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Abstract

We explore households coping and adaptation strategies to climate change and variability in Arid and Semi-Arid
Lands (ASALs) using data collected from 500 households across Samburu District; Kenya. We hypothesised that as
we move from wet to dry areas, households’ accumulate livestock wealth, structural and cognitive social capital as
insurance against risks and shocks associated with climate change and variability. In testing the hypotheses, for
robustness we used two approaches: simple regression and generalized linear model. Results from both
approaches supported hypotheses that households accumulate livestock wealth and structural social capital as
insurance against risks as we move from wet to dryer areas. Results from simple regression analysis showed that
rain do not matter for cognitive social capital for all households as we move from wet to dryer areas. However,
results from generalized linear model indicated that rain matters for cognitive social capital for the poor and
financially integrated but not the rich households. The accumulation of cognitive social capital was therefore not
generalizable but was rather contingent on household endowments. To improve households coping and
adaptation abilities, it is therefore desirable to promote measures aimed at enhancing livestock wealth and
structural social capital as form of insurance for household in Arid and Semi-Arid lands. The results also showed
that measures aimed at enhancing cognitive social capital can help poor households as a social insurance safety

net to cope and adapt to risks associated with climate change and variability.

Key words: climate change, variability, Insurance, Social capital, Cognitive, Structural, Livestock, Kenya.
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1. Introduction

For centuries now, to varying degree, households communities and nations have had to cope with or adapt to

climate change and variability related risks and shocks (O’Connor and Kiker, 2004). This is particularly so for

households whose main source of livelihoods is farming. Predictions from climate modeling research indicates
that negative effects arising from climate change and variability in terms of frequency and intensity are likely to be

felt more in Africa (Desanker and Magadza, 2001; Davies et al., 2009; Intergovernmental Panel on Climate Change

(IPCC), 2001a ). This is because in Africa majority of households are poor and relies mainly on rain fed agriculture
making them vulnerable to climate related risks (ADB et al., 2003; Fafchaps, 2004; Goulden, 2005; Stern, 2006).

Poverty in Sub-Saharan Africa (SSA) is prevalent in rural areas, where majority households depend on agriculture
for food and income. Agriculture accounts for about 30% of SSA gross domestic product (GDP) (Delgado et al.,

1999; Thornton et al., 2006). Agricultural sector is highly susceptible to disturbances associated with climate

change and variability, particularly in Arid and Semi-Arid Lands (ASALs)(Kikar, 2000). Approximately 41% of ASALs
in SSA are situated in East and Southern Africa and are mainly occupied by livestock keeping households;

pastoralists and agro-pastoralists (Ogle, 1996; Tessema, 2012). Pastoralism is a production system, which involves

livestock mobility and use of natural pastures (Butt et al., 2009; Tessema, 2012). Pastoralists are households whose

way of life, socio-cultural norms, values and indigenous knowledge revolves around livestock keeping and

transhumance in order to utilize natural pastures (Cohen, 1974, P. 126; Koocheki and Gliessman, 2005; Ayatunde

et al., 2011). On the other hand, agro-pastoralists are households who incorporates crop faming alongside

livestock keeping and transhumance (Swift et al., 1996; Tessema, 2012).

In Kenya, ASALs occupy approximately 87% of the total area and supports; more than 30% of the total human

population, the entire camel population, 50% cattle, 70% sheep and goats (SRA, 2003; Government of Kenya,

2004; Otuoma, 2004). These areas are characterized by low and unreliable rainfall ranging between 400 to 700 mm

(Otuoma, 2004). Consequently, pastures are greatly reduced especially during droughts resulting to high livestock

mortalities and low crop yields (World Bank, 2005; Shanguhyia, 2008; Alinovi et al., 2010). Droughts are thus, the

most relevant climate related shocks that households have had to cope and adapt (Goulden, 2005; Vogel, 2005;

Silvestri et al., 2012b). Coping refers to the use of endowments and entitlements by households to ensure survival

after the shocks (Howden et al., 2007; Agrawal, 2008). Adaptation, though crafted in part by coping strategies, is a

long term set of action taken maintain the ability to deal and recover from current and future stress and shocks

while maintaining assets and capabilities (Campbell, 1999; Valvidia et al., 2003; Nelson et al., 2007). However, it is

worth noting that coping and adaptations strategies take place at different temporal and spatial scales (Agrawal,

2008).
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1.1 A review of coping and adaptation strategies to climate change and variability in ASALs
In ASALs, adaption strategies adopted by households are based on three pillars of pastoral livelihood systems

which include; natural resources, livestock keeping and organised use of communal resources (Broekhijsen, 2010).

Essentially, five coping strategies, namely; 1) food sharing, 2) increased asset sales 3) diversification, 4) reliance on

food aid, and 5) local institutions have been observed to gain prominence (Paxson, 1992; Besley, 1995).Food

sharing is based on the uncorrelated covariant risks over wide geographical areas, such that households shares

their harvest with those affected, hoping that next time they will get assisted too (Campbell, 1984, 1999).

Increased asset sales is practiced for welfare gains in order to cover households basic needs when faced with risks

and shocks (Naess et al., 2010; Tessema, 2012, P. 28).

Diversification helps to exploit alternative livelihood resources not affected by the climate change and variability

related shocks (Galaty and Johnson, 1990). It ranges from production of different products, herding different

livestock species to other activities such as brewing, charcoal burning and sale of traditional herbs (Bollig, 2006;

Cousins et al., 2007; Broekhijsen, 2010). Diversification is reliable to an extent that benefits flowing from various

resources are subject to uncorrelated covariant risks (Ellis, 2000; Young and Lipton, 2006). Nevertheless,

diversification is not attributed to a single cause, but rather a combination of increased market integration,

changes in land use policies and increased climatic uncertainty (Abule et al., 2005; Cousins et al., 2007; Naess et

al., 2010). Reliance on food aid has become common, particularly in areas accessible to support programs.
However, reliance on food aid is risky in that if unavailable, households have nothing to depend on (Notenbaert et

al., 2012).

Local institutions hereby refers to various forms of community based, social or grass-root associations that are
found within communities, but which sometimes are not “visible” as formal institutions such as development

agencies. They can also be referred to as the “informal rules of the game”(North, 1990; Nugent, 2001) formed for

the purpose of managing common resources (Ostrom, 1990; Pretty and Ward, 2000) and can be based on kinship,

caste, religious beliefs, community relations, family ties or social entrustment (Binswanger and Mcintire, 1987). As

a coping strategy, local institutions provide support which ensures households livelihood are safeguarded and

enhanced (Tompkins and Adger, 2004; Broekhijsen, 2010). For example, since an agro-pastoral households cannot

farm and take advantage of transhumance at the same time, they entrust their livestock to other mobile

pastoralists (see for example Moritz, 2008).

1.2 Theoretical underpinning
This study is based on the roles of endowments and privileges for coping and adaptation framework (Sen, 1981).
According to Sen (1981) famines observed in Bengal in the 1940s were not due to lack of food but, rather

exhaustion of endowments and privileges. Relevant asset endowments for households coping with and adapting
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to climate change and variability are physical, human, natural, financial, and social capital (see Box A in Figure 1)

(Smithers and Smit, 1997; Adams et al., 1998; Eriksen et al., 2005). Entitlements shape households ability to cope

and adapt (Valvidia and Gilles, 2003; Valvidia et al., 2003; Adger et al., 2007). Chambers and Cornway (1992) argue

that vulnerable households have neither enough assets nor capabilities to gain access to them and as such cannot
cope with crises. One important strategy which is useful for decreasing vulnerability is accumulation of livelihood

assets (Ellis, 2000). In their paper, Binswanger and Mclntire (1987), notes that as we move from wet to dry areas

climate change and variability related risks tend to increase. To counteract these risks households are thus likely to

rely heavily on livestock wealth unlike areas of higher agricultural potential.

