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Executive Summary

Climate change has often been referred to as one of the single most
important challenges to mankind. While much attention has historically
been focused on climate change mitigation, the issue of adapting to the
impacts of climate change has increasingly become important, both in
the policy and research arena. Although adaptation is now regarded as
being of equal importance as mitigation, there are still considerable
challenges in implementing adaptation on the ground.

These challenges relate in part to conceptual ambiguities concerning
adaptation and related concepts, such as vulnerability, resilience and
adaptive capacity, which are partly linked to the evolution of these con-
cepts in different scientific disciplines.

This study uses participatory approaches to assess vulnerability to cli-
mate variability in a watershed in Kenya. The purpose of this research
is to use the vulnerability assessment as the basis to identify practical
measures to enhance the ability of farmers in Sasumua watershed to
deal with current climate extremes and variability and future climate
change.

Participatory approaches have been applied in the development com-
munity for years through the use of participatory rural appraisal tech-
niques and have recently also been advocated in the context of adapta-
tion to climate change. Incorporating the views and perceptions of the
community about climate change and climatic stresses is important
because adaptation will ultimately have to be implemented at the local
level. Only by understanding the perception of those actually affected
about the factors that shape their vulnerability can constraints in adap-
tive capacity and meaningful measures of adaptation be identified and
the risk of maladaptation minimized.

In conducting the vulnerability assessment the study broadly followed
the framework developed by Smit and Wandel (Smit / Wandel 2006).
The framework starts with the analysis of past and current exposures
and sensitivities, past adaptation and current coping strategies, before
looking at current adaptive capacity, future exposures and sensitivities
and the identification of adaptation needs and options. When applying
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the framework, considerable attention was put on the analysis of cop-
ing strategies and the assessment of adaptive capacity, which provide
the basis for identifying adaptation needs and options.

Instead of having researchers pre-determine indicators of adaptive
capacity, the community identified important determinants of adaptive
capacity and rated the current state as well as the importance of improv-
ing the individual indicators for climate variability, droughts and
floods, building upon the approach developed by Brown et al. (2010).
Ratings were done in group settings and separately for men and
women.

The study area, Sasumua watershed, falls into the humid high potential
area for agriculture, which produces most of the food and cash crops in
Kenya. As agriculture in Kenya is predominantly rain-fed, it is espe-
cially vulnerable to any changes in rainfall patterns. The watershed is
of strategic importance to the city of Nairobi, providing about 20 % of
its potable water supply. The watershed was struck by a drought in
2008, and there are great concerns about climate change both among
farmers and the Nairobi City Water and Sewerage Company, which
operates Sasumua dam inside the watershed, from which water is chan-
nelled to the city of Nairobi.

The study shows that farmers are highly aware of past climatic changes,
yet their ability to deal with climate variability and change is con-
strained. Although farmers employ a number of strategies to cope with
the various climate stresses, many of these are perceived to be ineffec-
tive and are employed after, rather than before, the event occurs. Part of
this can be related back to the history of the watershed.

The watershed is located in the former white highlands of Kenya,
which were reserved for the settlement of Europeans during colonial
times. The area played an important role in the famous Mau Mau war,
which gripped the country in the 1950s. One of the main leaders of the
Mau Mau revolt, Dedan Kimathi, comes from the area, and the nearby
Aberdare forest provided a popular hideout for Kikuyu fighters. Fol-
lowing independence the area was one of the first to benefit from the
redistribution of land from colonialists to Kenyans, partly because of
the fear of social unrest among the Kikuyu. The resettlement pro-

   braces farmland, resources found on the land, such as water and

   ound on land, such as buildings. 
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grammes led to a massive increase in population, associated decreases
in land size and interference with the drainage system constructed by
the colonialists. The combination of these factors has limited the abil-
ity of farmers to deal with floods that affect the lower parts of the water-
shed.

While most of the coping strategies currently employed are imple-
mented on an ad-hoc basis, farmers are aware of a great number of pre-
ventive strategies, which are, however, not yet applied: modern farm
management practices, including silage making, zero-grazing, the use
of improved livestock breeds and drought-resistant crops, the adoption
of greenhouse technology; increased storage of food, seeds and water;
irrigation, soil conservation structures, such as gabions, terracing and
contour farming; and changing farming practices towards mixed farm-
ing. The reasons why these strategies are not yet implemented relate to
constraints in adaptive capacity.

Farmers identified a number of indicators for adaptive capacity, which
could be grouped according to livelihood assets in terms of human,
social, physical, natural and financial capital. For most of these indica-
tors, current levels were perceived to be bad or average, with the lower
non-forested areas of the watershed receiving slightly lower ratings in
adaptive capacity than the upper areas and areas close to the forest due
to differences in topography, water sources and distance to the forest,
which is used as a source of fodder and also influences the microcli-
mate.

Within the category of human capital, the indicators of skills, commit-
ment and positiveness tended to get quite low scorings. Reasons pro-
vided for the low levels of skills, commitment and positiveness mainly
related to ignorance and limited awareness among the farmers to imple-
ment coping strategies.

In terms of social capital, cooperative societies gained the lowest score,
given the fact that, for instance, the Kenyan Cooperative Creameries
collapsed. Welfare groups, in which farmers collectively raise money to
lend to members, also gained bad to average scores in most instances.
In both areas, farmers complained that not enough people have joined
welfare groups, partly due to low levels of trust. This might be linked
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to bad experiences with the management of the welfare groups that do
exist; people in both areas complained about mismanagement and said
poorly organized groups lacked a vision and focused on collecting
money, rather than implementing activities.

Within the category of natural capital, soil quality tended to get the
lowest score, as soil was perceived to be exhausted and of bad quality.
In the lower areas, rivers and forest received low scores due to the
absence of forests and permanent rivers in that area.

Food store and greenhouses were among those indicators that received
the lowest scores under physical capital. The low score of greenhouses
is due to the high expenses and lack of knowledge in setting up and run-
ning greenhouses. A lack of knowledge about the construction of food
stores was also regarded as one reason for their low rating, in addition
to the perishable nature of the foods grown.

Within the category of financial capital, savings and bank accounts
received the lowest scores. While funds received average scores, farm-
ers complained that they have no money to save due to the high
expenses of farm inputs compared to the low prices they obtain for their
farm products. In addition, most farmers do not have bank accounts and
are afraid of using their security assets to obtain loans.

While farmers see a great need and desirability for enhancing the vari-
ous elements of adaptive capacity and implementing adaptation meas-
ures, their ability to do so is constrained. For many of them, outside
assistance is required. In addition, current low levels of positiveness
and commitment indicate a limited willingness to implement adapta-
tion strategies. However, both of these factors also received high ratings
in terms of priority of action, so farmers are aware of this problem and
willing to change their attitudes.

In order to strengthen the various elements of adaptive capacity and
implement adaptation options, greater collaboration between farmers
and extension officers is required. Group discussions revealed that a
disconnect between the services offered by agricultural extension offi-
cers and those demanded by farmers. While agricultural officers react
to demand, farmers seem to expect more of a supply-oriented approach
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and complained that agricultural extension officers are frequently not
available and do not conduct field visits. Agricultural officers, on the
other hand, said that there is a low level of attendance for seminars and
training provided for farmers. This disconnect needs to be overcome in
order increase the elements of adaptive capacity and foster the imple-
mentation of adaptation strategies.

Group discussions with farmers and district government officials have
shown that both groups have a shared problem perception about current
constraints in adaptive capacity of farmers. In addition, they have also
identified a similar set of possibilities for increasing the various ele-
ments of adaptive capacity. These shared problem and solution per-
spectives thus provide a good basis for fostering greater levels of col-
laboration.

Both groups have, for example, identified trainings and seminars as
important actions to increase the various elements of adaptive capacity.
The expressed needs for knowledge provision and training are not only
limited to improving farming methods, soil conservation and tree plant-
ing, but also include setting up and running welfare groups, hygiene
and health issues (including diets), and financial management. How-
ever, given the current low attendance levels at seminars and training
for farmers, additional sessions need to meet the needs of farmers and
be accompanied by awareness-raising about the importance of these
activities. These steps will help increase commitment and positiveness,
thus fostering a greater willingness to implement adaptation measures.

In general, the method of participatory vulnerability assessment
revealed constraints in adaptive capacity and practical adaptation
options as intended. The workshops were very well attended and dis-
cussions were lively and active, with both men and women contributing
to group discussions. Some of the advantages of participatory
approaches noted in the literature – i.e., the process leads to empower-
ment of participants and prompts action to implement change – also
came about in this study. Farmers, for example, explicitly valued the
participatory nature of the workshops, as opposed to the normal kind of
seminars/workshop where “we just sit and listen”. The workshops also
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prompted action in that farmers decided to form a self-help group to
advance the implementation of preventive strategies.

Farmers were also able to identify indicators of adaptive capacity for
drought, flood and climate variability and to rate the status quo and pri-
ority for action. As also found by Brown et al. (2010), these indicators
included positiveness and commitment, which are often not included in
top-down quantitative surveys of adaptive capacity, demonstrating the
importance of deriving locally meaningful indicators for adaptive
capacity. In the ratings of adaptive capacity, slight differences were
found between the ratings of men and women, underscoring the impor-
tance of gender-sensitive vulnerability assessments. For the different
climate events rated (drought, floods and climate variability), ratings
did not differ much at the aggregate level, but there were some differ-
ences in terms of individual indicators selected and in the ratings of
individual indicators, which justified conducting the rating separately
for the different events.

While the method employed provided a relatively quick overview of
key constraints in adaptive capacity and revealed practical measures to
implement adaptation, it could be further built upon for more detailed
assessments of vulnerability. The slight differences in adaptive capac-
ity between the upper and the lower areas of the watershed, for exam-
ple, could be verified with a more quantitative survey using the indica-
tors identified by the farmers. In addition, multi-criteria analysis could
be used to prioritize among the different identified adaptation options.
This, however, was beyond the scope of the current study. 

12-5571_Studie_65_10  09.08.12  10:23  Seite 6



Assessing vulnerability to climate variability and change 

German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE) 7

1 Introduction

In recent years the importance of adaptation to climate change has
increased substantially, both in the international policy as well as in the
research arena. In much of the literature on adaptation, adaptation is con-
ceptualised on the basis of vulnerability. However, there are large differ-
ences in how vulnerability is conceptualised, interpreted and applied
because the concept has its roots in different scientific disciplines (e.g. 
Füssel 2007). One common distinction has been between impact-oriented
research, which interprets vulnerability at the end point of analysis, and
research that regards vulnerability at the starting point of analysis; here,
vulnerability is regarded as a pre-existing state, driven by a variety of fac-
tors that influence the capacity to deal with stress (Eriksen / Kelly 2007;
Kelly / Adger 2000). Although research in this second area has greatly
increased in recent years, there is still a need for more practical approaches
to vulnerability research focusing on the factors that drive or constrain
adaptation at a particular place or community (Arnell 2010; Smit / Wandel
2006; Nelson et al. 2010). This is especially the case in the context of agri-
cultural communities in Africa, given the limitations of crop-yield models
and the coarseness of and uncertainty surrounding climate models (Thorn-
ton et al. 2009; 2010), which are typically used in impact-oriented research.

In Kenya the agricultural sector is still one of the most important sectors,
accounting for about 26 % of GDP and 70 % of informal employment in
rural areas. Agriculture is predominantly rain-fed (Government of Kenya
2010) and as such especially vulnerable to any changes in rainfall patterns.
The study area, Sasumua watershed, falls into the humid high potential area
for agriculture in Kenya, which produces most of the food and cash crops
in Kenya (Government of Kenya 2010). Although the high potential areas
are in general regarded as less vulnerable to climate change than arid and
semi-arid lands, projected impacts of climate change are still expected to be
negative. Kabubo-Mariara and Karanja (2007), for example, estimate that
projected increases in temperature of between 3.5 °C and 4 °C coupled with
reductions in precipitation of 20 % lead to losses in crop production of
about 48 $ and 63 $ per hectare by 2100. The watershed is also important
as a water resource for the city of Nairobi, providing approximately 20 %
of its potable water supply. It is located at the foot of the Aberdare Moun-
tains, one of the 5 “water towers” that are the source of the main river sys-
tems in Kenya. These 5 catchment areas are severely degraded, which
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makes them even more vulnerable to the impacts of flood and drought
(World Bank 2004).

The purpose of this research is to identify practical measures to enhance the
ability of the community in Sasumua watershed to deal with current climate
extremes and variability and future climate change.

The study starts with a brief overview of the concepts of vulnerability, adap-
tive capacity and adaptation (section 2) in order to explain why the method-
ology of participatory vulnerability assessment was chosen for the purpose
of this research (section 3). Before results from the participatory assess-
ment conducted in Sasumua watershed are presented in section 5, a brief
description of the case study area, including a historical overview of
Sasumua watershed from the pre-colonial period to the present, is given in
section 4. Apart from contextual information, the overview explains some
of the constraints farmers face in implementing coping and adaptation
strategies, as they are linked to the history of the watershed and its settle-
ment. Results from the participatory vulnerability assessment are presented
in terms of the three main components of vulnerability – exposure, sensi-
tivity and adaptive capacity, in addition to the analysis of coping strategies.
Future exposures to climate stresses are also considered. This serves as the
basis to discuss adaptations needs and options to implement adaptation. The
final section of the paper presents a summary of the findings and reflects
upon the methodology employed (section 6).

2 The concepts of vulnerability, adaptive capacity 
and adaptation

Within the context of research on adaptation to climate change, the con-
cepts of vulnerability, adaptation and adaptive capacity are frequently
applied. These concepts are closely linked and have their roots in various
different scientific disciplines and research traditions (Smit / Wandel 2006;
Adger 2006) not directly related to climate change. The application of these
concepts in the field of climate change research has, however, not been
without problems.

A number of authors, for example, write of a “plurality of definitions”
linked to the historic evolution of concepts in different scientific disciplines
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and research traditions (Gallopín 2006, 293). In addition, as climate change
research is often multidisciplinary, the different interpretation of concepts
in various disciplines frequently leads to misunderstandings among scien-
tists, who use the same terms but interpret them in slightly different ways
(O'Brien et al. 2004; Gallopín 2006; Füssel 2007). Although this problem is
widely recognized in the literature, Heltberg et al. note, that in the context
of vulnerability many studies still do not provide accurate and precise def-
initions of the concepts used (Heltberg / Siegel / Jorgensen 2009). A possi-
ble explanation for this can be found in O’Brien et al. (2004), who maintain
that the lack in definitional clarity might also be related to the fact that the
term “vulnerability” is so common in everyday language that scientists
might be lured into thinking that there is no need for further specification.

In order not to add to this general confusion, it is important to be aware of
the historic evolution of concepts and provide specific descriptions about
the conceptual frameworks used for specific purposes of research. The fol-
lowing section thus gives a brief review of the concepts of vulnerability,
adaptation and adaptive capacity and their application in the climate change
arena, before the conceptual framework used for this study is presented in
the section afterwards.

2.1 Definitions and historic evolution of the concept of 
vulnerability

From a linguistic point of view, vulnerability can simply be defined as the
capacity to be wounded (Kates 1985). However, it has been used and
defined in so many different ways that Liverman already noted in 1990 that
“it would be an exhausting, and probably rather meaningless, task to
review all the different ways in which people have used the word vulnera-
bility, or similar studies” (Liverman 1990, 29).

In this mass of definitions and conceptualizations, Adger (2006) identified
commonalities; most definitions conceptualize vulnerability along three
main components: exposure and sensitivity to some kind of stressor and
adaptive capacity. There are, however, differences in the way these different
elements are interpreted and weighted in the different research traditions
and fields of application.

Reviews on the historical evolution of the concept of vulnerability generally
distinguish between several main approaches that have influenced the
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subsequent evolution of vulnerability research as well as the treatment of
vulnerability in the area of climate change: the natural hazard approach,
political ecology and political economy approaches to vulnerability, and
research related to resilience (Adger 2006; Eakin / Luers 2006; Füssel
2007; Kasperson et al. 2005). In addition, there is the conceptual evolution
of vulnerability in poverty and development literature, which goes back to
the work of Sen and Chambers and has largely evolved separately from the
other approaches (Adger 2006).

The following section will briefly summarize the main approaches. For a
more information, see the respective reviews.

The natural hazard approach has been described as an “exposure model”
(Cutter / Boruff / Shirley 2003, 242) due to its focus on the impact of the
hazardous event occurring. Vulnerability is defined as the potential for loss
resulting from the combination of the occurrence of the hazard and its mag-
nitude and impact on the exposed unit (Cutter 1996). Due to its heavy focus
on hazards and the major influence of earth scientists, it has also been
referred to as “technocratic paradigm” (Hilhorst 2004, 52) and has often
been criticised for not sufficiently taking into account the underlying social,
economic and political structures that also influence vulnerability (Kasper-
son et al. 2005). As such, the risk hazard approach has often been applied
to physical systems rather than to people (Füssel 2007).

