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ABSTRACT

This paper analysed the implication of climatic variability on livelihood assets among the rural populance
in Baringo County, Kenya and Jigawa State, Nigeria. Purposive sampling and questionnaires were
administered to 338 households in Baringo County, 153 households in Jigawa State were sampled and
Focused Group Discussion were organised. Data were analysed using frequency distribution statistics,
trend and Multiple Regression analysis. The result shows that age, gender, education level and house hold
size are the major determinant of livelihood choices in both locations. In Jigawa State, decreasing rainfall
showed positive impacts on livestock keeping, maize and beans cultivation, bee-keeping, aquaculture while
the increasing temperature was observed to have positive impacts on millet, beans and sorghum farming
while it showed negative impact on horticulture, bee keeping-and aquaculture, livestock keeping, poultry
farming and fruit production both in Baringo County and Jigawa. In Baringo County, drought (X=3.78),
crop pest and diseases (X=3.65), livestock pest and diseases (X=3.70), cases of human diseases (X=4.01)
and drying of water bodies (X=3.53) and in Jigawa, drought (X=3.95), livestock pest and diseases
(X=3.4670), cases of human diseases (X=3.46) and drying of water bodies (X=4.14) were identified as
implications of climatic variability respectively. The paper empahasised the need for pro-active measures
to avert the negative implications of climatic variability in order to maximize the positive influences. Also
relevant governement agencies should act promptly to update the rural populance on the adaption measures
especially water management and conservation methods.
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INTRODUCTION

Climatic variability occurs when climate fluctuates
yearly above or below a long-term average value
(Source). It poses a significant threat to so many
sectors of sub-Saharan Africa’s economy and
especially to the agricultural sector, which is
heavily dependent on rain-fed cultivation (Adesina,
2008; Speranza, 2011; Antwi-Agyei et al., 2014;
IPCC, 2014). Presence of year-to-year variability,
seasonality, uncertainty and patchiness of rainfall
and extreme events such as droughts and flooding
exemplified climate stress (McCarthy et al., 2001).
Climatic variability is expected to increase in most
places on earth with significant consequences on
food production beyond the impacts of changes in
climatic means (Akinseye et al.,, 2012). For

instance, its variability will alter plant composition;
aggravate soil erosion, cause drought and change
the growing season and salt-water intrusion along
the coastal belt. Other impacts include reduction of
agricultural productivity, production stability and
income within the study area.

Seventy percent (70%) of the livelihood activities
in Africa are dependent on rain-fed agriculture,
characterized by small-scale, subsistence farms
that are vulnerable to a variety of climate extremes.
Owning to the adverse effects on livelihoods,
climate variability is expected to have a negative
impact on food security (Stige, et al., 2006;
Thornton et al. 2007; Speranza, 2010; Niang et al.
2014; Amin et al., 2015).
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Areas within the sub-Saharan Africa experiences
extreme droughts thereby impeding the farmers
willingness to grow crops and rear livestock, which
directly has a negative impact on their income. The
pastoralists and agro-pastoralists will have to seek
the appropriate adaptation methods to reduce the
effects arising from the changes in water regimes
in order to maintain their food security and well-
being (Kebede et al. 2011; FAO.2011).

Future projections for Africa indicate increasing
temperature and decreasing rainfall that implies
decline in dependence on nature for agriculture
(Speranza, 2010; Akinseye et al., 2012; IPCC,
2014; Ladan, 2014; Chukwuone, 2015 and Guan
2016). This has ensured a threat to food security,
which is an established issue in a developing
continent like Africa. Baringo County, Kenya, is in
a semi-arid environment receiving an annual
rainfall a little above 500mm and has experienced
negative impacts of climate variability in the recent
past. It had its fair share of mild to severe drought
during the period of 1991 -2000, 2004, 2008 — 2009
and the intense EI-Nifio rain that led to flood in the
1997 — 1998 periods (Orindi and Ochieng, 2005;
Anyangu et al., 2010; Nguku et al., 2010; Ochieng
and Mathenege, 2016). These factors make
Baringo County and Jigawa State highly vulnerable
to climate variability (Nguku et al., 2010; Olayide,
2016).

Jigawa state, Nigeria on the other hand has been
established to have experienced declining or rather
fluctuating rainfall and a rise in temperature (short
wet season, a long dry season, high annual
temperature range of about 28°C — 32°C) (Odjugo,
2010; Bidoli, et al. 2012; Mora 2013; Olayide, et
al., 2016). This variability, increasingly affects
crop production (cereal and perennial) and
livestock production. Consequently, the state has
low crop yield due to the short wet season, which
lasts from June — September (except for the
introduction of an extensive irrigation scheme
which support crop production) (Kurukulasuriya
and Mendelsohn, 2007; Sowunmi, 2010). Majority
of the residents live in rural areas and take
agriculture as their major source of livelihood
(especially pastoralism and agro—pastoralism)
which is largely rain-fed and undeveloped. The
economy of Baringo county and Jigawa State is
majorly agro-based; as agriculture provides a
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source of livelihood for over 80% of the population
(Orindi and Ochieng, 2005; Ladan, 2014).

Most of the farmers are financially incapable to
access equipment, infrastructure and methods
which could help them to adequately adapt to the
impacts of climate variability (IPCC, 2014; Brian
et al.,, 2016; Ochieng, and Mathenge 2016;
Olayide, et al., 2016).

This paper attempts to do a cross comparison and
provide information on the trend of climate
variability from 1984 — 2016 in Baringo county,
Kenya and Jigawa state, Nigeria, the perception of
farmers to climatic variability and the implications
of climate variability on their livelihood asset.

MATERIALS AND METHODS

Study Area

Baringo County, Kenya is a semi-arid area situated
at an average altitude of 900m above the sea level
and lies between latitude 00°26' - 00°32'N and
longitude 36° 00'- 36°09' E and it is located within
agro-climatic zone IV and V (Wasonga, et al.,
2011). The area has a mean temperature of about
32.8°C % 1.6°C with annual average rainfall of 512
mm occurring in two seasons: March to August and
November to December.

The study was carried out between March and July
2017 in Marigat and Mogotio sub-county (Baringo
County) which is located in North-West Kenya
(Figure 1). Baringo is one of the 47 counties in
Kenya, situated in the Rift Valley region. It borders
Turkana and Samburu counties to the North,
Laikipia to the East, Nakuru and Baringo to the
South, Uasin Gishu to the Southwest, and Elgeyo -
Marakwet and West Pokot to the West. With an
area of 11,075.3 km? Baringo County has an
estimated population of 555,561 (KNBS, 2010).

