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Abstract

The magnitude and trend of temperature and rainfall extremes as indicators
of climate variability and change were investigated in the Arid and Semi-Arid
Lands (ASALs) of Kenya using in-situ measurements and gridded climate
proxy datasets, and analysed using the Gaussian-Kernel analysis and the
Mann-Kendall statistics. The results show that the maximum and minimum
temperatures have been increasing, with warmer temperatures being experi-
enced mostly at night time. The average change in the mean maximum and
minimum seasonal surface air temperature for the region were 0.74°C and
0.60°C, respectively between the 1961-1990 and 1991-2013 periods. Decreasing
but statistically insignificant trends in the seasonal rainfall were noted in the
area, but with mixed patterns in variability. The March-April-May rainfall
season indicated the highest decrease in the seasonal rainfall amounts. The
southern parts of the region had a decreasing trend in rainfall that was greater
than that of the northern areas. The results of this study are expected to sup-
port sustainable pastoralism system prevalent with the local communities in
the ASALs.
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1. Introduction

Variability and changes in extreme temperatures and rainfall patterns have been

experienced in many parts of the world including Eastern Africa [1] [2] [3]. A
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recent Intergovernmental Panel for Climate Change (IPCC) assessment has in-
dicated that the changes provide a key challenge to the current and future sus-
tainability of the socio-economic systems, especially within the arid and semi-
arid regions [2] [4] [5]. In Kenya, over 80% of the country is classified as Arid
and Semi-Arid Lands (ASALs), with most of these located in the northern parts
of the county bordering Southern Ethiopia and Eastern Somalia. In the region,
livestock agriculture is a key source of livelihood for the rural population, where
about 75% of the livestock in Kenya are found [6] [7] [8] [9].

Several studies have indicated that pastoralist agriculture in the ASALs of
Kenya is increasingly becoming vulnerable to the effects of climate variability
and change. Despite this, the sector still has poor economic development due to
lack of appropriate adaptation strategies that targets the socio-economic prac-
tices of the rural population [10] [11] [12].

To support proper adaptation, there is need to assess the evidence of climate
variability and change in the ASAL regions in order to provide estimates that
can be used to forecast prospective changes in future. This will lead to an under-
standing of the historical and present magnitude of the changes, while providing
an idea of how the change may affect related climate sensitive sectors important
for policy support options. Generally in the ASALs of Kenya, few studies have
attempted to quantify the magnitudes of climate change and variability to pro-
vide localised statistics for management decision making. Mureithi and Opiyo
(2010) in their study of resource planning for Turkana and Pokot pastoralist re-
gions under conditions of climate change and variability, did note that the mean
annual temperature generally varied between 26°C and 38°C. Omolo (2010) also
reported that the annual mean temperature of the Turkana region ranges be-
tween 24°C and 38°C. Due to data limitation, both of these studies largely fo-
cused on Turkana area using datasets obtained through local surveys and ran-
dom sampling from the rural communities consequently, the authors recom-
mended further studies across entire ASALs of the Northern Kenya using actual
observation and proxy datasets.

Presently, several analytical methods have been proposed to assess possible
changes in the magnitudes of temperature and rainfall. Rahmstorf and Coumou
(2011) [39] used Monte Carlo simulations to quantify the effect of long-term
trends of extreme warming events in the world. Though good results were ob-
tained at the global scales, the evidence of the variability at localized scale was not
clearly captured due to the coarse resolution of the global dataset used. Other
studies [13] [14] [15] have used the Gaussian Kernel distribution method to locate
the effect and evidence of climate change. These methods provide an opportunity
at localised scales to assess the changing shape of the probability distribution
with time and shift in the mean values. Considering the eminent data scarcity of
the ASALs of Kenya, such methods were preferred in this study to investigate the
magnitude of climate variability and change, with a view of providing localised

climate change statistics. Besides, such a study will contribute to regional climate
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change adaptation and policy support options within the livestock sector as out-

lined in the country’s economic strategic plan, the Kenya’s vision 2030.

