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Background

Livestock and climate trends

Globally, pastoralist and agro-pastoralist
communities are amongst the most
vulnerable to the impacts of climate
change (Thornton et al., 2009). Increasing
climate variability and extreme events
will  affect livestock production and
productivity, incomes and food security.
Pastoralists and agro-pastoralists already
face a number of challenges, and climate
change can be seen as just one of the
many important drivers affecting their
livelihoods. Other drivers include changes
in land tenure and land use, population
growth, sedentarisation, rapid urbanisation,
globalisation, conflict, intensification and
institutional changes (Behnke, 2008; Galvin,
2009).

Recent studies in Kenya report massive
declines of wildlife and an increase in total
livestock numbers in the arid and semi-
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arid lands (ASALs) (Ogutu et al., 2016).
Specifically, the increases are on sheep,
goats and camels, with large declines
reported in cattle between the periods 1977
to 2016 (Ogutu et al., 2016). The declines in
cattle occurredin 15 out of the 21 counties!',
with Turkana, Machakos, Garissa, Kitui and
Kajiado being most affected (Figure 1a).
By confrast, caftle numbers increased in
only é counties: Lamu, Taita Taveta, Elgeyo
Marakwet, Baringo, Laikipia andKilifi. On the
other hand, there were significant increases
in the number of sheep and goats (Figure
1b). The numbers increased significantly in
Lamu, Laikipia, Mandera, Samburu, Wajir,
Marsabit, Garissa, Narok and Taita Taveta
with moderate increases in Baringo, Tana
River, Turkana, Kajiado, Isiolo, Machakos
and Kitui and significant decreases in Kwale
and Elgeyo Marakwet.
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Figure 1: Livestock population changes in the ASALs in Kenya beftween 1977 and 2016 (Source: Ogutu et al., 2016).

'Baringo, Elgeyo Marakwet, Garissa, Isiolo, Kajiado, Kilifi, Kitui (combined Kitui and Makueni), Kwale, Laikipia, Lamu, Machakos,
Mandera, Marsabit, Narok, Samburu, Tana River, Taita Taveta, Turkana, Wajir, and West Pokot
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These livestock population changes have
been accompanied by a reduction in
rainfall and an increase in temperature
between 1960 and 2014 (Ogutu et al.,
2016). Fifteen (15) out of the 21 ASAL
counties reported declines in rainfall during
this period. Average annual maximum
temperatures increased between 0.7°C
and 1.9°C and average annual minimum
temperatures increased between 0.6°C
and 1.7 °C. These changes in temperature
reflect a more general regional warming of
the ASALs (Ogutu et al., 2016).

Narrowing down on Kajiado County, these
research findings reveal large declines in
cattle and a moderate increase in sheep
and goats. In 2016, Kajiado County had
the second largest population of cattle
(286,191) and fifth largest population of
sheep and goats (963,585) amongst the 21

Method

ASAL counties (Ogutu et al., 2016). However,
analysis of projected climate change
indicates that increases in temperature
might negatively impact the growth of the
cafttle population in many ASAL counties
including Kajiado (Said et al., in review).

This brief presents the projected changes in
rainfall and temperature in Kajiado County
and their potential impacts on cattle and
the livelihoods of the pastoral community in
the county. It highlights the current status of
land tenure in the county and analyzes the
implications of changes in land tenure on
livestock movement and distribution. Based
on these findings, it outlines recommended
policy and program actions for the County
Government of Kajiado to undertake in
order to mitigate and adapt to the effects
of the projected changes in climate and
land tenure.

Descriptfion of Kajiado County —
Biophysical and land tenure

Kajiado is primarily an arid and semi-
arid county located in the southern fip of
the former Rift Valley Province between
longitudes 36°5' and 37°55' East and 1°10’
and 3°10’ south. It bounds Tanzania to the
south, Taita Taveta County to the west,
Machakos and Makueni counties to the
north west, Narok County to the east and
Nairobi County to the north. It covers an
area of 21,745 km?2.
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This brief presents the projected F
changes in rainfall and temperature ‘; o

in Kajiado County

Kajiado County can be divided into four
ecozones. Ecozones are major habitat
types, which are based on life form, or
the adaptation of plants and animals to
climatic, soil and other conditions (Republic
of Kenya, 1982). The four major ecozones
are the Athi Kaputiei Plains, the Amboseli
Plains, the Central Hills and the Rift Valley
ecosystem (Figure 2).
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Figure 2: Location and characteristic of the study sites: (1) Athi Kaputiei (2) Amboseli Plains (3) Central hills, and (4) Rift

Valley

Mean annual rainfall ranges from 300 mm
to 800 mm. Rainfallis bimodal, with the short
rains from October to December and long
rains from March to May. The distribution of
rainfall between the two seasons changes
gradually from east to west across Kajiado
County. In eastern Kajiado, more rain falls

during the short rains than during the long
rains. In western Kajiado, the more rain falls
during the long rains (Bekure et al., 1991).
The county average maximum temperature
is 26°C and average minimum temperature
is 15°C. Table 1 summarises the agroclimatic
zones for the 4 ecozones.