The study in Nigeria was carried out in three local
government areas in Jigawa state namely
Maigatari, Babura and Sule-Tankarkar (Figure 2).
Jigawa state, Nigeria is located in the northwestern
part of Nigeria. It is situated between latitude 11°N,
13°N and Longitude 8°E, 10.15°E. A larger part of
the state lies in the Sudan savannah while the
southern part is majorly guinea savannah. The total
annual rainfall ranges from 600mm (northern part)
to about 1000mm (southern parts of the state. It
experiences an Annual rainfall average of 650mm
(Bidoli et al., 2012). The maximum temperature

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT VOLUME 10, No. 4, DECEMBER, 2018


https://link.springer.com/article/10.1007/s10113-015-0761-x#CR66

Ezenwa et al., 2018

reaches 40°C around March to September while the
minimum temperature could drop to 19°C in
October to February. Jigawa State borders Kano
and Katsina States to the west, Bauchi State to the
east and Yobe state to the northeast. To the north,
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it shares an international border with the Zinder
Region of the Republic of Niger. The estimated
population of Jigawa state is about 4,348,649
(NPC, 2006), with an approximate land area of
23,154 km2,
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Map 1: Map of Baringo County showing the study locations
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Map 2: Map of Jigawa State showing the study locations-Research Design and Data Collection
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In this study, a multi-stage sampling technique was
applied, using both quantitative and qualitative
approaches. Primary data were collected using a
well-structured questionnaire while time series data
for 31-years climatic variables were obtained from
Kenyan Meteorological Department, Nairobi and
Nigeria Meteorological Agency, Oshodi, Lagos.
The validity of the semi-structured questionnaire
was pre-tested before it was used in collecting data
from the sampled communities and villages. The
target population comprised of household heads,
father or mother or any adult person in charge (aged
18 years and above) of the household. The
qualitative data was obtained using focus group
discussions (FGDs). Focus group discussions were
held in different villages to elicit information
concerning climate variability impact of drought,
livelihood activities as it relates to men and women
in the study area. These served as a guide in
counterchecking the information that was supplied
by each male headed and female headed
households in the study area.

Statistical Technique

Data obtained were analysed using descriptive
statistics such as frequency distribution, trend
analysis, percentage and means; and inferential
statistics such as multiple regression analysis.
These data obtained were compiled, processed and
analysed using SPSS version 23 and E view 9
computer statistical software. The ordinary least
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square multiple regression analysis was equally
used in the study model as:

Yi = fo + p1X1 + f2Xo + € ----m----- 1
Where,
Yi = Livelihood assets of the respondents

(dependent variable)

i = Different livelihood assets of the respondents
[land for agriculture (hectares); livestock keeping
(counts); maize farming (Kg); Horticulture ($); Bee
keeping ($); Poultry farming (Number of birds);
fruit production ($); Charcoal production ($), fish
farming (number of fishes); Sesame farming (Kg);
Millet farming (Kg); Beans Farming (Kg) and
Sorghum farming (Kg)

X1 = Average annual rainfall (millimetres);

X2 = Average annual maximum Temperature
(degree centigrade);

ei = Error term.

The same regression in equation (1) above was
used for both data obtained from Baringo County,
Kenya and Jigawa State, Nigeria. Stata 14.1C
version of computer statistical package was used
for the regression data analysis.

RESULTS

Socio-economic  Characteristics of  the
Respondents in Choice Location

The distribution of the rural population in Baringo
County, Kenya and Jigawa State, Nigeria by their
socio-economic characteristics is presented in
Table 1 below.

Table 1: Socio-economic characteristics of the Respondents in choice locations

Socio-economic

Baringo County, Kenya

Jigawa State, Nigeria

characteristics Frequency Percentage Frequency Percentage
Gender

Male 206 60.95 98 64.1
Female 132 39.05 55 35.9
Total 338 100.00 153 100.0
Age of respondents

18-30 38 11.24 15 9.8
31-40 119 35.21 42 27.5
41 -50 130 38.46 59 38.6
51-60 41 12.13 29 19.0
>60 10 2.96 8 5.2
Total 338 100.00 153 100.0
Level of Education

No School 64 18.93 8 5.2
Primary 103 30.47 97 63.4
Secondary 128 37.87 13 8.5
Tertiary/College 33 9.76 12 7.8
University 10 2.96 23 15.0
Total 338 100.00 153 100.0
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Table 1 continues
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Socio-economic
characteristics

Baringo County, Kenya

Jigawa State, Nigeria

Frequency Percentage Frequency Percentage
Marital Status
Single 60 17.75 44 24.18
Married 185 54.73 37 28.76
Divorced 25 7.40 40 26.14
Separated 25 7.40 7 4.58
Widowed 43 12.72 25 16.34
Total 338 100.00 153 100.00
No. of Family Members
1-5 169 50.00 115 75.16
6-10 149 44.08 1 0.65
11-15 15 4.44 19 12.42
16 -20 2 0.59 10 6.54
>20 3 0.89 8 5.23
Total 338 100.00 153 100.00
Occupation of HHead
Pastoralist 153 45.27 127 83.01
Agro-Pastoralist 120 35.50 9 5.88
Business 35 10.36 11 7.19
Employed 30 8.88 6 3.92
Total 338 100.00 153 100.00
Occupation of Spouse
Pastoralist 16 4.73 14 9.15
Agro-Pastoralist 280 82.84 138 90.20
Business 30 8.88 1 0.65
Employed 12 3.55 -
Total 338 100.00 153 100.00
Do you have Land
Yes 315 93.20 104 67.97
No 23 6.80 49 32.03
Total 338 100.00 153 100.00
If Yes, was it
Bought 60 17.75 48 31.37
Rented 59 17.46 56 36.60
Issued by Govt. Ranch 9 2.66 35 22.88
Issued by National Irrigation 3 0.89 -
Board
Issued by Government 207 61.24 14 9.15
Total 338 100.00 153 100.00
Size of the Land (ha)
1-3 145 42.90 - -
3.1-6.0 88 26.04 - -
6.1-9.0 24 7.10 116 75.82
9.1-120 25 7.40 37 24.18
>12.0 56 16.57 - -
Total 338 100.00 153 100.00

Source: Field Survey, 2017

The result showed that most (38.46% and 38.6%)
of the respondents in Baringo County, Kenya and

Jigawa State, Nigeria respectively were within the
age bracket of 41 -50 years. This implies that the
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rural population in the choice locations were in
their active stage of life. They are physically fit to
work for a long time, bear risk, be innovative, and
have mental capacity to cope with daily challenges,
this was corroborated by Hansen, et al., (2012).
Majority (54.73% and 28.76%) of the respondents
are married. This implies that married individuals
dominated the study area.