In contrast to the natural hazard approach, political economy and ecology
approaches place a strong focus on the social unit by looking at the social,
economic and political determinants that make people vulnerable to spe-
cific events and by explaining differences in vulnerability between social
groupings (c.f. Kasperson et al. 2005). As such, the analysis is more geared
towards the adaptive capacity side of vulnerability, while less emphasis is
given to the exposure element.

The pressure and release model (PAR) developed by Blaikie et al. (1994),
is often cited as an example that integrates the natural hazard and the human
ecology approach (see e.g. Adger 2006), as it links the impact of the haz-
ards to the underlying factors that shape vulnerability. In the PAR model,
the hazard is not part of the vulnerability but is combined with vulnerabil-
ity to give rise to risk. The PAR model has a strong focus on the vulnera-
bility of people. Their vulnerability is determined by a combination of root
causes (economic, demographic and political structures that influence the
access to power and resources), dynamic pressures (urbanisation, epi-
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demics, conflicts, global economic pressures, natural resource depletion),
which ultimately give rise to unsafe conditions that result from the combi-
nation of root causes and dynamic pressures (Wisner et al. 2004). The pres-
sure and release model is complemented by the access model. The access
model bears close resemblance to the sustainable livelihoods framework, as
it focuses on the assets and resources available to households that determine
their livelihoods and ultimately influences their ability to deal with hazards.

The focus on what makes people vulnerable, including the availability of
assets to reduce vulnerability, is also characteristic in how the poverty and
development literature deals with vulnerability. Scholars that have had a
major influence in the poverty and development literature are the work of
Sen on entitlement (Sen 1984) and Chambers on vulnerability (Chambers
1989) (c.f. Kasperson et al. 2005). According to Adger (2006), Sen’s enti-
tlement theory has shifted the focus from the natural hazard (such as
droughts) as the main cause of famine to entitlements, which Sen defines
as a “set of alternative commodity bundles that a person can command in
a society using the totality of rights and opportunities that he or she faces”
(Sen 1984, 497). Famines occur when the combination of entitlements
(which include both own production of food and the exchange of food for
money, labour or reciprocal arrangements) does not result in adequate food
provision. Chambers advanced the conceptualization of vulnerability in
poverty and development literature by distinguishing between poverty and
vulnerability. He described poverty as “lack or want” and contrasted this
with vulnerability, which he characterized as “defencelessness, insecurity,
and exposure to risk, shocks and stress” (Chambers 1989, 1). According to
Chambers (1989), strategies to reduce poverty are thus not the same as
those that reduce vulnerability; in fact, he warns that some strategies aimed
to reduce poverty (such as borrowing money) might actually make people
more vulnerable in the long term, as this might increase debt. In analysing
vulnerability, Chambers also called for a “decentralised analysis, encour-
aging, permitting, and acting on local concepts and priorities, as defined by
poor people themselves” (Chambers 1989, 1) arguing that the perception of
researchers might differ from those of local people. The strong emphasis on
the participation of the local communities is also inherent in his work on
participatory rural appraisal techniques (Chambers 1994a; Chambers
1994b) (see also section 3).
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The concept of resilience has its roots in ecology and is mostly linked to the
work of Holling (c.f. Folke 2006). Holling defined resilience as “measure
of the ability of these systems to absorb changes of state variables, driving
variables, and parameters, and still persist” (Holling 1973 17). The con-
cept of resilience has also been applied to social and coupled socio-ecolog-
ical systems. Adger (2000, 361) defines social resilience as “the ability of
communities to withstand external shocks to their social infrastructure”.
Resilience of the socio-ecological system has been denoted as the “capac-
ity of linked social-ecological systems to absorb recurrent disturbances…
so as to retain essential structures, processes, and feedbacks” (Adger et al.
2005, 1036). In contrast to earlier definitions of ecological resilience that
centred around maintaining function in the case of disturbance, definitions
have been broadened over time, recognizing that socio-ecological systems
also have the potential for self- and re-organization, learning and develop-
ment in the case of disturbance (Folke 2006; Walker et al. 2004). The focus
of resilience thus seems to be more on the capacity element of vulnerabil-
ity, although the exact nature of the relationship between vulnerability,
adaptive capacity and resilience still remains nebulous. As shown by Smit
and Wandel (2006) and Gallopin (2006), the concept of adaptive capacity is
sometimes equated in the literature with resilience, with resilience occa-
sionally regarded as a subset of adaptive capacity or vice versa.

Probably the most meaningful way to distinguish between the different
approaches and concepts is to differentiate them according to key questions
and attributes. Eakin and Luers (2006) nicely illustrate the difference
between the three main approaches in terms of focal questions, key attrib-
utes, exposure units and definitions. Whereas the main interest of research
in the risk hazard approach is on the identification of hazards and impacts,
political economy and political ecology approaches focus more on adaptive
capacity and on why social units are affected differently by the hazards.
Resilience is also closely related to adaptive capacity, but the focus is more
on systemic changes (see Table 1).

As noted by most reviews, the major traditions of vulnerability research can
also be identified in the climate change literature. Here a distinction is usu-
ally made between biophysical and social vulnerability. Biophysical vulner-
ability is defined as “a function of the frequency and severity (or probabil-
ity of occurrence) of a given hazard” and is thus largely consistent with the
risk hazard approach of vulnerability (Brooks 2003, 4). Social vulnerabil-
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Table 1: Comparison between different approaches to vulnerability 

Point of comparison Risk / Hazard Political Economy 
/ Political Ecology Resilience 

Focal questions What are the  
hazards? 

What are the  
impacts? 

Where and when? 

How are people and 
places affected 
differently? 
What explains 
differential capaci-
ties to cope and 
adapt? 
What are the causes 
and consequences 
of differential 
susceptibility? 

Why and how do 
systems change? 

What is the capac-
ity to respond to 
change? 

What are the under-
lying processes that 
control the ability 
to cope or adapt? 

Key attributes Exposure (physical 
threat, external to 
the system) 

Capacity, sensitiv-
ity, exposure 

Thresholds of 
change, reorganiza-
tion, capacity to 
learn and adapt 

Exposure unit Places, sectors, 
activities, land-
scapes, regions 

Individuals, house-
holds, social 
groups, communi-
ties, livelihoods 

Ecosystems,  
coupled human-
environmental 
systems 

Illustrative  
definition of 
vulnerability 

“The likelihood that 
an individual or 
group will be 
exposed to and 
adversely affected 
by a hazard. It is the 
interaction of the 
hazards place with 
the social profile of 
communities”1 

“The characteristics 
of a person or 
persons in terms of 
their capacity to 
anticipate, cope 
with, resist and 
recover from the 
impact of a natural 
hazard”2 

Resilience “can be 
thought of as the 
opposite of… 
vulnerability“3 

“Resilience is a 
measure of the 
ability of… sys-
tems to absorb 
changes… and still 
persist”4 

Notes: 1 Cutter (1996, 532) 
 2 Blaikie et al. (1994, 9) 
 3 Holling (2001, 394) 
 4 Holling (1973, 17) 

Source: Adapted and modified from Eakin / Luers (2006) supplemented with 
information provided in Eriksen / Kelly (2007), O’Brien et al. (2004), 
Berkes / Jolly (2001)  

. . 
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ity, on the other hand, is regarded as an “inherent property of a system aris-
ing from its internal characteristics” (Brooks 2003, 4). The conceptualiza-
tion of vulnerability in terms of social vulnerability to climate change goes
back to the work of Adger and Kelly (1999), Adger (1999) and Kelly and
Adger (2000) who have highlighted the need to focus on the social aspects
of vulnerability to climate change in addition to the approaches of climate
impact assessments dominant at the time. Social vulnerability is defined as
“ability or inability of individuals and social groupings to respond to, in the
sense of cope with, recover from or adapt to, any external stress placed on
their livelihoods and well-being” (Kelly / Adger 2000, 328) and is thus
closely related to the political economy approach (Füssel 2007). According
to O’Brien et al. (2004), a lot of vulnerability studies make use of Sen’s
entitlement and/or livelihood approaches and are thus heavily influenced by
the conceptualization of vulnerability that prevails in the development and
poverty literature, which is perhaps not surprising given that adaptation is
primarily discussed in the context of developing countries given their per-
ceived lower ability to deal with the impacts of climate change.

Although research on vulnerability or adaptation has evolved quite sepa-
rately from that of resilience, where papers have been published largely in
the field of ecology rather than of climate change or global environmental
change (Janssen et al. 2006), the concept of resilience is increasingly being
taken up in the climate change community. In a case study on the vulnera-
bility to climate change of a coastal community in Vietnam, Adger (1999),
for example, shows that ecological and social resilience are related, with
mangrove conversion having led to reductions in social resilience. Berkes
and Jolly (2001) have examined the socio-ecological resilience to climate
change of an arctic community in Canada. Cannon and Müller-Mahn
(2010) even observe a shift in the climate change discourse with the con-
cept of resilience being increasingly adopted at the expense of vulnerabil-
ity. They see this shift, however, rather critically, arguing that a focus on
resilience might shift the attention away from the socio-economic system as
the root cause of vulnerability and fearing a “technocratic, scientistic
approach” in devising appropriate response measures, given the fact that
the resilience approach is strongly rooted in natural sciences (Cannon /
Müller-Mahn 2010, 632). This fear, however, might be unfounded in the
case of social resilience, which also places a strong emphasis on social
institutions and learning.
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Again, the difference between the main approaches in the climate change
literature can be illustrated with the main questions they address. Whereas
the question of the biophysical approach tends to be framed as “What can
be done to protect the population?” or “What is the extent of the climate
change problem?”, the vulnerability approach tends to focus on “What can
be done to strengthen people’s own capacity to respond and adapt?”, “Who
is vulnerable to climate change and why?” and “How can vulnerability be
reduced?” (Eriksen / Kelly 2007, 505; O'Brien et al. 2004, 3). The
resilience approach tends to ask how the system’s resilience can be
increased (see Table 2).

As shown by Adger (2006), Birkmann (2006) and Eakin and Luers (2006),
the different approaches were partly merged, giving rise to integrated
approaches of vulnerability and contributing to the broadening and widen-
ing of the concept. At the same time, climate change is increasingly recog-
nised as just one pressure acting on the system. There has thus been a move
away from studying climate change as a single cause of harm towards vul-
nerability assessments that incorporate multiple causes and stressors of
change, which can be captured under the heading of global environmental
change vulnerability assessments (Patt et al. 2009).
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Table 2: Comparison of different approaches to vulnerability used in the 
 climate change and global environmental change literature 

Climate Change/Global Environmental change 

 End point aproach / 
biophysical vulner-
ability 

first generation 

Starting point  
approach / social 
vulnerability 

second generation 

Social resilience / 
social-ecological 
resilience 

Focal questions What can be done to 
protect the popula-
tion? 

What is the extent of 
the climate change 
problem? 

What can be done to 
strengthen people´s 
own capacity to 
respond and adapt? 

Who is vulnerable to 
climate change and 
why? 

How can vulnerabil-
ity be reduced? 

How do human 
societies deal with 
changes in climate? 
How can adaptive 
capacity be in-
creased? 
How can resilience 
be enhanced? 

Key attributes Exposure (physical 
threat, external to 
the system) 

Capacity, sensitivity, 
exposure 

Thresholds of 
change, reorganiza-
tion, capacity to learn 
and adapt 

Exposure unit Sectors, regions Individuals, house-
holds, social groups, 
communities, liveli-
hoods 

Social system, 
ecological system, 
socio-ecological 
system 

Illustrative 
definitions  

“Biophysical vul-
nerability is a func-
tion of the frequency 
and severity (or 
probability of occur-
rence) of a given 
type of hazard” 1 

“Ability or inability 
of individuals and 
social groupings to 
respond to, in the 
sense of cope with, 
recover from or 
adapt to, any exter-
nal stress? placed on 
their livelihoods and 
well-being”2 

“Resilience increases 
the capacity to cope 
with stress and is 
hence a loose antonym 
for vulnerability  3

“Social resilience is 
the ability of commu-
nities to withstand 
external shocks to their 
social infrastructure”  4

“Resilience as applied 
to ecosystems, or to 
integrated systems of 
people and the natural 
environment, has three 
defining characteris-
tics: 

”
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Table 2 (cont.): Comparison of different approaches to vulnerability 
used in the climate change and global environmental 
change literature 

Climate Change/Global Environmental change 

   Social resilience / 
social-ecological 
resilience 

   1) The amount of 
change the system can 
undergo and still retain 
the same controls on 
function and structure 
2) The degree to 
which the system is 
capable of self-
organization 
3) The ability to build 
and increase the 
capacity for learning 
and adaptation”5 

Notes: 1 Brooks (2003, 4) 
 2 Kelly / Adger (2000, 328) 
 3 Adger (2000, 348) 
 4 Adger (2000, 361) 
 5 Resilience Alliance (2011) 

Source: Adapted and modified from Eakin / Luers (2006) supplemented 
 with information provided in Eriksen / Kelly (2007); O’Brien et al. 
 (2004); Berkes / Jolly (2001) 
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2.2 Definitions and historic evolution of the concept of 
adaptive capacity 

The concept of adaptive capacity has its roots in evolutionary biology,
where it is defined as the ability to become adapted (Gallopín 2006). Sim-
ilar to the concepts of vulnerability and adaptation there are a large number
of different definitions and conceptualizations on adaptive capacity (Smit /
Wandel 2006; Gallopín 2006). Patt et al. (2009, 8) even went so far as
describing adaptive capacity an “intellectual quagmire”, given the diversity
of views on what adaptive capacity is and entails.

Part of the confusion might relate to the fact that the concept of adaptive
capacity is related to a large number of different concepts, whose distinc-
tions are often unclear. As Smit and Wandel (2006) note, these include
adaptability, coping ability, management capacity, stability, robustness,
flexibility and resilience. Gallopín (2006) also uses the term “capacity of
response” although he leaves the distinction between adaptive capacity and
capacity to response open. Furthermore, research on adaptive capacity in
the context of climate change is a relatively young field. As Smit et al.
(2001, 895, 898) noted in the third assessment report of the IPCC, research
on adaptive capacity in the field of climate change has been “extremely lim-
ited”, with “little scholarship (and even less agreement) on criteria or vari-
ables by which adaptive capacity can be measured”. In a recent review on
adaptive capacity, Engle (2011) also maintains that adaptive capacity is still
an under-researched topic in the field of global environmental change.
There have, however, been a number of studies that aimed to measure and
quantify adaptive capacity (such as Alberini / Chiabai / Muehlenbachs
2006; Adger et al. 2004; Vincent 2007; Brooks / Adger / Kelly 2005).
Although measuring adaptive capacity still remains a challenge, these types
of vulnerability assessments have helped in gaining a better understanding
of adaptive capacity and its determinants (Adger et al. 2007).

Determinants of adaptive capacity are understood as those system charac-
teristics that influence the ability to adapt (Smit et al. 2001), such as tech-
nological resources, human capital, social capital, the structure of institu-
tions, managerial abilities of decision-makers, the availability of and access
to financial and informational resources, and public perception of climate
change (Brooks 2003). A further distinction has been made between generic
and specific indicators of adaptive capacity. Poverty, health, inequality,
access to resources and social status, for example, are considered as generic
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indicators, whereas institutions, knowledge and technology are specific
indicators to climate impacts (Brooks 2003; Adger et al. 2007). In addition,
the determinants of adaptive capacity are scale-dependent: while some
determinants (managerial ability, access to technology, perception of cli-
mate risk, presence of strong social networks, etc.) operate at the local level,
others are broader reflections of macro-level attributes, which can, however,
vary at the local level (Smit / Wandel 2006; Yohe / Tol 2002).
Furthermore, the determinants are not independent of each other and not
necessarily substitutable (Tol / Yohe 2007; Smit / Wandel 2006; Smit et al.
2001).

2.3 Definitions and historic evolution of the concept of 
adaptation

The concept of adaptation is much older than the concept of vulnerability
(Young et al. 2006) and can be related back to Darwin�s work on natural
selection (c.f. O'Brien / Holland 1992; Engle 2011). In the human sciences,
the concept dates back at least to the beginning of the 1900s, when it was
introduced in anthropology as cultural adaptation (Janssen et al. 2006; Smit /
Wandel 2006). According to Smit and Wandel (2006), the term has also
been taken up in the fields of natural hazards, political ecology, resilience
and development and poverty literature, which shows how closely the con-
cepts of adaptation and vulnerability are linked. In the area of climate
change, adaptation has long been neglected at the expense of mitigation but
has increasingly drawn attention among scientists, with the number of pub-
lications focusing on adaptation increasing substantially from the mid-
1990s onwards (Wilby et al. 2009). Nevertheless, confusion about the
meaning of adaptation and its implementation into practice still prevails.