Furthermore, in their paper Binswanger and Mclintire (1987) notes that in ASALs high covariance in activities also
implies high covariance in risks. The main consequence of geographical isolation, covariant risks and moral hazard
is absence of insurance for crop and livestock. Since collateral option are extremely limited in land abundant areas
such as ASALs, market-credit link cannot serve as important collateral substitute as demonstrated by Binswanger
and Mclintire (1987). Consequently, households tend to look for alternative ways for self-insurance through social

capital such as extended families (Stern, 2006; Stern, 2008; Davies et al., 2009). The livelihood framework

describes social capital as being derived from social ties or networks which requires investment in order to derive
current and future benefits. In column B of Figurel, the livelihood framework shows how access to assets are
modified by social capital. We use livelihood framework to study how household respond to risks, shocks and
stresses (see column C of Figure 1) associated with climate change and variability in ASALs. Objectives of this study
were to explore households coping and adaptation strategies to climate change and variability in ASALs in Kenya.
Attention was devoted in exploring whether indeed households accumulate livestock wealth and social capital as
insurance strategies to climate change and variability related risk as we move from wet to dry areas. We used
sampled data collected through structured interviews, field measurement and direct observation information. We
took a research approach informed by application of livelihood framework (Chambers, 1995) for household level
data collection and econometric approach for data analysis. The specific research questions were; (i) Do
households accumulate livestock wealth as an insurance against risks and stress associated with climate change
and variability as we move from wet to dryers areas? (ii) Do households accumulate structural and cognitive social
capital (CSC) as insurance against risks and stress associated with climate change and variability as we move from
wet to dry areas? (iv) Do accumulation of livestock wealth, structural and cognitive social capital as insurance
against risk associated with climate change and variability for the two orthogonal gradients: environmental dryness
and market access gradients, varies? (v) How does market access and household livelihood variables affect
livestock wealth, CSC and structural social capital (SSC)? In this study, we hypothesized that households tend to
accumulate livestock wealth, structural and cognitive social capital as insurance against risks associated with

climate change and variability as we move from wet to dry areas.
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2. Methodology

2.1 Study area
The study was conducted in Samburu District: an arid and semi-arid district in Rift Valley Province of Kenya. The
district is situated between 00° 36 and 20° 40 N and 36° 20 and 38° 10 E, covers an area of 21,000 km” and has a

population density of 11 Persons km (Government of Kenya, 2009b). The climate is hot and dry with mean

monthly temperature varying between a minimum of 24°C in July and a maximum of 33°C in December

(Government of Kenya, 2005). The rainfall is highly variable, with an annual rainfall ranging between 250 and 700

mm in the plains, and between 750 and 1250 mm in highland areas. The rainfall distribution is bimodal with the
long rains occurring between March and May, and short rains between July and August in the north and October
and November in the east. The altitude ranges between 1,000 m on the plains to 2,752 masl in the highlands

(Government of Kenya, 2005). The district is characterized by strongly contrasting landforms at various altitudes

and very different rock types (mainly gneisses and granites). Soil types vary with altitude and steepness of the
terrain. Sandy clay loam soils are common on the plains, while thick humus rich topsoil’s are common at higher

altitude, where forests are still intact (Touber, 1989). Vegetation are dominated by Acacia woodlands namely;

Acacia tortilis, Acacia recifiens and Boscia corriace and sparse grasslands. The district is ranked the second poorest

in Kenya (Government of Kenya, 2009a). Pastoralism is the main economic activity, with about 80% of the

households being livestock keepers (Kadohira et al., 1997; Government of Kenya, 2005). The main livestock kept

include goats, sheep, cattle and camels. Cash for buying maize which is the main staple food is derived mainly from
livestock sales. However, wage labor (mainly livestock herding) to supplement household income is also common.
2.2 Sample selection

Field survey was conducted from February to May 2012 across 500 households, who were sampled randomly from
five locations namely; Barsaloi (block 1), Swari (block 1), Londunokwe (block I11), Maralal (block 1V) and Wamba
(block V) as shown in figure 2. Household selection was done through multi-stage cluster sampling. To take into
account environmental dryness and market access gradients, the five locations were selected purposively (first

stage cluster sampling)(Scheaffer et al., 1979; Nyariki, 2009). In second stage, three sub-locations were selected

from each location. In the third stage, 10 villages were randomly selected from the three sub-locations, to end up
with a total of 50 villages. In the fourth stage, 10 households were randomly selected from village sampling frames,
that had been developed with the assistance of Chiefs (Nyariki, 2009). Finally, the interviews were conducted

using structured questionnaires with the help five trained local enumerators.

Figure 2 (about here)
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2.3. Data collection and measurement

2.3.1 Human

We collected comprehensive data on five type of capital that constitute household livelihoods.Table 1A summarize
human capital variables. To measure the ‘household size’, the respondents was asked to list all household
members who live (i.e. sleep in the same home), share production and consumption (i.e., eat from the same food
pot) activities. Information on the household size was then used to compute ‘human dependence ratio’ (HDR).
That is, the proportion of household members aged below 15 and above 65 years of age to the total household

size (Babu and Sanya, 2009). ‘Household size’ was measured in terms of adult equivalent (AE).The values used for

AE were; 1 if a household member was aged between 15 and 65 years, 0.5 if a member was aged between 6 and

14 years or older than 65 years and 0.25 if age of household member was less than 5 years.

Household age was measured by asking respondents how long household heads had lived since birth (or year of
birth). Level of education was measured by asking respondents number of years that household heads had spent
on education. Data for gender was collected by assigning dummy variable of 1 if household head was male.
Experience in farming was measured by asking number of years that household heads had been involved in
farming. We used a dummy variable 1 for households with at least one chronically ill member during the last 12

months. Households that had utilised hired labour during the last 12 month were assigned a dummy variable of 1.

Table 1 (about here)

2.3.2 Natural

Table 1B summarises natural capital variables. The ‘cultivable farm area’ was measured by pacing the boundaries
of each of the households’ fields. To assess ‘resource use constraints’ we asked two questions for the following
resources: forest, water and pastures. The two question asked were ; i) whether households pay to access the
natural resource and ii) whether there are rules regulating access and use of the natural resources. Responses
were assigned a dummy value of 1 for yes and 0 for no. The responses were average into a single value for ‘natural
resource use constraint’. The variable ‘resource use frequency’ was computed by summing number of times
household had used the natural resource per week. The frequency totals were then normalised to a 0-1 scale. We
include the ‘natural resources constraint’ because drought and poor livestock prices may make households to

pursue alternative income generating activities such as charcoal burning (Abule et al., 2005).

2.3.3  Financial
Table 1C summarizes financial capital variables. Access to credit was measured by assigning a dummy variable of 1

to those who reported to have had access to credit during the last 12 months. Financial saving was measured by
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assigning a dummy variable of 1 to households who had saved money during the last 12 months. Crop, communal
and livestock incomes were calculated using revenues from crop, communal products, livestock and value of

consumed products as shown in equation (1), (2) and (3).

Total net crop income

T_cinc; = Csale + VcP — Crcost ; (1)
Where:

T_cinc; is total annual crop income for household i

Csale is annual income from crops

VcP is annual monetary value of consumed crop produce

Crcost; is annual direct cost of production for household i

Communal income

T_COMinc; = CPsale + VcCP — CPcost; (2)
Where:

T_COMinc; is total income from communal products for household i

CPsale is annual income from sale communal products (such as charcoal, poles and timber)

VcCP is annual monetary value of consumed communal product (such as wild fruits and vegetables)

CPcost; is annual direct cost related to harvesting of communal products for household i

Total livestock income

T_linc; = Lsale + Lprod + VIP — Lcost; (3)
Where:

T_linc; is total annual livestock income for household i

Lsale is annual income from livestock sales

Lprod is annual income from sales of livestock products

VIP is annual monetary value of consumed livestock products

Lcost ; is annual direct cost of livestock production for household i

2.3.4.  Physical and social capital

The physical capital variable is summarised in Table 1D. The value of households assets was generated by summing
up the value (using the current market price) all items and farm implement for each household. Table 1E
summarizes the indicators of social capital variables. To measure ‘cognitive social capital’ (CSC) the respondents
were asked whether they trust fellow villagers or not. A dummy variable of 1 was assigned to those who

responded yes. ‘Membership to community groups’ was measured by counting community groups which
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households head were members. To measure ‘degree of participation in community group meetings’ household
were asked to rate their degree of participation on a 0-4 (low to high) point scale. The ‘participation in group
activities’” was measured by assigning a dummy variable 1 for participation in activities such as election of leaders,
campaigns and conflict resolutions. These dummy values were then averaged for each household so that a value of

1 indicated full participation in all group activities and 0 no participation at all.

2.3.5  Market access and climate variables

Table 2 summarizes market access variables (X;). The distances from each homestead to the; tarmac road,
motorable road, local market and urban market were all measured in km by the researcher. However, the
distances from homestead to the livestock market were calculated using ArcGIS software. A dummy variable 1 was
assigned to household with mobile phones. In this study we used rain as proxy for environment dryness (south to
north as shown in Figure 2). This is because rain has been regarded as the most important climate parameter

affecting household livelihoods and consequently their activities (Vogel, 2000; Assan et al., 2009). Moreover, past

research have shown that as the rain decreases; the variability in output increases, number of possible activities
that households can engage into decreases, and covariance risks in those activities increase, while vice versa is true

for high rainfall areas, implying that semi-arid tropic are more risky (Binswanger and Mcintire, 1987). The rainfall

data is from (Hijmans et al., 2005) and is based on WorldClim — Global climate data (WC-GCD) database. The WC-

GCD data are computed from monthly temperature and rainfall from local rain station gauge measures and then
corroborated against satellite data of cloud cover and precipitation to generate more biologically meaningful
variables. WC-GCD provides set of climate layers on global scales with a spatial resolution of about a km (Hijmans

et al., 2005). We used rainfall data covering a period of 50 years (1950-2000) to calculate the average annual

rainfall for 1x1 km pixel for households under study.