Most of the household head in Baringo county are
pastoralist (45.27%), agro-pastoralist (35.5%) with
other involved in business (10.36%) and those
employed (8.88%), while in Jigawa State most of
the household head are majorly pastoralist
(83.01%), while others are agro-pastoralist
(5.88%), business (7.19%) and employed (3.92%).
This implies that the climate of the locations
determines largely the livelihood of the rural
populace, but with the variability, it positively or
negatively influenced. It will be noted that the
spouses’ occupation of the most of the household
heads are involved in agro-pastorialism, with
Baringo County and Jigawa State recording
82.84% and 90.20% respectively. In Jigawa state
0.65% of the spouses are involved in business
(0.65%), this validates the definition of the area as
an agrarian region but some of the spouses of the
household head in the Baringo County still do
business (8.88%) and few are employed (3.55%).
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This help them to support their spouse when the
yield of crop declines due to climatic dynamics.
Most of the land put to use in the Baringo County
were either bought or rented constituting 17.75%
and 17.46% respectively, implying that there are
enough lands to grow crops and rear livestock.
However, in Jigawa state, most of the rural
populace rent the land where they use (36.60%) and
some have to buy the land (31.37%). A contrast can
be seen in size of land used between the two
locations, in Jigawa state most of the farmers
(75.8%) have large farm size (6.1 — 9.0 ha) while
24.18% have farmland that is quite larger (9.1 —
12.0%). In the Baringo County, most (42.9%) of
the farmers operate on small size of land (1-3 ha),
while 26.04% uses 3.1 -6 ha, discouraging large-
scale food production with climatic fluctuation
biting harder, large area is needed to grow more
crops and raise more livestock to ensure food
security especially as most of the populace are
involved in livestock keeping and crop production
(Gonzalez, 2007 and Alemu et al., 2007).

Trend of Rainfall and Temperature in Baringo
County, Kenya and Jigawa State, Nigeria

The distribution of the rural population by their
perception on rainfall in Baringo County, Kenya
and Jigawa State, Nigeria is presented in figure 1.

M Rainfall in Baringo County, Kenya Rainfall in Jigawa State, Nigeria

100 93.5
IJI
L 80 3
% B 60.1
o 60
]
e
= a0 33.3
o
@ 20
_g 2.7 6.5 3.9
é 0 — —
o Increased Decreased Constant

Variationin the perception of respondnets on rainfall in the choice locations

Figure 1: Variation in the perception on Rainfall in Baringo County, Kenya and Jigawa State, Nigeria

Figure 1 showed that most (93.5% and 60.1%) of
the rural population in Baringo County, Kenya and
Jigawa State, Nigeria respectively reputed that
there is a decrease in rainfall. This depicts that there
is possibility of drought occurring in Baringo
County and Jigawa State in years to come, if the
trend of rainfall in these choice locations is not
etal., (2012) and Chung et al., (2018) whose works
also observed that there is decrease in rainfall

reverted upward in the succeeding years. This
decrease in rainfall will affect both crop production
and livestock keeping negatively since agriculture
in Kenya and Nigeria are rainfed. This finding is
consistent with Cooper and Coe (2011), Ayugi et
al., (2016), Recha et al., (2016); Odjugo (2010),
Oguntade

amount in Kenya and Nigeria in the recent years
caused by climatic variability.
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Figure 2: Perception on temperature in Baringo County, Kenya and Jigawa State, Nigeria

Figure 2 showed that (94.1% and 60.8%) of the
respondents in Baringo County, and Jigawa State,
respectively reputed that there has been an increase
in temperature in the last few seasons. , leading to
prevalence of diseases such as heat rashes, measles
etc. Wilting of trees, flowers and leaves were
observed in both Baringo county, and Jigawa state,
which was attributed to high temperature (Epstein,
2002; McMichael et al., (2006); Sawa and Buhari,
(2012); Rodo et al., 2013; Ostfeld and Brunner,
2015; Wilcox et al., 2015). As at the month of June,
2017, the soil was observed to be dry with no
visible signs of rain, this could be attributed to high

=—O=Rainfall in Jigawa State, Nigeria

Linear (Rainfall in Jigawa State, Nigeria)

temperature and low rainfall in both study areas.
Verification of the certitude in the observations of
the respondents on climate variability in the studied
area was made by collecting a thirty-two years’
data on rainfall and temperature from the
meteorological station located at Nairobi, Kenya
and Meteorological stations in Lagos State, Nigeria
for Jigawa State climatic data, which covers the
meteorological conditions of the studied area.
Figures 3 and 4 represent the thirty-two (32) years
mean monthly data on rainfall and temperature in
Baringo County, Kenya and Jigawa state, Nigeria.
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Linear (Rainfall in Baringo County,Kenya)
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Figure 3: Mean variation in the annual rainfall in Baringo County, Kenya and Jigawa State, Nigeria
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The trend analysis of the annual rainfall in Baringo
County, Kenya from 1984 - 2016 shows
fluctuations with increased annual rainfall (Figure
3). This volume of rainfall declined from
80.1millimetres in 1985 to 58.7millimetres of
rainfall in 1986, and increased to 104.3millimetres
in 1988, before decreasing again to 76.3millimetres
in 1991. The volume of rainfall in Baringo county
fluctuated more between 2001 and 2003 and
thereafter increased steadily from 72.3mm in 2004
to 117.6mm in 2006 but later declined to 58.4mm
in 2009 before skyrocketing to as high as 117.2mm
in 2010 and to its highest volume of 118.9mm in
2013. However, there is a decrease in the volume
of rainfall in Baringo County since 2016. A 6.31%
variation in volume of rainfall in Baringo County
was explained by changes in time. A unit change in
time causes the volume of rainfall to fluctuate by
0.435mm. This depicts a scenario of drought

Temperature in Jigawa state, Nigeria

Baringo County
y =0.0159x - 0.8551
r?=0.102

Mean Annual Temperature (°C)
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occurring in Kenya. This result is consistent with
the finding of Rowell (2015), Souverijns et al.,
(2016) OXFAM (2017), Andualem et al., 2018),
observed frequency of drought due to reduced
amount of rainfall and other extreme climate events
in Kenya is increasing.

Similarly, the amount of rainfall in Jigawa state,
Nigeria fluctuated between 1985 and 2016.
Increases in rainfall were recorded in 1988, 1991,
1995 —1998, 2001, 2004, and 2012 while decreases
in the amount of rainfall in Jigawa state was
obviously observed in 1985 - 1987, 1989 - 1990,
1993 -1995, 2002, 2006 -2011, and 2013 - 2016.
These years had rainfall amount below the linear
trend line. A 31.72% variation in the amount of
rainfall in Jigawa state was explained by changes
in time. A unit change in time causes the amount of
rainfall in Jigawa state to fluctuate by 19.957mm.