Confusion about the meaning of adaptation is also evident in the older lit-
erature on adaptation and still prevails in the different disciplines. Accord-
ing to O�Brien and Holland (1992, 39) Darwin already “wrestled exten-
sively with adaptation” and developed his theory from a notion of perfect
adaptation to one of relative adaptation. Darwin assumed that organisms are
perfectly adapted to their environment, given their inherent structural con-
straints, and that it is only through changes in the external environment that
variation occurs and the process of natural selection sets in until another
perfect adaptation state is reached (see Ospovat 1980). In the notion of rel-
ative adaptation, however, Darwin acknowledged that some species are bet-
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ter adapted than others and that variation can occur without changes in the
external environment (Ospovat 1979). In the field of ecology, Begon et al.
(1996), illustrate that, even for an biologist, adaptation can refer to genetic,
phenotypic changes or a combination of both that enable an organism to
deal with changes in the environment. Furthermore, it can be interpreted
positively – as the ability to live in certain environments – or negatively –
as being constrained to live in certain environments but not in others. In the
area of cultural adaptation, Denevan (1983, 401) also notes that “there is
confusion as to the meaning of the term ‘adaptation’ and over what the
adaptive unit is – the individual, the community, the culture or a system”.
He defines cultural adaptation as “the process of change in response to a
change in the physical environment or a change in internal stimuli, such as
demography, economics and organization”. O’Brien and Holland (1992)
also define cultural adaptation as a process and distinguish it from the con-
cept of adaptedness, which they see as the state of an organism that resulted
from evolutionary history in context of its fellow species.

Given that confusion about the concept of adaptation is common in much
of the different fields of literature, it is astonishing that, as noted both by
Schipper (2007) and Janssen et al. (2006), there is little acknowledgement
of these debates in the literature on adaptation. Indeed many of the ques-
tions in the literature on evolutionary biology and cultural adaptation (what
is adaptation, what is the appropriate unit of analysis, adaptation to what?)
are also evident in the field of adaptation to climate change. Smit et al.
(2000), for example, frame adaptation to climate change in terms of the fol-
lowing questions: Adaptation to what? Who or what adapts? How does
adaptation occur and how good is adaptation? They also show that these
questions are addressed differently in various definitions in the area of cli-
mate change.

As also illustrated in Box 1 there is, for example, disagreement between
various definitions in terms of what to adapt to. The UNFCCC’s definition,
for example, refers to climate change, whereas the IPCC’s definition
includes both “actual” as well as “expected” climate stimuli. The defini-
tion by Pielke deliberately refers to “climate” as opposed to climate
change, which he considers to be “the entire range of society/climate inter-
actions (e.g. variability, extreme events etc.)”, arguing that it does not make
much sense to distinguish between climate impacts and climate change
impacts (Pielke 1998, 168).
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In the majority of definitions across disciplines, adaptation is described as
a process, either explicitly or implicitly through the word adjustment1,
rather than as a state, thus corresponding more to Darwin�s concept of rel-
ative rather than perfect adaptation. Differences occur in the specification
of the unit of analysis. Whereas definitions in the natural sciences – natu-
rally – specify the unit of analysis, in terms of organisms, species or sys-
tems, the focus of analysis in cultural adaptation is the human system. Most
definitions in the field of adaptation to climate change refer to both natural
and human systems, paralleling perhaps the evolvement of the concept of
vulnerability to become more comprehensive.

Other key differences identified in the literature between the treatment of
adaptation across the various disciplines concern the timing and nature of
the process through which adaptation occurs (e.g. Smit et al. 2000; Schip-
per 2007). As noted by Adger et al. (2007) biological systems are limited to
reactive adaptation, whereas human systems can both employ reactive as
well as anticipatory, planned adaptation. Here, Begon et al. (1996) even go
so far as to suggest replacing adaptation with abaptation or exaptation to
distinguish between a predictive, forward-planning notion commonly asso-
ciated with adaptation in human systems and the process occurring in
organisms, which is rooted in the past.

Notably, many of the definitions in Box 1 make reference to the concept of
vulnerability, which again demonstrates how closely the concepts are
linked, although the exact nature of this linkage is still contested (c.f. Gal-
lopín 2006; Smit / Wandel 2006) and also depends on the conceptual
approach taken.

Box 1:  Illustrative definitions of adaptation in different disciplines

Definitions of adaptation related to ecology and natural systems

Adaptation is a confusing word used to mean quite different things. i) character-
istics of organisms evolved as a consequence of natural selection in its evolu-
tionary past … ii) changes in the form or behavior of an organism during its life
as a response to environmental stimuli … iii) changes in the excitability of a
sense organ as a result of continuous stimulation (Begon / Harper / Townsend
1996, 953)

1 The Miriam Webster Thesaurus for example defines adjustment as “the act or process of
changing something to fit a new use or situation”.
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Adjustment in natural or human systems to a new or changing environment. Var-
ious types of adaptation can be distinguished, including anticipatory and reactive
adaptation, private and public adaptation, and autonomous and planned adapta-
tion (Hassan / Scholes / Ash 2005, 893). 

Definition of adaptation related to cultural adaptation

Cultural adaptation is “the process of change in response to a change in the phys-
ical environment or a change in internal stimuli, such as demography, econom-
ics and organization” (Denevan 1983, 401)

Definitions of adaptation related to climate change

Adaptation is a process through which societies make themselves better able to
cope with an uncertain future. Adapting to climate change entails taking the right
measures to reduce the negative effects of climate change (or exploit the positive
ones) by making the appropriate adjustments and changes (UNFCCC / 2007,
10).

Adaptation refers to adjustments in individual, group, and institutional behavior
in order to reduce society�s vulnerability to climate (Pielke 1998, 159).

Adaptations are manifestations of adaptive capacity, and they represent ways of
reducing vulnerability (Smit / Wandel 2006, 286).

Adaptation is a process by which strategies to moderate, cope with and take
advantage of the consequences of climate events are enhanced, developed and
implemented (Ebi / Lim / Aguilar 2004, 36).

Adaptation refers to adjustments in ecological-social-economic systems in
response to actual or expected climatic stimuli, their effects or impacts (Smit et
al. 2000, 225).

Adjustment in natural or human systems in response to actual or expected cli-
matic stimuli or their effects, which moderates harm or exploits beneficial oppor-
tunities. Various types of adaptation can be distinguished, including anticipatory,
autonomous and planned adaptation:

Anticipatory adaptation – Adaptation that takes place before impacts of climate
change are observed. Also referred to as proactive adaptation.

Autonomous adaptation – Adaptation that does not constitute a conscious
response to climatic stimuli but is triggered by ecological changes in natural sys-
tems and by market or welfare changes in human systems. Also referred to as
spontaneous adaptation.
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Planned adaptation – Adaptation that is the result of a deliberate policy decision,
based on an awareness that conditions have changed or are about to change and
that action is required to return to, maintain, or achieve a desired state (Parry /
Canziani / Palutikof 2007, 869).

2.4 Relationship between vulnerability, adaptation and 
adaptive capacity

In general, adaptations are regarded as a way of reducing vulnerability
(Smit / Wandel 2006). The framing of vulnerability in terms of biophysical
or social vulnerability, however, has important implications on how this
relationship is portrayed and ultimately on the kind of adaptation measures
proposed (Füssel 2007; O’Brien et al. 2004). Building upon the work of
Burton et al. (2002) and Kelly / Adger (2000), O’Brien et al. (2004) distin-
guish between the two by referring to an “end point” and a “starting point”
approach to vulnerability. The end point approach is characteristic for much
of what Burton et al. classified as first generation or type one research on
adaptation (Burton et al. 2002). It makes use of climate change scenarios
from Global Climate Models, which are then used to assess biophysical and
socio-economic impacts. Only after these impacts have been identified is
adaptation considered in terms of its potential to reduce or moderate these
impacts (Smit / Wandel, 2006). Vulnerability is then interpreted as the “net
impact of the climate problem […] after the process of adaptation has taken
place” (Kelly / Adger 2000, 327) and thus considered at the end of the
analysis.

The starting point approach, on the other hand, frames vulnerability in
terms of social vulnerability and looks at the multiple underlying factors
that shape vulnerability to current climate extremes and variability. The
findings are then used as the basis to identify adaptation measures to reduce
vulnerability. In addition, the assessment of current vulnerability can then
be supplemented in a second step by also taking into account the expected
changes in climate and future socio-economic changes in order to identify
viable adaptation strategies for the future (Burton et al. 2002; Smit / Wan-
del 2006). The two types of vulnerability assessments also differ with
respect to the type of adaptation measures they propose. Whereas the adap-
tation measures identified in type one research tend to be rather technolog-
ical and engineering-based (O'Brien et al. 2004; Ford et al. 2007), adapta-
tion measures identified in social vulnerability assessments tend to be much
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broader and include social measures in addition to technical measures
(O'Brien et al. 2004). Furthermore, adaptation measures in social vulnera-
bility assessments tend to be more practically oriented in contrast to those
identified in type one research, which have been described as assumed,
hypothetical or potential (Füssel / Klein 2006; Burton et al. 2002; Smit /
Wandel 2006).

According to Young et al. (2006) a key difference between adaptation and
vulnerability is that, unlike adaptation, vulnerability focuses on the under-
lying causes and processes that make systems vulnerable, from which the
need for adaptation can be inferred. Thus, in order to devise effective adap-
tation measures, an in-depth understanding of vulnerability is necessary.

Adaptive capacity can be regarded as the main link between the concepts of
vulnerability and adaptation. It is a core component of vulnerability in most
definitions and conceptualizations and can also be regarded as a prerequi-
site for adaptation. Smit and Wandel (2006, 286), for example, describe
adaptations as “manifestations of adaptive capacity”, and Adger and Vin-
cent (2005, 400) refer to it as the “asset base” from which adaptation
actions can be made. A number of authors have, however, stressed that the
presence of adaptive capacity is no guarantee that adaptation will actually
take place (e.g. Burton / Lim / Huq 2001; Brooks 2003). It is thus regarded
as potential rather than actual adaptation (Brooks 2003). Adger et al. (2005)
nevertheless maintains that adaptation can include both increasing adaptive
capacity and converting adaptive capacity into action. A similar distinction
is made by Füssel und Klein (2006), who distinguish between two types of
adaptation responses: adaptation as facilitation, which aims to increase
adaptive capacity through awareness raising, capacity building, institution
building, etc.; and adaptation as implementation, which describes measures
that reduce exposure and sensitivity to climatic hazards. Factors that pro-
mote adaptation are the recognition of the need for adaptation, the belief
that adaptation is possible and desirable, the willingness to undertake adap-
tation, the availability of resources necessary for implementation of adapta-
tion strategies and the ability to deploy resources in an appropriate manner
(Adger et al. 2004).
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2.5 Conceptualization and operationalization of 
vulnerability, adaptation and adaptive capacity 
for the purpose of this research

Although, as shown above, the concepts of vulnerability, adaptive capacity
and adaptation go back a long way in history and have been applied in dif-
ferent scientific disciplines, the operationalization of these in the context of
research on adaptation to climate change still poses several challenges. The
multitude of different definitions and partly competing conceptual frame-
works has given rise to confusion among academics, and there is no con-
vincing overarching framework for conducting vulnerability assessments.
The absence of such a framework has been identified as a considerable
challenge in vulnerability research as it leaves researchers with little guid-
ance on how to choose appropriate methodologies for operationalizing the
concepts (Hinkel 2011; Preston / Yuen / Westaway 2011). To make things
worse, even for those conceptual frameworks and definitions specifically
developed in the context of adaptation to climate change, these frameworks
and definitions have been found to be too broad and vague to provide clear
guidance for their operationalization (c.f. Hinkel 2011). One suggestion has
been to frame operationalization and determine the choice of methodology
according to the research purpose (Hinkel 2011; Smit / Wandel 2006).

As Table 3 shows, the literature distinguishes between several kinds of pur-
poses for vulnerability assessments and adaptation research, each implying
different methodologies. However, while this provides some form of guid-
ance, Preston et al. (2011) found out in a review on vulnerability assess-
ments that even studies using the same conceptual model use different
methodologies. Ultimately the choice of methodology is thus up to the indi-
vidual researcher but requires justification; the choice should be explicit.
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Table 3: Purposes and methodologies for vulnerability assessments and 
adaptation research 

Adaptation research 

Purpose Methodologies 

Estimating impacts of climate change Modelling 

Evaluating specific adaptation options  
and measures 

Cost-benefit analysis, cost effectiveness 
analysis, multiple criteria analysis 

Comparing adaptive capacity of countries, 
regions, communities 

Indicator based approaches 

Contributing to practical adaptation  
initiatives 

Participatory approaches 

Vulnerability Assessments 

Purpose Methodologies 

Identification of the determinants  
of vulnerability 

Indicator based approaches 
Qualitative approaches  
(interviews, focus group discussions) 

Advance the development of assessment 
methods/conduct scientific research 

Various 

Provide decision support Various 

Identifying mitigation targets Integrated assessment models 

Identifying particular vulnerable people, 
regions or sectors 

Indicator based approaches 
Model based approaches 
Vulnerability mapping 

Raising awareness of climate change Stakeholder consultation 
Communication 

Allocating adaptation funds to particular 
vulnerable groups, regions or sectors 

Use of indicator based approaches prob-
lematic as it requires a normative approach 

Monitor the performance of adaptation 
policy 

Indicator based approaches possibly have  
a role 

Source:  ased on Smit / Wandel (2006); Preston et al. (2011); Hinkel (2011) 

 

B
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As mentioned above, the purpose of this research is to identify practical
measures to enhance the ability of the community in Sasumua watershed to
deal with current climate extremes and variability and future climate
change. This type of purpose falls into the category of what Smit and Wan-
del (2006) have termed “practical adaptation” research. Practical adapta-
tion research is defined as “research that investigates the adaptive capac-
ity and adaptive needs in a particular region or community in order to iden-
tify means of implementing adaptation initiatives or enhancing adaptive
capacity” (Smit / Wandel 2006, 285).

The identification of practical adaptation measures requires an in-depth
understanding of the factors that shape the current vulnerability to climate
variability and extremes. The main focus is on adaptive capacity here. Vul-
nerability is thus conceptualized in terms of the starting point interpretation
of vulnerability and framed in terms of social vulnerability rather than bio-
physical vulnerability.

For the purpose of this research, I define social vulnerability in line with
Adger (2000) as the limited capacity of individuals and social groupings to
respond to – that is, to cope with, recover from or exploit positive opportu-
nities associated with climate variability and change affecting their liveli-
hoods and well-being. This capacity will vary depending on the type of cli-
mate stimuli experienced and the degree of affectedness placed on liveli-
hoods.

The definition places the main focus on the capacity element and is thus
consistent with the main purpose of research. In line with Adger and Vin-
cent (2005) and Nelson et al. (2007) cited in Brown et al. (2010), I regard
adaptive capacity as the “asset base” or “preconditions necessary” for
enabling coping and adaptation strategies. Increasing adaptive capacity thus
reduces vulnerability and facilitates coping and adaptation. Coping is
understood as the “manner in which people act within the limits of existing
resources … to achieve various ends” (Wisner et al. 2004, 100). I distin-
guish between coping and adaptation in that I use the term coping for cur-
rent strategies to deal with climate stresses and adaptation for strategies that
also entail past and expected future changes, a distinction often made in the
literature (see e.g. Cooper et al. 2008). Coping and adaptation strategies can
be differentiated according to the timing of their implementation, i. e.
whether they are implemented before (ex-ante), during, or after (ex-post) an
event occurs (Cooper et al. 2008; Smit et al. 2000; Wisner et al. 2004). In
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addition, a distinction can be made as to whether the strategies refer to farm
management practices or to practices aimed to minimize the impacts of cli-
matic events on other aspects of livelihoods (Cooper et al. 2008). Climate
variability and change affect livelihoods and thus constitute the exposure
element of vulnerability. The definition also entails the third main element
– sensitivity – defined according to the IPCC as the “degree to which a sys-
tem is affected, either adversely or beneficially, by climate variability or
change” (Parry / Canziani / Palutikof 2007, 881).

I also adopt the definition of the IPCC�s fourth assessment report on adap-
tation (Parry / Canziani / Palutikof 2007) and regard adaptation as ways of
reducing vulnerability. This can include both facilitating adaptation through
increasing adaptive capacity and implementing adaptation strategies. As
noted by Adger et al. (2004), the implementation of adaptation strategies is
influenced by a number of factors, including recognition of the need for
adaptation, the belief that adaptation is possible and desirable, and willing-
ness to undertake adaptation measures. In the analysis of adaptive capacity
and the identification of adaptation options for farmers in Sasumua water-
shed, special attention will thus be given to those factors. In line with
Chambers (1989), who stressed the importance of involving local people in
the assessment of vulnerability, the methodology employed will make use
of participatory vulnerability assessments. The next section will give a brief
overview of participatory vulnerability assessments in the context of adap-
tation to climate change, before the analytical approach taken in this study
is outlined.