Table 2 (about here)

2.4 Empirical strategy

2.4.1 Computation of livestock wealth indices (LWI)

The livestock wealth index (LWI) was computed using three components: the ‘monetary value of livestock’ that
households had at the time of survey, ‘net income from livestock sales’ and ‘net income from sale livestock
products.” Each of these component were computed via a balanced weighted average to contributes equally to
the overall livestock wealth index (Sullivan, 2002). The three components variables were then standardized as an
index using equation (4) below that was originally adapted from human development index (HDI) to calculate life
expectancy index, which is the ratio of the difference of the actual life expectancy and pre-selected minimum and

maximum life expectancy (United Nation Development Program (UNDP), 2007 as cited in Hahn's et al., (2009).
Si=Smi
(Gi - l—mln) @)

Smax—Smin
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Where:

G; is an index for each of the components for household i

s; is the original value for each of the components for household i

Smin aNd S are the minimum and maximum values for each of the component

After the components were standardized, they were then averaged using equation (5) to compute livestock wealth

index (LWI)
Lwl; = 2= (5)
Where:

LWI; is the livestock wealth index for household i

2.4.2  Computation of structural social capital (SSC)
The social capital index (I) was computed using three variables: ‘membership to community groups’, ‘degree of
participation in group meetings’ and ‘participation in group activities’. These variables were then standardized as

an index using equation (6) below.

(R = o) (6)

" Pmax—Pmin
Where:
R; is index for each of the four variables constituting SSC for household i,
P; stand original value for the four variables constituting SSC for household i,
Pin and Py, are the minimum and maximum values for each of the four components constituting SSC
After standardization, the three variables were then averaged using equation (7) to compute SSC index for

household i,

2.5 Data analysis

We adopted two approaches in data analysis for robustness: simple regression and general linear model approach
2.5.1  Simple regression approach (SRA)

We used SRA to test the hypotheses whether households accumulate; livestock wealth, cognitive social capital
(CSC), structural social capital (SSC) and social capital (as linear combination of CSC and SSC) as environmental
dryness increases (see Fig. 2), while controlling for market access variables and household characteristics. We start
the analysis by using the whole sample (n = 500). Then to increase robustness of the analysis, we test the
hypotheses using sub-sample households in block I, Il and IV (n = 300). At this stage, we exclude households in

sampling block lll and V because they were closer to urban centers: Maralal and Wamba towns (see Fig. 2). That is,
9
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block 11l and V are different from blocks I, Il and IV by other parameters (market) apart from rainfall. Finally we test
the hypotheses using sub-sample (n = 300) households in blocks IlI, IV and V falling along the market access
gradient (Fig.2). We therefore run three independent regressions using a SRA model specified in equation 8 below

Y, = +68,rain+8,X; +85C; + ¢ (8)

Where:

Y; stand for dependent variables (LWI, CSC and SSC) for household i

X; represents vector for market access control variables for household i
C; represents vector for livelihood variables for household i, and

g; stands for error term associated with household i

2.5.2  General linear model (GLM)

Using the GLM approach, instead of controlling for household characteristics, we used agglomerative hierarchical
analysis to reduce dimensionality of SLF capital variables (Fig. 1) summarized in Table 2.1 by clustering households
into homogenous groups (HGs). The clusters aimed at maximizing between and minimizing within cluster variances
as shown in Figure 3. To identify ideal HGs for use in testing our hypotheses, the means for all 16 variables were
compared starting at a random rescaled distances (RD) of 11, then 14 and finally at 18 (Fig. 3), where we had (7),
(5) and (3) HGs. At RD of 11 we found that HG2, HG3, HG4 and HG5 were clustered around human capital variables
(Table 4). At RD of 14, we found that the main disaggregating variables for HG2, HG3 and HG4 were still human
capital variables (Table 5). This motivated us to probe further. At RD of 14, we found that none of the three HGs
was clustered around human capital variables per se (Table 6). Figure 4 shows the distribution of households in the
three HG’s as we move from dyer to wetter areas. The three HG’s namely (the rich, the poor and the financially
integrated households were thus considered as a good basis for testing our hypotheses using equation (5) below.
Y, =x +6;D; +6,D, + 8514 + 8,15, +65X; +0gR; + ¢ (5)

Where:

Y; is the dependent variables (LWI, CSC and SSC) for household i

61todg are the parameter estimates,

D, is the dummy variable equal 1 for the HG1, and 0 otherwise

D, is the dummy variable equal 1 for the HG2, and 0 otherwise

L1 is the interaction terms for rain and HG1

L, is the interaction terms for rain and HG2

X; represents vector for market access control variables,

R; is the mean annual rainfall for household i for the 50 years period, while

&; stands for error term.

10
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Table 3, 4, 5 and 6 (about here)

Figure 3 and 4 (about here)

3. Results

3.1 Result based on SRA

Table 7 present our finding on LWI hypothesis. The results in columns (1) to (6) of Table 7 show that livestock
wealth significantly (P<0.1) increases as the rain decreases (i.e., as we move from wetter to dryer areas) when
across all households. The results are thus consistent with our hypothesis that, as we move from wet to dryer
areas, households tend to accumulate more livestock wealth as insurance against risks associated with climate
change and variability. Column (1) to (6) shows that distances to the motorable roads and livestock market had a
positive and significant (P<0.05) correlation with livestock wealth, implying that households close to motorable
road and livestock market had low livestock wealth. The results in column (1), (3) and (5), shows that mobile
phones had positive and significantly (P<0.001) associated with livestock wealth across all households. But when
we control for households characteristics, mobiles phones are no longer significant for households in south-north
gradient (see column (4)). This implies that most of the effects for mobile phones were originating from

households along market access gradient (see column (6)). The remaining results in Table 7 show the following;

(i) Total value of household assets had a positive and significant (P<0.05) association with livestock
wealth as the environment get dryer;

(ii) Household gender had a negative and significant (P<0.1) correlation with livestock wealth, implying
that livestock wealth was lower among female headed households as the environment got dryer.
However, most of this influence were from households along market access gradient (see column
(6)),

(iii) ‘Financial savings’ had a positive and significant (P<0.05) correlation with livestock wealth, implying
that households who had saved money during the last 12 months and those who practiced cropping
had higher livestock wealth. However most of the influence were emanating from households along

the market access gradient;

For household along the market access gradient, results in column (6) shows that ‘cultivable farm size’ had positive
while ‘natural resource use constraint’ had negative but significant (P<0.05) correlation with livestock wealth. This
implied that along the market access gradient; households whose farm size were large, also had higher livestock

wealth; and livestock wealth was more among households with low ‘natural resource use constraint’

Table 7 (about here)
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Table 8 present our finding on CSC hypothesis. The results in columns (2), (4) and (6) of Table 8 shows that when
we control for both market access variables and households livelihood variables the CSC does not increase as the
environment becomes dryer. Consequently, we reject null hypothesis that as we move from wetter to dryer areas
households tend to accumulate more CSC as insurance against risks associated with climate change and variability.

Further, the result in column (2) of Table 8 also shows that;

(i) Distance to tarmac roads and ownership of mobile phones had negative and significant (P<0.1)
association with CSC, implying that households far from the tarmac roads and those who own mobile
phones had low CSC. However, most of the influence by tarmac roads on CSC were originating from
households along market access gradient (see column 6), while most influence by ownership of
mobile phones was emanating from households mainly along the environment dryness gradient (see
column 4);

(ii) Distance to livestock markets, household gender, use of hired labor and ‘natural resource use
constraint’ had a positive and significant (P<0.05) influence on CSC for all households, implying that
households: close to livestock market, headed by female, that does not use hired labor and those
with low ‘natural resource constraint’ had low CSC. Nevertheless, most of the influence on CSC by
‘natural resource use constraint’ was originating mainly from households along the market access
gradient (see column 6);

(iii) Crop and communal incomes had a negative and significant (P<0.05) association with CSC, implying

CSC was low for households with high crop and communal products based income.

The results in column (4) of table 8 shows that distance to the livestock market had a positive and significant
(P<0.05) association with CSC only for households along the south-north gradient. This imply that along the

south-north gradient, households close to the livestock market as expected had low CSC.