Temperature in Baringo county, Kenya

y =0.0159x - 0.8551
R% = 0102

Jigawa State
y =0.0457x - 64.291
r?=0,1895

Time (Years)

Figure 4: Mean Variations in the annual temperature in Baringo County, and Jigawa State

The trend of temperature from 1985 to 2016 in
Baringo county, Kenya and Jigawa state, Nigeria
fluctuated with slight increase in temperature
overtime (Figure 4). The average annual maximum
temperature in Baringo County increased from
30.8°C in 1985 to 31.5°C in 1987, but dropped to
30.3°C in 1989 before it vaults up to 31°C in 1991.
The maximum temperature of the area vaults up to
32°C in 2015 and 32.2°C in 2016. A 10.2%
variation in the maximum temperature in the area

was explained by changes in time. A unit change in
time causes the maximum temperature to slightly

change by 0.016°C. The average annual maximum
temperature in Jigawa state increased from 26.8°C
in 1985 to 27.5°C in 1987, but dropped to 25.6°C in
1989 before it slightly increased to 27.3°C in 1990.

The average annual maximum temperature in the
area fluctuated steadily between 1991 (26.6°C) and
2010 (27.7°C) and decreased to 26.8°C in 2011. An
18.95% variation in maximum temperature in the
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area was explained by changes in time. A unit
change in time causes the maximum temperature to
slightly change by 0.046°C. The people’s
perceptions on temperature variations in the
studied area was in line with the climate data
records obtained from their meteorological centres.
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Effects of Climate Variability on Livelihood
Assets of Rural Populace in Kenya and Nigeria
The multiple regression result of the effect of
climate change variability on livelihood assets of
rural populace in Baringo County, Kenya is
presented in Table 2.

Table 2: Ordinary least square multiple regression implcations of climatic variability on livelihood
assets of rural populace in Marigat and Mogotio, Baringo County, Kenya

Models Constant Rainfall Temperature R? Adj.R?  F-statistic

1 Land for agriculture 5.265 1.430 -0.121 0.612 0.593 18.533***
(2.417)** (2.621)** (-3.587)***

2 Livestock keeping 6.309 1.184 -2.028 0.613 0.598 12.282***

_ _ (2.841)*** (2.112)** (-3.419)***

3 Maize farming 8.419 1.048 -0.993 0.609 0.583 13.536***
(2.441)** (2.545)** (-3.379)***

4 Horticulture 8.433 0.792 0.048 0.554 0.438 7.690%**
(2.673)** (2.101)** (0.760)

ee keeping . . -0. : . .

5 Bee keepi 9.030 4.058 0.037 0.564 0.541 21.840***
(3.215)*** (0.809)*** (-0.676)***

6 Poultry farmig 9.635 -0.439 -1.133 0.481 0.465 9.902***
(3.576)*** (-2.485)** (-1.941)*

7 Fruit production 5.222 -1.067 -1.024 0.592 0.571 11.837***
(3.983)*** (-3.158)*** (-2.551)**

8 Charcoal production 6.125 -1.042 1.304 0.638 0.611 12.645***
(2.712)*** (-3.105)*** (2.128)**

9 Fish farming 7.012 1.080 0.039 0.428 0.405 9.185***
(3.148)*** (3.016)*** (1.255)

Source: Author’s computation from field survey data, 2017

Note: *** ** and * represents 1%, 5% and 10% levels of significance

For the land model, the value of the coefficient of
multiple determinations (R?) was 0.612, implying
that about 61.2% of the variations in the value of
land for agriculture among rural populace in
Baringo County, Kenya was explained by the
regressors (independent variables) included in the
model. The F-statistic of (18.533) was significant
at P < 0.05, implying that the entire model was
significance. The result showed that rainfall and
temperature significantly influenced the value of
land for agriculture in Baringo County, Kenya. The
coefficient of rainfall was positive and significant
at 5% indicating that increase in rainfall leads to an
increase in the value of land for agriculture in
Baringo Kenya. However, the coefficient of
temperature was negative and significant at 1%
respectively, indicating that increase in
temperature leads to a decrease in the value of land
for agriculture in Baringo Kenya.

The result in Table 3 showed that the coefficient of
multiple determinations (R? on land for

agriculture, livestock keeping, maize farming,
horticulture, bee keeping, poultry farming, fruit
production, charcoal production, fish farming,
Sesame farming, millet farming beans farming and
sorghum farming models varied between 0.352-
0.867. This implies that about 65.7%, 56.3%,
35.2%, 64.9%, 75.0%, 64.5%, 44.9%, 86.7%,
66.4%, 65.4%, 54.7%, 73.2% and 49.3% of the
variations in the value of land for agriculture,
livestock keeping, maize farming, horticulture, bee
keeping, poultry farming, fruit production,
charcoal production, fish farming, Sesame farming,
millet farming, beans farming and sorghum
farming among rural populace in Jigawa state,
Nigeria respectively was explained by the
regressors (independent variables) included in each
of the models. The F-statistic for each of the
models was significant at P < 0.05, implying that
the entire model was significance.

The result further showed that rainfall positively
influenced land for agriculture, livestock keeping,
maize farming, horticulture, bee keeping, fish
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farming and beans farming among rural populace
in Jigawa state, Nigeria at 10%, 5%, 1%, 5%, 5%,
1% and 1% levels of significance respectively
indicating that increase in rainfall leads to an
increase in the value of land for agriculture,
livestock keeping, maize farming, horticulture, bee
keeping, fish farming and beans farming among
rural populace in Jigawa state, Nigeria. Agriculture
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in Nigeria (Olayide, et al., 2016; Nnamerenwa et
al., 2017) is rainfed. However, rainfall negatively
influenced sesame farming among rural populace
in Jigawa state, Nigeria at 5% level of significance,
indicating that increase in rainfall leads to a
decrease in Sesame farming among rural populace
in Jigawa state, Nigeria.