3 Method: Participatory Vulnerability Assessments

Participatory vulnerability assessments can be understood as “a systematic
process that involves communities and other stakeholders in an in-depth
examination of their vulnerability and at the same time empowers or moti-
vates them to take appropriate actions.” (Action Aid 2005, 11). The deter-
minants of vulnerability and its components (exposure, adaptive capacity
and sensitivity) are thus identified by the community itself, based on their
experience and knowledge rather than through the researcher (Smit / Wan-
del 2006).
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Understanding the perceptions of the community is important because
adaptation will ultimately have to be implemented at the local level by the
community. Only by understanding the perception of those actually affected
about the factors that shape their vulnerability can constraints in adaptation
and meaningful measures of adaptation be identified and applied and the
risk of maladaptation minimized. The active involvement of the community
in identifying determinants of vulnerability is important, because it has
been shown that perceptions of determinants can differ markedly between
the community and researchers, both with regards to the selection of deter-
minants and their respective weights (Brown et al. 2010; Pulhin et al. 2008).
Not taking the perception of the community into account thus entails the
risk that important determinants of vulnerability might be overlooked or
that the focus for vulnerability reduction might be put on those factors that
the community itself does not consider to be important.

Smit and Wandel (2006) have provided a framework for participatory vul-
nerability assessments: The framework starts with the analysis of exposures
and sensitivities past and current along with current adaptive strategies
before looking at future exposures and sensitivities, future adaptive capac-
ity and the identification of adaptation needs and options. This approach
has been slightly modified and adopted for this study.

When applying the framework for the purpose of this research, considerable
attention was paid in examining past exposures to climate stresses and past
changes in the natural and social system because vulnerability and the fac-
tors shaping them are not static, but dynamic, requiring a historical assess-
ment (Wisner et al. 2004). Past climate exposures in addition to other
changes in the natural and social system are also likely to have influenced
the type and effectiveness of current coping and past adaptation strategies
employed in dealing with climate stresses and trends. When identifying
constraints in adaptive capacity and options on how to overcome these con-
straints, it is thus important to take these historical factors into account. Fig-
ure 1 shows the framework for participatory vulnerability assessment used
for this research.
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In order to identify past and current exposures and sensitivities to climate
related stresses, to analyse current coping and past adaptation strategies and
to identify adaptation options, a number of different participatory rural
appraisal (PRA) techniques were used.

Participatory rural appraisal techniques emerged in the late 1980s and early
1990s in response to the often top-down, centralized and expert-driven
approaches to rural development that did not sufficiently take into account
the needs, knowledge and resources of local people (Narayanasamy 2009;
Chambers 1994a). PRA places a strong emphasis on sharing and learning
“by, with and from” rural people about their conditions in order to enable
them to plan and act accordingly (Chambers 1994a, 953). While PRA tech-
niques have become especially fashionable among development NGOs,
they are also increasingly being adopted by universities and research insti-

Figure 1: Framework for vulnerability assessment 

 

Source: Modified after Smit / Wandel (2006) 
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tutes (Chambers 1994b), for example in the field of community risk assess-
ments (Wisner 2006; van Aalst / Cannon / Burton 2008).

Through their focus on local level knowledge and participatory assessment,
PRA tools have also been recommended for use in adaptation assessments.
Based on a review of several case studies on community risk assessment
conducted by the Red Cross, van Aalst et al. (2008, 177), for example, con-
clude that PRA “provide valuable tools for climate change adaptation,
especially to inform bottom-up approaches to climate change adapta-
tion…”. Some of the advantages of PRA tools noted are that they enable a
focus on vulnerability (including adaptive and coping capacity) and liveli-
hoods at the local level and allow us to analyse trends in climate hazards,
climate change, and their impacts on livelihoods. An additional advantage
of PRA methods is that impacts of climate variability and change can be
examined in conjunction with other stressors in in-depth discussions with
local stakeholders, which is especially important because it is increasingly
recognized that “successful climate change adaptation and vulnerability
reduction is rarely undertaken with respect to climate change alone”
(Smit / Wandel 2006, 289). While it is recognized that climate change and
climatic hazards present just one of many stresses determining the vulnera-
bility of communities, the main focus in analysing exposure, sensitivity and
adaptive capacity in this study is laid on climatic stresses and trends. Never-
theless, non-climatic stresses and trends are also considered during the
analysis in order to gain a deeper understanding of the interaction between
them and the ability to implement coping and adaptation strategies.

Table 4 presents the main PRA techniques used in conjunction with other
methods during the participatory vulnerability assessment. Timeline analy-
sis was used to identify past exposures to climate stresses. This technique
involved asking the community to remember important events in local his-
tory, which were then recorded on a timeline on a sheet of paper. The dis-
cussions were left deliberately open and not limited to climate stresses in
order to also identify other key stresses in the natural and social system that
had an impact on the community.

Past changes in the natural and social system were further analysed by
using trend lines and change in trend matrixes, in which the community pre-
sented trends in key natural and social parameters visually over time. The
trends examined included rainfall, temperature, frost, tree cover, water
availability, forest cover, soil erosion, soil conservation, water conservation,
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Table 4: Methods used to analyse the various determinants of  
vulnerability and adaptation 

Determinants of vulner-
ability and adaptation Focal questions Methods used 

Past exposure to climate 
hazard 

What climate stresses has the 
community been exposed to? 
What were the impacts of 
those stresses? 

Timeline 
Group discussions 

 

Past changes in natural and 
social systems 

What other key changes in 
the natural and social system 
occurred in the community? 
What were the impacts of 
these changes? 

Timeline 
Trend line  
Change in trend matrix 
Literature sources 
Group discussions 

Current exposure and sensi-
tivity to climate stresses 

To which climate stresses is 
the community currently 
exposed? 
What are the impacts of these 
stresses? 

Group discussions 
Community mapping 

Current coping and adapta-
tion strategies 

What coping and adaptation 
strategies does the commu-
nity employ? 
Are they effective? 
When are they implemented? 
What are constraints in 
implementing the strategies? 
Are these constraints related 
to past changes in the natural 
and social system? 
Is the community aware of 
any other strategies? 
Why are they not employed? 

Group discussions 

Future exposure and  
sensitivity 

What would be the impact if 
past climatic trends contin-
ued? 
What would be the impact if 
current extremes became 
more severe? 

Envisioning exercise 
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population, land size, poverty, and crop and livestock production. The
graphs produced served as the basis for discussions of reasons for changes
and the interrelationship between different trends observed.

Current exposures were identified through group discussions, in which the
community was asked to identify climate stresses affecting them and the
impact that they have on their livelihoods.

Table 4 (cont.): Methods used to analyse the various determinants of  
 vulnerability and adaptation 

Determinants of vulner-
ability and adaptation Focal questions Methods used 

Current adaptive capacities What assets does the com-
munity deem to be important 
for implementing coping and 
adaptation strategies? 
How are these currently 
rated? 

Rating of adaptive capacity 
Group discussions 

Adaptation needs Is climate change perceived 
as a problem by the commu-
nity? 
Are current coping strategies 
perceived to be adequate to 
deal with future changes? 
Is there a perceived need to 
enhance current elements of 
adaptive capacity? 
Is there a willingness to 
employ these coping and 
adaptation strategies? 

Problem-ranking 

 
Group discussion 

 

 
Rating of adaptive capacity 

Adaptation options What measures would be 
needed to enhance adaptive 
capacity? 
What measures would be 
needed to deal with expected 
change in climate? 

Group discussion with 
farmers 
Group discussion with 
district government officials 

Source:  Author’s own compilation 
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Sensitivity was captured by asking farmers to identify the degree of affect-
edness that these climate events have on their livelihoods in terms of yield
reductions and/or increases in production. In addition, farmers were asked
to identify areas particularly hit by these events and to discuss the reasons.
These areas were also marked visually on the maps that the community pro-
duced as part of the community mapping exercise.

After having identified the key climate stresses and their impacts, farmers
were asked to identify coping strategies that they employ to deal with these
stresses. Discussions were guided through a set of structured questions, in
which farmers were asked to reflect on the timing of the implementation,
the effectiveness of the strategies and whether they were aware of any other
strategies that could be used but are currently not used. The adequacy of the
coping strategies was also assessed not only with respect to current climate
stresses but also with regard to expected future changes. Here, a short envi-
sioning exercise was conducted; based on past trends identified in rainfall
and temperature and experience with current climatic stresses, possible
future climatic scenarios were discussed in terms of their impacts and the
suitability of current coping strategies.

The discussions on coping and adaptation strategies also served as the basis
to identify determinants of adaptive capacity, described as the assets/pre-
conditions needed in order to implement the strategies. These determinants
were subsequently rated, broadly following the approach as outlined in
Brown et al. (2010) and Roth et al. (2010), who have used focus group dis-
cussions to self-assess and rate adaptive capacity of natural resource man-
agers in Australia and of farmers in Bangladesh and India.

The identification of adaptation needs involved several steps. Prior to any
discussions on climate stresses, exposures, and coping strategies, etc., farm-
ers were asked to identify and rank problems in their area. Pairwise ranking
was then conducted in order to identify the perceived importance of each of
these problems. The purpose of the exercise was to establish whether cli-
mate problems were perceived to be important and how they rated com-
pared to other problems. Adaptation needs were also looked into by exam-
ining the adequacy of coping and past adaptation strategies both with regard
to current and future climate stresses. Finally, adaptation needs were cap-
tured by rating the importance of increasing the determinants of adaptive
capacity. The rating exercise revealed how determinants of adaptive capac-
ity could be increased. In addition, farmers were asked during the envi-
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sioning exercise to identify adaptation measures to deal with expected
changes.

Participatory exercises were conducted in five different areas of the water-
shed in the period from 26.11. to 11.12.2009: two in the lower lying areas
of the watershed (Kwaharaka and Kinamba) without forest nearby; two in
the more upwards lying areas of the watershed (Sasumua Kiamweri and
Sasumua Churiri) bordering the forest; and one around the town of Njabini.
The participatory workshops were held for two days in Kikuyu. Around 10-
15 participants were selected per group with the help of a local coordinator,
a former chief in the area. Care was taken that participants came from a
mixed socio-economic background and that groups were approximately
gender-balanced and had a good age spread. The results of participatory
exercises were discussed with local actors in a joint workshop held on
8.12.10 to reflect upon differences in sensitivity between the various areas
of the watershed. The last part of the workshop series consisted in the rat-
ing of adaptive capacity for climate variability, drought and floods. The rat-
ing was conducted in two different areas of the watershed (the more lower
lying areas without forest nearby [Kwaharaka and Kinamba, lower parts of
Njabini] and the more upper lying areas and areas near the forest [Sasumua
Kiamweri, Sasumua Churiri and upper parts of Njabini] respectively) in the
period from 13.12. – 14.12.2010 and was done separately for men and
women.

4 Case study description

4.1 Geographical location and hydrological importance of 
Sasumua watershed

Sasumua watershed is located in Kinangop district of Nyandarua County,
approximately 80 km north of the capital Nairobi between 36.58° and
36.68° east and 0.65°S and 0.78°S, covering an area of approximately 107
km2 (Gathenya / Thiong’o / Mwangi 2009). The altitude ranges from around
2,350 m to up to 3,850 m in the northern forested part of the watershed.
Agriculture is practised up to an altitude of approximately 2700 m. The
population is predominantly rural, with cabbages and potatoes being the
main types of crops grown. In addition, there is also a small town, Njabini,
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2 The name Njabini originates from the splashing noises that are made when walking

through a marshy area, which are described as “Njabi, Njabi, Njabi” in Kikuyu.

3 Kinangop is a Masai word for “marshy area”.

4 Churiri is located close to the Sasumua dam and received its name from the sound of the

river flowing across different heights, which has been described as “churiri, churiri,

churiri” in Kikuyu.

5 Sasumua itself originates from a tree species “mithathinua”, which is endemic to the area

and grows along the river banks of Sasumua river. As the colonialists were unable to pro-

nounce the name of the tree species correctly, the name Sasumua emerged.

6 The category alarm is used for surface water where the resource is periodically scarce

and/or the water reserve is threatened.

located in the watershed with a current population of around 6,000 people
(KNBS 2010).

The watershed is of strategic importance to the city of Nairobi, providing
approximately 20 % of its potable water supply. Although the importance of
the watershed as the main source of water for Nairobi has somehow dimin-
ished over time due to the construction of additional dams (in 1968, the
Sasumua scheme accounted for 75 % of Nairobi�s water resources [Berry
1968]), some areas within the city – such as Kyuna, Karen Loresho, Kabete,
Kibagare, Upper Dagoretti, and Kenyatta hospital – rely almost exclusively
on water from Sasumua watershed (Sangira / Mango 2008; Neacsu 2003;
NTV Kenya 2008). The dependence of the city of Nairobi on the water pro-
vided by Sasumua watershed became also evident in 2003, when a landslide
destroyed parts of the dam, decreasing its capacity from 16 million m3 down
to around 7 million m3 (Githinji 2009; Mwaura 2009), which further aggra-
vated water shortage problems in Nairobi (Nairobi Chronicle 2008; Kumba
2008; BBC News 2003; Sangira / Mango 2008).

Apart from being of hydrological importance for the city of Nairobi, the
importance of water for the inhabitants of the watershed is also evident in
many of the local names of places within the watershed (such as Njabini2,
Kinangop3, Churiri4 and Sasumua5) that have strong connotations to water
and demonstrate that the watershed has traditionally been considered as a
wet place. However, the situation has changed drastically in recent years
with water shortage becoming a serious problem affecting both the inhabi-
tants of the watershed and the Nairobi City Sewerage and Water Company,
which operates the treatment plant and Sasumua dam located inside the
watershed. Indeed, all three major rivers within the watershed (Sasumua,
Chania and Kiburu) have been classified as being in a state of alarm by the
Water Resources Management Authority (Republic of Kenya 2007)6. Other
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problems currently affecting the watershed are unsustainable land use prac-
tices leading to siltation and erosion, population pressure, degradation of
natural vegetation and increasing levels of poverty in parts of the watershed.
In addition, climate change has been identified as a major problem both by
the local inhabitants of the watershed and the Nairobi City and Water Sew-
erage Company, which operates Sasumua dam.

4.2 Historical overview on past developments in the 
watershed

As vulnerability is dynamic and not only influenced by exposure, but also
by underlying social factors rooted in the past, it is important to consider
past developments and the historic context in which they took place. For
this purpose, timeline and trend analysis coupled with further information
from the literature were used. The analysis revealed that many of the cur-
rent problems affecting the watershed have their roots in the period of
British colonialism, with settlement of the white settlers, the subsequent
Mau Mau uprising during the 1950s, and resettlement programmes initiated
following the independence of Kenya having a profound impact on the way
land and natural resources were managed within the watershed.

The magnitude of these changes has already been anticipated in the litera-
ture of that time and is also reflected in the historical accounts given by
farmers. Belshaw (1964, 30), for example, describe the consequences of
resettlement schemes in the former white highlands following independ-
ence as “the most rapid change in the economic and human geography of
an area this size ever experienced in East Africa”. As the initiation of the
resettlement scheme is invariably linked to the Mau Mau war and the dis-
placement of ethnic groups from their traditional land during the period of
British colonialism, the following section provides a short overview of that
period and its implications for the watershed.

4.2.1 Sasumua watershed under British colonialism and 
during the Mau Mau war

According to local inhabitants of the watershed and a local historic account
written by Ndiritu (s. a.), the watershed was originally inhabited by the
Masai, the Kikuyu and the Ndorobo, who all engaged in different activities
and used different parts of the watershed to support their living. As pas-
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7 Njabini, the major town in the watershed is still home to the widow of Dedan Kimathi.

toralists, the Masai grazed their cattle in the lower marshy grasslands of the
watershed, whereas the Kikuyu, who were mainly engaged in agriculture
and trade, lived in upper areas more suitable for farming. The Ndorobo, on
the other hand, were forest dwellers mainly engaged in hunting and gather-
ing wild fruits, herbs and honey in the forested part of the watershed.

The ethnic composition of the watershed inhabitants changed during colo-
nialism as the place became part of the “white highlands”, agricultural
areas in Kenyan highlands exclusively reserved for European settlers (Mor-
gan 1963). According to Ndiritu (s. a., 3), the Masai and the Ndorobo were
displaced from the area, while the Kikuyu were retained as agricultural
labourers working as “self-motivated robots who needed no regular servic-
ing to replacement of costly body parts”. This account is confirmed in the
wider literature on the white highlands, which describes in more detail such
legislative provisions as the 1904 Masai Agreement, the 1915 Crown Land
Ordinance and the 1918 Resident Native (Squatters�) Ordinance that under-
pin the dispossession of land occupied by the Natives and allowed them to
live in the white highlands only under the status of a squatter on the settler’s
farm in exchange for labour (cf. Leo 1984; Morgan 1963; Syagga 2006).

