jung (2006)

More specifically to Ghana and the Afram Plains, modeling by Hewitson and
Crane (2006 in Christiansen 2007) shows downscaled precipitation anomalies, either
wetter or drier, derived from 858 station locations throughout Africa for the months of
June, July, and August using the IPCC SRES A2 emission scenario. This scenario
implies a heterogeneous world with increasing global population and fragmented and
slower regionally oriented economic growth (IPCC 2007). Despite some variation in
model outputs, the projection suggests that Ghana will experience increased precipitation
anomalies in the South and drying in the North (Figure 6.3). In all six models, the Afram
Plains appear within the transition zone between the wet and dry trends. Therefore, the
district resides in an area of increased uncertainty where the future may be either wetter,
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drier, or not change at all. Based upon these models, communities in the Afram Plains
must adapt to a highly unknown and variable future.
In addition, Hewitson and Crane’s results show that changes in the magnitude of
median precipitation events at the station scale do not necessarily mirror the projected
changes in seasonal totals (Christiansen et al. 2007). In other words, although regional or
global projections may suggest a wetter or drier trend, localized precipitation events may
be more extreme or contradict the trend, such as extreme flood events over a long-term
drying trend. It was beyond the scope of this thesis to determine precipitation magnitude
changes for the Afram Plains; however, the CC LONG project will complete this much
needed downscaling for understanding plausible precipitation scenarios for the Afram
Plains.

Figure 6.3 Anomalies of mean monthly precipitation (mm) using daily data downscaled
from six GCMs for the future period 2080-2099. Source: Hewitson and Crane 2006 in
Christiansen et al. (2007).
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Kunstmann and Jung (2005) and Jung (2006) completed regional climate and
hydrologic modeling for Ghana and Burkina Faso based upon data from over 200
gauging stations throughout seven subcatchments. They applied a mesoscale
meteorological model (MM5) with input from the GCM ECHAM4, a model also used by
the IPCC and Hewitson and Crane (2006), under the IPCC SRES IS92a climate scenario
that implies “business as usual” with a one percent change in CO2 emissions yearly.
For temperature in Ghana, their results indicate an increase of 0.5 degrees Celsius
along the coast to 1.5 degrees Celsius in the North for 2030-2039 versus 1991-2000
(Figure 6.4). The Afram Plains are
projected to warm by 1.2 degrees Celsius
in the same time frame. The temperature
increase has implications for the soilmoisture balance, impacting livelihoods
dependent on moist soils and thick
Figure 6.4 Change in mean annual temperature
between 1991-2000 and 2030-2039 in degrees
Celsius. Source: Kunstmann and Jung (2005)

vegetation as well as the depth of Lake
Volta.

This analysis provides both annual and monthly projections of rainfall from which
seasonal variations can be determined. As seen in Figure 6.5a, the Afram Plains are
projected to experience a 75 to 125 percent increase in mean annual precipitation
between 1991-2000 and 2030-2039. More importantly, Kunstmann and Jung’s model
outputs assess the monthly variations in precipitation. Figure 6.5b shows a 30 to 50
percent decrease in precipitation in April, the start of the rainy season, and a 30 to 50
percent increase in precipitation in July (Figure 6.5c), the month between the major and
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minor rainy seasons. These seasonal variations suggest a shift in the bi-modal rainfall
pattern which has several implications for rain-fed agriculture. Farmers will need to
adapt their crop schemes based upon changes in the amount and timing of rainfall. In
particular, vegetable farmers may not experience two distinct planting seasons while
lakeside farming might not receive enough rain in March and April for successful harvest
before the lake rises.

Figure 6.5 Percent change in (a) annual, (b) April, and (c) July precipitation 2030–2039 vs
1991–2000. Approximate location of Afram Plains highlighted in red. Source: Jung (2006).
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An analysis of the historical climate data from Kete Krachi, a community located
north of the Afram Plains with the most complete observed climate record in the region,
revealed a decrease in precipitation in April and an increase in July, although not
statistically significant, from 1960 to 2005 as illustrated in Figure 6.6. This data suggests
that the seasonal patterns projected by Kunstmann and Jung may already be occurring in
the region.

Figure 6.6 Total Monthly Precipitation for April and July in Kete Krachi, Ghana,
1960-2005.
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Some of the current projections, particularly those of Kunstmann and Jung, meld
with the experiences of communities in the Afram Plains. During the historical matrix
activity, participants from Xedzodzoekope described the late onset of the major rainy
season which begins in April in 2002. All three communities highlighted the lack of rain
in late 2006 until April and May of 2007. In particular, Xedzodzoekope stated that no
precipitation fell in April and only two rainfall events occurred in May of 2007.
Participants from Mem-Chemfere noted two events of heavy rainfall for a week in July of
2005 and 2006. These events flooded farms, destroyed yam crops, and produced thick
mud that inhibited travel. Additionally, Mem-Chemfere’s matrix shows noteworthy
seasonal climate variability from 2003 until 2007 especially between July's heavy rainfall
events and either late onset of the major season or a reduction in the late rains of the
minor season (Figure 3.3).