Table 3: Ordinary least square multiple regression result of the implication of variability on livelihood

assets of rural populace in Jigawa state, Nigeria

2 1 R2 _
Model Constant Rainfall Temperature R Ad.R* F .
statistic
1 Land for agriculture 0.892 0.061 -0.043 0.657 0.633  5.282***
(7.891)*** (1.923)* (-2.692)***
2 Livestock keeping 5.006 2.092 -0.190 0.563 0.544  8.156***
(4.170)***  (2.160)** (-2.320)**
3 Maize farming 3.859 3.105 0.117 0.552 0.539  8.431***
(3.170)***  (4.520)*** (0.900)
4 Horticulture 4.680 1.166 -0.513 0.649 0.626  6.045***
(5.620)***  (2.200)**  (-3.040)***
5  Bee keeping 7.569 2.561 -0.414 0.750 0.736  5.665***
(3.820)***  (2.420)**  (-6.590)***
6  Poultry farming 9.030 -0.114 -0.683 0.645 0.623  4.491***
(3.040)*** (-0.590) (-3.990)***
7 Fruits production 4.487 2.207 -0.451 0.449 0.423  3.022***
(2.620)** (0.990) (-4.240)***
8  Charcoal production -2.005 0.060 0.125 0.867 0.842  5.206***
(-8.190)*** (1.150) (1.060)
9  Fishfarming 6.014 0.173 -3.633 0.664 0.643  6.001***
(3.380)***  (5.780)***  (-3.030)***
10 Sesame farming 4.319 -0.040 0.185 0.654 0.631  5.247***
(3.460)***  (-2.620)** (0.850)
11 Millet farming 1.489 0.026 1.080 0.547 0.522 4.716***
(13.074)*** (0.690) (2.241)**
12 Beans farming 8.629 6.960 0.507 0.732 0.719  5.301***
(3.590)***  (4.690)***  (3.870)***
13 Sorghum farming 1.743 -0.540 0.115 0.493 0.469  8.831***
(13.380)***  (-2.390)**  (2.433)***

Source: Author’s computation from field survey data, 2017
Note: ***, ** and * represents 1%, 5% and 10% levels of significance

The result also showed that temperature positively
influenced millet farming, beans farming and
sorghum farming among rural populace in Jigawa
state, Nigeria at 5%, 1% and 1% levels of
significance respectively indicating that increase in
temperature leads to an increase in millet farming,
beans farming and sorghum farming among rural
populace in Jigawa state, Nigeria. In contrast,
temperature negatively influenced land for
agriculture, livestock keeping, horticulture, bee

keeping, poultry farming, fruits production and fish
farming among rural populace in Jigawa state,
Nigeria at 1%, 5%, 1%, 1%, 1%, 1% and 1% levels
of significance, indicating that increase in
temperature leads to a decrease in land for
agriculture, livestock keeping, horticulture, bee
keeping, poultry farming, fruits production and fish
farming among rural populace in Jigawa state,
Nigeria.

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT VOLUME 10, No. 4, DECEMBER, 2018



Ezenwa et al., 2018

Effects/Consequences of Climate Variability in
Baringo County, Kenya and Jigawa State,
Nigeria
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Table 4 shows the mean rating of the respondents
on the extent of the effect of climate variability in
Baringo county, Kenya and Jigawa state, Nigeria.

Table 4 : Mean rating of the respondents on the extent of the effect of climate variability in Baringo

county, Kenya and Jigawa state, Nigeria

Effects of Climate Variability Baringo county, Kenya Jigawa State, Nigeria S.D
Mean Score Mean Score

Drought 3.78 3.95 0.12
Flood 2.47 1.74 0.52
Wild fire 1.84 1.97 0.09
Crop pests & diseases 3.65 2.92 0.52
Livestock pests & diseases 3.70 3.46 0.17
Cases of human diseases 4.01 3.46 0.39
Drying water bodies 3.53 414 0.43
Overall mean score 3.28 3.09 0.18
Number of respondents 338 153

Decision cut point 3.00 3.00

Source: Field Survey Data, 2017
S.D = Standard deviation of the mean score

In Baringo county, Kenya, climate variability to a
high extent affects the rural populace by causing
drought (X = 3.78), crop pest and diseases (X =
3.65), livestock pest and diseases (X = 3.70); cases
of human diseases (X = 4.01) and drying of water
bodies (X = 3.53) with an overall mean score of
3.28 (Table 4). This implies that there is drought,
incidence of crop and livestock pest and diseases,
cases of human diseases and drying of water bodies
due to climatic variability in the rural area of
Baringo County, Kenya. Similarly, In Jigawa, state,

Baringo 3 Jigawa
NN Baringo county, Kenya .
Kenya, Nigeria,
No, 5.6, No, 8.5,

6%

Baringo
county,
Kenya,
Yes, 94.4,
94%

9%,

Nigeria, climatic variability to a high extent affects
the rural populace causing drought (X = 3.95),
livestock pest and diseases (X = 3.46); cases of
human diseases (X = 3.46) and drying of water
bodies (X = 4.14) with an overall mean score of
3.00.

The perception of the respondents on the effect of
climate variability on food security among rural
populace in Baringo County, Kenya and Jigawa
State, Nigeria is presented in figure 5 below.

Jigawa State, Nigeria
4 [

Jigawa
State,
Nigeria,
Yes, 91.5,
91%

Figure 5: Perception of the effect of climate variability on food security in Baringo County, Kenya and

Jigawa State, Nigeria

The result shows that preponderances (94% and
91%) of the respondents in both Baringo County,
Kenya and Jigawa State, Nigeria respectively

reputed that they face food availablity challenges in
their locations due to climate variability while only
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few (6% and 9%) of the respondents in both
Baringo County, Kenya and Jigawa State, Nigeria
respectively averred that climate variability does
not affect their food security.

DISCUSSION

Socio-economic  Characteristics  of  the
Respondents in Choice Location

The plethora of married people has huge
implication for family labour supply (Ironkwe and
Olajede, 2012). Marriage predispose an individual
to become responsible than even being since they
must cater for their family needs (Nnamerenwa et
al., 2017). The number of family members in the
study area shows that most (50% and 75.16%) of
the rural populace in Baringo County, Kenya and
Jigawa State, Nigeria respectively had at most 5
persons per household. This implies that the
households were moderately sized. The moderate
household size is of benefit to rural populace since
it has been observed in various studies like Ali and
Erenstein (2017) that family labour is most
essential in any household business. This helps to
reduce the cost of hired labour.

Effects of Climate Variability on Livelihood
Assets of Rural Populace in Kenya and Nigeria
Livestock keeping is dependent on fodder
production, and the regeneration ability of most
fodder plants is dependent on rainfall. At high
temperature, fodder plants die and result in
reduction in livestock feed. Also, high temperature
increases the body temperature of most livestock
and often results in death of animals. This will
negatively affect the dependency on livestock
keeping as a livelihood asset among the rural
populace. The result on maize farming showed that
rainfall and temperature significantly influenced
the maize farming in Baringo County, Kenya. The
coefficient of rainfall was positive and significant
at 5% indicating that increase in rainfall leads to an
increase in maize farming in Baringo Kenya.
However, the coefficient of temperature was
negative and significant at 1% respectively,
indicating that increase in temperature leads to a
decrease in maize farming in Baringo Kenya and
vice versa.