2. Materials and Methods
2.1. Description of the Study Region

Kenya is located between latitudes 5°S and 5°N and longitudes 34°E and 42°E,
covering an area of 58,037,000 Ha [16] with about 80% of the land classified
ASALs. This work focussed on the northern area of the ASALs as a case study
(Figure 1). The main water body in the region is Lake Turkana, which is the
largest lake located in the ASALs [17]. Generally, the ASALs of Kenya are char-
acterized by high temperatures coupled with low and poorly distributed rainfall.
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Figure 1. The studied arid and semi-arid lands in the northern part of Kenya (inset map).
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The mean annual rainfall in the region ranges between 200 and 600 mm, with
the region around Lake Turkana receiving less than 250 mm of rainfall per year
[8] [18]. The highlands of the western part of the study area receive about 500
mm of rainfall annually [19] [20]. Marsabit region located to the east of Lake

Turkana generally receives rainfall of up to 600 mm per year [18].

2.2. Data Basis for the Study

The data used in this study were monthly rainfall, and surface maximum and
minimum air temperature. The 7n-situ data were obtained from the Kenya Me-
teorological Department (KMD) for the period 1961-2013. However, this dataset
could not cover the entire study area as the available complete 7n-situ data was
for two stations (Turkana and Marsabit). Due to absence of in-situ data for
Samburu and Isiolo stations, the study used the 0.5° x 0.5° gridded monthly
University of East Anglia Climate Research Unit (CRU) datasets from 1961 to
present [21] [22] [23] [24] for the entire study area. The available in-situ data
from KMD was correlated with CRU data to assess the performance over the
study area. A high correlation coefficient of 0.72 (72%) was observed for the pe-
riod 1961-2013. Authors over East Africa have used the CRU proxy dataset for
rainfall and temperature analysis [22] [25] [26]. The annual rainfall and average
temperature observed over the study area are shown in Table 1 below.
Generally, rainfall in the ASALs is bimodal, with March to May (MAM) ex-
periencing the long rains and September to November (SON), the short rains;
June to August (JJA) and December to February (DJF) are generally dry seasons
[3] [27]. The dataset were divided into the DJF, MAM, JJA, and SON seasons for
the non-overlapping WMO baseline period 1961-1990 and the climate change
period 1991-2013 climatic periods. The data were then subjected to various
trend analyses in order to delineate the temporal patterns of rainfall characteris-

tics at specific locations as discussed in the following subsequent sections.

3. Tools and Methods

3.1. Mann-Kendall Non-Parametric Trend Test

The non-parametric Mann-Kendall trend test (Equation (1)), which has been
widely used [3] [28] [29] [30] [31] [32], was applied to determine the trends in

rainfall and surface air temperature.

Table 1. Station location for the four regions used in the study with their annual rainfall
and annual mean temperature for the period 1961-2013 using the gridded data CRU.

. Latitude Longitude Annual Rainfall Annual Average
Regions .

(Degrees) (Degrees) (mm) Temperature (°C)
Turkana 3.07N 35.38E 526.6 26.4
Marsabit 2.20N 37.95E 498.5 25.0
Samburu 1.26N 37.01E 670.1 23.2
Isiolo 1.0IN 38.84E 551.4 27.3
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tau =30 3 s0n (% - %) M
In (1), tau gives the degree of the slope which can either be positive, zero or
negative, x; are the sequential values of observations at a given time and can be
expressed as 6, and nis the length of the data set, and
1if6>0
sgn(#) =4 0ifo=0 (2)
-1if6 <0
The test statistic tau gives a positive (negative) trend when the value of tau is
positive (negative) and no trend when tau is zero. The level of significance used
in this study was 0.05, and the trends were considered significant when the

P-value was less than or equal to 0.05.

3.2. Gaussian Kernel Distribution

The Gaussian Kernel density distribution, which includes the first four mo-
ments, ie., the mean and variance, skewness, and kurtosis, was used to assess the
changes in climate for the periods 1961-1990 and 1991-2013 (Equation (3)).
Several studies have also used this approach to analyse the evidence of climate
change [13] [14] [15] [33] [34] [35] [36].

Pl (y - f
0, (19)= k(417 o

In (3) Kis the Kernel, 4 is a scaling factor (bandwidth), N is the number of
samples, £s is the matrix of the lead-fields, y, is the measurement recorded at the
time samples ¢ =1, ..., T [13] [33] [37]. Generally, the Gaussian Kernel distribu-

tion provides the mean of each climatic period, variance, skewness and kurtosis.