6.2 Future Water Management Strategies
The Afram Plains are projected to experience more pronounced interannual and
seasonal variability under future climate change. Such variability has implications for
future water management strategies. The research activity on future climate in
Xedzodzoekope and Boekyekrom revealed several current strategies the communities
believe would be useful under a future climate of more uncertain and variable seasonal
and interannual rainfall patterns, particularly longer or more intense droughts or heavy
rainfall events, as well as suggestions for water management strategies under ideal
financial and social circumstances. Both communities focused on household water
management, and any water management strategies for farming tended to be seasonal.
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Drawing from the research activity on future climate and the current strategies in all three
communities, I discuss the future feasibility and success of household water management
strategies before addressing water management for livelihoods.
Both communities argued that a borehole providing year-round clean water is the
most important water management strategy for the community, particularly during times
of seasonal or interannual drought. Xedzodzoekope’s chief listed a borehole as necessary
for the health of the community to cope with any event, climatic or non-climatic.
Boekyekrom, who currently maintains a borehole, argued that a second borehole would
offer the community the most reprieve during a drought, particularly the seasonal drought
they experience every year. Kunstmann and Jung (2005) and Jung’s (2006) monthly
models suggest that such a seasonal drought may occur over a greater period of time with
the later onset of the rainy season. However, Boekyekrom’s borehole currently has
mixed success. While it does provide clean water for the community, it fails during the
yearly drought, and the community has added two pipes to deepen the well. Under future
climate change, clean water will certainly improve the community’s ability to adapt by
improving health through reducing water-borne disease rates and decreasing the amount
of time and effort needed to procure water; however, a borehole may not be the best
strategy. An Afram Plains Development Organization (APDO) employee indicated that
static water levels gathered during the wet and dry seasons since 1990 suggest a
consistent drying of the water table as noted through water depth and pressure taken from
boreholes. The static levels and water pressure remain the same even in rehabilitated
boreholes where silt build-up has been removed. Under a future climate, boreholes will
be exposed to more erratic recharge from both variable rainfall and heightened
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evaporation with a temperature increase, questioning the feasibility of boreholes over
finding alternative strategies (Birner et al. 2005).
Participants suggested water storage as another current strategy that would be
useful under a more variable future climate. In particular, water storage was recognized
as important for both storing water during seasonal drought and collecting water during
heavy rainfall events, two projected events that could be more prevalent and extreme in
the Afram Plains. One community member in Xedzodzoekope argued for storing
household water of good quality for times when the lake levels subside and waters
become more turbid. The increased storage capacity in Mem-Chemfere by individuals
purchasing cement spheres shows the success of this strategy throughout the year and in
times of water variability. However, improved water storage currently requires
individual or community capital to purchase storage tanks, such as polytanks or
underground tanks, as suggested in Xedzodzoekope. In addition, Mem-Chemfere’s
experience with cracking storage structures indicates the importance of quality water
storage infrastructure.
A few water management strategies, such as seasonal water sources, will be
affected by both interannual and seasonal variability. All three communities have
successfully created water sources either through small ponds, a dam and reservoir, or
rainwater collection. Although these water sources are mostly seasonal, the communities
rely on them every year and a future of more extreme events will affect the utility of
these water sources within a year and from year to year. For example, Boekyekrom’s
dam is mainly rain-fed and several years of less rainfall would impact the availability of
water. Mem-Chemfere is currently dependent on rainwater collection that would be a
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less reliable water source with seasonal variation in the bi-modal rainfall patter and over
several years consistently less total rainfall. Seasonal water sources are currently
successful and should be maintained under future climate change; however, their
consistency as a water source is determined by the rainfall and thus requires caution for
dependable use of these water sources under changing rainfall variability.
For seasonal drought, participants in Boekyekrom recognized that they currently
use several strategies for dealing with the yearly seasonal drought from November until
March, when the community experiences a lack of household water. Community
members recommended continued use of their current strategies during the annual
drought, such as fetching and filtering water from the reservoir. One participant placed
particular emphasis on the need for home economics during times of droughts. Home
economics includes using less water by reducing the washing of clothes and dishes or
taking fewer baths. The length of these yearly droughts will likely increase as suggested
by Kunstmann and Jung’s (2005) projections and therefore, will require more careful use
of water sources like home economics.
Improvements to community and household infrastructure were also suggested as
water management strategies for heavy rainfall events. All three communities use
trenches around their houses for times of heavy rainfall. Both Xedzodzoekope and
Boekyekrom contended that this strategy would be useful under a future of stronger
and/or longer rainfall events. In addition, one community member in Xedzodzoekope
recommended using gravel and cement for houses to prevent their destruction during
heavy rainfall events. A female participant in Boekyekrom advocated for improving
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cooking areas to withstand heavy rainfall events either by moving soil to put the area on
higher ground or using cement.
Water management strategies for livelihoods were typically discussed in terms of
seasonality and rarely considered the affects of interannual variation. Farmers in
Boekyekrom and Xedzodzoekope proposed planting schemes that would exploit the
contrasting moisture in lowlands and highlands. Farmers currently plant crops according
to topography of the land, and one Xedzodzoekope resident noted that even in a heavy
rainfall event, crops on the highlands are usually not damaged and vise versa during a
drought. Boekyekrom noted that heavy rainfall events create more damage for their yam
crops; therefore, one participant in Boekyekrom proposed planting yam crops based upon
the length of time required for maturation. The participant suggested that short-season
yam crops, which require four to six months to maturation, be planted in lowlands where
they mature before the heavy rains or could be collected early. Yams that need ten
months to mature should be planted in highland areas to prevent the crop from rotting
because the water flows to lower ground. Since the Afram Plains receive enough annual
rainfall, the heavy rainfall events require the most water management strategies and
topography provides one currently successful solution to future seasonal rainfall events.
Participants in Boekyekrom also suggested an insurance-type policy with NGOs or the
District Assembly (DA) to inspect crops destroyed after a heavy rainfall event and
provide some financial support for future crops.
Particular to the community of Xedzodzoekope, lakeside farming as a water
management strategy would be affected by interannual and seasonal variation in rainfall,
as well as temperature. On an interannual basis, lakeside farming is dependent upon the

131
soil-moisture provided by the recession of the lake. If the lake levels remain low, the
available land for cultivation reduces. Seasonally, this farming relies upon the early rains
of April and May and a later onset of the rainy season would greatly affect the success of
this strategy. Additionally, these crops are vulnerable to the high temperatures and heat
of the exposed lakeside and a temperature increase would affect the success of the crop.
The Chief of Xedzodzoekope proposed irrigation as a management strategy to provide
water for the early crop in the high heat of February and with a late onset of rain.
Irrigation pumps are currently used along the lakeside of the Afram arm of Lake Volta
(Gordon and Amatekpor 1999), but the infrastructure has not reached Xedzodzoekope.
Lakeside farming currently serves as an important water management strategy in
Xedzodzoekope, but a more variable future climate may have great impact on its utility,
thus requiring improvements, like irrigation, to ensure consistency.
Tables 6.1 and 6.2 depict the water management strategies either currently used or
suggested by the communities as plausible strategies under future climate variability and
change. Procuring a borehole and additional water storage are the strategies useful in
both drought and heavy rainfall events, thus allowing some flexibility in seasonal and
interannual variability. However, both suggestions require financial capital, thus
producing winners and losers. Table 6.2 summarizes the same strategies but for each
community, showing the strategies currently used in a community and suggested by a
community. Strategies were deemed efficient based upon the community’s past
experiences and consideration of climate scenarios.
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Future Water Management Strategy
Borehole
Water Storage
Seasonal Water Sources
Home Economics
Trenches
Infrastructure Improvements
Plant Crops Based On Topography
Insurance-Type Policy
Lakeside Farming/Irrigation

Drought
Heavy Rainfall Event
Seasonal Interannual Seasonal Interannual
Winners
X
X
X
X
All
X
X
X
X
Able to purchase structures
X
All
X
X
All
X
Houses in high ground
X
Able to purchase structures
X
X
Farmers with low & high lying land
X
X
Farmers that participate
X
X
Farmers who rent lakeside land

Losers
Unable to pay fee
Unable to purchase
Elderly unable to reach
Those that don't participate
Houses in low ground
Unable to purchase
Farmers w/o land topography
Farmers that don't participate
Farmers w/o lakeside land

Table 6.1 Future Water Management Strategies

Future Water Management Strategy
Borehole
Water Storage
Seasonal Water Sources
Home Economics
Trenches
Infrastructure Improvements
Plant Crops Based On Topography
Insurance-Type Policy
Lakeside Farming/Irrigation

Boekyekrom
Present Suggested Efficient
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Mem-Chemfere
Present Suggested Efficient
X
X
X
X
X
X
X
X
X