As described by Leo (1984) the economic situation of the squatters deteri-
orated during the 1930s and 1940s, leading to discontent among the Kikuyu
and culminating in the famous Mau Mau war, a Kikuyu-dominated revolt
that gripped the country in the 1950s and ultimately lead to Kenya’s inde-
pendence in 1963. The area in and around Sasumua watershed played an
important part in the war and had a profound impact on the life of both
Europeans and Kikuyus living in the area. The nearby forest of the Aber-
dare Mountains provided a popular hide out for the Mau Mau supporters,
including field marshal Dedan Kimathi, a leading freedom fighter and main
leader of the Mau Mau revolt; he was captured in the forest in 1956 and exe-
cuted in 19577. The watershed was thus home to clashes between Mau Mau
fighters and Europeans. There is at least one report of an attempted attack
by Mau Mau gangs on Grimwood farm within the watershed in January
1954 and several reported murders of European settlers within the wider
Kinangop area, which deepened the animosity of Europeans against the
Kikuyu (Kitson 1960; Anderson 2005). In 1952, the government responded
by declaring a state of emergency, which lasted until 1960 and involved the
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eviction of Kikuyu squatters, who were sent to African reserves. In addition,
detention camps for Mau Mau fighters and alleged supporters were set up
(c.f. Leo 1984); they have been compared to concentration camps by some
of the older farmers and in the newer literature on the Mau Mau war
(Anderson [2005] and Elkins [2005] cited in Dowden [2005]), demonstrat-
ing the dire situation that prisoners faced there.

The change in land ownership during colonialism initiated great shifts in
the way natural resources were managed and used. The arrival of the white
settlers in the Kinangop area essentially transformed the dry season grazing
system under the Masai to “one of the most thickly settled of the white
mixed-farming areas” (Lonsdale 1986, 310), with farmers engaging in the
production of wheat, pyrethrum, barley, oats, dairy products, and sheep
(Morgan 1963; Ndiritu s. a.; Thompson 1964). This transformation of land
use went along with the construction of an extensive drainage system to
enable agricultural production on the waterlogged soil (Lonsdale 1986; Leo
1988). The British also recognized the importance of the watershed in terms
of a source of water supply for the city of Nairobi. Construction of Sasumua
dam, a treatment plant and a pipeline channelling water by gravity to the
outskirts of Nairobi, began in 1950 and was completed in 1956, following
delays due to the Mau Mau uprising (Abbott cited in Dixon et al. 1958;
Dixon / Robertson 1970; Berry 1968). Due to the rising water demand in the
city of Nairobi, both dam and purification facilities were later enlarged, rais-
ing the capacity of the reservoir from around 9 million m3 to 16 million m3

by 1968 (Berry 1968; Government of Kenya / City Council of Nairobi /
United States of America 1964).

4.2.2 Sasumua watershed in the aftermath of independence

As it became clear that Kenya was heading towards independence, the
redistribution of land in Kenya and within the white highlands became
central. In 1960, changes made to Crown Land Ordinance effectively ended
the exclusive rights of Europeans to the white highlands in that it also
allowed non-Europeans to manage or own land, provided that transfer of
ownership was based on a willing seller and willing buyer arrangement
(Morgan 1963; Syagga 2006). In the early 1960s, various settlement
schemes were established to facilitate the transfer of land between Euro-
peans and Africans, including the yeoman farmer scheme and the assisted
farmer scheme targeting experienced farmers in addition to the million acre
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scheme, which superseded the earlier schemes and distinguished between
high and low density areas for settlement (Belshaw 1964).

The area in and around the watershed is mentioned in several sources of the
literature as one of the first areas on which the high density schemes con-
centrated (e. g. Belshaw 1964; Leo 1984) although the area was widely
regarded as being of low agricultural value. Leo (1984, 136 ), for example,
notes that “much of the land on the high plateau called the Kinangop was
waterlogged, frost-prone and relatively infertile”. Wassermann (1973) also
cites various government documents and technical advisors of that time that
strongly spoke against using the South Kinangop area for settlement for
economic and financial reasons, but also due to the climatic and soil con-
ditions. Most sources also emphasize the speediness and unplanned nature
in which these settlement programmes occurred; these schemes are also
referred to as crash programmes or jet schemes (Belshaw 1964; Wasserman
1973; Kanyinga 2009a).

As elaborated by Leo (1984) and others (Wasserman 1973; Kanyinga
2009b; Kanyinga 2009b) there are several reasons for this great rush, most
of which have their roots in the Mau Mau conflict and the events surround-
ing the state of emergency described above. The division of Kenya along
ethnic boundaries and the decision that the newly created Nyandarua dis-
trict (of which South Kinangop is part) was to be reserved for the settlement
of Kikuyu only initiated a great influx of land-hungry Kikuyu in the area.
There was thus a great danger of social unrest, which combined with threats
made by Kikuyu to forcibly to take over white farms and fears of a resur-
gence of the land and freedom army to explain the focus on Nyandarua and
the speed with which the settlement programmes were conducted. While it
helped to stabilize the political situation around the years of independence
(Leo 1984), it is also regarded as one of the main underlying factors behind
the ethical conflicts that gripped Rift Valley and the rest of Kenya in 1993,
1997 and the post-election violence in 2007, as much of the land reserved
for settlement for the Kikuyu historically belonged to the Kalenjin and
Masai (Kanyinga 2009b). Although Leo (1984) convincingly argued against
the misconception that Kikuyu were favoured over other ethnic groups dur-
ing the settlement period, Kanyinga (2009b) shows that this alleged
favouritism lies at the heart of the matter and still continues to shape ani-
mosities between Kalenjin and Kikuyus today.
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The most immediate effect of the initiation of the high density settlement
schemes was a massive population increase in the area. Current population
levels within the watershed are estimated to be around 17,500 people or
3,700 households (J.K. Mwangi, personal communication, February 22,
2011), corresponding to a population density of around 164 persons per
km2 compared to a national average of around 66 persons per km2 (KNBS
2010). Table 5 shows the increase in population between 1999 and 2009 for
the two divisions of Njabini and Nyakio, parts of which fall into the area of
the watershed. Although there has been an increase in population and pop-
ulation density, the number of persons per household has slightly decreased.

4.3 Farmers’ account of changing trends

Some of the negative consequences of the resettlement programme, espe-
cially the massive influx of population and the shaping of animosities
between the Kalenjin and the Kikuyu, can still be felt today and are also
reflected in farmers’ accounts of changing trends from independence
onwards. According to farmers, tribal clashes between Kalenjin and Kikuyu
in 1992, 1997 and 2008 in Rift Valley caused Kikuyu to migrate into the
watershed, thereby contributing to the already growing population pressure.

Table 5: Population growth in the divisions of Njabini and Nyakio 
 

Njabini 

Division Population Households Area 
(km2) 

Population 
density 

Persons per 
household 

1999 30,486 6,625 154.2 198 4.6 

2009 34,719 8,402 153.2 227 4.1 

Nyakio 

Division Population Households Area 
(km2) 

Population 
density 

Persons per 
household 

1999 27,446 5,723 109.3 251 4.80 

2009 37,342 8,571 111.7 334 4.4 

Source: Jaetzold et al. (2006); KNBS (2010) 
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The increase in population was identified as one of the main drivers for a
number of other changes, most notably a reduction in land sizes, a change
in farming practices and an accompanied increased pressure on natural
resources. Farmers described a shift from livestock production to food and
horticultural farming, which they attributed to a decrease in land size in
addition to the occurrence of long dry spells in 1980 and 1984/85, the inci-
dence of foot and mouth disease in the mid-1980s and the collapse of coop-
erative societies, such as Kenya Cooperative Creameries and a wool factory
in Nakuru. As a consequence, the natural grassland of the Kinangop plateau
– which supports at least two endemic frog species (Bennun and Njoroge
(1999) cited in Ndang'ang'a et al. 2002) and a range of endemic and glob-
ally threatened bird species including the Sharpe�s Longclaw (Macronyx
sharpie), Jackson�s Widowbird (Euplectes jacksoni) in addition to endemic
and restricted range species such as the Aberdare (Cisticola Aberdare) and
Hunter’s Cisticola (Cisticola hunteri), and has been classified as an impor-
tant bird area by BirdLife International (2009) – has declined substantially.
Within the wider Kinangop area, of which the watershed is part, natural
grassland is now estimated at one third to one half of its historical context
(World Land Trust / Nature Kenya 2009).

The decline in natural grassland cover and corresponding increase in the
area of crop cultivation, especially on steep slopes, together with an
increase in agricultural intensification were also regarded as some of the
main reasons behind the increasing trends in soil erosion described by farm-
ers over the past 50 years. Further reasons distilled from the discussion were
interference with the drainage system and soil conservation structures con-
structed during colonial times due to land subdivision, agricultural intensi-
fication, and a lack of knowledge about soil conservation techniques.

Similar reasons were also provided to explain the decreasing trends in water
availability, which farmers say has decreased markedly from the 1970s
onwards in all parts of the watershed, leading to water shortage. In particu-
lar increased siltation of dams and ponds resulting from increased levels of
cultivation, the collapse of the piped water system, increasing levels of pop-
ulation, reductions in rainfall and interference with the drainage system
were identified as the main reasons for the decreases in water avail-
ability.
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8 Gathano describes a cold, foggy and misty condition.

5 Results from participatory vulnerability assessment

As mentioned above, the main focus in analysing the exposure, sensitivity
and adaptive capacity elements of vulnerability has been on climate trends
and stresses. However, it is clear that they do not act in isolation, but inter-
act with other factors. The description of the watershed above and key
changes in non-climatic trends provide a rich contextual understanding of
some of the key developments in the watershed. As will be shown below,
some of the past developments in the watershed have also influenced the
ability of farmers to implement coping and adaptation strategies and thus
shaped the vulnerability of farmers to climate trends and stresses.

5.1 Exposure to past and current climate related trends and
stresses

Using trendline analysis and discussions, farmers identified a clear increas-
ing trend in temperatures, a decreasing trend in the amount of rainfall and
a decrease in the intensity of frost and gathano8 from the 1960s onwards.
The decreasing intensity of gathano was attributed to a combination of
increases in temperature and land use changes, with the clearing of vegeta-
tion and decreases in water level having lead to reductions in fog. The
impact of these trends was perceived to be both positive and negative. Pos-
itive impacts associated with the increase in temperatures, for example,
related to the ability to diversify crop production, as it allowed crops to be
grown for which it was previously too cold, increased milk production and
reduced fertilizer use. Reductions in the intensity of gathano had positive
impacts in terms of crop production. However, the farmers also described
negative aspects of the temperature increase, which included increased
water shortage and the increased incidence of pests and diseases (such as
east coast fever and rinderpest). Furthermore, although reductions in the
intensity of gathano were perceived to be beneficial, farmers also noted that
the timing of gathano changed, leading to increased occurrence of crop dis-
eases. With regards to changes in rainfall patterns, the farmers described an
overall decrease in the amount of rainfall, a reduction in the amount of rainy
days and a reduction in the intensity of rain: “Nowadays, you get rain for
2-3 days, then sun for a week, before rain used to fall continuously.
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Nowadays, you have more days of sun than rain”. “Before it used to rain
for a long time heavy rains, but nowadays it rains for a short time and also
the intensity is not too high”. In addition, they described a change in the
seasonality of rainfall, with the timing and duration of the rainy seasons
having become unpredictable. “The rain has changed, now we have short
rains for a short time”. “We used to expect the short rains and the long
rains. Now the rainfall has reduced, so even for the long rains we experi-
ence it for a shorter time”. Concurrently with a reduction in rainfall, farm-
ers also noticed increases in the occurrence of dry spell and drought. Unlike
the changes in temperature, changes in the patterns of rainfall were largely
negative, with reductions in the amount of rainfall leading to a lack of fod-
der for livestock, reduced crop production, drought, and an inability to pre-
dict appropriate planting and harvesting times. Reductions in the intensity
of rain were perceived to be both positive in terms of increased availability
of fodder and negative in terms of water availability.

In addition to changes in climatic trends, the community in Sasumua water-
shed has been exposed to a variety of different climatic events, including
delayed rain, dry spells, droughts, heavy rains, floods and frost. In most
cases, the impacts of these events have been quite severe, with crop failure
and the death of animals leading to hunger. Heavy rain and floods have also
caused damage to infrastructure (see Table 6).

Among current climate related stresses farmers identified early and delayed
onset of the rainy season, drought, frost, gathano, flood, wind, dry spell and
heavy rain as events negatively affecting them.

The various types of climate variability and extremes have partly serious
impacts on the livelihood of communities. Most events impact livelihoods
through reductions in food availability, decreases in the production of crops
and livestock and hence reductions in income, and negative effects on the
level of education, transport and health.

Crop yield is negatively affected, either because the event destroys the crop
directly (drought leading to withering, frost and flood causing root and crop
rot, etc.) or indirectly through the occurrence of pests and diseases (potato
blight occurring during heavy rain, floods and gathano; cutworm and aphids
occurring during delayed onset of the rainy season and drought, etc.). In the
case of early and delayed onset of the rainy season, crop yield is also
reduced when farmers are caught unprepared, leading to distortions in the
farming calendar.
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Table 6: Timeline – climate related stresses and their impacts identified 
by farmers 

Year Event Impact 

1943 Delayed rain 
(Prolonged dry 
spell) 

Famine “Ng’arag�ya m�anga” = famine of cassava 
Shortage of staple food (only cassava was available) 

1960 
 

Heavy rains (heav-
ier than El Niño) 

Joblessness 
Hunger 

1964 Floods Joblessness 
Hunger 

1972 Frost (“Mbaa”) Destruction of trees and crops 
1978 Heavy rains 

Invasion of locust 
Collapse of chania bridge affecting transport and communica-
tion 
Flooding leading to destruction of crops 
Crop diseases 
High milk production 
Low food availability 

1980 Dry spell  
 

Famine (“Ng’aragu”) 
Relief food was distributed 

1984-
1985 

Outbreak of foot 
and mouth disease 
Frost (“Mbaa”) 
with high intensity 
Prolonged dry spell 

Famine (“Ng’aragu”) 
Migration of Masai into the watershed to search for food and 
pasture 
 

1988 Cyclone in  
Naivasha 

Fish from Lake Naivasha were lifted up by the cyclone and 
deposited in the watershed so that it was  

1997/ 
1998 

El Niño Floods 
Soil erosion 
Crop damage 
Hunger 

2003 
 

Heavy rains 
 

Floods 
Collapse of Sasumua dam wall 
Shortage of water in storage and thus water shortage in Nairobi 
Crop damage 
Soil erosion in Kinamba, leading to soil infertility 

2008 Drought Death of animals 
Shortage of water 
Major reductions in crop yield 
Relief food was distributed 
Migration into the watershed from outside due to post election 
violence and because people were moving in to search for food 

Source: Author’s own compilation  

„raining fish“
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The impact on livestock is largely indirect, either through the effect on fod-
der availability or the increased incidence of diseases. Other indirect effects
are livestock losses or damage from wildlife attacks (hyenas and wild dogs)
in periods of drought and dry spells.

In many cases the events also have severe social consequences. Increases in
theft have been reported in the case of early onset of the rainy season,
drought, dry spell and frost. These consequences also affect farmers not
directly hit by the event, as their seedlings are uprooted and crops are stolen
from their farms. Farmers also reported that during drought and dry spell
domestic conflicts worsen. Social conflicts also arise especially during
these periods when people in need of support are not being helped. Con-
flicts have not been mentioned in the case of gathano, wind and heavy rain,
suggesting that the impact of these events is less severe. In addition, idle-
ness has been reported for most of the events, as they prevent farmers from
conducting work. In some cases, this idleness also has psychological effects
leading to “madness” and “insanity” due to “too much thinking”.

All events have some sort of health impacts, in many cases associated with
malnutrition due to lack of food. Water-borne diseases, such as cholera and
typhoid, are common during periods of floods and heavy rain. Colds, pneu-
monia, flu and whooping cough occur during the cold periods of gathano
and frost. In many cases, the elderly and children are most affected.

A detailed analysis of the various impacts of the different climatic events as
described by farmers is provided in Table A1 in the Annex.

5.2 Current sensitivity

Sensitivity was captured by asking farmers to identify the degree of affect-
edness that these climatic events have on their livelihoods in terms of yield
reductions and/or increases in production. In addition, farmers were asked
to identify areas particularly affected by these events and to discuss the rea-
sons.

Despite its relatively small size of just 107 km2, the watershed features
areas of differential sensitivity with the lower lying areas without forest
nearby (Kwaharaka and Kinamba, around 2,500–2,550 m) of the watershed
generally showing a higher degree of affectedness to the various climatic
events as compared to the upper lying areas and areas with forest nearby
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(Sasumua Kiamweri and Sasumua Churiri, around 2,500–2,700 m). Indeed,
farmers also reported that people from the lower areas go to the upper areas
in search for fodder and food when food shortage results from frost,
drought or delayed onset of the rainy season.