The result showed that rainfall and temperature
significantly influenced bee keeping in Baringo
County, Kenya. The ability of a plant to grow and
produce flowers is dependent on rainfall.
Therefore, increase in rainfall will increase flower
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and plants production of nectar for honey formation
by bees. At high temperature, flower and plants
wilts, and nectar collection by bees reduces. This
will negatively affect the dependency on bee
keeping as a livelihood asset among the rural
populace. Also the result on poultry production
showed that rainfall and temperature significantly
influenced the poultry farming in Baringo County,
Kenya. High rainfall dampens the environment and
causes disease outbreaks in poultry farms. This
causes reduction in poultry farming. Thus,
fluctuations in rainfall and temperature will
negatively affect the dependency on poultry
farming as a livelihood asset among the rural
populace.

Similarly, the coefficient of temperature was
positive and significant at 5%, indicating that
increase in temperature leads to an increase in
charcoal production in Baringo Kenya and vice
versa. The fast rate of burning of charcoal due to
variability in temperature increases the quantity of
charcoal that is burn. As a result, Charcoal burning
increases with increased variability in temperature.

Effects/Consequences of Climate Variability in
Baringo County, Kenya and Jigawa State,
Nigeria

The results above imply that there is drought,
incidence of livestock pest and diseases, cases of
human diseases and drying of water bodies in the
rural area of Jigawa State, Nigeria due to climate
variability. This further validates the fact that
developing economies (especially Africa) of the
world are most vulnerable to climate variability and
its impact (Stefan, 2008; Deressa and Hassan,
2009; Lobell etal., 2011; Antw-Agyei et al., 2014).
This situation affects their economic growth and
development.

However, the perception of the respondents on the
effect of climate variability on food security among
rural populace in Baringo County, Kenya and
Jigawa State, Nigeria implies that there is evidence
of extreme hunger in Baringo County, Kenya and
Jigawa State, Nigeria necessitated by climate
variability. This will not only incubate social vices
but will predispose the rural populace to health
challenges due to malnutrition (Hawkes and Ruel,
2006; Barton and Morton, 2001; Lloyd, 2011;
IPCC, 2014).
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CONCLUSION

The paper presents the comparison of the impact of
climate variability on livelihood choices in two
locations within the Africa continent (Baringo
County, Kenya and Jigawa state, Nigeria). It was
observed that there is variability of climate as seen
in the decreasing rainfall and increasing
temperature, which was substantiated by the
response  of the household head from
questionnaires administered and during focused
group interactions. The variability is influenced by
livelihood choices of the rural populace in both
locations. The two locations (equatorial region and
sub-Saharan region respectively) have a climate-
dependent (rain-fed) agro-based economy and are
known to experience drought (mild — severe)
because of decreasing rainfall and increasing
temperature respectively. This makes the rural
populace vulnerable to climate variability.

Perception of farmers to climate variability was
noted to be very high and they are already adapting
to the climate variability. This was evident in the
degradation of land for agriculture, declining crop
yield (maize farming, fruit production etc) and a
reduction in livestock output over the years. This
was observed by most of the household in both
locations since livestock and crop production are
their main source of livelihood. In Jigawa state,
Nigeria, the evidences of climate variability
include drying of water bodies, drought, crop pest
and diseases, livestock pest and diseases and cases
of human diseases. In the Baringo country, Kenya,

Reference

Alemu, G.T; Ayele, Z.B. and Berhanu,A.A. (2017)
Effects of Land Fragmentation on
Productivity in Northwestern Ethiopia,
Article ID 4509605.

Adesina, F. A. (2008) Living in a severely altered
world, Inaugural Lecture Series 218, lle-ife,
Nigeria, Obafemi Awolowo University Press
Limited.

Akinseye, F.M; Ogunjobi, K.O; Okogbue, E.C.
(2012) Climate variability and food crop
production in Nigeria, International, Journal
of Academic Research Part A 4(5), 107-
111.DOI 10.7813/2075-4124.2012/4-5/A.1.

Antwi-Agyei, P; Stringer, L.C; Dougill, A.J;
(2014) Livelihood adaptations to climate
variability: Insights  from  Farming

67

the evidences of climate variability are cases of
human diseases, drought, livestock pest and
diseases, crop pest and diseases and drying of water
bodies. This indicates that the Baringo County is
prone to increasing human diseases more than other
evidences while in Jigawa state the most felt
evidence of climate variability is that of water
bodies drying up than other evidences of climate
variability like drought, livestock pest and diseases,
cases of human diseases and crop pest and diseases.

From the ongoing, there should be pro-active
measures in place to avert the negative implications
of climate variability and maximize the positive
influences. The relevant government agencies in
both Nigeria and Kenya should as a matter of
urgency provide relevant and up-to-date adaption
strategies to the rural populace especially water
management and conservation methods like
extensive irrigation schemes to assuage the impact
of climate variability. Likewise, the farmers should
be ready to adopt an integrated approach to
sustainable agricultural practices.

Acknowledgements

The author(s) wish to acknowledge the kind
support of Association of Commonwealth
Universities (ACU), DFID, and African Academy
of Sciences (AAS) under the coordination of
CIRCLE (Climate Impact Research Capacity and
Leadership Enhancement), who awarded a research
scholarship grant to Ezenwa Lilian 1. to carry out
this Research in Kenya.

Households in Ghana, Regional Environ.
Change 14(1):3 -14.

Ali, A. and Erenstein, O. (2017) Assessing farmer
use of climate change adaptation practices
and impacts on food security and poverty in
Pakistan, Climate Risk Management 16, 183—
194.

Anyangu, AS; Gould, LH; Shahnaaz, K; Sharif,
SK; Nguku, PM; Omolo, JO; Mutonga, D;
Rao, CY; Ledeman, ER; Schnabel, D;
Paweka, JT; Katz, M; Hightower, AM,;
KaruikiNjenga,

MK; Daniel, R; Feikin, DR; Breiman, RF (2010)
Risk factors for severe Rift Valley fever

infection in Kenya, American Journal of
Tropical Medicine and Hygiene, 83:14-21.