X
X

Xedzodzoekope
Present Suggested Efficient
X
X
X
X
X
X

X
X

X

X

Table 6.2 Future Water Management Strategies per Community

6.3 Future Institutional Support
Throughout the research activity on future climate, participants in both
Xedzodzoekope and Boekyekrom cited the government and NGOs as the primary
institutions responsible for supporting their water management strategies under a more
variable future climate. In particular, the water management strategies described require
infrastructure and information exchange. However, the communities overestimate the
role of the government under decentralization, at least in terms of water management.
The current internal and external institutional structure for water management in the
Afram Plains facilitated by the Community Water and Sanitation Agency (CWSA) is
established to provide infrastructure, organization, and education using the demanddriven community-based approach (Birner et al. 2005). While community involvement is
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clearly important for sustainable resources use, the current approach established under the
decentralization of the government will not succeed under future climate change because
it is inflexible, maintains a hierarchical power structure that leads to competition, and
provides only a front-end support.
The collaboration promoted by CWSA in the Afram Plains provides little
flexibility for institutions at any scale. Despite insisting on the inclusion of communities
in the process, the current structure is hierarchical and heavily reliant on the middle
organization. Communities are locked into the process of mobilizing and raising funds,
district level institutions provide specific short-term support in the form of education and
communication with the donor organization, and the donor organization, who often
drives this hierarchical process (Birner et al. 2005), provides the infrastructure and labor.
While it may seem like a clear division labor, if one step in the system fails, the entire
process ceases. For example, Xedzodzoekope’s inability to mobilize funds, to create the
demand, resulted in no follow-up and the community remains without water
infrastructure.
This inflexibility in regards to the process results from the strong power structure
associated with the decentralization of the government. Decentralization requires the
communities to be self-reliant; therefore, in situations where they cannot successfully
manage, they are not provided support. The structure of decentralization at the
community scale results in multiple horizontal institutions competing for power (Jackson
and Gariba 2002). This power results from both tradition and government mandate,
creating competition between the traditional leaders and the unit committee and
inhibiting collaboration (Birner et al. 2005, Jackson and Gariba 2002). Boekyekrom has
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negotiated some of this power struggle by presenting all information to the Queen Mother
before making final decisions, but still practicing autonomy in sharing of ideas.
Decentralization also creates the constraint of timing. The institutional structure
involved in providing water infrastructure exists only in the time period leading up to the
installation of the system and for a few months afterwards. It is a front-end investment.
In this short time period, all three levels, community, district, and international donor, are
involved in intensive information sharing and planning. Communities share information
with APDO or DWST during the baseline study that is provided to the donor
organization, and APDO and DWST support the community training. Then,
communication and institutional support stop, as noted by the failure of Mem-Chemfere’s
borehole and WATSAN committee. The collaboration across scales is short-term and
controlled by the middle institutions.
The limiting of communication to the front-end investment results in a general
failure of information exchange. Control of the information resides with the DWST and
APDO. They define the water problems, decide which communities will be given
infrastructure, provide specific training, and determine what and when information will
be disseminated. This further inhibits communities who exist at the bottom of the vertical
power structure. For example, Xedzodzoekope residents did not know that they had poor
water quality in the area and would need a small town water supply, a more expensive
system.
The adaptive capacity of the Afram Plains to changes in water resources due to
climate change requires more collaborative interactions between its rural communities
and the institutions able to provide information and infrastructure. Future climate

135
change, particularly in an area expected to have increased variability, requires an
institutional structure that is flexible to the range of strategies, including innovation, that
provides long-term interactions, and that exchanges information required for adaptation.
Communities in the Afram Plains would benefit from multi-level governance for water
management and the establishment of a strong boundary organization (Cash and Moser
2000, Vogel et al. 2007) to help provide communication links and flexibility necessary
for a variable future climate.

6.4 Future Adaptive Range
The projected future climate, feasible water management strategies, and
characteristics of institutions determine a community’s future adaptive, or coping, range.
Adaptive range is defined as a system’s ability to cope within a certain range of
conditions (Smit and Pilifosova 2002). Using the information gained in the past three
chapters, I define the adaptive range of the Afram Plains drawing upon the experiences of
the three participating communities.

6.4.1 Community Notions of Future Adaptive Range
Research activities about future water management held in Xedzodzoekope and
Boekyekrom revealed temporal scale and primary livelihood strategies as the major
drivers for future water management in a climate with increased variability between
drought and heavy rainfall events. Xedzodzoekope’s participants discussed future water
management strategies in relation to the positive outcomes of heavy rainfall events and
floods, particularly for an increase in the fish yields. Much like their current water

136
management strategies, Xedzodzoekope identifies the lake as the primary driver of its
future water management strategies but tends to overlook water management for
seasonality. Boekyekrom, on the other hand, discussed future water management mainly
in terms of seasonality, such as heavy rainfall events affecting the fields or the annual
drought for household water. This response reflects the farming livelihood that is reliant
on seasonal rain in an area that annually receives enough rainfall, but crops are most
affected by the timing of the rainfall.
When considering vulnerability to future extreme events, Xedzodzoekope argues
that even during more extreme heavy rainfall events and droughts that may occur more
rapidly, the success of fishing after a heavy rainfall event would save the community
from great devastation, because the fish catch increases and fisherman do not have to
travel great distances to find deep water. Therefore, households can sell more fish and
either buy foodstuffs or save money. When presented with the case of multiple extreme
events occurring in succession, participants argued that regardless of the order of events,
they could survive off of the money either saved or recuperated from the increased fish
harvest with the heavy rainfall event. Boekyekrom, on the other hand, argues that heavy
rainfall events limit their adaptive range. Crops either drown or rot causing the loss of
the primary financial livelihood. Interestingly, few heavy rainfall events appear on the
community’s historical matrix, another indication of the difference between seasonality
and extreme events. The community members in Boekyekrom tend to think of future
climate in terms of seasonality and farming whereas their recollection of the past focuses
on extreme events like the extreme drought of the early 1980s.
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Neither community discussed drought in much depth likely for two reasons. First,
these communities either do not have access to year-round water or year-round quality
water; therefore, the perception of drought exists on a seasonal temporal scale. Second,
seasonal extreme events are more present on the minds of community members because
these events more readily affect their immediate livelihood, particularly crops. Despite
having experienced the extreme droughts of the 1980s, the Afram Plains receive enough
annual rainfall for farming that communities find it more difficult to grasp and discuss a
major drought event. However, participants often mention the late onset of rainfall in the
recent past. Table 6.3 summarizes the variation in how the two communities grasp their
ability to cope under future more extreme climatic events seasonally and interannually.

Community
Boekyekrom
Xedzodzoekope

Seasonal
Interannual
Drought Heavy Rainfall Drought Heavy Rainfall
X
X
X
X
X
X

Table 6.3 Community Notions of Adaptive Range. The “X” denotes
the community’s ability to perceive coping in more extreme climatic
events at the various temporal scales.

6.4.2 Dynamics of Future Adaptive Range in the Afram Plains
Adaptive range in the Afram Plains varies amongst households and communities.
Some communities will be better adapted to seasonal variation as noted in Boekyekrom
while others may adapt well to interannual variability such as Xedzodzoekope.
Communities like Mem-Chemfere will benefit tremendously from its interactions with
external organizations regardless of the predicted climate trends. The DA and APDO
serve as the primary hubs for information exchange about the situation in the district.
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Communities rely upon these two mediating organizations to provide the information and
capital for water management strategies, particularly infrastructure.
I use the characteristics of the communities derived from the past and present
strategies presented in chapter 4, the institutional dynamics discussed in chapter 5, and
the projections for future climate described in this chapter as a basis for determining the
vulnerability and adaptive capacity of communities to changes in their water resources
due to climate change. Table 6.3 depicts a matrix of the characteristics that reduce a
community’s vulnerability to climate variability and change. The purpose of this matrix
is not to rank the communities, but rather serve as a means for determining the factors
which enhance or constrain a community’s ability to adapt their water management
strategies under climate variability and change.