Table 1. Summary of agroclimatic zones in the four ecozones of Kajiado County

Area
Ecozone Il ] \% Vv Vi Total area (km?)
(Sub- (Semi-humid)  (Semi-humid to (Semi-arid) (Arid)
humid) Semi-arid)
Amboseli 32 89 241 2554 4725 7641
plains (0.4%) (1.2%) (3.2%) (33.4%)  (61.8%)
Central Hills 120 3198 1417 4735
(2.5%) (67.5%) (29.9%)
Rift Valley 15 77 525 4662 1892 7171
(0.2%) (1.1%) (7.3%) (65.0%) (26.4%)
Athi Kaputiei 457 1741 2198
(20.8) (79.2)
Kajiado 47 286 4421 10374 6617 21745
County (0.2%) (1.3%) (20.3%) (47.7%) (30.4%)

Note: The brackets denotes calculation of area in %.
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Land tenure changes and space for
ivestock

The traditional land tenure in
Maasailand in 1800s and early 1900s

was communal.

Land tenure data was gathered from
various archived material, historical and
publications. The tenure data includes
the historical allocation of Maasailand in
Kenya and Tanzania (Homewood et al,
2009; Rutten 1992), group ranch subdivision
(Rutten, 1992; Kimani and Pickard, 1998;
Mwangi, 2005) and cadaster maps showing
sub-division and the privatisation of land
(Said et al., 2016). The map that was used
to assess the tenure changes was digitised
from Rutten (1992) and updated from other
sources (BurnSilver and Mwangi, 2007; Said
et al., 2016; Kimani and Pickard, 1998).

The traditional land tenure in Maasailand in
1800s and early 1900s was communal. The
enactment of the Group Representatives
Act in 1968 and its application in
establishing the group ranches land tenure
system marked the beginning of tenure
reforms in Kajiado, and other counties,
leading to the fragmentation of many
pastoral rangelands (Moiko et al., 2019).
The process of land individuation in Kajiado
accelerated in subsequent years following
the disintegration of group ranches. In most
parts of Kajiado, land tenure has changed
from communal to group ranch to private
land ownership (Figure 3a). In Kajiado
County, 64% of land is now privatised, with
the Athi Kaputiei and Cenftral Hills almost
fully privatised. Only the Rift Valley ecozone
stillhas large tracks of land under communal
tenure, with 36% under communal group
ranch tenure, 51% privatised and 13% under
lond leased to the Magadi Soda Company.

Amboseli Plains is another ecozone with
multiple land tenure arrangements with 27%
under communal group ranch tenure, 41%
privatised, 11% under protected areas, and
21% undergoing transition from group ranch
to private ownership (Figure 3b).

With more than 64% of the county now
privatised, shared and reciprocal grazing
is difficult. Traditional movements of
livestock between cool and warm regions,
within Kajiado, have become challenging
because of land fragmentation and
enclosure (Moiko et al., 2019). Movement
to counties outside of Kajiado and info
Tanzania has also become difficult due
to land tenure changes; new fransport
infrastructures  (highways and railways),
which block migration corridors; and
county and government restrictions?. The
remaining communal group ranches in
Kajiado are under pressure to privatise,
putting more weight on the already limited
open spaces (Moiko et al., 2019). Increasing
land fragmentation has hindered the
movements of livestock and reduced
the available grazing areas significantly
(Said et al., 2016; Ogutu et al., 2014). Land
fragmentation and restrictions on livestock
movement are likely to be amplified by
the projected changes in climate. When
pastoralist can no longer move to cooler
wet areas (such as Athi Kaputiei and
Central Hills) to seek refuge during periods
of stress because land has been privatised,
livestock losses will be experienced leading
to reduced animal numbers in the county.

2In October 2017, 1,300 Kenyan cows were auctioned by Tanzanian authorities for crossing into Tanzania. http://www.
theeastafrican.co.ke/news/Magufuli-Kenya-cattle-diplomacy/2558-4177942-fkjac7z/index.html
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Figure 3a: Land tenure status in Kajiado County: Protected areas include Amboseli National Park (31) and Chyulu Hills
(30); group ranches not subdivided (34 and 37); group ranches semi-privatised (28, 29 & 43); land under lease (35);
public forest (9 & 15); the rest of the group ranches are privatised.
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Figure 3b: Summary of statistics of land tenure status in the four ecozones and overall in Kajiado County
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Plate 1: Growth of Kitengela info an urban town. Kitengela was an open area for grazing both wildlife and livestock.
Source Google earth maps of 2001 and 2014.
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Plate 2: Advertisement of land for sale in Kajiado County (Source: https://www.the-star.co.ke/classifieds/land-plots/
land-for-sale-in-kajiado-kenya.html) - Year: 2018
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Plate 3: Fencing of property in the rangelands — blocks both wildlife (collapse of wildebeest migration to Nairobi
National Park) and livestock movements.

Source: Ogutu et al. (2013); Said et al. (2016)
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Data and Statistical Analysis
Historical frends of cattle, and
shoats (sheep and goats) in

Kajiado

In this study, 16 censuses conducted in
Kajiado County from 1977 to 2014 collected
by the Directorate of Resource Surveys and
Remote sensing (DRSRS) were used. The
data was collected by using the Systematic
Reconnaissance Flight (SRF). High-winged
aircraft equipped with GPS, intercom, and
radar altimeters are used for aerial census.
A crew of a pilot, two rear seat observers
(RSO) and one front seat observer (FSO)
conduct the censuses. The RSO are
responsible for animal counts, while the
FSO assists in navigation, crew coordination
and records general environmental
parameters. The ecosystem was surveyed
along fransects in east-west direction and
spaced at 5 km intervals. Each transect was
divided into equal sample sub units. During
surveys a standard flying height and flying
speed was maintained. During the survey
all visual observations by RSO of animals

within the survey strip were recorded using
tape recorders. For herds greater than 10
animals, a photograph was also taken.
After every survey, the tape-recorded
observations were transcribed to data
sheets. Photographs were processed and
interpreted for animal species (Norton-
Griffiths, 1978; Ogutu et al., 2016). Sheep
and goats were grouped into shoats as it
difficult to distinguish clearly the differences
between the two in the photos.