Table 8 (about here)

Table 9 present results on SSC hypothesis. The results in column (1) to (6) shows that when we control market
access and household livelihood variables, SSC increases as the environment becomes dryer. This finding is
consistent with our study hypothesis, that as we move from wet to dry areas households tend to accumulate SSC
as implicit insurance against risks. The remaining results in column (2) of Table 9 also that: (i) Distance to tarmac
roads was negative and significantly (P<0.001) correlated with SSC across all households, implying that SSC was
higher for households close to tarmac roads. (ii) Mobile phones had a positive and significant (P<0.05) correlation
with SSC, implying that households with mobile phones had a higher SSC. Most this influence, however, was
emanating from households along market access gradient (see column 6). (iii) Household size and access to credit

had a positive and significant (P<0.05) association with SSC, implying that households that were large in size and
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who had accessed credit during the last 12 months had more SSC. However most of these influences were
originating mainly from households along the market access gradient (see column 6). (iv) Age of the household
head had a negative and significant (P<0.01) correlation with SSC, implying that aged households had low SSC.
Most of this influence, however, originates from households along the south-north gradient. (v) Years lived in
village by households head had a positive and significant (P<0.05) correlation with SSC, implying that households
who had lived long in village had as expected higher SSC. Most of this association, however, was originating from

households along south-north gradient.

In addition, results in column (4) showed that for households along the south-north gradient: Distances to
motorable road was negatively but significantly (P<0.001) correlated with SSC, implying that households near
motorable roads had more SSC; human dependence ratio (HDR) had a positive and significant (P<0.1) correlation
with SSC, implying that households whose HDR was large had a high SSC and as expected, ‘cultivable farm size’ had
a negative and significant (P<0.1) association with SSC, implying that households with small farm sizes had higher
SsC.

Table 9 (about here)
3.2 Result based on GLM

The results in columns (1) and (2) in Table 10 showed that households have fewer livestock where environment is
wet; and HG2 were particularly poorly endowed with livestock (in wet and dry areas alike). Since none of the
interaction effect (group x rain) was significant, we have no evidence for group specific responses to dry
environment. However, the results in general indicate that people have more livestock when the environment is
more hostile (dryer), which is consistent with the study hypothesis. These results are thus consistent with study
hypothesis that livestock wealth increases as we move from wet to dryer areas for all households.

In an attempt to go beyond significance of the results and interpret what the magnitude of the coefficient implies,
we included results in column 3 of Table 10. The results in columns (2) and (3) shows that when rain increases by

one unit holding other factors constant, then:

(i) Livestock wealth for HG1 decreases by 0.00019 (i.e., -0.00025+0.00006), which is equivalent to a decrease
in livestock wealth equivalent to Kshs. 378.77 (i.e.-806.2506+427.4803). Since, the cost of tropical
livestock unit (TLU) in Samburu at the time of survey was on average Kshs. 24000. The results suggest that
an increase in rain by 1 unit leads to a decrease in cattle by 0.015 (-378.7703/24000) TLU which is
equivalent to a decrease of 1.5% (i.e., 0.015*100).

(ii) Livestock wealth for HG2 decreases by 0.00007 (i.e., -0.00025+0.00018), which is equivalent to decrease
of Kshs. 61.46 in livestock wealth (i.e.,-806.2506+744.7914). This implies a decrease in cattle by about
0.0025 TLU (i.e., -61.4592/24000) which is also equivalent to a decrease of 0.25%.

13
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(iii) Livestock wealth for HG3 decreases by 0.00025, which is equivalent to a decline in livestock wealth

equivalent to Kshs 806.2506 or 0.033TLU (i.e., 805.25/24000). This is equivalent to a decrease of 3.3%.

These indicate that a households moving from HG3 to HG1 would lose 12.37 TLUs (i.e., 23.16-10.79) or livestock
wealth equivalent to Kshs. 292,977 (partial derivative of LW with respect to HG1 or LW/0HG1). While, if a
household moves from HG3 to HG2, they would lose 20.87 TLUs (i.e., 23.16-2.29) which is equivalent to Kshs
501,459.9 (i.e., OLW/AHG2).

Table 10 (about here)
The results in Table 11 shows that people in the wet environment have lower CSC, and compared to HG3, we find
that HG1 (the farmers) have low CSC. There is no difference (in terms of CSC/trust) between the poor households
(HG2) and the mature/financially integrated households (HG3). However, when we move from wet to dry
environment, we find that HG1 is characterised by lower CSC (relative to HG3). Nevertheless, because the
magnitude of interaction terms (HG1 x rain) is of the same magnitude as the rain levels variables (i.e., since when
we add them up it equals zero (-.0017+.0018=0.0001)), implying that there is no effect of rain on CSC for HG1. The
remaining effects in Table 11 show two things: First, for HG1 the CSC is lower in the rainy area. Second, that HG2
has lower CSC than HG3. Therefore, results in Table 11 suggest that when rain increases by one unit, at ceteris

paribus, then:

(i) the CSC for households in HG1 decreases by 0.00 (i.e., -0.0017+0.0018). That is, CSC does not change for
HG1, even when the rain increases, implying that rain does not matter for CSC for households in HG1.

(ii) the CSC for households in HG2 decreases by 0.05% i.e., {(-0.0017+0.0012=-0.0005)*100}

(iii) the CSC for household in HG3 decreases by 0.17% (i.e., -0.0017*100)

Therefore we can say that households moving from HG3 to HG1, would lose equivalent to 0.92 (i.e., 3CSC/0HG1 =-
0.9195) or 67% of CSC (i.e., 0.92/1.37*100). Similarly, households moving from HG3 to GH2 would lose about 0.77
or 56% of CSC.

The possible reason why rain matters for HG1 could be because majority were in the south where crop and
communal resources were the main source of income (Table 6A and 6C). Moreover, the results in Table 8 showed
that crop and communal income had negative correlation with CSC. Results Table 6A and 6C, suggest that rain
matter for CSC for HG2 and HG3 because these groups had low crop and communal incomes; both of which were
negatively associated with CSC. Although results in Table 6A, shows ‘natural resource use constraint’ was
significantly high for HG3, we could say that since ‘natural resource use constraint’ was based on presence or
absence of rules and regulation and whether households paid cash to access the resource. It is possible that HG3
(the financially mature) could pay to harvesting communal resources, while those in HG2 (the poor) had no means
to pay to harvest communal resources.

Table 11 (about here)
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The result column 1 of Table 12 shows that when we control for market access variables, the hypothesis that SSC
increases as the environment becomes dryer is not supported. However, when we consider separately variables
that constituted SSC; ‘membership to organisations’, ‘participation in group meetings’ and ‘participation in group
activities’, as the dependent variables. The results in columns (3) of Table 12, shows that when we control for
market access variables, then; (i) all households have low ‘participation in group meetings’ in wet areas, (ii) there is
no difference (in terms of participation in community meeting) between HG1 and HG2 compared to HG3, and (iii)
there is no group level and interaction (group x rain). Therefore we can say that if rain increases by one unit, at
ceteris paribus, then: (i) ‘Participation in group meetings’ for HG1 decrease by 35% i.e., {(-0.0040-1.3975= -
1.4015)/4*100}. NB: dividing by 4 since our participation was scaled from 0 to 4. (ii) ‘Participation in group
meeting’ for HG2 decrease by 30% i.e., {(-0.0040-1. 1911=-1.1951)/4*100}. (iii) ‘Participation in group meeting’ for
HG3 decrease by 0.1% i.e., {(-0.0040)/4*100}.
The results in column (3) in Table 12 shows the level of ‘participation in group meetings’ were equal to 1.31
{6.6629-1.3975+0.0020)/4} for HG1, 1.37 {(6.6629-1.1911-0.0014)/4} for HG2 and 1.67 for HG3. This implied that
moving from HG3 to HG1, a household would lose ‘participation in group meetings’ equivalent to 35% {(i.e.,
(dParticipation in group meetings/0HG1 = - 1.3955)/4*100}. A household moving from group 3 to group 2, would
lose ‘participation in group meetings’ equivalent to 30% {i.e., (Oparticipation in group meetings/0HG2 = -
1.1911)/4*100}

Table 12 (about here)

Table 13 present results on social capital (as a linear combination of CSC and SSC). The results in column (2) shows
that when we control for market access variables, households in wet areas have low social capital, and compared
to HG3 we find that HG1 had low social capital. There is no difference in social capital between HG2 and HG3, and
as we move from wet to dry areas we find that HG1 is characterized by low social capital, relative to HG3.
However, we also observe no effect of rain on social capital for HG1, because the magnitude of interaction terms
(HG1 x rain) are of the same magnitude as the rain levels variables (i.e., when we add them up, the sum equals
zero (-0.0025 + 0.0023 = 0.0002). The remaining effect in Table 13 is as follows: (i) for HG3, social capital was lower
in the rainy areas, and (ii) HG1 has lower social capital than HG3. The result for HG3 and HG2 are consistent with
the hypothesis that as we move from wet to dry areas households tend to accumulate more social capital as an
implicit form of insurance against risk. The results also shows that distance to the tarmac roads enters the model
with a negative sign but significant (P<0.001) implying households away from tarmac roads have more social
capital as the environment becomes hostile. However, both ‘distances to the local market’ and ‘mobile phones’
had positive and significant (P<0.05) correlation with social capital, implying that households close to local and
livestock markets had lower social capital as the environment becomes more hostile.