Access to Water Sources
Access to External Resources
Population Fluctuations
Leadership
Access to External Institutions
Perceiving Future Climates

Boekyekrom Mem-Chemfere Xedzodzoekope
X
X
X
X
X
X
X
X
X
X

Table 6.4 Matrix of the Presence of Community Characteristics. The presence of
the characteristic reduces a community’s vulnerability to climate variability and
change

The data suggest that Xedzodzoekope experiences the most vulnerability to future
climate change, despite their current access to a year-round water source. The
community has limited creativity and flexibility for adapting to variations in their water
resources. This limitation stems from a general isolation from the rest of the district and
a constant population with little in-migration. Xedzodzoekope lacks leadership within
the community to facilitate water adaptations and maintains few interactions external to
the community that may provide information to increase the community’s capacity
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through improved knowledge. In addition, perceiving future climates is a difficult task.
Participants were unable to create a scenario beyond the notion that more rain results in
higher lake levels which leads to a better fish catch and therefore an ability to cope.
Without recognizing other future scenarios, this community appears to have a reduced
capacity to adapt to a highly variable and unknown future.
Of the three communities, Boekyekrom has the greatest adaptive capacity to cope
with a more variable future. The community has several invested leaders despite its
migratory status, access to resources along the main road, and several successful
connections with external institutions such as APDO. Boekyekrom is also the only
community that currently maintains a clean water source and, by physical geography, is
the only community in this study with direct access to a groundwater source. Although
the community views the future climate on a seasonal scale, Boekyekrom also recognizes
that the community’s seasonal adaptive strategies, such as household economics during
the annual seasonal drought from November to February, may be applied in more
extreme future events. As farmers, Boekyekrom residents have developed several
strategies to cope with current rainfall variability, such as lowland planting or
intercropping, that will improve their capacity to deal with more extreme variability.
Mem-Chemfere’s adaptive capacity depends on the community’s connections
with external institutions. Internally, the community lacks strong leadership necessary
for flexible adaptation to climate variability, particularly within government-mandated
institutions; however, Mem-Chemfere’s relationships with several NGOs and
government entities and overall status as a resettlement community improve the
community’s capacity to acquire information and infrastructure. The future installation

140
of the small town water supply is an example of this connection. Nevertheless, these
interactions have at times been tenuous either due to government inconsistency as seen
with VRA or miscommunication and lack of leadership within the community such as
with the WATSAN committee. Ultimately, Mem-Chemfere’s adaptive range as a
community relies on these relationships; without them, the community would resort to
individual adaptive capacity and increase the disparity between winners and losers
already noted in strategies like rainwater collection.
The adaptive capacity for water management in the Afram Plains is currently
highly individualized within and amongst communities. This individuality constrains the
district’s adaptive capacity to deal with variations in the climate and its effects on water
management. I recommend improved information exchange and strengthened
institutional support as the two primary processes for increasing the adaptive capacity of
the research and other communities. Innovation and flexibility derive from the sharing of
past and present water management strategies. Horizontal and vertical cooperation
amongst communities and institutions in the Afram Plains provides means for facilitating
this exchange, as well as opens possibilities for collaborations with resources.
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CHAPTER 7
DISCUSSION