Population estimates for each species for
each of the ecozones were calculated
using Jolly's Method 2 (Jolly, 1969; Norton-
Griffiths, 1978; Ogutu et al., 2016). The
livestock trends were analysed using linear
and quadratic models. The corrected
Akaike Information Criterion (AIC) was used
to choose between the supporting models.
The model with the least AIC was selected
as the supporting model.

Climate data and projections?

The IPCC (2013) recommended the use of
Representative Concentration Pathways
(RCPs) to analyse climate change. Three
Representative Concenfration Pathways
(RCPs) that describe possible climate futures
(scenarios) were adapted in this study. The
three RCPs used in this study were 2.6, 4.5
and 8.5.

RCP 2.6 represents an optimistic projection
characterised by a very low concentration
and emission levels of greenhouse gases.
RCP 4.5 represents a moderate emission
scenario where international communities
are working on limiting emissions with limited
implementation of climate change policies.
RCP 8.5 represents a pessimistic projection
with high levels of concenfrations, and

assumes no implementation of climate
change policies.

The projected changes in temperatures
for the three scenarios are based on
three future time slices, 2030s (2016-2045),
2050s (2036-2065) and 2070s (2055-2085)
to provide information on the expected
magnitude of the climate response over
each fime window. The period 1971-
2000 is considered as a reference for the
present climate. The projected climate
change signals for each time window are
calculated as the difference between the
future time windows (averages calculated
over 30 years) and the reference period
(Giorgi, 2006).

3This study used climate data from the Rossby Center Regional Atmospheric Model (RCA4) driven by the Earth system version
of the Max Planck Institute for Meteorology (MPI-ESM-LR) coupled global climate model from the ongoing CORDEX project
(Endris et al., 2013). The goal of the Regional Climate Circulation Model (RGCM) programme is to advance the predictive
understanding of Earth’s climate by focusing on scientific analysis of the dominant setfs of governing processes that describe
climate change on regional scales (see details in Endris et al., 2013).
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Projected impacts on cafttle
based on temperature changes

The negative effects of increased
temperature on feed intake, reproduction
and performance across the range of
livestock species are reasonably well
understood (Porter et al., 2014; Thornton et
al., 2015). Paulo-Lopes et al. (2012) indicate
that high environmental temperatures
observed during the hot months of the
year reduce fertility in lactating cows.
The ability of the various cattle species to
withstand extreme temperatures varies.
Bos indicus animals (Zebu) have greater
thermoregulatory ability than Bos taurus
(European) (Lopes et al., 2012). The
thermoregulatory efficiency of Bos indicus
cattle is due to their lower internal heat
production and/or higher heat dissipation
to the environment. Thus, these breeds are
more resistant to hyperthermia.
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This study analysed the relationship between
cafttle and rainfall and temperature based
on more than 300 censuses conducted in
the Kenya rangelands between 1977 and
2016 (Ogutu et al., 2016). Cattle densities
declined with increases in maximum
temperature. Below 30°C, the cattle density
was around 10 animals per km?, whereas
at about 34°C, cattle density reduced to
approximately 1 cattle per km? (Figure 4q).
This study therefore used 30°C as a threshold
temperature above which cattle will be
impacted and will have a low production
(Figure 4b). Moreover, Thornton et al. (2015)
indicate that above 30°C, each increase of
1°C reduces cattle feed intake by 3-5%.
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Figure 4a: The relationship between cattle density (in km2) and a) rainfall and b) maximum temperature (°C).
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Figure 4b: Effective ambient temperature for survival of cattle. Adapted and modified from NRC (1981).
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Spatialanalysiswasundertaken using ArcGIS
10 (ESRI 2010 Inc.). The cattle range maps
were based on 17 censuses undertaken by
the Directorate of Resource Surveys and

Results

Remote Sensing (DRSRS) and overlaid with
the projected maximum temperature for
the three RCPs 2.6, 4.5 and 8.5 for the time
periods 2030s, 2050s and 2070s.

Population and distribution trends
of caftle and shoats in Kajiado's

eCOZONES

Livestock trends for Kajiado County level
show a significant decline (-42%) in cattle
and an accompanying high increase (40%)
in sheep and goats (shoats) between 1977
and 2014. Narrowing down to the ecozones,
there is a high and significant decline in
cattle in two out of the four ecozones —
Amboseli (-61%) and Rift Valley (-52%) — and
a high decline in Central Hills (-41%) (Table 2
and Figure 5). There was a slight decline of
cattle in Athi Kaputiei (-14%) but this was not
significant (r?=0.023, p =0.8451). In absolute
numbers, the Amboseli Plains cattle
population declined from a population of
211,470 animals in 1977 to 82,180 animals in
2014. In Rift Valley, the decline was equally
high, with a reduction from 151,880 animals

in 1977 to 72,930 animals in 2014. In the
Cenftral Hills, the cattle population reduced
from 127,930 to 75,825 in the same period
and in Athi Kaputiei the declines were
minimal, although the region has the lowest
cattle population of about 49,590 animals
as reported in 2014 (Figure 5).