Using these moments, it was possible to distinguish changes in climate over the
study area between the selected two climatic periods.

4. Results and Discussion

The results showed that temperatures have been increasing steadily over the
ASAL region of Northern Kenya since 1961 at all locations considered with dif-
ferent magnitudes represented by tau (Table 2). The increasing significant
trends for surface maximum and minimum air temperature ranged from 0.3 to
0.56 and from 0.14 to 0.64, respectively, for the period 1961-2013 for different
seasons at all locations. In Table 2, the Turkana region was observed to have the
highest increasing trend in all the seasons for surface maximum and minimum
air temperature while the Isiolo region on average had the lowest increasing
trend. This increase in temperature may lead to reduced soil moisture content as
temperature and soil moisture are inversely related [38] which in turn affects
forage production, thus negatively affecting livestock farming, which is the main
livelihood in the ASALs of Kenya. The observed changes and increase in tem-
peratures over the study area agrees with the studies at a regional scale by Chris-
tensen et al (2007), and Ngaina and Mutai (2013) who concluded that tempera-

tures are increasing over the East Africa region. Annual rainfall, on the other
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Table 2. Trends in rainfall, maximum and minimum surface air temperature for DJF,
MAM, JJA, and SON seasons for the period 1961 to 2013.

Max. Temperature Min. Temperature Rainfall
Stations
tau p-value Tau p-value  tau p-value

Turkana 0.544 0.00 0.370 0.00 -0.041 0.67
= Marsabit 0.362 0.00 0.144 0.14 0.043  0.66
E Samburu 0.427 0.00 0.369 0.00 0.013  0.90
Isiolo 0.245 0.01 0.225 0.02 0.139 0.14
Turkana 0.486 0.00 0.497 0.00 -0.059 0.54
s Marsabit 0.356 0.00 0.408 0.00 -0.115 0.23
g Samburu 0.360 0.00 0.385 0.00 -0.131 0.17
Isiolo 0.315 0.00 0.344 0.00 -0.096 0.32
Turkana 0.556 0.00 0.600 0.00 0.053  0.58
< Marsabit 0.515 0.00 0.573 0.00 0.036 0.71
= Samburu 0.469 0.00 0.538 0.00 0.031 0.75
Isiolo 0.301 0.00 0.383 0.00 -0.014 0.90
Turkana 0.556 0.00 0.644 0.00 0.092 0.33
Z Marsabit 0.409 0.00 0.479 0.00 -0.032 0.74
8 Samburu 0.452 0.00 0.529 0.00 -0.026 0.79
Isiolo 0.320 0.00 0.361 0.00 -0.054 0.58

hand, was observed to decrease in most parts of the ASALs of Kenya but with a
statistically insignificant trend. The MAM and SON seasons showed a decreas-
ing trend in rainfall at most locations while the DJF and JJA seasons indicated a
slight positive trend at most locations (Table 2). These can be attributed to the
MAM and SON rainfall crossing over to JJA and DJF seasons, respectively. The
rainfall trends were not statistically significant in all the regions.

Figure 2 illustrates the observed shifts in the Gaussian kernel distribution for
maximum surface air temperature for the Turkana, Marsabit, Samburu, and Isi-
olo regions in the JJA season. The shift in the distribution is a clear indication
that climate has changed over the ASALs of Kenya. The dotted line representing
the mean line of the periods and from the graph it shows a shift to the right in-
dicating an increase in temperature. The spread of the distribution which indi-
cates the variability in temperature fluctuates from one location to another
(Figure 2). The same pattern was observed for minimum surface air tempera-
ture over the regions which indicated that the night temperatures have become
warmer. A similar pattern was also observed for the DJF, MAM and SON sea-
sons for both maximum and minimum temperatures.