Water management, as depicted in the Afram Plains in Ghana as a case study,
offers several challenges and opportunities for the process of adaptation to climate
change. The findings from the Afram Plains in Ghana indicate that the capacity of people
to manage their water resources under seasonality, extremes, and climate change is to a
large extent contingent upon the community’s internal flexibility and access to networks
of governance, where governance is related to the process involved in the interaction
between institutions and civil society. Internal flexibility improves the community’s
ability to adapt water management strategies to both drought and heavy rainfall at various
temporal scales. Networks of governance provide the structure for information exchange,
a necessary component of adaptation. Although these findings are not new, the results
from the Afram Plains are comparable to other community-based studies on water
management generally and climate change in Africa specifically.
This section includes two parts. First, I explore the community characteristics
that enhance or constrain internal flexibility for water management in the context of
climate change. Second, I discuss networks of governance as integral for successful
water management and the current opportunities for building networks in the Afram
Plains.
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7.1 Community Characteristics for Internal Flexibility
Communities in the Afram Plains already experience tremendous seasonal and
interannual variability in rainfall patterns. Management strategies under these conditions
tend to be reactive as post-disaster coping after a unique seasonal pattern or extreme
event (Stigter 2005). In addition, decisions about water management must account for
fluctuating water demand and the hierarchical and decentralized institutional structures
for decision making about management strategies (Downing et al. 1997). For these
reasons, the adaptation process requires flexibility, a condition dependent upon
community characteristics that enable or constrain it (Schipper 2007). While lack of
access to water sources and financial capital are major constraints for water management
in the research communities, I focus on the social characteristics that allow for flexible
water management because understanding these characteristics provides opportunities for
improving adaptive capacity without financial capital or migration to water sources.
In the Afram Plains, past experiences, views of the future, access to external
resources and information, sensitivity to other stressors, and interactions with external
institutions are community characteristics that enhance or constrain internal flexibility for
water management for future climate change. Several of these characteristics appear in
other community-based research on adaptation to climate change in Africa (Tschakert
2007, Reid and Vogel 2006, Ziervogel et al. 2006); however, none of the case studies
address all of these characteristics as determinants of a community’s internal flexibility,
particularly for water management. Understanding and improving upon these community
characteristics promotes greater flexibility and generally enhances people’s adaptive
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range for water management under future climate change (Downing et al. 2007, Adger et
al. 2003).
Adger et al. (2003) argue that individual and collective adaptation in the
developing world relies upon past experiences. The adaptation literature argues that
recognizing and learning from these past experiences reveals a community’s agency, the
effects of larger social, economic, and political structures, differential access to both
resources and decision making opportunities for adaptations between communities and
within communities, and potential future adaptations (Ford et al. 2006, Adger et al. 2003,
Smit and Wandel 2006). Based on her research on climate change adaptation in the Old
Peanut Basin of Senegal, Tschakert (2007) suggests that past experiences, or memory,
coupled with learning, increase adaptive capacity for future adaptation by creating a
sense of agency and resourcefulness.
Results from the description of past and present adaptations suggest that the
Afram Plains have differential experiences with seasonality and climate variability and
change that impact adaptation strategies. For example, Xedzodzoekope’s access to Lake
Volta as a year-round water source limits their innovation and flexibility for procuring
everyday water because the community never experiences a lack of water and, therefore,
does not need to be innovative in their management strategies. Boekyekrom, on the other
hand, responded to lessons from the extreme drought of 1983 and failure of groundwater
projects by building the dam and reservoir.
In addition to drawing upon past experiences, how community members view
plausible future storylines enables or constrains their adaptive capacity and flexibility.
Reluctance to discuss the future stemming from a feeling of lack of control often causes
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participants to defer to God’s will, luck, or fate, discussing only a positive view of the
future, or being unable to perceive a different future than the current experiences
(Wollenberg et al. 2000).
Boekyekrom and Xedzodzoekope, the two communities that participated in the
research activity on future climate, offered different views of the future. Boekyekrom
explored water management under a future climate in relation to the community’s present
experiences with seasonality. This seasonal view would enhance the community’s ability
to adapt particularly because the projected future climate includes a changing and more
variable rainy season. Xedzodzoekope provided a positive view of future water
management strategies under extreme events, particularly an ability to cope based upon
an improved fish catch. Since this community does not experience much seasonal
variation in access to household water, the community’s views of the future focused upon
interannual variations in the climate and livelihood strategies, reflecting their access to
the lake and diverse livelihoods. Ultimately, I would argue that Xedzodzoekope is
constrained by this viewpoint, because the residents present a reliance upon fishing and
the lake to alleviate the effects of extreme events; however, the reduced fish population
depends upon multiple climatic and non-climatic factors. Heavy rainfall events or floods
in the lake may not necessarily result in an increased fish catch.
Access to external resources and information is a major determinant of flexibility
in water management under climate change because it allows for the sharing of ideas and
exchange of resources. These interactions are not necessarily institutional but include a
range of determinants for adaptive capacity such as kinship networks, migration,
transportation, and communication (Smit and Wandel 2006, Reid and Vogel 2006,
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Ziervogel et al. 2006). Reid and Vogel (2006) and Ziervogel et al. (2006) note that these
determinants are important for adaptation in rural communities of South Africa.
However, access to external resources and information occurs differentially within and
among communities, producing winners and losers in water management under climate
change (Hope and Gowing 2003).
At the community level in the Afram Plains, Mem-Chemfere and Boekyekrom
have a particular advantage for external access because both communities reside in
proximity to a major road and larger cities as opposed to Xedzodzoekope’s relative
isolation from the rest of the district. The visit to Boekyekrom by StopKillingUs.com to
provide water filters and Mem-Chemfere’s adaptation of riding atop charcoal trucks are
two examples of flexibility and innovation related to access.
Water management is enhanced or constrained by a community’s sensitivity to
non-climatic stressors. Smit and Wandel (2006) argue that non-climatic stressors have a
significant impact on the adaptive range and flexibility of a community to adapt to
climatic variability and change. In particular, external socio-economic and political
factors such as the collapse of an institution, loss of a decision-maker, or war, can
produce changes in a community’s flexibility for adaptation to climatic events. Schipper
(2007) argues that addressing these underlying non-climatic stressors, or vulnerabilities,
is a prerequisite for adaptation, particularly since the magnitude and dimensions of
climate change are largely uncertain. Lessening sensitivity to non-climatic stressors
enhances the capacity of communities to deal with climate change (Schipper 2007,
Tschakert 2007). Several researchers, including the work of Tschakert (2007) in Senegal,
Ziervogel et al. (2006) and Reid and Vogel (2006) in South Africa, suggest addressing
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livelihood problems, such as unemployment and food insecurity, to improve the capacity
of communities to respond to climate extremes.
The Afram Plains experience a historical and multi-scalar neglect stemming from
the construction of the Akosombo Dam that creates a high social vulnerability in the
district (Tsikata 2006). This social vulnerability produces additional stressors, defined in
the Afram Plains as financial problems, disease, poor schools and health facilities, and
poor markets. Such stressors affect a community’s ability to cope generally, let alone
practice flexibility in adapting to climate change. Coping with these stressors takes
resources, such as money, time, health, and labor that could be applied to maintaining
flexible water management. For example, inadequate financial resources have impacted
Xedzodzoekope’s ability to purchase a borehole that could prevent cases of bilharzias.
Community leadership was one of the primary characteristics that differentiated
the success of water management strategies in the three research communities. Active
and established leadership is essential under a decentralized government that views water
resource management as the responsibility of the community (Thomas and Twyman
2005). Leaders support the movement of information, define problems and their
solutions, can spark innovation by facilitating collaboration amongst community
members, and provide essential organization skills for flexible water management. The
research by ADAPTIVE (2004) found several linkages between community initiatives by
charismatic leaders and capacity for adaptation, particularly for building trust and
cohesion within the community.
In the Afram Plains, Boekyekrom maintains a core group of leaders that enable
the successful function and collaboration of the WATSAN committee and Unit
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Committee (UC). The community of Mem-Chemfere demonstrates leadership amongst
the traditional opinion leaders but not within the formal structures mandated by the
government. Xedzodzoekope has had less success in establishing leadership within the
community. Providing the necessary skills for developing strong leadership in a
community will enhance flexibility and adaptation to climate change.
Internal flexibility for water management under climate change is ultimately
linked to interactions with external institutions. Communities are interdependent, shaped
by decision making occurring in other communities (horizontal) and across scales
(vertical) (Jackson and Gariba 2002). Each vertical and horizontal institution interprets
the impacts of climate change and appropriate adaptation strategies within varying
political and social contexts. Interactions amongst multiple scales of institutions
influence the flexibility of a community’s capacity to manage their water resources under
climate change by defining the acceptable adaptations (Koch et al. 2006, Adger 2000).
However, the number of institutions a community interacts with is not necessarily
important for flexible water management. Mem-Chemfere has worked with several
external institutions and experienced several failed water projects. Instead, communities
need long-term interactions with external institutions that can facilitate information
exchange and provide financial and infrastructural resources to support flexibility and
innovation, a possible interaction which I address in the next section.
The social characteristics that allow for flexible water management are intricately
linked to the adaptive range of a community. Smit and Wandel (2006) argue that a
community’s adaptive range depends upon the social, economic, and political context.
The range is dynamic and changing depending upon this context. Enhancing a
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community’s internal flexibility by understanding and improving upon a community’s
past experiences, views of the future, access to external resources and information,
sensitivity to other stressors, and interactions with external institutions will expand the
community’s adaptive range and extend the thresholds for coping with climatic
variability and change. As discussed in chapter 6, Boekyekrom currently maintains the
greatest adaptive range, and hence the most internal flexibility for water management,
whereas Xedzodzoekope’s adaptive range is the least flexible and lacks internal
flexibility in relation to the other two communities. Creating multi-scalar networks of
governance is an important strategy for improving a community’s internal flexibility for
water management under climate change.