All four ecozones registered a decline in the
population of sheep and goats between
1977 and 1995, but during the last 20 years
there has been steep increases in shoats
in all four ecozones (Figure 5). The highest
increases are in Amboseli Plains (72%)
followed by Rift Valley (61%) and Central
Hills (57%); slight declines were observed in
Athi Kaputiei (-7%).

Table 2: Cattle, and sheep and goats population trends per ecozone 1977-2014

Ecozones Equation R2 F Ratio P Value

Athi Kaputiei  Cattle -5.36389E+07+54042.6x-13.5970x2 0.023 0.170  0.8451
Sheep 4.47852E+08-448499x+112.312x2 0.124 0.993  0.3950
& goats

Amboseli Cafttle 7119980 - 3494.44x 0.580 19.374 0.0006*
Sheep 9.32511E+08-937574x+235.698x2 0.585 9.198 0.0032*
& goats

Central Hills Cattle 2911920-1408.19x 0.201 3.518 0.0816
Sheep 1.21321E+09-1218520x+305.992x2 0.578 8.903 0.0036*
& goats

Rift Valley Cattle 4370260-2133.73x 0.411 10.505 0.0054*
Sheep 1.49014E+09-1497460x+376.252x2 0.402 4,696 0.0274*
& goats

*Statistical significant at P < 0.05
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Figure 5: Trends of cattle, and sheep and goats in Kajiado County based on the ecozones.

Projected rainfall

The projected rainfall for 2030s for all RCPs
indicate that the October-November—
December (OND) short rains will increase
for many counties in Kenya except for the
coastal counties (Figure 6). In comparison,
the March-Apri-May (MAM) long rains
will be extremely low for RCP 2.6 for most
of Kenya, whereas the RCP 4.5 and 8.5
projections indicate that most of northern
Kenya will have rainfall deficits whilst
southern Kenya will have a slight increase
of rainfall including Kajiado. During the
dry season June-July—August-September
(JJAS), the rains are projected to decrease
for RCP 2.6 and 8.5, whilst for RCP 4.5,

western Kenya is projected to have an
increase in rains.

The projected rainfall for Kajiado will vary
across the 3 RCPs. In RCP 2.6, the annual
rainfall is projected not to change much
but the MAM and JJAS rainfall will be dry
and there will be a slight increase in rainfall
in the short rains of OND. The projected
rainfall for RCP 4.5 and 8.5 are similar in that
there will be a slight increases in MAM and
OND rainfall and JJAS rainfall is expected
to be drier especially for the RCP 8.5. This
will franslate into an overall slight increase in
annual rainfall for the county.
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JJAS RCP 2.6

OND RCP 2.6

Figure 6: Projected rainfall changes (%) in Kenya by 2030s for the four seasons —annual, MAM (March-April-May), JJAS
(June-July-August-September) and OND (October-November-December).

Projected temperatures
for Kajiado County

The projected temperatures for Kajiado
County show a significant change in both
the minimum and maximum temperatures
for all three RCPs. On average, for RCP 2.6,
the maximum temperature will increase
by 1.14°C in 2030s, 1.26°C in 2050s and
1.10°C in 2070s. For RCP 4.5, the maximum
temperature will increase by 1.00°C in
2030s, 1.55°C in 2050s and 1.83°C in 2070s

(Table 3). The highest increase in maximum
temperature will be observed under the
RCP 8.5 scenario, by 1.35°C in 2030s, 1.99°C
in 2050s and 3.10°C in 2070s (Table 3; Figure
7). The minimum temperatures will follow
similar patterns but with even higher values.
By 2050s, the minimum temperatures for
RCPs 4.5 and 8.5 will exceed 1.5°C.
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Table 3: Annual average maximum temperature increase (°C) for 2030s, 2050s and 2070s for Kajiado County

RCP 2.6 RCP 4.5 RCP 8.5
2030s 2050s 2070s 2030s 2050s 2070s 2030s 2050s 2070s
Maximum 1.14 126 1.0 100 1.5 183 135 199 3.0
Minimum 1.31 1.48 132 140 195 230 159 251 380

Figure 7 shows the spatial map of projected
maximum temperatures for the three RCPs
2.6, 4.5 and 8.5 for the time periods 2030s,
2050s and 2070s. The maps clearly identify
that the projected climate hotspots in
Kajiodo County will be Amboseli Plains
and Rift Valley. Under all projections, Rift
Valley will be the warmest. Amboseli Plains
will be moderately impacted, but RCP
8.5 for 2070s shows that the area will be
heavily impacted by large increases in
temperatures. Athi Kaputiei and Central
Hills are projected to face fewer challenges
in temperature increases compared to Rift
Valley and Amboseli Plains.

a| RCP2.6 2030's

18-224

b} RCP2 & 2050's

Overall, the analysis of rainfall for Kajiado
County indicates that the rainfall for RCP
4.5 and 8.5 will increase slightly compared
to RCP 2.6, such that rainfall will not be
the limiting factor for cafttle production
(Aduma et al., 2018). However, the increase
in temperature is likely to impact cattle
production as some areas are projected
tfo have temperatures above 30°C, where
cafttle productivity falls to less than 10 cafttle
per km? (Figure 4).

h) RCFS 5 20606 D RCP3 S 20708

224204 N 274 -207 N 29.7 - 1.6 [ 31.6-33.9 [ 33.9- 360

Figure 7: Spatial projections of maximum temperature (°C) in Kajiado County and ecozones (black continuous line)
based on RCPs 2.6, 4.5 and 8.5 for the period 2030s, 2050s and 2070s.