Table 13 (about here)
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3.3 What does the SRA and GLM approaches tell us?

In summary, results from both approaches shows consistency on the hypotheses that; households accumulate
livestock wealth as we move from wetter to dryer areas and households accumulate SSC as we move from wetter
to dryer areas. However, we see some variation for the hypothesis that households accumulate more CSC as we
move from wetter to dryer areas. Results from SRA shows that rain do not matter for CSC as we move from wetter
to dry areas, while results from GLM shows that rain matter for CSC for HG2 and HG3 as we move from wetter to

dryer areas, but not for households in HG1.

The use of the two approaches in this study was thus important in that they unraveled some information, which
otherwise would not have been picked out, if we had used one of the two approaches. For instance, although the
results from approach 1 shows that CSC does a not increase as the environment get hostile, it does, however point
out important variables that explain variation in CSC as we move from wetter to dry areas. This variables and their
association with CSC, provide some answers as to why rain matters for trust for households HG2 and HG3 but not

for HG1

4. Discussion
Although much has been written about climate change and variability in the past, uncertainty still remains about

when and where its effects will be felt more (Kabubo-Mariara, 2009). Nevertheless, some consensus in recent

literature point to climate change and variability effects as likely to be felt more in Africa (Desanker and Magadza,

2001; IPCC, 2007 ). It is therefore important to understand how households cope and adapt with risks and shocks
associated with climate change and variability, for the purpose of redesigning and developing options that are
flexible, that can enable households be better well placed to adapt to future climate change and variability

(Notenbaert et al., 2012). Moreover, any attempt to enhance our understanding of how households are

responding to the present climate change and variability challenges is a prerequisite to the identification of key
strategies that could be improved or facilitated for households to cope and adapt better in the future (Adger,
2003b; Heltberg et al., 2008a, 2008b; Nelson et al., 2010a).

In this study, we extend the knowledge on the generalizability of accumulation of livestock wealth, structural and
social capital as coping strategies against risks associated with climate change and variability as we move from
wetter to dryer areas. To do so we tested hypotheses that households accumulate livestock wealth, SSC and CSC as
an insurance against risk associated with climate change and variability, using two approaches: SRA and GLM.
Consistently, support our null hypothesis that as the climate risk increases households tend to accumulate more
livestock wealth for use as buffer to shocks and risks associated with climate change and variability in ASALs. This

result resonates with other findings, in Ethiopia, Kenya, Tanzania, Mozambique and Swaziland that attributes
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livestock as a form of saving (Doran et al., 1979; Janke, 1982; Ayalew et al., 2003; Ouma et al., 2004; Ng'ang'a,

2011) and as a form of insurance (Binswanger and Mcintire, 1987; Bosman et al., 1997), which households in sub-

Saharan Africa turn to when faced with risks that threaten their livelihoods. Similarly, other studies elsewhere have
shown that in addition to accumulation of livestock as a store of wealth, they also perform important economic

function for instance; diversification (Binswanger and Mcintire, 1987), maintaining the social economic status of

the households (see for example Jarvis, 1980; Schilizzi and Boulier, 1997; Moll, 2005; Siegmund-Schultze et al.,

2007; Agrawal, 2008). We extend earlier work by demonstrating that in ASALs as we move from wetter to more

hostile environment households accumulate livestock wealth as a coping and adaptation strategy for addressing

risks associated with climate change and variability.

Consistently, results from SRA and GLM approaches support the hypothesis that households accumulate SSC as the
environment becomes more hostile as insurance as we move from wetter to dryer areas. Therefore, the concept
that as climate risk increases households accumulates more SSC is generalizable in ASAL context. This finding is not

exceptional; other studies for example by Goulden, (2005) in lakesides areas of Uganda, found that SSC offered

households networking capability between friends and neighbor in communities, thereby enhancing resilience and
ability to cope and adapt to climate impacts and other shocks. In our study, although, ‘membership to
organizations’ and ‘participation in groups activities’ were expected to increase as the environment becomes
hostile, the results (Table 12) showed the contrary. The most probable explanation for lack significant association
of ‘membership to organizations’ as we move from wetter to dry areas could be due lack of variation in numbers of
organizations for majority of households. However, our findings on households ‘participation in group activities’
contrast earlier findings by Tompkins and Adger (2004) who found that ‘participation in groups activities’ in
Trinidad and Tobago made it easier for households to undertake communal pooling of resources, as an attempt to
diffuse risk and shocks associated with climate change and variability. Though puzzling at first sight, our finding

may not be in conflict with their results.

The increase in ‘participation in group meetings’ as rain decreases could be because households associate
meetings (which involves discussions, deliberations, agreements and understanding the importance of a particular
course of actions to the needs of affected households) as a first step toward addressing challenges such as those
associated climate change and variability. ‘Participation in group activities’ usually follows group meetings. Across
the studied households ‘participation in community group meetings’ was important compared to ‘participation in
group activities’ as we move from wetter to dryer areas (Table 13). This could be due to three things; (i) some of
the activities agreed on were not beneficial to across all households who were members of the community groups,
(ii) some households were free riding on others, by attending meeting to agree on course of actions and then
failing to avail themselves for the activities, (iii) that households felt their contribution during community meeting

was more valued (and therefore were obliged to attend), but alienated during execution of the agreed activities
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(hence keeping away), and (iv) that some households considered community group meetings as a strategic

opportunity for acquiring new information different issues affecting the community.

This could explain why there was no significant correlation between ‘mobile phones’ and ‘participation in
community group meetings’, as opposed to positive and significant (P<0.05) correlation with ‘participation in
community group activities’. Implying that decision to attend group meeting as the environment becomes hostile
does not depend on whether you have a phone or not (and thus need not be constantly reminded), but is rather
contingent on desire to participate out of own volition. Similarly, the results show that ‘mobile phones’ had some
positive influence to a household becoming a ‘member of community organizations’ as opposed to those without.
This therefore point that, in matters relating to enlightening households on new opportunities or available options
for coping with risk and shocks, it would be strategic to provide such information during group meetings. These
results resonate with the principles of integrated learning and adaptive management, in that by doing so
households would deliberate on own volitions and to understand fully the consequences of a particular decision

before fully engaging in translating it into action (Davos, 1998; Brown et al., 2002; Adger, 2003b).

The hypothesis that households tend to accumulate CSC as we move from wetter to dryer areas as an insurance
against risks and shocks is not supported across all households when using SRA approach. However, when we test
this hypothesis using GLM approach, we find that rain matters for trust for HG2 (the poor) and 3 (financially
integrated) only, but not for the HG1 (basically the farmers). For farmers, it is unlikely that the absence of the
hypothesized effect was caused by study characteristics (see Table 12), rather we find a possible explanation for
this result by comparing the means of the variables that constitute households livelihoods (Table 6). Most people
in HG2 and HG3 had high resource constraint, low crop incomes and communal related incomes, but high CSC. This
depict that households with alternative coping strategy such as farmers, who when faced with low income, could
turn to natural resource harvesting or crop products for food and income generation, did not consider
accumulation of CSC as important for coping and adapting to risk associated with climate change and variability.
However, for HG2 and HG3 who had low income and high resource constraint, accumulation of CSC was important

coping and adaptation strategy.

The availability of alternative income sources may explain the absence of CSC among farmers. The use of crop
production as viable risk management strategy has been noted among pastoralist elsewhere (e.g. Campbell, 1984;

Smith, 1998; Silvestri et al., 2012a). Although, the reliance on natural resource based income is also a risk

reduction strategy, it is often viewed as unsustainable and destructive in that it can accentuate risks associated

with climate change and variability (Hogg, 1987, 1998). The accumulation of CSC across households as we move

from wetter to dryer areas is thus not generalizable. It rather, is contingent on other alternative source of incomes

that may be at the disposal of a household. The results that as households move from HG3 and HG2 to HG1, their
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CSC decreases by about 35% and 30% (see column (2) of Table 13) can therefore be attributed to inequitable

livelihoods endowment across households, which has been noted elsewhere (see for example Martimore, 1989;

Eakin, 2005; Agrawal, 2008) to have a lot of effects on how household choose cope and adapt to climate impacts.