Barton, D. and Morton, J. (2001) Livestock

marketing and drought mitigation in

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT VOLUME 10, No. 4, DECEMBER, 2018



EFFECTS OF CLIMATIC VARIABILITY ON LIVELIHOOD CHOICES AMONG RURAL POPULACE IN BARINGO COUNTY, 68

KENYA AND JIGAWA STATE, NIGERIA

northern Kenya, Drought, Planning and
Pastoralists: Experiences from Northern
Kenya and Elsewhere, J. Morton, Ed.,
Natural Resources Institute, Chatham.

Brian Odhiambo Avyugi, B.O.; Wen, W,
Chepkemoi, D. (2016) Analysis of Spatial
and Temporal Patterns of Rainfall

Variations over Kenya, Journal of
Environment and Earth Sciences, 6(11):69-
83.

Bidoli, T.D; Isa, A.G; Shehu, B; Kezi ,D.M. and
Abdullahi, M.Y. (2012) Assessment of the
Effects of Climate Change on Livestock
Husbandry and Practices in Jigawa State,
Nigeria, Journal of Agricultural Extension,
16 (1), Pp 20 — 30.

Chung, E; Shiru, M.S; Shahid, S; Alias, N. (2018)
Trend Analysis of Droughts during Crop
Growing Seasons of Nigeria,
Sustainability,10, 871 -884

Cooper, P.J. M., and Coe, R. (2011). Assessing and
addressing climate-induced risk in sub-
Saharan rainfed agriculture, Experimental
Agriculture, 47 (2):179-84.

Chukwuone, N. (2015): Analysis of Impact of
Climate Change on Growth and Yield of
Yam and Cassava and Adaptation
Strategies by Farmers in Southern Nigeria,
African Growth and Development Policy
Modeling ~ Consortium  (AGRODEP)
Working Paper 0012, facilitated by the
International Food Policy Research
Institute (IFPRI).

Demetriou, D; Stillwell, J. and See, L. (2013) A
new methodology for measuring land
fragmentation, Computers, Environment
and Urban Systems, VVolume 39, pp. 71-80.

Deressa, T.T, and Hassan R.M. (2009) Economic
Impact of Climate Change on Crop
Production in Ethiopia: Evidence from
Cross-Sectional Measures, Journal of
African  Economies, Oxford, Oxford
University Press, 18 (4):529-554.

Epstein, P. (2002) Climate change and infectious
disease: stormy  weather ahead,
Epidemiology 13, 373-375.

F.A.O. (2011) Climate-Smart Agriculture for
Development: Managing Ecosystems for
Sustainable Livelihood, Journal of the
Climate- Smart Agriculture, Infographic,
Food and Agriculture Organization of the
United Nations.

Gonzalez, X.P; Marey, M.F; and Alvarez, C.J.
(2007) Evaluation of productive rural land
patterns with joint regard to the size, shape
and dispersion of plots, Agricultural
Systems, VVolume 92, No. 1-3, pp. 52-62.

Ghose, A.K. (1979) Farm Size and Land
Productivity in Indian Agriculture: A
Reappraisal, The Journal of Development
Studies, Volume 16, No. 1, pp. 27-49.

Guan, K., Sultan, B., Biasutti, M, Baron, C. and
Lobell, D. B. (2016) Assessing climate
adaptation options and uncertainties for
cereal systems in West Africa, Agricultural
and Forest Meteorology, Volume 232, Pp
291 — 305.

Hansen, J; Sato, M. and Ruedy, R. (2012)
Perception of climate change, Procedures
of the National Academic of Science, USA,
109, E-2415-E-2423.

Hawkes, C. And Marie, R. (2006) The links
between agriculture and health: an
intersectoral opportunity to improve the
health and livelihoods of the poor, Bulletin
of the World Health Organization, 84:985-
991.

Hossain, M. (1977) Farm Size, tenancy and land
productivity: an analysis of farm level data
in Bangladesh agriculture, Bangladesh
Development Studies, Volume 5, pp 285—
348, 1977.

International Panel on Climate Change - IPCC,
(2014) Climate Change 2014: IPCC report
on climate impacts: "It's time to get
serious” Synthesis Report, Contributions
of Working Group 1, I, and 111 to the fifth

Assessment Report of the
Intergovernmental Panel on Climate
Change, Geneva:

http://ec.europa.eu/clima/index_en.htm
(Accessed 2018/05/25).

Kebede, A; Hassen, A; Negatu, W. (2001)
Comparative Analysis of Vulnerability of
Pastoralists and Agro-pastoralists to
Climate Change: A Case Study in Yabello
Woreda of Oromia Region, Ethiopia,
https://www.researchgate.net/publication/2
72336724(Accessed 2018/05/29).

Kenya National Bureau of Statistics (KNBS),
(2010). 2009 Kenya Population and
National Housing Census.
http://www.knbs.or.ke/Census%20Results/
(Accessed on 23/10/2010).

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT VOLUME 10, No. 4, DECEMBER, 2018


http://www.fao.org/docrep/015/an177e/an177e00.pdf
http://www.fao.org/docrep/015/an177e/an177e00.pdf
http://www.fao.org/docrep/015/an177e/an177e00.pdf
http://www.fao.org/docrep/015/an177e/an177e00.pdf
http://www.fao.org/docrep/015/an177e/an177e00.pdf
http://www.fao.org/docrep/015/an177e/an177e00.pdf
http://www.fao.org/docrep/015/an177e/an177e00.pdf
https://www.researchgate.net/publication/272336724(Accessed
https://www.researchgate.net/publication/272336724(Accessed

Ezenwa et al., 2018

Kurukulasuriya, P., and Mendelsohn, R. (2007)
Endogenous Irrigation: The Impact of
Climate Change on Farmers in Africa,
World Bank Policy Research Working
Paper No. 4278, Pp 1-25.

Ladan, S.1. (2014) An appraisal of climate change
and agriculture in Nigeria, Journal of
Geography and Regional Planning, Vol. 7
(9), Pp 176- 184, ISSN 2070-1845.

Lloyd, S.J, Kovats, R.S, Chalabi, Z. (2011) Climate
change, crop yields and under nutrition:
development of a model to quantify the
impacts of climate scenarios on child under
nutrition, Environmental Health
Perspectives; Pp 1817-1823.

Lobell, D.B, Banziger M, Magorokosho, C., Vivek,
B. (2011) Nonlinear Heat Effects on
African Maize as Evidenced by Historical
Yield Trials, Natural Climate Change 1
(1):42-45.

Mora, C., (2013): The projected timing of climate
departure from recent variability. Nature,
502 (7470), 183-187.

Mazumdar, D. (1965) Size of farm and
productivity: a problem of Indian peasant
agriculture, Economica, Volume 32, pp.
161-173.