Research Brief: Projected climate change and its
potential impact on cattle in Kajiado County

Projected impacts of temperature
changes on cattle

Analysis at the landscape level indicates
that the Rift Valley and Amboseli Plains will
be impacted heavily by further increases
in temperature. In the Rift Valley for RCP
2.6, about 62% of the area will be above
30°C and thus highly unproductive for
cattle production. The second scenario
RCP 4.5, shows a slight variation between
2030s and 2070s from 61% to 66.7% of the
area affected. For RCP 8.5, there is a large

RCP85-2070

RCP85-2050
RCP85-2030
RCP45-2070
RCP45-2050
RCP45-2030
RCP26-2070
RCP26-2050
RCP26-2030

0.

o

20.0 40.0 60.0

B Amboseli

80.0

B Central Hills

variation between 2030s and 2070s, with a
projected increase by 2070s to 78.3%. In the
Amboseli Plains, the highest increment in
areas that will be less productive for cattle is
projected to occurin RCP 4.5 and RCP 8.5.
In 2070s for RCP 4.5, the projected area that
might not be productive for cattle is around
47.4% and for RCP 8.5 this is almost doubled
to 83.7% (Figure 8).

100.0 120.0 140.0 160.0 180.0 200.0

| Rift Valley Kaputiei

Figure 8: Potential impacts of temperature changes on cattle range for RCP 2.6, 4.5 and 8.5

Potential social economic impacts

It is projected that by 2030, 135,400
livestock keepers in Kajiado County might
be affected critically by temperature
changes in landscapes where the
projected temperatures will be above
30°C. The current number of people in
projected areas above 30°C is 78,400
people. This will be about 11.5% of the total
county projected population. In terms of
livestock, about 74,000 animals or 26% of

the total current cattle population might
be affected and lose of these animals will
cost between Ksh 1.45 and 2.9 billion (USD
14.8-29.6 million). Kajiado County has an
annual budget of around Ksh 5.4 billion
(20152016 budget estimates), illustrating
that a Ksh 2.9 billion loss in projected cattle
production represents more than 50% of
Kajiado County’s budget.
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Land tenure and climate change
and their potential impact on

livestock

The analyses of livestock trends show that
Kajiado County has experienced a large
decline (42%) in cattle and accompanying
high increase (40%) in sheep and goats
between 1977 and 2014. This mirrors
the wider trend reported for the Kenya
ASALs, where the cattle population have
decreased by 25% and the sheep and
goafts population increased by 76% over
the same time period (Ogutu et al., 2016).
This switch from cattle to small stock may be
explained by the changing land tenure and
increasing intensification of land use and
sedentarisation of pastoralists. Sheep and
goatshave smallerhomeranges andrequire
less forage, and are a common strategy
where mobility is curtailed (Dahl and Hijort,
1976). This trend in switching from cafttle to
sheep and goats is already evident on the
ground by local livestock keepers (http://
news.frust.org/item/20180503003026-
81xxa/) and has also been found in other
increasingly fragmented rangelands
(Bedelion and Ogutu, 2017). The other
factor influencing the shift from cattle
to sheep and goats is attributed to the
better adaptability of sheep and goats to
harsh environmental conditions. Switching
livestock herd composition from cattle to
small stock is a common pastoralist livestock
management/climate change adaptation
strategy to reduce the impact of drought.
Sheep and goats are able to reproduce
more quickly than cattle, have lower feed
requirements and (have fraditionally)
played an important role in rebuilding herds
following drought (McPeak and Little, 2005;
Homewood and Rodger, 2004).

When narrowing down on the different
ecozones, the highest declines in cattle
are found in the Amboseli Plains (-61%) and
the Rift Valley (-52%), accompanied by the
highest increases in sheep and goats at
72% in the Amboseli Plains and 61% in the
Rift Valley. These are the ecozones that also
contain the remaining communal land, at

27% and 36% in the Amboseli Plains and
the Rift Valley, respectively. Thus, according
to the above explanations, the stronger
factor influencing the shift to sheep and
goats maybe more related to climate
than the increasing privatisation of land.
The Amboseli Plains and the Rift Valley
are Kajiado's more arid ecozones (Table
1), as well as the climate hotspots where
projections indicate the highest maximum
temperatures will be experienced. Afthi
Kaputiei and Central Hills are expected to
experience lower temperature increases.
Thus, the environmental aspects of these
areas may supersede land fenure aspectsin
terms of explaining these dynamics, where
sheep and goats offer a more commonly
applied strategy to adapt to the predicted
high temperatures, and hence their large
increases in number are already evident.

The increases in maximum temperatures
have significant implications for pastoralist
drought coping strategies, especially if
the remaining communal land in the Rift
Valley and Amboseli Plains is threatened
with further land privatisation. As land is
privatised, landowners infroduce fences
to protect forage for their livestock to
use. Fences and other obstructions, cut
off migration routes and constrain the
mobility of livestock, as well as wildlife. Land
fragmentation and fencing reduces the
ability of livestock to access dry season
grazing reserves, water resources and salt
licks. With Athi Kaputiei and Central Hills
now fully privatised, the ability fo move to
these cooler areas is already limited. Any
further constraints on mobility are likely to
further accentuate these impacts.