7.2 Opportunities for Networks of Governance
Water management at the community level is enabled or constrained by policies
and decision making at higher levels and communication from government and other
formal institutions (Ivey et al. 2004, Hope and Gowing 2003, Vogel et al. 2007). The
multiple scales of governance provide opportunities for improved and more flexible
water management through information exchange, infrastructural adjustments, and
behavior change, but can greatly constrain adaptations if poorly integrated, as Downing et
al. (1997) suggest occurs in many countries in Africa. Currently, adaptation research in
West Africa by Oyebande et al. (2002) and Niasse (2005) are the only two studies to
suggest that the spatial and temporal complexities of climate change require collaborative
and integrated water management across scales as an adaptation strategy for water and
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climate change. I argue that integrated management is most appropriately achieved
through multi-scalar networks of governance.
The current institutional arrangement for water management in the Afram Plains
is not adequately integrated to support flexible water management at the community
level, particularly under the demand-driven policy approach. The hierarchical structure
and short-term, front-end interaction limit the capacity of Afram Plains’ institutions to
facilitate information exchange of management strategies and climate and weather
patterns. However, the current structure does provide a few ‘windows of opportunity’ to
develop networks of governance.
Currently, interactions and flow of information in the Afram Plains rely upon
hierarchical and demand-driven structures as mandated by the decentralization of the
government. Generally, African governments are increasingly recognizing rural water
management as a local-level responsibility, insisting that communities have more interest
in sustainable water management than centralized governments (Thomas and Twyman
2005). However, this notion of more sustainable local resource management fails to
acknowledge the importance of information exchange for facilitating innovative and
flexible management strategies that are necessary under the uncertainties of climate
change. Integrated water management strives to improve the flow of information
between the multiple scales of governance. In particular, water managers at all scales
need to form networks that enable easy access and flow of information in all directions
(Birner et al. 2005). Vogel et al. (2007) suggest that these networks of governance
should be viewed as ‘spider webs’ of interactions rather than linear processes.
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Networks of governance can be horizontal or vertical in nature. Horizontal
networks occur amongst multiple institutions at the same scale, such as collaboration or
information sharing across the WATSAN committees of several communities. No
horizontal networks exist for water management in the Afram Plains, although Jackson
and Gariba (2002) note that attempts for horizontal networks have been made in Northern
Ghana. Adger (2003) points out that horizontal networks are dependent upon financial
support and facilitation from legal and institutional structures. The lack of horizontal
networks in the Afram Plains reflects the inadequate financial, at to some degree,
structural, support for building and maintaining these connections. Vertical networks
allow for the exchange of information across scales. The process is two-way.
Information is shared from the top-down and the bottom-up. APDO and the District
Water and Sanitation Team (DWST) attempt to build a network between themselves and
individual communities by using participatory approaches to collect information and
engage the participating community and recruit and train volunteers to facilitate
community water assessments. These efforts suggest one window of opportunity in the
Afram Plains to build upon this established network for more information exchange.
The two-way process essential for the success of these networks requires
acceptance of multiple knowledges and experiences between scientists, policy-makers,
and community members (Vogel et al. 2007). Communities gain from scientific
knowledge about climate change and its impacts on water resources because if presented
in an appropriate manner, the information may increase a community’s understanding of
the problem and identifying plausible responses (Tschakert 2007, Ivey et al. 2004).
Tschakert (2007) argues that farmers in the Old Peanut Basin, Senegal, would benefit
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from social learning amongst communities and scientists, as well as access to forecasts
and other climate information. Farmers in the Afram Plains stated that they would alter
the location of their farmland to the topography of the land, either planting crops in
lowlands or highlands, if they knew the major or minor season would be unusually wet or
dry. Seasonal climate forecasts represent one tool for presenting this information in a
useful manner (Tschakert 2007). Additionally, scientists and policy-makers can provide
more useful information about impacts of changing climate and water conditions and
plausible management strategies if they understand the local water systems (Ivey et al.
2004, Vogel et al. 2007, Kiparsky 2006, Hope and Gowing 2003). My own research in
the Afram Plains attempts to accomplish the second interaction.
Issues of lack of trust, poor communication, and unclear definition of roles
challenge networks for information exchange (Vogel et al. 2007). Recognizing these
challenges, Cash and Moser (2000) advocate for the formation of boundary
organizations. Boundary organizations provide a communication link for information
exchange, deal with the challenges of trust, particularly amongst groups working on
behalf of donors, and verify credibility of various information sources (Vogel et al. 2007,
Cash and Moser 2000). Originally used only for science-policy interactions, Cash and
Moser argue that the concept also applies for boundaries between scales or functional
levels. For water management in the Afram Plains, APDO currently fills the role of a
boundary organization, particularly within the structure for acquiring community water
infrastructure. The NGO negotiates between scientists, multiple levels of government,
communities, and international donors during the implementation of community water
infrastructure. APDO does not currently provide climate change information to
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communities, but the current structure of the institution provides an opportunity for
improving the NGO’s abilities as a boundary organization in order to better facilitate
flexible water management under the uncertainties of climate change. Improvement
requires better facilitation of information sharing amongst all parties, particularly
between communities and scientists, and the establishment of long-term interactions with
communities; however, APDO is currently constrained by financial capital.
I practice a word of caution about establishing networks of governance. Schipper
(2007: 6) argues that the “sustainable adaptation process appears to first require
adjustments in policies, institutions and attitudes that establish enabling conditions and
second be accompanied by eventual technological and infrastructural changes.” I agree
with this assessment and have thus described community and institutional adjustments for
the Afram Plains. However, recognizing that several water management strategies
involve infrastructural improvements, I am also concerned that waiting for adjustments in
policies, institutions, and attitudes will prolong the implementation of essential
infrastructure. In particular, a quality year-round water supply would greatly increase the
capacity of the three research communities to manage their water resources under future
climate change. The provision of year-round quality water raises questions about the
relationship between creating flexible and supportive institutional arrangements and
providing infrastructure for strategies that fulfill basic needs and are both immediately
useful and functional in either a wetter or drier future climate.
Creating networks of governance for water management and climate change can
draw upon several of the structures already in place in the Afram Plains, such as
community-based resource management. However, the complexities of climate change
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require that communities have access to information and resources to allow for flexible
water management. The current demand-driven approach to rural community water
resource management in rural Ghana relies heavily on the characteristics of the
community to maintain internal flexibility, but the support of networks of governance
provide the tools needed to facilitate and support this flexibility. Expanding the future
adaptive range for water management under climate change in rural Ghanaian
communities depends upon the combination of these two components.
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CHAPTER 8
CONCLUSION

In this thesis, I have explored the strategies and processes involved in water
management and adaptation to climate change at the community scale in rural Africa.
Using three villages in the Afram Plains, Ghana, as case studies, I illustrate the
characteristics of rural Ghanaian communities that enhance or constrain their ability to
participate in flexible water management strategies under current and future climate
variability and change. In particular, communities experience differential social and
institutional support necessary for innovation in water management under seasonality,
extreme events, and climate variability. Characterizing these different experiences in the
rural Ghanaian context adds to the literature on water management in the process of
adaptation to climate variability and change. It also provides information to the
communities, policy makers, and scientists, which aids in determining appropriate and
successful adaptations to climate variability and change.
This chapter contains three sections. First, I discuss the significance of this
research in the broader adaptation literature and as valuable information for researchers,
policy-makers, and communities in the Afram Plains and Ghana. Second, I describe the
shortcomings of this study, particularly in relation to data collection. Third, I suggest
several opportunities for future research on water management and climate change
generally and in the context of the Afram Plains and Ghana. Finally, I conclude the
thesis.
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8.1 Significance of Research
The case studies in the Afram Plains support the challenges and opportunities for
adaptation described in the climate adaptation literature, but particularly within the
context of community water management to climate variability in Africa. The
contributions to science and broader impacts of this research are four-fold.
First, this thesis reveals the place-specificity of water management in rural
Ghanaian communities. This finding is somewhat surprising because all three
communities experience the same external institutional structure and general climatic
variability, but rarely did the three case study communities participate in the same water
management strategies. Characteristics such as past experiences, community leadership,
primary livelihood strategy, access to external resources and information, sensitivity to
other stressors, and physical access to water sources determine a community’s water
management strategies. The influence of these other community characteristics will
require implementing and facilitating place-specific adaptations to achieve successful
water management under climate change will.
Second, the findings indicate the necessity of not only access to external
institutional support, but horizontal and vertical networks of governance to support water
management under the current and future variable climate. Institutional support serves as
an important community characteristic for access to resources, particularly water
infrastructure, and information at the local level about water management and climate.
However, since adaptation is place-specific, a rigid institutional structure, such as the one
established by the Community Water and Sanitation Agency, cannot support the
differential needs and experiences of communities. Creating networks of governance in
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the Afram Plains provides opportunities for information flow, innovation, and flexibility
in water management that enhance the adaptive capacity of residents for water
management under climate variability and change. The adaptation literature (Vogel et al.
2007, Schipper 2007) and community-based adaptation studies (Reid and Vogel 2006,
Ziervogel et al. 2007) argue for collaborative networks of decision making or
governance; therefore, this particular finding was expected.
Third, based upon these two outcomes, this thesis attempts to provide a local
understanding of water management for adaptation to climate change in order to aid in
facilitating adaptation processes. Kiparsky et al.’s (2006) argument for the necessity of
local understanding for water management based upon their meta-analysis of water and
climate literature is upheld within the context of these community case studies.
Understanding the context and processes for water management in communities and
across scales allows for planning and preparedness and facilitation and implementation of
‘climate smart’ water projects. The Afram Plains Development Organization (APDO)
participates in local research on water management before implementing community
water infrastructure. While significant, the research does not consider management for
climate change. The research involved in this thesis takes the second step and applies
water management strategies to the context of climate change. The community-based
research approach and findings give voice to the local residents to share their unique
experiences of water management and climate change and opens opportunities for
dialogue and information sharing between communities and local policy-makers in the
Afram Plains. I plan to participate in this dialogue upon my return to Ghana in Summer
2008.
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Finally, this thesis adds a case study to the limited community-based research on
adaptation to climate change in Africa and begins to fill the gap in understanding the
nexus between water management and climate variability and change at the community
level in Ghana. In addition to adaptation requiring place-specific strategies, the IPCC is
beginning to recognize more regional and community-based research on climate change
and to focus more on adaptation processes rather than technological and infrastructural
adaptations.