As shown in Table 7, differences in sensitivity within the different areas of
the watershed mostly relate to the distance to the forest and differences in
topography and soil texture. Differences in soil texture and topography, for
example, explain why heavy rain has a negative impact on food production
in Sasumua Kiamweri (crops are affected by stagnant water in the low lying
areas), but less of an impact on Sasumua Churiri (more affected by erosion
in the steep areas) (see Table 7). The forest acts as an important buffer
against frost and wind and also acts as a buffer against the impacts of
drought and dry spell as it provides a source of fodder for animals. The
same features were also cited as reasons when discussing differences in sen-
sitivity between the different areas of the watershed with the farmers.
Flooding resulting from heavy rain, for example, only occurs in the lower
lying areas of the watershed (Njabini, Kinamba and Kwaharaka). The inten-
sity of frost is also much higher in those areas as they are not protected by
the forest. Yield reductions in milk production that result from the occur-
rence of frost, for example, were reported to be 85 % and 95 % for Kinamba
and Njabini, as compared to 10 % and 0.5 % in Sasumua Churiri and
Sasumua Kiamweri, respectively. Similar reasons were also provided for the
differences in the impact of gathano on milk production (cf. Table A1 in the
Annex) as gathano is more intense in the lower areas, and animals were
regarded as better adapted to conditions of coldness in the upper areas. As
compared to the other areas, Sasumua Churiri is also not so much affected
by drought given their proximity to the forest and their access to water
sources (cf. Table 8). The group of Sasumua Churiri speak of dry spells,
whereas the other groups speak of drought.

The differences in sensitivity between Sasumua Churiri and the other areas
also became evident when looking at the trends in the number of livestock
over time. Whereas most other groups showed a clear declining trend in
sheep and cattle following the incidence of foot and mouth and drought in
the mid-1980s, numbers of both sheep and cattle continued to increase in
Sasumua Churiri until the mid-1990s and beginning of 1990s, respectively.
The reasons provided for this were again the closeness to the forest, which
provided fodder as well as herbal medicine for the animals that were
believed to boost the immune system and cushion the effect of drought.
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Table 7: Areas within the watershed affected by the various  
climatic events 

 Kwaharaka Kinamba Njabini Sasumua 
Churiri 

Sasumua 
Kiamweri 

 Early onset Everywhere Everywhere Everywhere Everywhere Everywhere 

Delayed 
onset 

Everywhere Everywhere Lower part – 
due to 
distance to 
the river, 
absence of 
water ponds 
due to hard 
soil and low 
soil fertility 

Areas along 
the forest 
not so 
much 
affected 

Everywhere 

Drought Everywhere Area 
between 
Naivasha 
road and 
Muniaka 
road most 
affected as 
it is flat and 
less fertile 

Warungana 
and Karom-
boithi due to 
distance to 
the river, 
absence of 
water ponds 
due to hard 
soil and low 
soil fertility 

 Upper areas 
near the 
forest not 
so much 
affected 

Dry spell    Areas along 
the forest 
are not so 
much 
affected 

 

Flood Lowland 
area 

Area 
between 
Naivasha 
road and 
Muniaka 
road most 
affected as 
it is flat and 
less fertile 

Only in 
flood prone 
areas (Wa-
rungana, 
Karomboithi, 
Kiandege) 

  

Frost Lower areas Area 
between 
Naivasha 
road and 
Muniaka 
road most 
affected as 
it is flat and 
less fertile 

Mostly in the 
low lying 
and flat areas 
of Warun-
gana and 
Karomboithi 

Areas along 
the forest 
are not so 
much 
affected 

Areas along 
the forest 
are not so 
much 
affected 

12-5571_Studie_65_10  09.08.12  10:23  Seite 48



Assessing vulnerability to climate variability and change 

German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE) 49

There are also differences in sensitivity for different kinds of livestock.
Whereas the early onset of the rainy season, for example, has largely bene-
ficial effects on cattle (increased fodder availability and increased milk pro-
duction), the effects on sheep, rabbits and chicken are negative; they suffer
from diarrhoea, diarrhoea and pneumonia, and coccidiosis, respectively.
Delayed onset of the rainy season, which has partly disastrous conse-
quences for cattle, however, does not have substantial impact on sheep and
rabbits as they are able to feed on dry grass; the delay even has beneficial
impacts for chicken as it increases egg production. Chicken and rabbits, on
the other hand, are much more affected during periods of gathano, as they
are sensitive to cold. Compared to livestock, the differences in sensitivity
are less pronounced for the different crops grown. For delayed onset of the
rainy season, frost and drought, farmers reported substantial yield losses of
between 50 % to 100 % for most of the major crops grown.

 

 

Table 7 (cont.): Areas within the watershed affected by the various 
 climatic events 

 Kwaharaka Kinamba Njabini Sasumua 
Churiri 

Sasumua 
Kiamweri 

Heavy 
rain 

   Soil area 
due to steep 
slopes that 
are prone to 
erosion 

Low lying 
and flat 
areas 
affected by 
stagnant 
water 

Gathano Cold eve-
rywhere, 
frost affect-
ing lower 
areas 

Everywhere Everywhere Everywhere Everywhere 

Wind Black 
cotton soil 
areas, 
Open 
grassland 
areas, areas 
with low 
tree cover 

Most 
affected as 
they re-
ceive wind 
both from 
Sasumua 
side and the 
Aberdare 
mountains 

Njabini also 
affected by 
wind 

 Flat areas, 
along forest 
areas not so 
much 
affected 

Source: Author’s own compilation 
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Table 8: Water sources in the different communities 

 Kwaharaka Kinamba Njabini Sasumua 
Churiri 

Sasumua 
Kiamweri 

Springs    (privately 
owned) 

x (only 
provides 
little amount 
of water) 

Piped 
water 

Collapsed in 
1970s 

In some 
areas only 

In some 
areas 

 In some 
areas only 

Water 
tanks / 
rainwater 
harvesting 

x x x x x 

Boreholes 4 private 3 private 1 but not 
functional 

 1 commu-
nity but not 
functional 

Water 
ponds 

  x   

River   x  x 

Communal 
dam 

Silted Silted Silted  Silted 

Wells x x x x x 

Sasumua 
dam 

   Illegal to 
fetch water 
from there 

 

Water 
provision 
throughout 
the whole 
year 

No No River yes, 
Piped water 
no, 
Wells no 
 

Wells dry 
up, 
Springs yes 
Sasumua 
dam yes 

Wells 
sometimes 
dry up, 
Piped water 
rationed 

Source: Author’s own compilation 
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5.3 Coping and adaptation strategies

5.3.1 Coping strategies to deal with climate stresses

Farmers have responded to the impact of these events by employing a num-
ber of coping strategies, which were analysed in terms of the agent imple-
menting the strategy (individual, community, or government), the effective-
ness of the strategy (is the coping strategy working?) and the timing of the
implementation (implemented before (ex-ante), during or after the event
(ex-post) occurred). In addition to identifying strategies currently
employed, farmers were also asked whether they are aware of any other
strategies that could be but currently are not used. Two broad classes of cop-
ing strategies are distinguished: those relating to farm management prac-
tices and those primarily aimed to minimize livelihood impacts.

Details about the various coping strategies, their effectiveness and their tim-
ing of implementation are provided in Table A2–Table A4 in the Annex,
while the major points are discussed below.

In Sasumua watershed, most of the coping strategies are employed at the
individual level and can be classified as curative (implemented during or
shortly after the event occurred) rather than preventive (they would be
implemented before the event occurs). In contrast, the majority of coping
strategies of which farmers are aware, but which are not yet implemented,
fall into the category of preventive strategies.

Of those strategies currently implemented, not all are deemed to be suc-
cessful (see Table A2 in the Annex). Some of the farm management prac-
tices, though they cushion the effect of the impact, are still associated with
income losses due to the high expenses involved (buying fodder, etc.) or
due to price reductions that result from overproduction (planting alternative
crops) or from reductions in the quality of the produce (reducing farm
inputs, substituting fertilizer with manure, or reducing the number of live-
stock). The farm management practices generally regarded as effective
include chemicals and veterinary treatment (depending on the physical con-
dition of the livestock) and the plantation of hedges and trees to prevent
damages resulting from frost and wind. Sprinkling crops with water to pre-
vent damage from frost, although regarded as being effective, is constrained
by limited amounts of water and finances. Different opinions were
expressed about the alternation of planting patterns. While delaying the
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9 Shamba is the Swahili word for “any field used for growing crops” (Collins English Dic-

tionary).

planting pattern in the case of frost was in general regarded as ineffective
due to the unpredictability of the onset of the rainy season, planting in a
rush in the case of the early onset of the rainy season was in general
regarded as effective for those that have seeds or the money to buy seeds,
although the period is associated with great stress, overwork and child
labour. Different opinions were also voiced regarding the effectiveness of
digging trenches and channels to drain water away during periods of heavy
rain and flooding. Whereas in Kwaharaka farmers regarded the response as
effective, people in Kinamba and Sasumua Churiri reported that this is not
the case, especially not in flat areas, where the soil is already waterlogged
and water is often directed to neighbouring farms, thus leading to conflicts.

Among the coping strategies employed to minimize livelihood impacts,
strategies targeted to minimize health impacts were in general regarded as
effective (hospital treatment, heavy clothing and using cream to prevent
frostbites), while most related to food shortage (rely on food left in the
shamba9; buy food, borrow food from neighbours) were regarded as not
working or partially working at best (storing food) with the exception being
the use of kitchen gardens. A similar picture emerges for strategies targeted
at minimizing financial losses, such as searching for alternative employ-
ment, borrowing money or cutting expenses by reducing the number of
farm inputs and livestock found to be not working or only partially working
due to a general lack of jobs, the fact that people do not have bank accounts
or lack the necessary security assets to obtain a loan and because the dis-
posal of assets is seen as a short-term solution only (see above). Strategies
to deal with water shortage depend to some extent on the type of water
sources available, which differ between the various locations in the water-
shed (see Table 8). Whereas communities in Sasumua Kiamweri and
Njabini have rivers nearby with water throughout the year, communities in
Kinamba and Kwaharaka lack this type of water source. As a consequence
people in Kinamba, Kwaharaka and Sasumua Kiamweri often walk long
distances (up to 10 km) to fetch water from Sasumua River. While this type
of strategy is found to be effective as there is usually enough water in the
river, the distance and physical strain involved poses particular challenges
for the poor, the sick and the elderly. Some people have modified the strat-
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egy by hiring people or transport facilities to fetch water, which obviously
involves extra expenses. Most people rely on their own wells, which, how-
ever, dry up during the dry season. The effectiveness of digging ponds
deeper also depends on the height of the water table, which, for example,
has been reported to be very deep in Kinamba, in contrast to Sasumua
Kiamweri and Churiri, for instance, where water is much closer to the sur-
face. Rainwater harvesting is already implemented or planned to be imple-
mented in the future, but at least one group reported that the amount har-
vested is insufficient due to the small size of water tanks. The strategies to
deal with social conflict and stress are to share problems with friends and
neighbours and to initiate a process of consultation with the affected par-
ties, which is usually regarded as effective, although divorce and suicide
were mentioned as alternative responses, thereby calling their effectiveness
into doubt.

Interestingly farmers also identified a number of coping strategies, such as
collection of timber and non-timber forest products from the forest and the
burning of sawdust and wheat to prevent frost damage; these strategies were
employed in the past and regarded as effective but are not implemented
widely anymore. The reasons for the abandonment of these strategies
include the introduction of forest bans and regulations and unawareness,
laziness and high expenses associated with the burning of sawdust to pre-
vent frost (see Table A3 in the Annex).

The preventive strategies not yet implemented (see Table A4 in the Annex)
comprise modern farm management practices, including silage making;
zero-grazing; improved livestock breeds; drought-resistant crops; the adop-
tion of greenhouse technology; increasing storage of food, seeds and water;
irrigation; soil conservation structures, such as gabions, terracing and con-
tour farming; and more mixed farming. The preventive strategies to mini-
mize livelihood impacts of which farmers are aware but which are not yet
implemented include electric heaters in homes, off-farm employment (set-
ting up a business), drilling boreholes, storing food, improving personal
hygiene, and constructing an additional electric fence at the forest bound-
ary to prevent animals from encroaching farmland.
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5.3.2 Adaptation strategies to deal with changing trends in 
temperature and rainfall

Farmers have also implemented some strategies to deal with changing
trends in temperature and rainfall. As revealed during the changing trend
analysis concurrent with the decreasing amount of rainfall and reduction in
water availability, water conservation activities increased in all areas of the
watershed. These activities include roof rain water harvesting in combina-
tion with water tanks and the construction of water ponds and small dams.
However, farmers acknowledged that the effectiveness of these strategies is
limited, given the decrease in rainfall and the great demand for water, with
water shortage still perceived to be a major problem. According to agricul-
tural extension officers working in the area the rate of water conservation
in the watershed is still comparatively low; the main reasons cited are that
there is a lack of funding for water conservation structures and that there
used to be plenty of rain.

The changing trend analysis also revealed that, with increasing tempera-
tures, farmers started to engage in the production of new varieties of crops,
especially beans, maize and peas. However, according to agricultural exten-
sion officers, farmers often introduce new crops by trial and error, not based
on expert advice. In addition, the new crops are often affected by fungal dis-
eases, which decrease their productivity and lead to extra expenses for
farmers in the form of increased use of agrochemicals, once again demon-
strating the limited effectiveness of this strategy.

The effectiveness of current strategies and the implementation of preventive
strategies is thus hampered by a number of constraints, particular in the area
of finances, knowledge and technology, as is reflected in the rating of adap-
tive capacity (see section 5.5). In addition, some of the constraints are also
linked to the historic development in the watershed. Population pressure
and a reduction in land sizes, for example, have led to interference with the
drainage system originally developed by the colonialists. This has limited
the effectiveness of drainage channels in the case of floods and heavy rain
and often caused conflicts between farmers, as the water is often directed to
neighbouring farms. Furthermore, the relatively short history of settlement
in the area with farmers having migrated from other places with different
climatic conditions has also hampered the use of traditional coping strate-
gies. As one participant framed it during discussions “Kikuyus are not orig-
inally from this place; we did not know this area; we were not used to the
climate of the area”.
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5.4 Future exposure to climate related stress and 
adaptation options 

The direction in which the climate in East Africa and in Kenya in particu-
lar might go is highly uncertain (Boko et al. 2007; SEI 2009), partly due to
the limited availability of regional climate models; available models also
provide a wide range of different results. In a recent analysis on climate sci-
ence and impacts in Kenya, a joint report by IGAD Climate Prediction and
Applications Centre and the Stockholm Environment Institute concludes
that, while model predictions about temperature increases are relatively
consistent, there is a wide variation regarding the projections of future rain-
fall patterns and the occurrence and severity of floods and droughts (ICPAC /
SEI 2009; SEI 2009).

Thus, given the uncertainty and partly contrasting information of the vari-
ous climate models, farmers were asked to envision different possible cli-
mate scenarios and discuss their impacts and possible strategies to deal with
these changes. In addition, farmers were encouraged to discuss whether
current coping strategies are adequate in order to deal with these changes.

The scenarios discussed included a further increase in temperatures, a
reduction in the amount of rainfall, an increase in the amount of rainfall, a
further shift in the timing of the rainy season, an increased incidence in the
severity of droughts, and an increased incidence of flooding. As can be seen
from Table 9 farmers perceived the impact of these scenarios as quite neg-
ative, anticipating an increased incidence of pests and diseases, food short-
age and increases in poverty for most of the scenarios. Even for the scenario
of increases in rainfall – which, given the current problem of water short-
age, one would expect to have at least some positive impact – negative
impacts, such as increases in crop and human diseases and increases in soil
erosion prevailed.

5.5 Adaptive capacity

After the discussion of coping and adaptation strategies, farmers were asked
to identify the assets they deemed important for implementation. These
assets were grouped according to livelihood assets in terms of human,
social, natural, physical and financial capital. For each of these categories
farmers were asked to select five indicators separately for floods, droughts
and climate variability and in two different areas of the watershed: 1) the
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Table 9: Perceived impacts of various climate scenarios 

Scenarios Perceived impacts by farmers 

Further increase in  
temperature 

Land dries very fast 
Drought 
More pests and diseases 
Decreases in rainfall 
Lack of fish in rivers 
Shortage of water in dams, rivers and wells 
Shortage of food, as current varieties will not be suited 

Further reductions  
in rainfall 

Desertification 
More pests 
Failure of planting 
Shortage of food, hunger 
Increase in poverty 
Increases in market prices (but lack of finances to buy) 

Increase in the amount  
and intensity of rainfall 

Increased occurrence of floods 
More crop diseases (esp. fungal diseases) 
Increased occurrence of human diseases caused by 
overflow from pit latrines 
Increase in soil erosion 

Shifts in the timing of  
the rainy season 

Shortage of seedlings and seeds 
Death of livestock in the case of delayed rains and dry 
spell 
Shortage of food, hunger 
Increase in poverty 
Poor market prices for food produce 

Droughts becoming  
more severe 

Lack of water 
Death of animals and people 
Shortage of food, hunger 
Poor diet 
Poor hygiene (due to lack of water) 
Increase in poverty, increase in theft, unemployment 

Source: Author’s own compilation 
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more upper lying areas and areas with forest nearby (Sasumua Kiamweri
and Sasumua Churiri and upper parts of Njabini, around 2,500 m–2,700 m);
and 2) the lower lying areas without forest (Kwaharaka and Kinamba
around 2,500 m).