McMichael, A. J., Woodruff, R. E. & Hales, S.
(2006) Climate change and human health:
present and future risks, Lancet 367, 859—
869.

McCarthy J, Canziani O, Leary, N.A, Dokken D.J,
White K.S (2001) Climate Change,
Adaptation and Vulnerability, Contribution
of Working Group I, Third Assessment
Report of IPCC, Cambridge University
Press.

National Population Census (2006) The National
Population report for the 2006 national
census.

Niang, 1., Ruppel, O.C., Abdrabo, M.A., Essel, A.,
Lennard, C., Padgham, J. and Urquhart, P.
(2014) Africa In: Climate Change 2014:
Impacts, Adaptation, and Vulnerability.
Part B: Regional Aspects. Contribution of
Working Group Il to the Fifth Assessment
Report of the Intergovernmental Panel on
Climate Change, Cambridge, UK:
Cambridge University Press.

Nnamerenwa, G.C., Jessie, G.F. and Nwatu, C.

(2017). Analysis of Price Differentials in
the Marketing of Plantain in Abia state,

69

Nigeria.  Proceeding of the 1%
International Conference of Postgraduate
Students Association of Michael Okpara
University of Agriculture Umudike in
conjunction with Postgraduate School
Michael Okpara  University  of
Agriculture Umudike, Abia State.

Odjugo, P.A.O. (2010) General Overview of
Climate Change Impacts in Nigeria. Journal
of Human Ecology, 29, 47-55.

Olayide, O.E; Tetteh, I; Popoola, L. (2016)
Differential impacts of rainfall and
irrigation on agricultural production in
Nigeria: Any lessons for climate-smart
agriculture? Agricultural Water
Management, Volume 178, Pp 30-36.

Ochieng, J. And Mathenge, L.K.M (2016) Effects
of climate variability and change on
agricultural production: the case of small-
scale farmers in Kenya, Wageningen
Journal of Life Sciences, 77, Pp 71 — 78.

Oguntunde, P.G., Abiodun, B.J. and Gunnar, L.
(2012) Spatial and Temporal Temperature
Trends in Nigeria, 1901-2000, Meteorology
and Atmospheric Physics, 118, 95-105.
Onyebinama U.A.U. and Nnamerenwa
G.C. (2013). Comparative analysis of
Credit Allocation to Crop and Livestock
Subsectors under the Agricultural Credit
Guaranteed Scheme Fund (ACGSF) in
Nigeria The Nigerian Agricultural Journal
.44(1&2) :135 -145.

Ostfeld, R.S; and Brunner, J.L. (20115) Climate
change and Ixodes tick-borne diseases of
humans, Philos. Trans. R. Soc. Lond. Ser,
B Biol. Sci., 370 (20).

Orindi, V.A. and Ochieng, A. (2005) Case study
5: Kenya seed fairs as a drought recovery
strategy in Kenya, IDS Bulletin, Volume
36, Issue 4, Pages 87-102.

OXFAM (2017): A climate in crisis How climate
change is making drought and humanitarian
disaster worse in East Africa MEDIA
BRIEFING 27 April 2017 Ref: 01/2017

Sawa, B.A; and Buhari, B. (2011) Temperature
Variability and Outbreak of Meningitis and
Measles in Zaria, Northern Nigeria, Journal
of Applied Sciences, Engineering and
Technology 3(5).

Sowunmi, F.A. and Akintola, J. O. (2010) Effect
of Climatic Variability on Maize
Production in Nigeria, Journal of

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT VOLUME 10, No. 4, DECEMBER, 2018


https://www.researchgate.net/scientific-contributions/2050423145_BA_Sawa?_sg=WMSvXbKNHYTLAOVM7g8wa_zwiPS7IQYGN3zp9TzJifRuIoZydY2yRj7G0hO3pay8w-jUqv4.DKwzEvaSBq8SuOTtkcOiGb0_znHMBdOJDm55mwHNdzJCr_2KYXY-X4mIDhYwpcbjb41O76cXKwhCaBaRZwirZw

EFFECTS OF CLIMATIC VARIABILITY ON LIVELIHOOD CHOICES AMONG RURAL POPULACE IN BARINGO COUNTY,

KENYA AND JIGAWA STATE, NIGERIA

Environmental and Earth Sciences, 2(1):
19-30.

Speranza, C. I, (2010). Resilient adaptation to
climate change in African agriculture,
Bonn: DIE, 2010 (Studies / Deutsches
Institut flr Entwicklungspolitik; 54) ISBN
978-3-88985-489-6. Deutsches Institut fir
Entwicklungspolitik.

Stefan, R. (2008) The Thermohaline ocean
circulation: A Brief fact sheet, (Accessed
on 2018-05-28).

Stige, L. C., J. Stave, K. Chan. (2006). The effect
of climate variation on agro-pastoral
production in Africa. Proceedings of the
National Academy of Sciences Vol 103: Pp
3049-3053.

Thornton P. K., Boone R. B., Galvin K. A,
BurnSilver S. B., Waithaka M. M., Kuyiah
J., Karanja S., Gonzélez-Estrada E. And
Herrero M. (2007). Coping strategies in
livestock-dependent households in east and
southern Africa: a synthesis of four case
studies, Human Ecology, 35 461-476.

Recha, J.W; Mati, B.M; Nyasimi, M; Kimeli, P.K;
Kinyangi, J. and Radeny,M. (2016)
Changing rainfall patterns and farmers’
adaptation through soil water management
practices in semi-arid eastern Kenya, Arid
Land Research and Management, 30:3,
229-238.

70

Rodo, X; Pascual, M; Doblas-Reyes, F.J;
Gershunov, A; Stone, D.A.; Giorgi, F;
Hudson, P.J; Kinter, J; Rodriguez-Arias,
M.-A.; Stenseth, N.C. (2013) Climate
change and infectious diseases: can we
meet the needs for better prediction?
Climate Change, 118 (2013), pp. 625-640.

Andualem Shiferaw, Tsegaye Tadesse, Clinton
Rowe and Robert Oglesby (2018):
Precipitation Extremes in Dynamically
Downscaled Climate Scenarios over the
Greater Horn of Africa. Atmosphere 2018,
9,112

Willox, A.C; Stephenson, E; Allen, J.; Bourque, F;
Drossos, A; Elgargy, S; Kral, M.J.; Mauro,
I; Moses, J; and Pearce, T. (2015)
Examining relationships between climate
change and mental health in the
Circumpolar North, Regional
Environmental Change, 15, pp. 169-182

JOURNAL OF RESEARCH IN FORESTRY, WILDLIFE AND ENVIRONMENT VOLUME 10, No. 4, DECEMBER, 2018