The spatial analyses of seasonal rainfall over the study area showed that rain-
fall ranged between 30 - 180 mm, 110 - 500 mm, 0 - 300 mm and 110 - 380 mm
in the DJF, MAM, JJA, and SON seasons, respectively. Previous studies have also
indicated that the eastern side of Turkana region receives an annual rainfall of

200 mm while the western highlands receive over 500 mm [18] [19] [20]. Using
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Figure 2. June-July-August distribution of maximum surface air temperature anomalies over (a) Turkana, (b) Mar-
sabit, (c) Samburu, and (d) Isiolo Counties for different climatic periods, 1961-1990 and 1991-2013 using CRU data.

the non-overlapping climatic periods in Figure 3, it was noted that the mean of
total MAM seasonal rainfall has decreased over the entire study area with more
drought events than floods. The same observation was also made for the SON
season. The decrease in seasonal total rainfall in these two seasons can be attrib-
uted to the late onset of seasonal rainfall over the ASALs. This late onset in
MAM and SON could be the main cause of rainfall increase in JJA and DJF sea-
sons over the ASALs.

5. Mean and Variance in Temperature and Rainfall

Change in the mean of maximum surface air temperature between the periods
1961-1990 and 1991-2013 ranged from 0.4°C to 1.18°C while that for minimum
surface air temperature ranged between 0.18°C and 0.91°C for the four seasons

(Table 3). The highest change in surface maximum air temperature (1.18°C) was
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Figure 3. March-April-May distribution of rainfall anomalies over (a) Turkana, (b) Marsabit, (c) Samburu, and (d) Isi-
olo Counties for different climatic periods, 1961-1990 and 1991-2013 using CRU data.

observed over Turkana region in the DJF season while that of minimum tem-
perature was observed in the SON season over Turkana region. The study also
showed that the mean of annual surface air temperature increased by about
1.2°C in the period 1991-2013 as compared to 1961-1990.

The rainfall was observed to be high over the southern part of the study area
(much of Samburu region) during the DJF, MAM, and SON seasons and low
over the much of Turkana region in the north-western part of the study area
(Table 3), which was attributed to the influence of orography over the study
area. However, the rainfall in the JJA season was observed to be high over the
western part of the study area due to the influence of the western highlands of
the Turkana region. The observed variability in maximum and minimum tem-
perature over the study area was nonhomogeneous with some regions indicating

an increase in variability while others showed a decrease in variability (Table 4).
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Table 3. Mean of maximum and minimum surface air temperature and total rainfall for DJF, MAM, JJA, and SON seasons for the
periods 1961-1990 and 1991-2013 based on CRU data.

Max. Temperature (°C) Min. Temperature (°C) Rainfall (mm)
o ) © =3 ) © =3 o ©
Mean Stations §. §. % Eo §. §. % gn §. §. % Eo
s 3 28 g 3 28 % 3 23
= = = = = =
Turkana 33.86 35.04 1.18 18.95 19.58 0.63 47.75 42.86 4.89
I Marsabit 32.05 32.74 0.69 19.04 19.22 0.18 80.07 77.63 2.44
E Samburu 30.13 30.96 0.83 15.87 16.39 0.52 123.45 126.13 2.68
Isiolo 33.75 34.21 0.46 21.18 21.44 0.26 96.13 104.56 8.43
Turkana 32.96 33.93 0.97 20.31 21.20 0.89 189.14 178.79 10.35
= Marsabit 31.06 31.77 0.71 19.83 20.40 0.57 263.68 214.56 49.12
E Samburu 30.41 31.11 0.70 17.09 17.72 0.63 368.97 303.46 65.51
Isiolo 33.85 34.46 0.61 22.34 22.87 0.53 263.87 224.32 39.55
Turkana 30.66 31.62 0.96 19.38 20.27 0.89 171.77 185.80 14.03
< Marsabit 28.93 29.62 0.69 18.01 18.70 0.69 26.59 27.64 1.05
= Samburu 28.65 29.38 0.73 15.01 15.84 0.83 67.17 72.85 5.68
Isiolo 31.60 32.04 0.44 20.10 20.60 0.50 0.26 0.25 0.01
Turkana 32.30 33.32 1.02 19.49 20.40 0.91 118.15 118.27 0.12
z Marsabit 30.26 30.96 0.70 19.14 19.70 0.56 153.15 146.09 7.06
8 Samburu 29.84 30.57 0.73 16.56 17.23 0.67 259.68 247.98 11.70
Isiolo 32.87 33.27 0.40 21.45 21.84 0.39 206.18 201.84 4.34

Table 4. Variance of rainfall, maximum and minimum surface air temperature for DJF, MAM, JJA, and SON seasons for the pe-
riods 1961-1990 and 1991-2013 based on CRU data.