Additionally, Amboseli Plains and Rift Valley
are also the more remote areas of Kajiado
County, further away from Nairobi and
other major towns*. They commonly have
less livestock infrastructure such as livestock
dips, water points and livestock marketing
infrastructure, and also experience lower

4Maijor towns include Kitengela, Kiserian, Kajiado, Namanga, Isinya and llbissil
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access to veterinary services. During
times of drought, these areas have more
constrained access to hay and other
feeds due to their greater distance and
ability to purchase feeds from major towns
and Nairobi. Combined with their harsher
climatic conditions, these factors may
contribute to explain the higher increases in
sheep and goats and reductions in cattle
evident in these ecozones. This points to
improvements that can be made in these
areas to help increase the resilience of

Key Findings

1. Land tenure

Land tenure changes in Kajiado County
indicate that 64% of the county has been
subdivided and privatised, 20% of land is
still under group ranch, 4% under protected

livestock to the projected climate changes.

The significant number of livestock and
livestock keepers likely to be affected, as
well as the loss to the county economy,
suggest that urgent action needs to be
tfaken to reduce the impacts of these
temperature changes. This should occur
through climate change adaptation and
investment opftions, including enhanced
infrastructure to support livestock
production, and through better land use
planning and greater support to mobility.

areas, 4% under lease to Magadi Soda
Company, and 8% is under transition from
group ranch to private land.

2. Livestock trends

Kajiodo County has the second largest
population of cattle (286,191) and fifth
largest population of sheep and goats
(963,585) amongst the 21 ASAL counties.
However, it registered a 41.7% decline in
cattle and 39.9% increase in sheep and
goats population. At a landscape level,
Amboseli Plains (-61%) and Rift Valley
(-52%) registered the highest declines in

cattle population and Central Hills (-41%)
registered a moderate decline and Athi
Kaputiei (-14%) the least decline. The trends
in sheep and goats showed that the highest
increase was registered in Amboseli Plains
(72%) followed by Rift Valley (61%) then
Cenftral Hills (57%). A slight decline was
observed in Athi Kaputiei (-7%).

3. Projected climate trends

On average for RCP 2.6, the maximum
temperature willincrease by 1.14°C in 2030s,
1.26°C in 2050s and 1.10°C in 2070s. RCP
4.5 maximum temperature will increase by
1.00°C in 2030s, 1.55°C in 2050s and 1.83°C
in 2070s. RCP 8.5 maximum temperature will

increase by 1.35°C in 2030s, 1.99°C in 2050s
and 3.10°C in 2070s. Projected climate
hotspots in Kajiado County are Ambosel
Plains and Rift Valley. Under all projections
Rift Valley will be the warmest.
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4. Potential impacts of climate on
cattle populaftion, people and the

economy

The analysis indicates that the temperature
in Kajiado County will increase by between
1.00°C to 3.10°C depending on the climate
scenario and time period. For the 2030s, it
is projected that about 74,000 cattle might
be affected by exireme temperatures in
the county. The number of people relying
on cafttle will also be affected and by 2030s,
it is projected that a population of about
135,400 people wil be aoffected based

What Nexte

on a population growth rate of 3.5%°. In
terms of cost, the loss of these cattle from
production is estimated to be between Ksh
1.45 and Ksh 2.9 billion based on current
cattle pricesé. This represents a huge loss
to the pastoral community in Kajiado, and
argues the need for steps to cushion them
from climate change for their economic
and social well-being.

Key Recommendations

1. The projected increases in tfemperature
and subsequent impacts on the cattle
production in Kajiado have serious
implications for livelihoods, and the
economy of Kajiado. Kajiado County
needs to fully assess the potential
impacts of projected climate change on
its livestock (including sheep, goats and
camels), wildlife, agriculture (suitable
areas and productivity), and genetic
preferences (for animals, crops and
fodder). An assessment of impacts should
also include studies on the economic
cost of not taking action or not having
appropriate adaptation and mitigation
plans.

2. The projections indicate that urgent
action will need to be taken to build
resilience of communities and adapt to
the changes in temperature, particularly
as noted in the Rift Valley and Amboseli
Plains. The county  government,
supported by their development partners
should establish a County Climate
Change Fund (CCCEF) in Kajiado to help
provide local communities with access

to climate finance from county funds
and national and international sources.
The purpose of sefting up the CCCF will
be for local communities to have funds
they can use to prioritise the type of
public investments they need to build
their resilience to climate change.

3. These investments could, for example,
be used to acquire more climate
resilient breeds, commercialise fodder
production, enhance water conservation
and management, establish livestock

marketing  infrastructure,  livelihood
diversification or other interventions
communities deem necessary. The

enactment of a law and a policy for
setting up the CCCF at the county level
will allow local communities to directly
access climate finance from both
domestic and international sources.

4. The private sector should also support
these investments in the livestock value
chain that help to build resiience to
drought, for example in establishing new
markets for livestock, supporting the

sThe current population of people in the affected areas is 78,400 people.

‘It is estimated that on average, the price of cattle in the ASALs ranges between Ksh 20,000 (US$ 100) and Ksh 40,000 (US$
400) (see 2016, 2017 and 2018 NDMA reports for Narok, Laikipia, Nyeri, Wajir and Garissa).
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development of infrastructure, water,
alternative feeds and pasture.