As expected, results from the two approaches showed that; distances to the motorable road and local market and
mobiles phones were positive and significantly correlated with livestock wealth (Table 7 and 10). In most ASAL
areas of Kenya, to help households cope with risk and shocks during drought, the government and other
development organization provide relief aid, which most often benefits households situated close to areas easily
accessed by motorable roads. The distribution of relief aid also takes place in a local government administrative
office (e.g., Chiefs office) which are mostly situated close to local markets, implying that households situated closer
to local markets and areas easily accessible via motorable road, have low motivation for accumulating other forms
of insurance, as they expect relief aid. This resonates with past evidences showing that households who often
receive relief aid do not adopt appropriate coping and adaptation strategies as opposed to those who do not,

hence being more vulnerable (e.g., Blaikie et al., 2004; Harvey and Lind, 2005; Notenbaert et al., 2012). The

positive correlation of livestock wealth and mobile phones could be attributed to importance attached to
communicating about availability of pasture and water, diseases and livestock theft and market prices (Binswanger

and Mcintire, 1987).

The positive and significant correlation between ‘distance to the local market’ and CSC, could be attributed to the
need to pull resources together for the purpose of reducing transaction cost. This could explain why households

closer to the local market have lesser CSC. Past studies (Bowles, 1998; Feuer, 2004) have shown that CSC (trust)

reduces transaction costs by enabling households to operate without written documents.

The negative correlation between ‘distance to the tarmac road’ and CSC was contrary to our expectations. In light
of evidence provided for the Cambodia, by Feuer (2004), that trust is high for households living close to tarmac
roads (especially those depending crop based income), as they can easily verify market information market due to
frequency in trade, our finding creates an interesting puzzle in our study. Is it that households far from tarmac
roads have low trust because they often depend on income generated through trade, and they lack ways of
verifying the information they receive concerning livestock trade? Or is it that closeness to tarmac roads provides
households a quick means of verifying whether market information provided is true, and hence spread bad
reputation for the dishonesty persons, thereby making households to be honest and therefore trustable?
Unfortunately our data does not permit us to explore this further.

Mobiles phones were expected to have a positive association with CSC, however, the results showed the opposite.
In light of evidence presented by Feuer (2004), that trust is positively associated with mobile phones, since their

usage increases communication wealth especially in relation to market by enhancing cooperation and reducing
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transaction costs, our results create an interesting question. Were mobile phones owned by wealthier households
who are likely to have many alternative strategies to cope with risks and shocks, as opposed to those without
phones and hence the low CSC? The results in Table 6, shows that HG1 (the farmers) were the richest (in terms
crop and communal income and total value of household assets), but indeed with low CSC compared to those in
HG3 at P<0.1 level of significance (see column (2) of Table 11). These results suggest, therefore, that ‘mobile
phones’ were mainly owned by rich households who had alternatives strategies to cope with risks and shocks,

hence low CSC.

As hypothesized ‘mobile phones’ had a positive correlation with SSC, implying that they provided opportunities for
repeated interactions with friends and community members. These repeated interactions could be used as an
avenue for passing information for example reminders to attend scheduled community meetings. However,
‘distance from the tarmac road’ was negatively associated with SSC. A plausible reason for this could be that
further away from the tarmac roads transaction cost involved in participation in group meeting and activities
increases. Unfortunately as we did not collect data on transaction cost associate with SSC we could not explore this

further.

5. Conclusions
Livelihood resources are key in determining coping and adaptation strategies that household are likely to choose
for insuring themselves from risk and shocks associated with climate change and variability. However, the our
understanding of which insuring component of sustainable livelihood framework capitals household choose to
utilize in order to cope and adapt climate change and variability associate risks and shocks has not been
extensively explored. In this study, we used cross a section data from 500 households in Samburu District, Kenya to
explore and enhance our understanding how households use physical capital and social capital as coping and
adaptation strategy to risk and shock associated with climate change and variability as we move from wetter
environment to more dryer (or hostile) areas of ASALs. Specifically, we explored how livestock wealth component
of physical capital, cognitive and SSC component of social capital are utilized as risk coping strategies as we move

from wetter to dryer environment.

Our results consistently find that as we move from wetter to dryer areas, households accumulate livestock wealth
as a form of insurance against shock and risks associated with climate change and variability. Therefore the
concept that, in ASALs households accumulate livestock wealth as the environment becomes more dryer (or
hostile) as insurance against risks and shocks particularly those associated with climate change and variability is
generalizable in ASALs areas of Kenya. This finding also confirm that indeed that climate has major influence on the
decisions made by the households in managing or accumulating their assets for the purpose of coping and adapt to

risks, shock and stresses associated with climate change and variability. To the extent that this finding overlap with
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earlier work in the use of livestock wealth for insurance against risk and shocks for example (Doran et al., 1979;

Janke, 1982; Binswanger and Mcintire, 1987; Rosenzweig and Wolpin, 1993; Bosman et al., 1997; Ouma et al.,

2004) for Swaziland, Mozambique, Semi-Arid tropics, India, West Africa and Kenya respectively, our results are

consistent with the existing evidence.

This paper also explored the use of cognitive and SSC as coping strategies as we move from wetter to more dryer
environment using households with varying level of resource endowment (i.e., the three HGs). The results lend
support to hypothesis that that CSC increases as we move from wetter to dryer environment for medium and poor
households, but not for the rich farmers (i.e., most endowed). Thus we can say that the use of CSC as a coping
strategy varies depending on the level of resource endowment of the households we move from wetter to more

hostile environment.

Our data lend no support for hypothesis that SSC increases as we move from wetter to dryer environment across
all households. However, upon the three variables that constituted SSC : ‘membership to organizations’,
‘participation in meetings’ and ‘participation in group activities’ the results shows that only ‘participation in group
meetings’ was significant and with the expected negative sign. That is, participation in community meeting
increases as the environment becomes more hostile across all households which is consistent with the principle of
adaptive management that as environment becomes more hostile, households are more likely to be more
consultative and to discuss issues at length, often during community group meeting in order to understand

consequences or the likely outcomes of the decision taken.

21



707
708

709
710

711
712

713
714
715

716
717

718
719

720
721

722
723
724

725
726

727
728

729
730

731

732
733

734
735

736
737

738
739

740
741

REFERENCES

Abule, E., Snyman, H.A., Smit, G.N., 2005. Comparisons of pastoralists' perception about rangeland resources
utilization in the middle Awash valley of Ethiopia. Journal of Environmental Management 75, 21-35.

Adams, A.M., Cekan, J., Sauerborn, R., 1998. Towards a conceptual framework of household coping: Reflections
from rural West Africa. Africa 68, 263-283.

ADB et al., 2003. Poverty and climate change: reducing the vulnerability of the poor through adaptation. VARG
multi development agency paper. United Nations Development Project (UNDP) United Nations, New York.
Available at: www.undp.org/energy/povcc.htm.

Adger, W.N., 2003b. Social capital, collective action and adaptation to climate change. Economic Geography 79,
387-404.

Adger, W.N., Agrawala, S., Mizra, M.Q., 2007. Assessment of Adaptation Practices, Options, Constraints and
Capacity. . Cambridge University Press., UK.

Agrawal, A., 2008. The Role of Local Institutions in Adaptation to Climate Change. The World Bank. , Washington,
D.C.

Alinovi, L., D'Errico, M., Mane, E., Romano, D., 2010. Livelihoods strategies and household resilience to food
insecurity: An empirical analysis to Kenya. in Proceeding of Promoting Resilience through Social Protection in Sub-

Saharan Africa. European Report of Development., Dakar, Senegal, pp. 28-30 June, 2010.

Assan, J.K., Caminade, C., Obeng, F., 2009. Environmental variability and vulnerable livelihoods: Minimising risks
and optimising opportunities for poverty alleviation. Journal of International Development 21, 403-418.

Ayalew, W., King, J.M., Bruns, E., Rischkowsky, B., 2003. Economic evaluation of smallholder subsistence livestock
production: lessons from an Ethiopian goat development program. Ecological Economics 45, 473-485.

Ayatunde, A.A,, de Leew, J., Turner, M.D., Said, M., 2011. Challenges of assessing the sustainability of (agro)-
pastoral systems. Livestock Science 139, 30-43.

Babu, S., Sanya, P., 2009. Food Security Poverty and Nutrition Policy Analysis. Academic Press, New York, USA.

Besley, T., 1995. Non-market institutions for credit and risk sharing in low-income countries. Journal of Economic
Perspectives 9, 115-127.

Binswanger, H.P., Mcintire, J., 1987. Behavioral and material determinants of production relations in land-
abundant tropical agriculture. Economic Development and Cultural Change 36, 73-99.

Blaikie, P., Cannon, T., Davis, I., Wisner, B., 2004. At Risk: Natural Hazard, People's vulnerability and Disaster.
Routledge Publisher, London.