Max. Temperature (°C) Min. Temperature (°C) Rainfall (mm)
) «® ® o «® ° o = °
Variance Stations §. §. %’ :bn §. §. %‘ :bn §. §. %‘ %
s 5§ 256 3 3§ 25 g g 28
= = = = = =
Turkana 0.46 0.57 0.11 0.46 0.96 0.50 1.08 0.92 0.16
o Marsabit 0.51 0.21 0.30 0.39 0.47 0.08 1.24 0.73 0.51
E Samburu 0.53 0.39 0.14 0.29 0.52 0.23 1.11 0.90 0.21
Isiolo 0.75 0.23 0.52 0.32 0.22 0.10 1.23 0.73 0.50
Turkana 0.55 0.31 0.24 0.43 0.42 0.01 1.29 0.64 0.65
s Marsabit 0.52 0.14 0.38 0.22 0.16 0.06 1.27 0.50 0.77
E Samburu 0.68 0.21 0.47 0.30 0.28 0.02 1.19 0.60 0.59
Isiolo 0.66 0.15 0.52 0.20 0.22 0.02 1.27 0.58 0.69
Turkana 0.28 0.38 0.10 0.27 0.21 0.06 1.15 0.84 0.31
< Marsabit 0.16 0.18 0.02 0.19 0.09 0.10 1.19 0.78 0.41
- Samburu 0.19 0.23 0.04 0.19 0.13 0.06 1.12 0.86 0.26
Isiolo 0.28 0.19 0.09 0.20 0.14 0.06 1.11 0.89 0.22
Turkana 0.50 0.35 0.15 0.27 0.34 0.07 1.38 0.54 0.84
Z Marsabit 0.40 0.22 0.18 0.17 0.15 0.02 1.24 0.72 0.52
3 Samburu 0.45 0.21 0.24 0.17 0.20 0.03 1.18 0.80 0.38
Isiolo 0.46 0.15 0.31 0.18 0.12 0.06 0.84 1.25 0.41
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The variability in rainfall has decreased at most locations in the study area in all
the seasons, except for Isiolo which indicated an increase in variability during
the SON rainfall season (Table 4).

6. Conclusions

The Mann-Kendall trend test, Gaussian Kernel distribution, and the method of
moments were used to assess the climate variability and change in the ASAL re-
gions of Kenya. Maximum and minimum temperatures depicted decreasing
variability over most of the ASAL region but an increasing trend over all loca-
tions resulting to warmer night time temperatures. The increase in mean surface
air temperature in the December-February season ranged between 0.21 and
1.5°C, over the period considered. On average, the mean seasonal maximum and
minimum temperature over the entire study region increased by 0.74°C and
0.60°C, respectively. The mean annual temperature for the entire region ranged
from 25°C to 34.8°C. The values for the Turkana region have previously been
reported as between 24°C and 38°C [19] [20]. The slight variation in these re-
sults is attributed to type of data used. The two previous studies [19] [20] used
datasets obtained through local surveys and random sampling from the rural
communities, while this study used CRU dataset which is a blend of satellite ob-
servation and in-situ (station) data.

The magnitude of rainfall over the ASALs study region of Kenya showed a
decreasing trend in the recent past except for Isiolo. The baseline period of
1991-2013 was generally drier than the period 1961-1990. The southern sector
depicted a greater decrease in rainfall than the northern sector. The March-
April-May season had the highest but statistically insignificant decline in sea-
sonal rainfall amounts. The University of East Anglia Climate Research Unit
gridded observational datasets were well correlated to the observed rainfall data
in regions without rainfall stations, which agrees with the work by Endris et al
(2013) and Omondi (2014).

This study provides critical climate information for purposes of regional
planning and adaptation strategies in the ASALs to reduce vulnerability of pas-

toral and agro-pastoral livelihoods to increasing climate variability and changes.
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