. Kajiado County lacks a comprehensive
and enforceable land use and land
zonation strategy and plan. This has
allowed the haphazard growth and
spread of setftlements, industries and
urban townships in a manner that has
made sustainable land management @
mounting challenge. This calls for Kajiado
County to revisit their land use plans and
strategies and to take intfo considerations
climate scenariossince itsmajorresources
are livestock and wildlife. The potential
impacts of projected climate change
might be devastating to both resources
and the largely pastoral population. In
these plans, vulnerability assessments
should be conducted so as to inform the
county the possible outcome of each
chosen path.

. The Ministry of Lands, Urban Planning
and Housing in Kajiado County needs to
develop and/or fully enforce legislation
for monitoring and preventing land
fragmentation and enclosure in the
county, especially in the livestock and
wildlife rich Amboseli Plains and Rift
Valley ecozones. This should include
developing mechanisms for protecting
existing communal lands and protected
areas, such as forests, conservation
areas and livestock holding grounds,
which are important for conservation,
but also double up as places of
refuge for pastoralists during times of
climatic stress. The ministry should also
provide mechanisms for consolidating

fragmented parcels into larger land
holdings that have better economic and
utilisation potential as conservancies
or pastoral grazing areas. Large open
londscapes are climate  change
resilient and more conducive for animal
production than small enclosed parcels.

. To facilitate mobility as an adaptation

measure used by pastoralists and
conservationists in response to increasing
climatic stress, the ministries related to
livestock, land planning and wildlife
conservation at the county, national
and regional levels, should put in
place mechanisms and legislations to
facilitate movements of wildlife and
livestock across community, county and
national boundaries. There is need to
eliminate physical and socio-political
boundaries to animal movement. These
would include establishing legal animal
migration corridors, crossing points and
underpasses in roads and railway lines,
and enfrenching reciprocal systems for
sharing of resources across community,
county and national boundaries.

. There is an urgent need to develop both

short-term and long-term intervention
plans for livestock. This includes
mainstreaming climate change within
the County Integrated Development
Plans (CIDPs) and the County Spatial
Plan. CIDPs provide a legislative
roadmap for the integration of climate
change mitigation and adaptation
in policy, planning, budgeting and
implementation at the county level.



Research Brief: Projected climate change and its
potential impact on cattle in Kajiado County

References

Aduma, M.M., Ouma, G., Said, M.Y., Wayumba, G.O, Omondi, P.A and Muhwanga,
J. (2018). Spatial and temporal tfrends of rainfall and temperature in the Amboseli
Ecosystem of Kenya. World Journal of Innovative, 5: 28-42.

Baker, R., Mwamachi, D., Audho, J., Aduda, E. and Thorpe, W. (1999). Genetic resistance
to gastro-intestinal nematode parasites in Red Maasai, Dorper and Red Maasai X
Dorper ewes in the sub-humid tropics. Animal Science, 69(2), 335-344. doi:10.1017/
S1357729800050906

Bedelian, C. and Ogutu, J. O. (2017). Trade-offs for climate-resilient pastoral livelihoods in
wildlife conservancies in the Mara ecosystem, Kenya. Pastoralism 7, 10.

Behnke, R. (2008). The drivers of fragmentation in arid and semiarid landscapes. In
Fragmentation of semi-arid and arid landscapes: consequences for human and
natural systems (K. Galvin, R. Reid, R. Behnke and N. Hobbs, eds), Springer, Dordrecht,
Netherlands. 305-340.

Burnham, K. P. and Anderson, D. R. (2002). Model Selection and Multimodel Inference: A
Practical Information-Theoretic Approach (2nd ed)

BurnSilver, S. B. and Mwangi, E. (2007). Beyond Group Ranch Subdivision: Collective
Action for Livestock Mobility, Ecological Viability and Livelihoods. Working Paper.
International Food Policy Research Institute (IFPRI). Washington DC.

Dahl, G. and Hjort, A. (1976). Having herds: Pastoral herd growth and household
economy. Stockholm: University of Stockholm, Department of Social Anthropology.

Endris, H. S., Omondi, P., Jain, S., Lennard, C., Hewitson, B., Chang’'a, L. and Panitz, H. J.
(2013). Assessment of the performance of CORDEX regional climate models in simulating
East African rainfall. Journal of Climate, 26(21), 8453-8475.

Galvin, K. A. (2009). Transitions: pastoralists living with change. Annual Review of
Anthropology, 38, 185-198.

Giorgi, F., Jones, C. and Asrar, G. R. (2009). Addressing climate information needs at
the regional level: the CORDEX framework. World Meteorological Organization (WMO)
Bulletin, 58(3), 175.

Homewood, K. M., Rodgers, W. A. (2004). Maasailand Ecology: Pastoralist Development
and Wildlife Conservation in Ngorongoro, Tanzania. Cambridge University Press,
Cambridge MA.

Homewood, K., Kristjanson, P. and Trench, P. C. (2009). STAYING MAASAI? Livelihoods,
Conservation and Development in East African Rangelands.

Kimani, K. and Pickard, J. (1998). Recent trends and implications of group ranch sub-
division and fragmentation in Kajiado district of Kenya. Geographical Journal, 164, 202—
13.