Table 10 shows the indicators selected for drought for the upper lying areas
and areas close to the forest. The indicators selected for the other events and
for the lower lying areas without forest are provided in Table A5 and Table
A7 in the Annex, which only show slight variations to those selected for
drought.

Most of the indicators selected by farmers are similar to those typically
identified in the literature. The exception might be the indicator positive-
ness / willingness to solve the problem, which is not usually mentioned
under the human capital category. Optimism and enthusiasm were, however,
also identified as part of human capital in the self-assessment of adaptive
capacity by local resource managers in Australia (Brown et al. 2010), indi-

Table 10: Selected indicators for adaptive capacity for drought  
(upper lying areas and areas close to the forest) 

Human capital Social  
capital 

Physical 
capital 

Natural 
capital 

Financial 
capital 

Knowledge Welfare 
groups Farm inputs Tree cover Funds 

Health Cooperative 
societies 

Water tanks, 
dams wells, 
ponds 

Soil Quality Savings 

Positiveness/willingness 
to solve the problem Friends Buildings Livestock Bank account 

Commitment Church 
groups Food store Forest Security 

assets 

Skills Family Roads River Employment 
in agriculture 

Source:  Author’s own compilation 
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10 This differs slightly from the approach outlined in Roth et al. (2010), who did not rate

the current state but the transformability of assets for adaptation to climate change and

equated low transformation with high priority for action. 

cating that local communities see this as an important asset base for imple-
menting adaptation.

For each of the indicators, farmers were asked to rate the current state from
a scale of 1 to 5; with 1 indicating a very bad current state and 5 indicating
a very good current state10. In addition, farmers were asked to provide rea-
sons for their choice. The rating was originally supposed to be done indi-
vidually on a sheet of paper to differentiate the rating of adaptive capacity
between men and women and according to socio-economic status, given the
stated disadvantages of conducting rating in a group as highlighted by Roth
et al. (2010). However, during a pre-test conducted with six farmers it
became evident that the majority of farmers had trouble filling in the sheets
correctly and in time, partly because of illiteracy. As such, ratings were con-
ducted in group settings, though separately for men and women in two dif-
ferent areas of the watershed (on the one hand, the lower lying areas with-
out forest nearby and on the other the upper lying areas and, areas with for-
est nearby). The rating exercise was conducted for climate variability as
well as for droughts and floods (in the lower lying areas of the watershed).
The results of the rating exercise served as the basis for discussions of
strategies to increase the various elements of adaptive capacity.

Ratings of adaptive capacity confirmed earlier results from group discus-
sions showing constraints in adaptive capacity in most capitals and slightly
different ratings between 1) the upper areas and areas with forest nearby and
2) the lower areas without nearby forest. Whereas difference at the aggre-
gate level between climate variability, floods and droughts, and between
genders are not so pronounced, they become more apparent at the scale of
individual indicators.

5.5.1 Aggregate scores of adaptive capacity

At the aggregate level, most indicators receive an average score of between
two (bad) and three (average) and do not differ much between climate vari-
ability, floods and droughts (see Figure 2 to Figure 9). The exception is the
rating of natural capital for drought and climate variability by men in the
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upper areas and areas with forest nearby, which received a good rating
(four). For most of the capitals, the lower areas without nearby forest
receive a slightly lower score than the upper areas and areas close to the for-
est, although the difference is not very great. The exception is again natural
capital, where the upper areas and areas close to the forest receive a much
higher score due to the good state of forests and rivers in those areas. The
results of the rating exercise thus confirm earlier results from group dis-
cussions, where farmers considered the upper areas and areas close to the
forest to be less affected by drought and frost due to the proximity to the
forest and the presence of permanent rivers.

In general, there is little difference between the ratings of women and men.
Women tended to give slightly higher ratings for human capital and a
slightly lower rating for social and natural capital. For human capital, dif-
ferences between men and women are especially pronounced in the rating
of commitment and positiveness towards drought and climate variability in

Fig. 2: Rating of adaptive capacity 
for drought in the upper  
areas of the watershed and 
areas close to the forest 

Fig. 3: Rating of adaptive capacity 
for drought in the lower areas 
of the watershed without 
nearby forest 
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Fig. 4: Rating of adaptive capacity 
for drought done by the  
district livestock officer for 
the whole area 

Fig. 5: Rating of adaptive capacity 
for climate variability in the 
upper areas of the watershed 
and areas close to the forest 

 

Source: Author’s own calculations  
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Fig. 6: Rating of adaptive capacity 
for climate variability in the 
lower areas of the watershed 
without nearby forest 

Fig. 7: Rating of adaptive capacity 
for climate variability by the 
district livestock officer for 
the whole area 
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the lower areas without nearby forest. Women especially complained that
men are not committed and not available for work, a fact interestingly
reflected in the rating of men, who gave themselves a low score, indicating
that men have quite good self-reflection. 

For social capital, the most apparent difference is in the rating of church
groups for climate drought and climate variability. Whereas men reasoned
that church groups “bring a positive attitude towards life” and boost moral,
women lamented that churches only talk about heaven and do not say any-
thing about climate problems. Both groups, however, saw great potential in
using church groups to discuss and learn about climate problems; after all,
most members of the community go to church, so there is thus great out-
reach to the community. 

For climate variability, women gave lower ratings to friends than men did.
Whereas men said they do discuss strategies on how to deal with climate
variability among friends, women complained that friends are far away and
that they usually do not talk about climate variability. 

      
     

     
   

      
     

    
   

 

 

Fig. 8: Rating of adaptive capacity 
for flood in the lower areas of 
the watershed without nearby 
forest 

Fig. 9: Rating of adaptive capacity 
for flood by the district  
livestock officer for the 
whole area 

 

Source: Author’s own calculations  
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For physical capital, the most pronounced difference is in the rating of
buildings for drought and floods. Men considered buildings to be very good
given that everybody “had shelter and no one had to sleep outside”,
whereas women reflected more on practical things – not having enough
storage (with farm chemicals, food and farm equipment all stored in the
same place) and having inadequate shelter for animals during floods. 

In the lower areas, the difference in ratings for natural capital is largely due
to the difference in ratings of forest. Whereas women reflected on the fact
that there is no forest in their specific area and thus gave a rating of one,
men considered the forest in the upper areas, where they go in the case of
adverse climatic events in search of fodder and water. The difference in rat-
ings between men and women thus suggests that the spatial proximity of
forests is much more important for women than for men.

In the upper areas and areas with forest nearby, similar differences occur in
the rating of human capital, with women rating willingness higher than men
for climate variability. For natural capital, interesting differences occurred
in the rating of soil quality. Whereas women considered the soil quality to
be bad, with soil erosion having contributed to the loss of top soil and
reduced fertility, men perceived the texture and quality of the soil as good,
although they also mentioned that fertility has been decreasing. As in the
case for the lower areas without forest, differences in physical capital for the
upper areas and areas close to the forest also relate to the different ratings
for buildings for the same reasons.

5.5.2 Scores of individual indicators

The indicators receiving the lowest scores within each category were largely
consistent across the different climatic events. In some instances, however,
differences occurred (see Table A5 – Table A7).

Within the category of human capital, skills, commitment (apart from
floods) and positiveness (except for climate variability for women) tended
to get quite low scores. The low level of skills is to some extent astonishing
because the area has an agricultural training centre that offers seminars for
farmers for free. During discussions with farmers and district government
officials several factors emerged that explain this discrepancy. First, there is
ignorance among farmers, which was acknowledged both by farmers them-
selves and district government officials. Farmers do not see the value of
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attending those courses either because they lack knowledge about the
importance of the courses or they do not perceive them to be useful. The
farmers added that they do not attend courses because they are not paid to
do so, indicating that they do not value the knowledge gained during semi-
nars but only see the opportunity costs of attending the seminar: time spent
and transport expenses. Second, the advancement of practical skills by
farmers seems to be hampered by a disconnect between farmers and agri-
cultural extension officers. There is a gap between the demand-oriented
approach by agricultural extension officers and the supply-oriented expec-
tations by farmers. Farmers, for example, complained that agricultural offi-
cers are always in their office but never come to their field. The farmers also
stated that they would not call the officers for fear of having to pay trans-
port and subsistence allowance.

Among social capital, cooperative societies gained the lowest score because
they collapsed. Different opinions were voiced about the need to revive
them. While some of the participants regarded them as very important due
to their ability to influence the prices of their farm products, others seemed
to be too discouraged by bad experience, mistrust and bad management in
the past. Welfare groups also gained bad to average scores in most
instances. In both areas, people complained that not many people joined
welfare groups, partly due to low levels of trust that might be linked to bad
experience with the running of existing welfare groups; people in both areas
complained about mismanagement and badly organized groups that lack a
vision and focus on the collection of money rather than the implementation
of activities. Women also complained that most groups are for women only
and do not talk about climate issues. In the lower areas without nearby for-
est, church groups received particularly low ratings from women. As noted
above, the reasons provided were that churches do not talk about climate
issues. The lower areas without nearby forest also gave friends lower ratings
than the upper areas and areas close to the forest, with friends perceived to
be too far away, not helping out in times of hardship and not being open for
the problem of others.

Within the category of natural capital, soil quality tended to get the lowest
score, as soil was perceived to be exhausted and of bad quality, a fact that
had already become visible during the changing trend analysis. The excep-
tion is the ratings of men in the upper areas and areas close to the forest,
which rated the soil texture to be good. As noted above, rivers and forest
received low scores in the lower areas due to the absence of forests and per-
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manent rivers in the area. In the upper areas and areas close to the forest,
men rated livestock as bad due to limited diversification in the type of live-
stock kept, poor quality breeds and the limited amount of livestock that can
be kept on small plots.

Food store and greenhouses were among the indicators that received the
lowest scores under physical capital. The low score of greenhouses is due to
the high expenses and lack of knowledge in setting up and running green-
houses. As a result, not many people have invested in greenhouses. The lack
of knowledge about the construction of food stores was also regarded as one
reason for the low ratings for food stores, in addition to the perishable
nature of foods.

Within the category of financial capital, savings and bank accounts received
the lowest scores. While funds received average scores, farmers complained
that they have no money to save due to the high expenses of farm inputs
compared to the low price for their farm products. Most farmers grow pota-
toes and cabbages as the main crops, which leads to overproduction, and
hence low prices. However, the discussion revealed that low levels of finan-
cial capital are not only related to the limited availability of funds but also
to deficits in financial management, as comments made during discussions
(such as “when people have money in their pocket it is like running water”)
clearly show. In addition, most farmers do not have bank accounts, partly
because they have no money to save but also because “bank accounts are
for the rich”. Security assets tended to get low to average scores. Farmers
noted that not all people have security assets, like title deeds or logbooks,
and even if they do they are too risk-averse and afraid to use them to get a
loan.

In some instances, individual indicators received different ratings for cli-
mate variability, floods and droughts. As farmers were always asked to pro-
vide reasons for their choice of rating, some insights were gained on
whether these differences reflect real differences in adaptive capacity or are
results of the repeated rating process. The ratings sometimes seem to reflect
real differences. Both men and women rated the commitment in the case of
floods as much higher (difference of 1–2) than in the case of drought
because there are “no other ways to deal with floods once they are there”.
Men also rated the welfare groups lower than in the case of droughts, as
flooded areas make it difficult for groups to meet and because the uncoor-
dinated channelling away of water from the individual farms leads to ani-
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mosities between neighbouring farmers thus breaking the morale of welfare
groups. For water tanks, wells, dams and ponds, women rated water tanks,
which they considered to be too small, during drought, whereas they rated
water ponds for floods, as reflected in the lower ratings for drought. For cli-
mate variability women rated positiveness higher than for droughts and
floods, which seems to suggest that they find extreme events harder to deal
with.

In other cases (tree cover, land, friends, church groups, family, funds, sav-
ings, bank account, employment in agriculture, etc.), ratings were slightly
different (difference of 1) between floods, drought, and climate variability
although the reasons provided were fairly similar, so that differences do not
seem to be real. Another explanation for the different ratings of climate
variability by women in the lower areas without nearby forest could be that
one elderly woman who was not present during previous ratings joined the
group. The woman was quite dominant and although the facilitator noted
the problem and tried to react on it, the presence of the woman could have
unduly influenced the results.

5.6 Implementation of adaptation 

As mentioned above, the implementation of adaptation is influenced by a
number of factors, including recognition of the need for adaptation, the
belief that adaptation is possible and desirable, and willingness to undertake
adaptation.

5.6.1 Recognition of the need for adaptation

The recognition of the need for adaptation is closely linked to the problem
perception of climate variability and change. If the impact of certain cli-
mate events and trends is not perceived to be problematic or ranks low as
compared to other problems, the willingness to implement adaptation
options is likely to be low.

In order to examine the perceived importance of climate problems as com-
pared to a host of other problems, problems were ranked. Farmers were
encouraged to discuss and list a wide range of problems and select the eight
most important ones. Pair-wise ranking was then done to identify the most
important problems. Interestingly, climate problems (including both climate
change and unreliable rainfall) were mentioned in three out of the five areas
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in the watershed, where it ranked among the top four problems (see Table
A8 – Table A12 in the Annex). Climate problems are thus ranked highly in
the problem perception of communities in Sasumua watershed.

For the purpose of triangulation, the perception among farmers of climatic
and non-climatic trends were compared with those of district government
officers, hydrological experts, and available meteorological data. The dis-
trict government officers and hydrological experts confirmed the trends
depicted by farmers during group discussions, indicating that farmers show
a high level of awareness about past changes in the watershed.

Statistical analysis of available meteorological data using the non-paramet-
ric Mann-Kendall test revealed that, although the overall amount of rainfall
over time has not changed, the amount of rainfall in the long rainy season
and the number of rainy days per rainy season has reduced significantly
over time, as can be seen in Figure 10 and Figure 11. In addition, the Mann-
Kendall test revealed significant decreases in the number of rainy days at
the monthly (April, May, June, August, October), seasonal (March–April–
May) and annual level (see Table A14). The Mann-Kendall test also showed
significant changes regarding the seasonality of long rains, with cessation
dates occurring earlier and the duration reducing (see Table A15). No appar-
ent trend, however, was discernible for the amount of rainfall and the num-
ber of rainy days for the short rains, although there is a weak significant
increase for the duration of this season. In terms of extreme events, the
Mann-Kendall test revealed significant increases in the maximum length of
dry spell for the months of April, May, June and August, while no signifi-
cant trends was discernible for heavy precipitation. Rainfall intensity, on the
other hand, shows an increase at the annual level and for the months of June
and October (see Table A16 – Table A18). The meteorological evidence thus
confirms farmers’ claims in terms of changes in the amount of rainfall and
the number of rainy days for the long rains, a shift in the timing of the rainy
seasons and the increased occurrence of dry spells. Claims that heavy pre-
cipitation events had reduced over time, could, however, not be confirmed
by the meteorological data. The farmers’ perception that temperature had
increased over time could not be confirmed due to lack of available tem-
perature data for the area. 

The recognition of the need for adaptation can also be inferred from the fact
that many of the current coping strategies to deal with current climate
related stresses are perceived to be inadequate, either because they are not
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working or because they are not yet implemented due to various constraints
(see section 5.3 and Table A2–A4 in the Annex). Interesting differences
were found in the perceived adequacy of current coping strategies to deal
with future changes in climate. Whereas strategies to deal with droughts
becoming more severe were perceived to be inadequate, strategies to deal
with increased shifts in the timing of the rainy season were perceived to be
adequate in the upper parts of the watershed only, again due to the better
availability of water sources and the proximity of the forest. Current strate-
gies to deal with floods were perceived to be adequate “provided that they
are implemented,” which again reflects farmers’ current lack of involve-
ment in preventive strategies until flooding occurs. The differences in the
adequacy of current coping strategies between floods and droughts could
also reflect the fact that farmers are relatively used to the incidence of
flooding, given that the watershed has traditionally been a wet place with
waterlogged soil, whereas droughts are experienced more rarely. Many of
the strategies identified to deal with possible future changes in climate
coincide with the preventive coping strategies that are not yet implemented
(see section 5.6.4.3), again highlighting the need for adaptation.
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Low to average ratings in many indicators of adaptive capacity combined
with high ratings given towards the importance of improving the current sit-
uation also reveal the recognition about the need for adaptation. The ratings
made by farmers were compared with the ratings made by agricultural offi-
cers, who were asked to rate according to their perception of the adaptive
capacity of farmers. Unfortunately, ratings could only be obtained from one
district livestock production officer. The results were, however, broadly
similar to those of the farmers, suggesting that there is a shared problem
perception among farmers and district government officers. In some indi-
cators of adaptive capacity for floods, however, the district livestock pro-
duction officer tended to give higher ratings for social capital for all indi-
cators except friends and much lower ratings for physical capital, with all
indicators except water tanks, dams, wells and ponds receiving a lower
score.

5.6.2 The belief that adaptation is possible and desirable

During discussions about adaptation options to deal with future climate
change, farmers regarded the implementation of these strategies as feasible
provided that awareness, knowledge and education are increased. The
importance and desirability of increasing levels of knowledge is also
reflected in the high ratings the indicator received in terms of priority for
actions, as shown below.