Bollig, M., 2006. Risk Management in a Hazardous Environment: A Comparative Study of Two Pastoral Societies.
Springer, ebrary.

Bosman, H.G., Moll, H.A.J., Udo, H.M.J., 1997. Measuring and interpreting the benefits of goat keeping in tropical
farm systems. Agricultural Systems 53, 349-372.

22


http://www.undp.org/energy/povcc.htm

742
743

744
745
746

747
748

749
750

751
752

753
754

755
756

757

758
759

760
761

762
763

764
765

766

767
768

769
770

771

772
773

774

775
776

Bowles, S., 1998. Endogenous preferences: the cultural consequences of markets and other economic institutions.
Journal of Economic Literature 36, 75-111.

Broekhijsen, M., 2010. Are the Gods angry? The future of Agro-pastoralists in the horn of Africa. Desk study to
identify the possibilities for cordaid's long term regional CMDRR strategy in the ASALs of Ethiopia, Kenya and
Uganda.

Brown, K., Tompkins, E.L., Adger, W.N., 2002. Making Waves: Integrating Coastal Conservation and Development.
Earthscan, London, UK.

Butt, B., Shortridge, A., WinklerPrins, G.A., 2009. Pastoral herd management, drought coping strategies, andcattle
mobility in Southern Kenya. Annals of the Association of American Geographers 99, 309-334.

Campbell, D.J., 1984. Responses to drought among farmers and herders in southern Kajiado District, Kenya. Human
Ecology 12, 35-63.

Campbell, D.J., 1999. Response to drought among farmers and herders in southern Kajiado District, Kenya: A
comparison of 1972-1976 and 1994-1995. Human Ecology 27, 377-415.

Chambers, R., 1995. Poverty and Livelihoods: Whose Reality Counts? IDS Discussion Paper 347. IDS, Sussex.
University, UK.

Cohen, Y., 1974. Man in Adaptation: The Cultural Present. Chicago: Aldine, Columbus, OH.

Cousins, B., Hoffman, M.T., Allasopp, N., Rohde, R.F., 2007. A synthesis of sociological and biological perspectives
on sustainable land use in Namaqualand. Journal of Arid environments 70, 834-846.

Davies, M., Oswald, K., Ids, T.M., 2009. Climate change adaptation, disaster risk reduction and social protection.
Unclassified DCD/DAC (2009) 15/ADD, 141.

Davos, C.A., 1998. Sustaining co-operation for coastal sustainability. Journal of Environmental Management 52,
379-387.

Delgado, C., Rosegrant, M., Steinfeld, H., Ehui, S., Courbois, C., 1999. Livestock to 2020 - The Next Food Revolution.
Food, Agriculture and the Environment. Discussion Paper, IFPRI/FAO/ILRI.

Desanker, P., Magadza, C. (Eds.), 2001. Africa. Cambridge, PP

Doran, M.H., Low, A.R.C., Kemp, R.L., 1979. Cattle as a store of wealth in Swaziland: implications for livestock
development and overgrazing in eastern and southern Africa. American Journal of Agricultural Economics 41-46.

Eakin, H., 2005. Institutional change, climate risks, and rural vulnerability: Cases from Central Mexico. World
Development 33, 1923-1938.

Ellis, F., 2000. Rural Livelihoods and Diversity in Developing Countries. Oxford University Press., Oxford.

Eriksen, S.H., Brown, K., Kelly, P.M., 2005. The dynamics of vulnerability: locating coping strategies in Kenya and
Tanzania. Geographical Journal 171, 287-305.

Fafchaps, M., 2004. Market Institutions in Sub-Saharan Africa: Theory and Evidence. MIT Press, Cambridge, MA.

Feuer, H., 2004. Social Capital, Market Interaction, and Income-generation Capacity. An Analysis of 2 Villages in
Semi-rural Siem Reap Province, Cambodia. University of Cambodia.
23



777
778

779
780
781

782
783
784
785

786
787

788
789
790

791
792

793
794
795

796
797

798
799

800
801

802
803

804

805
806

807
808

809
810
811

812

Galaty, J., Johnson, D.L., 1990. The world of Pastoralism: Herding Systems in Comparative Perspective. Department
of Anthropology, McGill Univ., Motreal, Quebec, Canada.

Goulden, M., 2005. Adaptation to climate variability in East African Lakes and wetlands: The Role of Social Capital
in Promoting Resilience. An International workshop on Human Security and Climate change, Holmen Fjord Hotel,
Asker, Oslo, 21-23 June 2005.

Government of Kenya, 2004. Arid and Semi-Arid Lands: National Vision and Strategy. Natural Resource
Management 2005-2015. Republic of KenyaRepublic of Kenya.
http://www.aridland.go.ke/NRM_Strategy/natural _resource_management 2005-2015.pdf. Accessed on
12/23/2011.

Government of Kenya, 2005. Samburu District Vision and Strategy: 2005-2015. Government of Kenya.
http://www.aridland.go.ke/NRM_Strategy/Samburu.pdf. Accessed on 2011-06-05.

Government of Kenya, 2009a. Arid Land Resource Management Project Il. Ministry of State for Development of
Northern Kenya and other Arid Lands. http://www.aridland.go.ke/inside.php?articleid=528. Accessed on 2011-06-
26.

Government of Kenya, 2009b. Kenya census 2009: Population and Housing census highlights
http://www.planning.go.ke/index. Accessed on 2011-07-06.

Hahn, M.B., Riederer, A.M., Foster, S.0., 2009. The Livelihood vulnerability index: A pragmatic approach to
assessing risks from climate variability and change: A case study in Mozambique. Global Environmental Change 19,
74-88.

Harvey, P., Lind, J., 2005. Dependency and Humanitarian Relief: A Critical Analysis. HPG Research Report Overseas
Development Institute,, London.

Heltberg, R., Jorgenson, S., Seigal, P., 2008a. “Addressing Human Vulnerability to Climate Change: Towards a ,,No
Regrets" Approach”. World Bank, , Washington D.C. Available at: http://ssrn.com/abstract=1158177.

Heltberg, R., Jorgenson, S., Seigal, P., 2008b. “Climate Change: Challenges for Social Protection in Africa “. World
Bank Working Paper Series. World Bank, Washington D.C. Available at: http://ssrn.com/abstract=1174774.

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., Jarvis, A., 2005. Very high resolution interpolated climate
surfaces for global land areas. International Journal of Climatology 25, 1965-1978.

Hogg, R., 1987. Development in Kenya: drought, desertification and food security. African Affairs 86, 47-58.

Hogg, R., 1998. Water harvesting and agricultural production in semi-arid Kenya. Development and Change 19, 69-
87.

Howden, S.M., Soussana, J.F., Tubiello, F.N., 2007. Adaptatiom to Climate Change. Proceedings of the National
Academy of Sciences pp. 19691-19696.

Intergovernmental Panel on Climate Change (IPCC), 2001a Climate Change 2001: The Scientific Basis. Contribution
of Working Group | to the Third Assessment Report of the Intergovernmental Panel on Climate Change. .

Cambridge University Press, Cambridge.

IPCC, 2007 Climate Change 2007: Impacts, Adaptation and Vulnerability. Summary for policy makers. .

24


http://www.aridland.go.ke/NRM_Strategy/natural_resource_management_2005-2015.pdf
http://www.aridland.go.ke/NRM_Strategy/Samburu.pdf
http://www.aridland.go.ke/inside.php?articleid=528
http://www.planning.go.ke/index
http://ssrn.com/abstract=1158177
http://ssrn.com/abstract=1174774

813
814

815
816

817
818

819
820

821
822
823

824
825

826
827

828
829

830
831

832
833

834
835

836
837
838

839
840
841

842
843

844
845
846

847
848

Janke, H., E.,, 1982. Livestock Production Systems and Livestock Development in Tropical Africa.
Wissenschaftsverlag Vauk, Kiel.

Jarvis, L.S., 1980. Cattle as a store of wealth in Swaziland: comment’. American Journal of Agricultural Economics
62, 606-613.

Kabubo-Mariara, J., 2009. Global warming and livestock husbandry in Kenya: impacts and adaptations. Ecological
Economics 68 1915-1924.

Kadohira, M., McDermott, J., Shoukri, M., Kyule, M., 1997. Variation in the prevalence of antibody to brucella
infection in cattle by farm, area and disctrict in Kenya. Epidemiol. infect (1997) 118, 7.

Kikar, G.A., 2000. Synthesis for the Vulnerability and Adaptation Assessment Section: South African Study on
Climate Change. In: Proceedings of the Presentation at the Workshop on Measuring the Impacts of Climate Change
on Indian and Brazilian Agriculture. World Bank, Washington DC, 5-7 May.