8.2 Shortcomings
As with any research, this study has a number of shortcomings. The majority of
these shortcomings occurred during the acquisition of data in the field, including a lack of
time leading to unfinished activities, failure to gather data about power relations involved
in water management, and interviews with institutions at higher scales. Additionally, the
analysis should have included additional secondary sources to validate the information
provided by the communities.
First, time in the field is the most restrictive shortcoming of my research. I was in
the field for just over a month, and while I accomplished most of my research in that
time, I was unable to complete the future water management activity in the community of
Mem-Chemfere. Although I do not believe my findings would change based upon this
one activity, I do plan to complete it this June in order to compile a complete data set.
Second, originally I had planned to gather data about the power relations
surrounding the use, access, and production of water management strategies; however,
while being in the field, it became apparent that a much more in-depth analysis could be
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required to capture these dynamics, an analysis beyond the scope of this thesis.
Additionally, I conducted interviews with male and female participants to determine
differential water management strategies based on gender. More could be done to make
this distinction clear in the analysis of this data.
Third, the second research question seeks to understand the institutions involved
in the adaptation process in the Afram Plains. I gathered sufficient data on the structures
involved in the Community Water and Sanitation Agency (CWSA) at the local and
district level, but failed to complete the analysis at the regional, national, and
international scales. Adaptation to climate change will be multi-scalar, and these higher
scales of water management impact local water management currently and likely in the
future. Specifically, this research would benefit from interviews with the regional CWSA
office and several donor organizations supporting the installation of water infrastructure.
In addition, I did not conduct interviews with any agriculture extension agents to gain a
different perspective on water management, or lack thereof, in farming practices.
Fourth, the analysis of the interview and activity data would have been further
supported by additional secondary sources, particularly in the context of past water
management strategies. The Community Water and Sanitation Agency was not created
until the decentralization of the Ghanaian government in the mid-1990s; however, many
of the water management strategies within the communities were installed or formulated
before the water structure was put in place. Historical secondary sources either about
water management or at least the socio-economic context of the time would aid in
validating the data on past water management provided by the communities.
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8.3 Further Research
The findings and shortcomings of this thesis provide several opportunities for
further research and understanding about adaptation to climate change and water
management particularly within the community-based approach. Several of the
suggestions for further research reflect the current state of adaptation research. Only
recently have climate change scholars recognized the importance of understanding
decision making processes for adaptation, but much of the literature to date has focused
on definitions and theories of adaptation and decision making rather than practical
methods and tools for understanding and researching these processes. My study begins to
consider the processes involved in water management in the Afram Plains of Ghana and
how such processes will work in a future climate. However, the picture is far from
complete at the community scale or across scales. Further research should occur in
regards to water demand, non-climatic stressors, external institutions, and cross-scalar
relationships and processes between development projects and community water
management.
First, further research should be conducted on water demand at the community
scale. This thesis focused on water supply – concerns over too much or too little water –
rather than water demand. I worked under the assumption that water supply was the
primary driver of water management under climate variability. However, such an
assumption largely neglects several of the other major drivers of water management that
may not be associated with climate change, such as population growth and migration and
changes in livelihoods and industry. The case study communities are affected by water
demand variations at all scales, from fluctuations in the community population to a
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decrease in lake levels because of demand for water in Burkina Faso. Understanding the
relationship between both water supply and water demand in the community and across
scales under a future climate requires characterization of these other water management
processes to create a comprehensive picture of the various actions involved in decision
making about water management.
Second, we need to understand how other stressors, or underlying vulnerabilities,
fit into the processes of water management and to what extent these stressors could be
alleviated to allow for greater flexibility of water management under climate variability.
Communities experience a range of other stressors that enhance or constrain their ability
to adapt to climate change. While I recognize these stressors exist as a characteristic of
the community, further research should explore and document the relationships between
these stressors and decisions about water management. For example, what are the
underlying vulnerabilities and stressors that limit Boekyekrom’s ability to procure a
second borehole? What do community members use their financial capital for instead of
contributing to a second borehole that would alleviate several of their seasonal and
climatic concerns for access to water? Schipper (2007) argues that climate change
adaptation needs to consider the underlying vulnerabilities before tackling adaptation to
climate change. However, the links between these underlying vulnerabilities and water
management are not well understood.
Third, this thesis argues for flexible water management as a means for coping
with climate change; however, the scope of this thesis did not allow for research on the
intricacies and actions of external institutions in the Afram Plains. The Afram Plains as a
case study provide several possible strategies for achieving flexible water management,
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such as building networks of governance within the Community Water and Sanitation
Agency and increasing the capacity of APDO as a boundary organization, but only a
more detailed understanding of the role of institutions can suggest the ease at which
boundary organizations and networks of governance may be established and maintained
in the Afram Plains.
Finally, further research is needed about the cross-scalar relationships and
processes between development projects and community water management under
climate change. One of the vulnerabilities for many rural Ghanaian communities is
access to year-round safe water, a situation that occurred in all three case study sites.
Access to year-round safe water typically requires infrastructural projects funded by
either the government or development agencies. Understanding the interactions and
processes between communities and funding agencies is vital for flexibility and access to
resources, particularly infrastructure, because development agencies must work with
residents to facilitate projects that meet both the immediate needs of a community and the
possibilities of a future climate change.