To examine the desirability of facilitating adaptation (i. e., increasing the
determinants of adaptive capacity) farmers were asked to rate the priority of
action to improve the current state of the indicators of adaptive capacity on
a scale from 1 (very low priority of action) to 5 (very high priority of
action). Farmers were told that a low current state of an indicator does not
necessarily translate into a high priority of action and vice versa. In addi-
tion, farmers were asked to provide reasons for their choice.

Most of the indicators received high ratings for the priority of action to
increase their current state (see Table A5 – Table A7). Overall indicators
receiving the highest scores were broadly similar between women and men,
climate variability, floods and droughts and between the upper areas and
areas with forests nearby and the lower areas without nearby forest. In some
instances indicators receiving the highest priority of action coincided with
those receiving a low score for the current state (skills, cooperative soci-
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eties, soil quality, forest and tree cover in the lower areas, food store, green-
house, savings, etc.). Farmers thus see a great need to improve the current
state of these indicators. In addition, high priority was also given to indica-
tors receiving an average or good score (forest, river, funds, health, knowl-
edge, farm inputs, family, church groups, roads, etc.), indicating the great
importance farmers gave to those indicators in dealing with flood, drought
or climate variability.

Many of the indicators under natural capital had high priority of action
despite a good or average score, indicating that farmers are aware of their
dependence on natural capital and place great store on maintaining and
enhancing the current state. Forests were, for example, regarded as an
important source of wood, timber and fodder during drought and valued for
their properties to act as windbreaks and modify the impact of frost. Funds
and health were regarded as the backbone for implementing many of the
strategies, as some of the reasons provided for the ratings show, such as
“health is everything”, “money is everything”, and “without funds there
are no savings”. Similar reasons were provided for increasing the level of
knowledge about strategies to deal with drought, floods and climate vari-
ability. Farm inputs were seen as one of the main ways for increasing pro-
duce, and hence funds. The family is seen as the basis on which to solve
problems, as opposed to friends who “come and go”; church groups are
seen as an important way to reduce stress levels during crises and valued for
their outreach function (“where you can get the community together is at
the church”). Farmers, however, said this function could be substantially
improved if they also talked about climate problems.

The district livestock production officer also gave a high priority to most of
the indicators that farmers rated highly, again indicating a shared perception
about the desire to improve the current state of indicators.

5.6.3 Willingness to implement coping and adaptation 
strategies

The willingness to implement adaptation is to some extent reflected in indi-
cators for positiveness/willingness to solve the problem and commitment,
which were selected by farmers as important indicators of adaptive capac-
ity. The low current rating that these indicators received, especially in the
ratings by men and for droughts and climate variability, indicate a low will-
ingness to implement coping and adaptation strategies.
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This low willingness was also evident when discussing the reasons why
known preventive strategies are not being implemented. In addition to
financial constraints, the limited availability of land, the size of land and a
lack of knowledge, farmers cited cultural reasons and ignorance as some of
the main reasons why preventive measures are not more widely adopted.
With reference to their tribal culture, typical responses were “Kikuyus run
at the last minute”, “Kikuyus tend to act in the 11th hour”, “a Kikuyu
rushes when it is already dark”, “we are used to learning from mistakes”,
“there is no hurry in Africa” and “people will only work when the problem
strikes”. Farmers also admitted that they have a “don’t care” attitude and
are ignorant, citing the example of not taking an umbrella with them as a
preventive measure despite knowing of the high probability of rain in the
rainy season – “we know that it is raining nowadays, but no one in this
room is carrying an umbrella with them”. On the other hand, both commit-
ment and low willingness to solve the problem also received high ratings in
terms of priority of action, suggesting that farmers are aware of this prob-
lem and willing to change attitudes.

5.6.4 Adaptation options

5.6.4.1 Options identified by farmers to increase the determinants 
of adaptive capacity

The fact that willingness and commitment to solve the problem are a real
bottleneck in implementing adaptation options also became visible during
discussions about which actions need to be taken to improve the current
state of the indicators. For the two indicators with the highest score in each
category, farmers identified a number of actions to improve the indicator’s
current state (see Table A19).

In almost all indicator categories, some actions that actually relate to
increasing the level of commitment were mentioned. In many cases, they
pertain to: seeking, following and implementing the advice given, say, by
agricultural extension workers and health officers; attending seminars and
meetings; obeying rules and regulations laid down in welfare groups and
families; and changing attitudes from “just saying to saying and doing”.
Interestingly, the options suggested for an increase in the level of commit-
ment and positiveness relate to improving the level and flow of information;
i.e., an information deficit might be the underlying reason for the low level
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of commitment and positiveness. Increasing the level of awareness is in fact
also explicitly expressed as an option to increase the levels of indicators in
most of the categories – mainly in terms of increasing awareness about the
importance of certain assets, i.e. the importance of knowledge and skills,
welfare groups, good family relationships, dams, water and soil conserva-
tion and greenhouses.

In addition to awareness-raising, there is an expressed need in most cate-
gories to increase levels of knowledge and skills through training and sem-
inars. The expressed needs for knowledge provision and trainings are thus
not limited to improving farming methods, soil conservation and tree plant-
ing, but also include welfare groups, hygiene and health issues (including
diets), and financial management.

Apart from these “soft” adaptation measures, farmers also identified a
number of “hard” adaptation measures: increasing the level of tree plant-
ing; implementing new and/or improved methods of farming, such as zero-
grazing and crop rotation; high-quality breeds; certified, drought-resistant
seeds; organic farming; soil conservation (bench terracing, planting of
Napier grass, and agroforestry); desilting old dams and constructing new
ones; and repairing roads.

While some of the options can be done by individuals, for others there is a
clear need for external assistance. Most of the actions in which individuals
are the sole actor implementing the action are those related to increasing
commitment levels. However, as noted above, even here external assistance
from agricultural extension officers and community development officers is
required through awareness-building. For the other options, outside assis-
tance is mainly required in terms of capacity building, i. e. information and
training about new farming techniques, soil conservation, setting up and
running welfare groups and financial management.

5.6.4.2 Options identified by district government officials to 
increase determinants of adaptive capacity

In addition to farmers, district government officials were also asked to iden-
tify adaptation options to increase the determinants of adaptive capacity.

As shown in Table A20 in the Annex, most of the actions identified closely
correspond to those identified by the farmers. District government officials
also clearly see a need to help farmers enhance the skill and knowledge lev-
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els. Unlike farmers, who mainly identified local agricultural extension offi-
cers or “experts” as external actors providing assistance, district govern-
ment officials included a wider range of actors, including NGOs, research
institutions, financial institutions and government institutions at the higher
levels as important actors.

In the discussion on some of the constraints faced in implementing these
options, district government officials also complained of low levels of com-
mitment and high levels of ignorance on the part of farmers, which supports
the finding made earlier that willingness to implement adaptation options is
low. Additional constraints identified are limited financial resources on the
part of farmers and government to implement adaptation options.

5.6.4.3 Implementing adaptation options
During the envisioning exercise for possible future climate change, farmers
were also asked to identify adaptation options to deal with these changes.
As Table 11 shows, many of the adaptation options identified closely cor-
respond to the preventive measures known to farmers but not yet imple-
mented, along with measures identified to enhance certain elements of
adaptive capacity, including such soil conservation practices, as building
terraces and gabions, increasing the level of tree planting, introducing new
crop varieties, investing in added value, switching to mixed farming, adopt-
ing greenhouses, increasing levels of water harvesting, and raising aware-
ness about possible future climate change.
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Table 11: Adaptation options identified by farmers to deal with future 
changes in climate 

Identified  
adaptation options Scenarios 

 Further 
increase 
in tem-
perature 

Further 
reduc-
tions in 
rainfall 

Increase 
in the 
amount 
of rainfall

Shifts in 
the 
timing of 
the rainy 
season 

Droughts 
becoming 
more 
severe 

Increased 
risk of 
flooding 
that 
results 
from 
increased 
intensity 
of rainfall

Tree planting x x     

Introducing new 
varieties of crops   x   x x 

Using indigenous 
crops that can with-
stand heavy rain 

  x   x 

Silage making    x   
Increase levels of 
water harvesting x x x    

Rehabilitate  
boreholes  x     

Construction of 
gabions and terraces 
to control soil erosion 

  x    

Greenhouses x  x   x 

Preservation of food 
and food storage    x x  

Increase education 
and awareness about 
possible changes 

x    x  

Change farming 
practices towards 
mixed farming 

x   x   

Invest in value 
addition    x   

Reduce food intake / 
use stinging nettles 
instead of kales 
Ask for relief food 

    x  

Source:  Author’s own compilation  

    x  
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6 Discussion and conclusions

The purpose of this study was to use a participatory vulnerability assess-
ment to identify practical measures that would enhance the Sasumua water-
shed community’s ability to deal with current climate extremes and vari-
ability along with future climate change. In conducting the analysis, con-
siderable emphasis was put on developing a better understanding of the fac-
tors that shape adaptive capacity as a basis for identifying practical adapta-
tion measures.

Farmers in Sasumua watershed remain exposed to a wide range of climatic
events, including floods, drought, frost and gathano, and have identified a
changing trend in temperature and rainfall over the past decades, as was
partly confirmed by meteorological records. Although farmers have
employed a number of coping and adaptation strategies to deal with these
events and trends, there is a great need for the implementation of further
adaptation strategies for current and future climate extremes and variability.

The need for adaptation arises from the limited effectiveness of current cop-
ing strategies, the insufficient use of preventive strategies and the low lev-
els in several categories of adaptive capacity. Constraints in adaptive capac-
ity are especially evident for the indicators of skills, commitment, positive-
ness, welfare groups, cooperative societies, soil quality, food stores, green-
houses, savings, and bank accounts.

Farmers have identified a number of options to increase the various indica-
tors of adaptive capacity and implement strategies to deal with future
changes. Most elements of adaptive capacity can only be enhanced with the
help of external actors, such as agricultural extension officers, especially
for the enhancement of skills and knowledge needed to implement farm
management strategies to deal with climate variability and change. In this
regard, the current disconnect between the supply-oriented expectations of
farmers and the demand-oriented approach (offering advice) of by agricul-
tural officers (as evident in the low attendance of trainings and seminars by
farmers) seems to pose difficulties for fostering greater levels of coopera-
tion. On the other hand, both farmers and district government officials see
the problem the same way and have identified a similar set of possibilities
for increasing the various elements of adaptive capacities, which is encour-
aging. In fact, some of the actions identified – such as inviting experts to
welfare and self-help groups to raise awareness and using them to foster
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training in other areas seem to be a promising start for fostering greater lev-
els of cooperation.

While farmers in general regarded the implementation of these strategies as
feasible and desirable, current low levels of commitment and willingness to
implement these strategies might turn out to be a real hurdle that can only
be overcome through increased awareness and capacity building, again
demonstrating the need for a greater cooperation between farmers and
extension officers. Farmers have decided to follow up on the PRA work-
shops conducted by forming a self-help group to increase the use of pre-
ventive strategies, indicating that increasing the awareness of farmers
through careful explanations and engaging them in a process of self-reflec-
tion might indeed go a long way to change behaviour.

In general, the application of participatory approaches allowed key con-
straints in adaptive capacity and adaptation options to be identified. The
workshops were very well attended, and discussions were lively and active,
with both men and women contributing during group discussions. A former
local chief mobilized farmers and distributed written invitations, which cer-
tainly helped produce the high attendance rates, as did the tea and lunch
served during the workshops. In addition, farmers also valued the knowl-
edge and insights gained during the workshops. In particular, the realization
that most farmers engage in curative rather than preventive strategies
proved to be a real eye-opener and prompted action; farmers decided to
form a self-help group to advance the implementation of preventive strate-
gies. The farmers also valued the participatory nature of the workshops, as
opposed to the normal kind of seminar/workshop where “we just sit and lis-
ten”. The advantage of using participatory approaches noted in the litera-
ture – the process leads to empowerment of participants and prompts action
to implement change (cf. e. g. Brown et al. 2010; Chambers 1994a) – was
thus also exploited in this study.

One possible disadvantage of using participatory approaches to vulnerabil-
ity analysis is that much of the information provided by the local commu-
nity is based on their perception, which does not necessarily reflect reality.
Van de Steeg et al. (2009), for example, have shown that farmers’ percep-
tions of the frequency of good, average and poor seasons in Kenya can dif-
fer markedly from long-term climate data. As far as possible, much of the
information generated through the PRA was thus triangulated using mete-
orological records, literature sources on the area, and discussions with dis-
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trict government officials and experts working in the area. In general, these
other sources confirmed the perceptions of farmers, indicating that farmers
show a great level of awareness both with regards to current problems
affecting the watershed and to changes in climate trends over time.

The farmers were also able to identify and rate the different indicators of
adaptive capacity. After careful explanations, participants were able to
understand the concept of adaptive capacity, allowing them to conduct the
rating exercise at ease. Although ratings of adaptive capacity between
floods, droughts and climate variability did not differ much at the aggregate
level, there were some differences at the level of individual indicators, both
with regards to the selection of indicators and their ratings. Clearly, adap-
tive capacity is specific for different events and justified the separate rating
of adaptive capacity for droughts, floods and climate variability.

Roth et al. (2010) identified several problematic issues that occurred during
rating exercise of adaptive capacity in Bangladesh and India, including
group dominance, audience (participation and disruption by outsiders), and
time effects (participants not being able to stay for the whole duration of the
workshops due to other commitments). These problems also partly arose
during this study, although several steps were taken to minimize their
effects. Given the problem of group dominance influencing the rating
process, the rating exercise for this study was originally to be done individ-
ually on a sheet of paper. However, following the pre-test, this approach was
abandoned due to time constraints and participant illiteracy. Time effects
arose as the duration of the workshops were quite long, stretching over the
whole day for the rating of adaptive capacity and for multiple days for the
first series of workshops and for the rating of adaptive capacity for the
lower areas. Although the rate of participation was in general quite high,
some farmers could not make it on the following days and then sent other
family members (i. e., new participants) as proxies, which proved to be a
problem in the rating exercise for adaptive capacity for women in the lower
areas. In that group, one woman who had not been there on the previous day
tended to be quite dominant, which influenced the rating process and might
explain the difference in ratings for individual indicators of climate vari-
ability as compared to drought and floods. In hindsight more careful steps
should have been taken to prevent new participants from entering multi-day
workshops. Apart from family members being sent as representatives, other
disruptions by curious audiences as in Bangladesh did not occur because
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meetings were held in closed buildings (schools, churches, and offices),
which minimized attraction by non-participants. To minimize problems of
fatigue associated with the long duration of the workshops, adequate breaks
for lunch and tea were included. In addition, a couple of energizing games
were conducted during the workshops, which proved to be effective as ice-
breakers and in keeping discussions lively and engaged. To minimize travel
time and expenses for participants, the workshops were centrally located,
and farmers received small compensation for transport costs incurred.

Further disadvantages in the methodology of self-assessing adaptive capac-
ity mentioned by Roth et al. (2010) concern the limited comparability
between different regions due to the selection of different sub-indicators
and the subjectivity involved in the rating process. According to Roth et al.
(2010), differences in indicator ratings do not necessarily have to reflect
real differences and might also be influenced by the use of different facili-
tators. As ratings for men and women were run in parallel due to time con-
straints, this study also had to make use of different facilitators. To mini-
mize the effect of the facilitators influencing the rating due to different
modes of questioning, careful training was conducted with both facilitators
at the same time, which also included mock ratings. Subjectivity in ratings
could also be controlled as participants were always asked to provide rea-
sons for their ratings to reveal whether differences in ratings were real. Fur-
thermore, ratings were conducted for multiple events (floods, drought and
climate variability) to check for consistency in ratings for those indicators
that were the same across events. In most cases, ratings of indicators for
which similar reasons were provided did not differ by more than one point,
which lends some credibility to the results.

In this study both areas within the watershed selected similar sets of sub-
indicators for the different elements of adaptive capacity, which facilitated
comparison between the areas at the sub-indicator level in addition to the
aggregate level. In order to allow for comparison between the ratings of
men and women, the indicators were selected within one group before split-
ting up for the rating exercise.

While the methods employed provided a relatively quick overview of the
main constraints in adaptive capacity and actions to improve the current
state, the analysis remains at a rather broad level. The method could thus be
complemented by an in-depth assessment of adaptive capacity at the house-
hold level, using the indicators selected during the group ratings. This
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approach would combine some of the advantages of participatory
approaches of vulnerability analysis (identification of indicators is by locals
rather than outsiders) with the more formal quantitative approaches of vul-
nerability assessments and would provide further quantitative evidence of
differences in adaptive capacity between the different areas of the water-
shed. In addition, the rating of priority of action resulted in little differenti-
ation in terms of the importance of increasing individual indicators of adap-
tive capacity, as most indicators received high to very high scores. In order
to prioritize between the various options for implementing adaptation meas-
ures, multi-criteria analysis could thus be used.
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