Koocheki, A., Gliessman, S.R., 2005. Pastoral nomadism, a sustainable system for grazing land management in arid
areas. Journal of Sustainable Agriculture 25, 113-131.

Martimore, M., 1989. Adapting to drought: Farmers, Famines and Desertification in West Africa,. Cambridge
university press, Cambridge.

Moll, H.A.J., 2005. ‘Costs and benefits of livestock systems and the role of market and nonmarket relationships’.
Agricultural Economics 32, 181-193.

Moritz, M., 2008. Competing paradigms in pastoral development? A perspective from far North of Cameroon.
World Development 36, 2243.

Naess, L., Sullivan, M., Khinmaung, J., Crahay, P., Otzelberger, A., 2010. Changing Climate, Changing lives:
Adaptation Strategies of Pastoral and Agro-Pastoral Communities in Ethiopia and Mali.

Nelson, D., Adger, W., Brown, K., 2007. Adaptation to environmental change: contribution of a resilience
framework. Annual Review of Environment and Resources 32, 395-419.

Nelson, R., Kokic, P., Crimp, S., Martin, P., Meinke, H., Howden, S.M., 2010a. The vulnerability of Australian
agriculture to climate variability and change: Part I. Conceptualising and measuring vulnerability. Environmental
Science and Policy 13, 8-17.

Ng'ang'a, S.K., 2011. Economic Assessment of Non-Marketed Benefits of Cattle among Household in Agro-Pastoral
Households of Mozambique M.Sc. Thesis. Department of Agricultural economics. University of Nairobi, Nairobi,
Kenya, p. 177.

North, D., 1990. Institutions, Institutional Change and Economic Perfomance. Cambridge University Press,
Cambridge.

Notenbaert, A., Karanja, S., Herrero, M., Felisberto, M., Moyo, S., 2012. Derivation of a household-level
vulnerability index for empirically testing measures of adaptive capacity and vulnerability. Regional Environmental
Change, 1-12.

Nugent, J.B., 2001. Institutions, social norms, and economic development: fundamentals of development

economics. Journal of Economic Literature 39, 1273-1275.

25



849
850

851
852

853
854

855
856

857
858

859
860
861

862
863

864
865
866
867
868

869
870

871
872

873
874

875
876

877
878

879
880

881
882

883
884

Nyariki, D.M., 2009. Household data collection for socio-economic research in agriculture: approaches and
challenges in developing countries. Journal of Social Science 19, 91-99.

O’Connor, T.G., Kiker, G.A., 2004. Collapse of the Mapungubwe society: vulnerability of pastoralism to increasing
aridity. Climate Change 66, 49-66.

Ogle, B., 1996. Livestock Systems in Semi - Arid Sub - Saharan Africa. Integrated Farming in Human Development ”
Proceedings of a Workshop held in March 25 - 29 1996 ", Tune Landboskole, Denmark., pp. 1-9.

Ostrom, E., 1990. Governing the Commons: The Evolution of Institutions for Collective Action. Cambridge
University Press, Cambridge.

Otuoma, J., 2004. The effect of Wildlife-Livestock-Human Interaction on Habitat in the Meru Conservation Area,
Kenya. LUCID Working Paper 39.

Ouma, E., Obare, G., Staal, S., 2004. Cattle as Asset: Assessment of Non-Marketed Benefits from Cattle in
Smallholder Crop Livestock Systems Kenya. Proceedings of the 25th international Conference of Agricultural
Economics (IAAE).16-22 August 2003., Durban, South Africa.

Paxson, C.H., 1992. Using weather variability to estimate the response of savings to transitory income in Thailand.
American Economic Review 82, 15-33.

Pretty, J.P., Ward, H., 2000. Institutions, Social Norms and Economic Development. Harwood, Armsterdam.
Rosenzweig, M., R. , Wolpin, K., I., 1993. Credit market constraints, consumption smoothing, and the accumulation
of durable production assets in low-income ountries: investments in bullocks in India. Journal of Political Economy
101, 223-244.

Scheaffer, R.L., Mendenhall, W., Ott, L., 1979. Elementary Survey Sampling. Duxbury Press, USA, Massachusetts.

Schilizzi, S.G.M., Boulier, F., 1997. Why do farmers do it? validating whole-farm models’. Agricultural Systems 54,
477-499.

Sen, A., 1981. Poverty and Famines: An Essay on Entitlement and Deprivation. Oxford University Press, Oxford, UK.,
Oxford, UK.

Shanguhyia, N., 2008. State Policy and Food Insecurity in Kenya’s Arid and Semi-Arid Land (ASAL) Regions. MA
Thesis. Department of Geology and Geography.Morgantown, West Virginia.

Siegmund-Schultze, M., Rischkowsky, B., da Veiga, J.B., King, J.M., 2007. Cattle are cash generating assets for mixed
smallholder farms in the Eastern Amazon’. Agricultural Systems 94, 738-749.

Silvestri, S., Bryan, E., Ringler, C., Herrero, M., Okoba, B., 2012a. Climate change perception and adaptation of
agro-pastoral communities in Kenya. Regional Environmental Change, 1-12.

Silvestri, S., Bryan, E., Ringler, C., Herrero, M., Okoba, B., 2012b. Climate change perception and adaptation of
agro-pastoral communities in Kenya. Regional Environmental Change 12, 791-802.

Smith, K., 1998. Sedenterization and market intergration: new opportunities for Rendille and Ariaal women of
northern Kenya. Human organisation 57, 459-468.

Smithers, J., Smit, B., 1997. Human adaptation to climatic variability and change. Global Environmental Change-
Human and Policy Dimensions 7, 129-146.
26



885

886
887

888
889

890

891
892

893
894

895
896
897
898

899
900

901
902

903
904
905

906
907

908
909

910

911
912

913
914
915
916

SRA, 2003. Strategy to revitalize agriculture (SRA) Republic of Kenya, Government Printer, Nairobi.

Stern, N., 2008. Key Elements of a Global Deal on Climate Change London. London School of Economics and
Political Science, London.

Stern, N.e.a., 2006. Stern Review on the Economics of Climate Change”, www.hm-
treasury.gov.uk/sternreview_index.htm. HM Treasury, London and Cambridge University Press.

Sullivan, C., 2002. Calculating a water poverty index. World Development 30, 1195-1210.

Swift, D.M., Coughenour, M.B., Atsedu, M. (Eds.), 1996. Arid and Semi-Arid Ecosystems. Oxford University Press,
New York.

Tessema, W.K., 2012. Marketing's contribution to the sustainability of pastoralism: Evidence from Ethiopia. PhD
Thesis, Wageningen University, the Netherlands. Wageningen university, Wageningen, the Netherlands.

Thornton, P.K., Jones, P.G., Owiyo, T., Kruska, R.L., Herrero, M., Kristjanson, P., Notenbaert, A., Bekele, N., Omolo,
A., 2006. Mapping climate vulnerability and poverty in Africa. In: with contributions from Orindi, V., Ochieng, A.,
Otiende, B., Bhadwal, S., Anantram, K., Nair, S., Kumar, V., Kelkar, U., (Ed.), Report to the Department for
International Development. ILRI, Nairobi, Kenya.

Tompkins, E.L., Adger, W.N., 2004. Does adaptive management of natural resources enhance resilience to climate
change? Ecology and Society 9, 10.

Touber, L., 1989. Landforms and Soils of Samburu District, Kenya. A site evaluation for rangeland use. Wageningen
University, The WINAND STARING CENTRE for intergrated Land, Soil and Water Research.

Valvidia, C., Gilles, J.L., 2003. Coping and adapting to climate varianbility in the Andes: Strategies and Local
Knowledge. Open meeting of the Human Dimensions of Global Environmental Change Research Community,

Montreal, Canada.

Valvidia, C., Gilles, J.L., Jette, C., Quiroz, R., Espejo, R., 2003. Coping and Adapting to Climate Variability: The role of
assets, Networks, Knowledge and Institutions. p. 10.

Vogel, C., 2000. Usable science: an assessment of long-term seasonal forecasts amongst farmers in rural areas of
South Africa. S Afr Geogr J 82, 107-116.

Vogel, C., 2005. Seven fat years and seven lean years? climate change and agriculture in Africa. IDS Bull 36, 30.

World Bank, 2005. Index-Based Livestock Insurance Project, Project Appraisal Document. DC: The World Bank.,
Rural Development and Natural Resource Sector Unit,, EAP. Washington,.

Young, K.R., Lipton, J.K., 2006. Adaptive governance and climate change in the tropical highlands of western South
America. Climatic Change 78.

27


http://www.hm-treasury.gov.uk/sternreview_index.htm
http://www.hm-treasury.gov.uk/sternreview_index.htm