8.4 Conclusion
The linkages between water management and climate variability and change are
numerous and research acknowledges the great extent to which climate change will alter
the availability and quality of water resources. Rural Ghanaian communities already
experience tremendous vulnerability in their access to year-round quality water and
ability to cope with extreme events. However, these communities are not passive
victims. As argued in this thesis, people in rural Africa already practice numerous water
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management strategies to seasonality, climate variability, and extreme events, and
experience institutional and socio-economic constraints for accessing safe household
water. In particular, this thesis reveals the numerous social characteristics of a
community, such as past experience, access to external resources, and other stressors,
which define its flexibility in water management currently and in the future.
Recognizing past and present water management strategies, and the processes involved in
their creation and maintenance, provides opportunities for enhancing the ability of rural
Ghanaian communities to adapt to uncertain future climate variability and change.
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APPENDIX A: RESEARCH ACTIVITY SHEETS

A.1 Participatory Matrix: Timeline of Water Resource
Strategies

Research Question: What water resource adaptations to changing climatic conditions
have you used in the past and present, which ones do you use now, and what are the
reasons for these adaptations?
Goal: Create a past and present matrix of collective and individual water resource
adaptations, their success or failure, and the perceived reasons for these adaptations.
Determine a coping range.
Participants: 10 participants of varying age and from a variety of socio-economic
backgrounds, different groups for males and females. All participants must be 18 years
or older.
Materials: Markers (Pens, Stones, Beans), Paper or Flat Ground, Activity Guide, Tables
Directions:
1. Ask the participants how they determine if there is more or less water available in
the community. What is the variable by which they monitor the amount and
quality of water?
2. Draw a line on the flat surface and explain that any marker placed above the line
represents an event of more water and any marker placed below the line marks an
event of less water. Events can occur at multiple time scales.
3. Start the activity by determining the year of most amount of water that they can
remember based on the variable and mark this year above the line.
4. Continue by marking other events of more water to create a timeline of events
with more water. Use distance from the line to represent extent of water
variability.
5. Complete steps 3 and 4 for events of less water.
6. Throughout and after completion, discuss the responses and/or adaptations to
water variability using the questions below.
Data Collection: Copy of the timeline and attached table
Questions (For Each Event):
• Why did you have more/less water in that year?
• How did individuals or the community respond to the increase or decrease in water
amount?
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•
•
•
•
•

How did that response come about? Talk me through the process.
Did the responses work? How or why?
Who did the responses work for?
Would these responses be useful to use again? Why or why not? How would you
change it?
Who do I talk with to learn more about this response?

General:
• Which of these years was the easiest/most difficult to respond to? Why?
• What response worked the best overall? The worst?
• Which of these responses helped the situation most quickly? Which took the slowest
amount of time?

A.2 Semi-structured Interviews with Water Managers
Research Question: How does your water management strategy or adaptation work,
how did you choose this adaptation, who benefits from it, and have you experienced any
changes in usefulness of the adaptation?
Goal: Specific details about each adaptation determined in the matrix
Participants: Water managers suggested in matrix activity
Questions:
• Why did you choose this response to more or less water? Talk me through the
process.
• How does it work?
• When is it used? How often?
• Who uses it? Doesn’t? Why?
• If technical, who and how do is it maintained?
• How did you come into this role?
• Have you noticed any changes in the amount of water you manage through your
system? What drives these changes in water amounts?

A.3 Venn Diagram of Institutions, Groups, and Social Networks
Research Question: Who uses, accesses, and/or produces water resource adaptations?
Goal: Determine the institutions, groups, and social networks involved in water
management and adaptation
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Participants: 10-15 from focus group participants and water mangers, both male and
female. All participants much be 18 years or older.
Materials: Paper, Pens/Markers, Table, Activity Sheet
Directions:
1. Draw large circle in center of large piece of paper to represent the internal
community. Leave enough room in margins for external institutions.
2. Place circles within the larger circle to represent internal institutions, groups, and
social networks and circles outside the large circle to represent external
institutions, groups, and social networks. Size of the circle represents the number
of members in these institutions or social networks. Label each circle.
3. Begin the diagram by defining the largest institution, group, or social network
supporting water management. Place in appropriate location on the paper.
4. Add additional circles as needed remembering that size represents number of
members. Add dashed circles for institutions/networks which no longer exist.
5. As more circles are added, begin to link institutions/networks with a line. Dashed
lines mark links which previously existed.
6. Discuss the institutions using the questions and table.
Data Collection: Venn Diagram and institution/network information table
Questions:
For each institution:
• What is the general function of this group? Communication, infrastructure, financial,
social?
• How many members does it have?
• Who can be a member?
• How does this group help with water management? Explain.
• When, why, and how did they start helping with water management? Are they
helpful when there is too much water or too little water or both?
• Who do I talk with to learn more about this group?
General:
• In a situation of very little water, which group helps the most and how? In a situation
of too much water?
• If in the future, there was consistently too much/too little water, which organization
would be the most helpful? What if there were changes from one extreme to
another?
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A. 4 Semi-Structured Interviews with Institutions, Groups, and
Social Network Leaders

Research Question: Who uses, accesses, and/or produces water resource adaptations?
Goal: Understand the role of internal and external institutions, groups, and social
networks towards producing and using water resource adaptations
Participants: Leaders of institutions, groups, and social networks determined from
Venn diagram activity
Questions:
• What is the function of your institution?
• How does this group help with water management?
• Tell me about how and why you decided to focus on water?
• Explain the process of implementing this water management strategy. Who helped
you? How was the plan formulated? Who did the work?
• Does anyone help you manage the strategy now? Who and what do they do?
• Who benefits from your work on water?
• How would your institution respond in situations of consistently more or less water?
Extreme events of more or less water?
• After presenting a simplified model of predicted climate change, how can your
institution help with changes in climate and extreme events? Are there ways to
manage water for these events? How might you help the community benefit from
these events?

A.5 Scenario for Future Climate Change

Research Question: What are the limits of your current management strategies and how
can you adapt to future water variability due to predict climatic changes?
Goal: Determine the adaptive (coping) range to anticipated climate change, management
thresholds, and future adaptations to water variability.
Participants: Interested community members – open forum. All participants must be 18
years or older.
Resources: Timeline from participatory matrix, climate change scenarios from models
Materials: Paper, Pens/Markers,
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Directions:
1. Layout timeline from participatory matrix with additional sheets extending the width
and length
2. Establish a future time range.
3. Beginning with the most extreme event, systematically discuss the threshold of the
management strategies used in that event.
4. Consider a more extreme event and multiple events near each other
5. Complete steps 3 and 4 for the rest of the events to determine the thresholds of
management strategies for both times of too little and too much water. Establish new
coping range.
6. Discuss ability to adapt to variability – both rapid and extreme. What strategies can
help cope with both?
7. Present a simplified model explaining the predicted scenarios for climate change in
the region. Include information about temperature increase, rainfall variability, and
affects on water resources.
8. Discuss possible future adaptations to the predicted scenarios
Data Collection: Extended Timeline, Notes
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APPENDIX B: IPCC REGIONAL CLIMATE PROJECTIONS FOR AFRICA

Figure B.1 Annual mean temperature change from 1980-1999 to 2080-2099 in Africa in 21
models using A1B Scenario. Source: Christiansen et al. (2007).
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Figure B.2 Annual mean precipitation response from 1980-1999 to 2080-2099 in Africa
in 21 models using A1B Scenario. Source: Christiansen et al. (2007).