Research Brief: Projected climate change and its
potential impact on cattle in Kajiado County

McPeak, J. and Little, P. D. (2005). Cursed if you do, cursed if you don’t: The contradictory
processes of sedentarization in northern Kenya. In: As pastoralists seftle, ed. E. Fratkin and
E. Roth. Dordrecht: Kluwer Academic Publishers.

Moiko. S., Bedelian. C., Said. M.Y., Abuya R. and Atela., J. (2019). Land use transformation
in Kajiado county, Kenya: Implications of a changing climate. PRISE Policy Brief. Nairobi:
Kenya Markets Trust.

Mwangi, E. N. (2005). The transformation of property rights in Kenya's Maasailand: Triggers
and motivations. CAPRi Working Paper No. 35. Washington DC: International Food Policy
Research Institute.

Norton-Griffiths, M. (1978). Counting animals, Handbook No. 1. African Wildlife Leadership
Foundation, Nairobi, Kenya.

NRC. (1981). Effect of Environment on Nutrient Requirements of Domestic Animails.
Subcommittee on Environmental Stress, National Research Council (NRC). Washington,
DC, National Academy Press.

Ogutu, J. O., Peipho, Hans-P., Said, M. Y. and Kifugo, S. C. (2014). Herbivore dynamics
and range contraction in Kajiado County: Climate and land use changes, population
pressures, governance, policy and human-wildlife conflicts. Open Journal of Ecology, 9,
9-31.

Ogutu, J. O., Piepho, Hans-P, Said, M. Y., Ojwang, G. O., Njino, L. W., Kifugo, S. C. and
Wargute, P. W. (2016). Extreme wildlife declines and concurrent increase in livestock
numbers in Kenya: What are the causes? PLOSONE 11(9):e0163249.d0i:10.1371/ journal.
pone.0163249.

Paula-Lopes, F. F., Lima, R. S., Risolia, P. H. B., Ispada, J., Assumpcdo, M. E. O. A. and
Visintin, J. A. (2012). Heat stress induced alteration in bovine oocytes: functional and
cellular aspects. Anim Reprod, 9, 395-403.

Porter, J. R. L., Xie, A. J., Challinor, K., Cochrane, S. M., Howden, M. M., Igbal, D. B.,

Lobell, and Travasso, M. I. (2014). Food security and food production systems. In:
Climate Change (2014) Impacts, Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group Il to the Fifth Assessment Report of the
Infergovernmental Panel on Climate Change [Field, C. B., V. R. Barros, D. J. Dokken, K. J.
Mach, M. D. Mastrandrea, T. E. Bili, M. Chatterjee, K. L. Ebi, Y. O. Estrada, R. C. Genova,
B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. Mastrandrea and L. L. White (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp.
485-533.

Republic of Kenya. (1982). Report prepared for the Wildlife Planning Unit: Amboseli/Lower
Riftf regional study. Ministry of Tourism and Wildlife, Nairobi, Kenya. 162 pp.

Rutten, M. (1992). Selling Wealth to Buy Poverty2: The Process of the Individualization
of Landownership among the Maasai Pastoralists of Kajiado District, Kenya, 1890-1990.
Verlag breitenbach Publishers, Saarbricken and Fort Lauderdale.

Said, M.Y., Ogutu, J. O., Bedelian, C., Moiko, S., Muhwanga, J., Abuya, J. and Carabine,
L. (in review). Projected climate change impacts on cattle in Kenya's arid and semi-arid
lands based on RCP 2.6, 4.5 and 8.5.



Said, M. Y., Ogutu, J. O., Kifugo, S. C., Makui, O., Reid, R. S, and de Leeuw, J. (2016). Effects of
extreme land fragmentation on wildlife and livestock population abundance and distribution.
Journal for Nature Conservation, 34: 151-164.

Thornton P., Van de Steeg J., Notenbaert A. and Herrero, M. (2009). The impacts of climate
change on livestock and livestock systems in developing countries: A review of what we know
and what we need to know. Agricultural Systems, 101 (3), 113-127.

Thornton, P. K., Boone, R. B., and Ramirez-Villegas, J. (2015). Climate change impacts on livestock.
CCAFS Working Paper no. 120. CGIAR Research Program on Climate Change, Agriculture and
Food Security (CCAFS).

Acknowledgments

The authors are grateful to the Directorate of Resource Surveys and Remote Sensing of Kenya
(DRSRS) for permission to use the animal counts. Special thanks to Hussen Seid and Herbert Misiani of
ICPAC for providing the projected temperature data for Kajiado County. The County Government
of Kajiado is also appreciated for making their officials and staff available during the PRISE project
meetings. The authors are grateful to the Pathways to Resilience in Semi-Arid Economies (PRISE)
Project 5—Property regimes, investments and economic development in the context of climate
change in semi-arid lands of East Africa for funding this research. The authors also thank Eva Ludi
and Bara Gueye for reviewing the paper and making valuable comments to improve the research
brief.

This Research brief was supported by the Collaborative Adaptation Research initiative in Africa
and Asia (CARIAA) with financial support from the UK Government’s Department for International
Development and the International Development Research Centre, Ottawa, Canada.



¢ KENYA
MARKETS
® TRUST

Better Markets, Better Lives

/)

CONTACT US

14 Riverside, Cavendish Block,
2nd Floor, Suite B, Riverside Drive.

+254 20 2588343
+254 722 201233

info@kenyamarkets.org

www.kenyamarkets.org




