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Abstract

The study was undertaken to determine rainfall variability and droughts in
arid and semi-arid lands (ASALs) of Baringo County. The study used rainfall
data for Perkerra Agricultural Research Station (LM5) and Nginyang rainfall
station (IL6) for the period 1970-2008 and 1974-2013 respectively. Standar-
dized anomalies were calculated and plotted to establish trends of drought
events across the study period. Plots of rainfall data from the two stations dis-
played an oscillating trend with major rainfall peaks being observed in 1977
and 2007 for Perkerra, 1982 and 1997 for Nginyang. Analysis of rainfall data
from the two stations indicates four catastrophic drought periods recognized
with standard anomalies of less than —0.9 (SA (t) < —0.9) as a function of the
time scales. The study findings reveal that MAM seasonal drought index plots
for both Perkerra and Nginyang rainfall stations had a declining long-term
MAM seasonal rainfall trend. Perkerra OND Seasonal Drought Index plot in-
dicates a constant trend in the long-term OND seasonal rainfall while Ngi-
nyang long-term OND seasonal drought trend shows a gentle upward trend,
an indication that the conditions are improving. The study recommends the
strengthening of uptake of seasonal climate forecast to inform appropriate de-
cision making regarding response to rainfall variability and drought events.
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1. Introduction

The present study sought to assess rainfall variability and drought trends in the
drylands of Baringo County, Kenya. Baringo County is an arid and semi-arid
land with the main source of livelihood being livestock production. The County
has witnessed threats of drought events, which negatively affect pastoral lives-
tock assets. The study therefore sought to generate essential information useful
in decision making and addressing the effects of drought events to reduce vul-
nerability among the pastoral livestock farmers. It is only possible to reduce vul-
nerability to rainfall variability and drought if vital information is accessed and
utilized. The uptake of climate information enhances the capacity to adapt.
Threats of drought events vary over time and space, calling for more case-fo-
cused studies [1]. The present study is anchored on past studies that recom-
mended further research on the use of seasonal climate forecasting by pastoral
communities, with keen focus on the pastoralists’ ability to access, trust and re-
spond to the forecasts [1] [2].

Occurrence of extreme drought events over the world has become more severe
and posed threats to pastoral livestock assets in the recent decades [3]. Studies
indicates that on average, 20% of the land surface is in drought at any given time
and the proportion of land surface in extreme drought is predicted to increase
from 1% at present to 30% by end of the 21* Century [4]. Past drought events
led to loss of about 50% of livestock in Baringo County [5]. Research analysis in-
dicates that there has been little attempt, if any, to comprehensively describe and
map various aspects and impacts of a drought as an individual disaster and glob-
al multi-faceted phenomenon [6]. Infrastructural development of any country
determines the level of its preparedness to drought [6]. Socio-economic drought
vulnerability is generally higher throughout Africa since the countries are largely
agricultural economies. Long-term droughts coupled with high infrastructural
and socio-economic vulnerability contribute to food shortage, malnutrition,
disease, conflict and famine in Africa. It is important to map drought vulnerabil-
ity at smaller administrative subdivisions within countries. This can help gener-
ate scientific knowledge base for operational drought tools such as drought
monitoring and warning signs forming part of national drought preparedness
plans [6].

Drought risks and vulnerability have attracted assessment of drought trends
and associated impacts on livestock based livelihoods to reduce vulnerability [5]
[6] [7] [8] [9]. These have involved drought monitoring and early warning [9],
drought policy and mitigation strategies [10]. In detailed assessments, the me-
teorological variables are used in the assessment of drought occurrences and ef-
fects. They are useful in generating drought indices because they are considered
a key element in defining a drought and deciding on the techniques for the anal-
ysis. Drought indices describe the severity of drought as compared to the long-
term average on normal condition and are usually calculated from one or more

variables including: rainfall, temperature, soil water holding capacity and other
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water supply indicators [11] [12]. Despite efforts to strengthen the adaptive ca-
pacity, livelihoods in the Arid and Semi-Arid Lands (ASALs) remains vulnerable
to drought events associated with climate change and variability.

Kenya has less high potential climate regions of annual rainfall average above
2000 mm with 80% of its land mass being arid and semi-arid prone to harsh
weather conditions [5] [13]. The country has in the past experienced repeated
droughts during the years: 1975, 1977, 1980, 1983/84, 1991/92, 1995/96, 1999/
2000, 2004, 2008 and 2009/2010. These drought droughts that affected 16000,
20,000, 40,000, 200,000, 1.5 million, 4.4 million, 3 million, 1.4 million, 1.4 mil-
lion and 10 million people respectively. Severe droughts occurred in 1984, 1980
and 1991/1992 claiming 64.8%, 42% and 33.6% of livestock respectively [5] [14]
[15] [16] [17] [18]. The occurrence of drought events and the impacts across the
recorded years lays the foundation for more drought studies to help generate
adequate climate information on rainfall variability and drought trends, enhance

adaptive capacity and reduce vulnerability.

2. Study Area

Baringo County (Figure 1) is located within the Rift Valley of Kenya, between
longitudes 35°30' and 36°30" East and between latitudes 0°10" South and 1°40'
North. The County covers an area of 11,090 Km* with a population of 555,561
persons in 110,649 households. The Agro-ecological zones in the county are: UH
1,UH2,LH 2,LH 3, UM 3, UM 4, UM 5, LM 4, LM 5, LM 6 and IL 6. Temper-
atures range from a minimum of 10°C to a maximum of 35.0°C with bimodal
rainfall pattern of long rains (MAM) and short rains (OND) which range from
300 to 700 mm in the lowlands and 1200 mm in the highlands [19] [20] [21].

Desert shrubs with drier thorny acacia trees and thorny bushes characterize
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Figure 1. Map showing study locations and rainfall stations.
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Baringo County. In the Southern part of the county are small patches of grass-
lands with temperate forests and evergreen forests composed of semi deciduous
bushes and wooded [5]. Livestock assets are central in the livelihoods whether in
pastoral, agro-pastoral, mixed and marginal farming systems in the Baringo
County. The main livestock in the County include the East African Zebu cattle
in the lowlands and exotic cattle in the highlands. The crops grown in the county
are: maize, finger millet, sorghum, beans, cowpeas, green grams, Irish potatoes
and sweet potatoes [22]. Despite the diversity of agro-ecological zones and live-
lihood support system, the study site was limited to AEZs LM5 and IL6. The two
agro-ecological zones were purposely choses as the study targeted the extreme
semi-arid and arid parts of Baringo County. Overall, the choice of Baringo
County was informed by the significance of the Arid and semi-arid lands in the
economic development of the country and as an area that has in the past expe-

rienced massive loss of livestock due to rainfall variability and drought events.

3. Materials and Methods
3.1. Rainfall Data

Rainfall data for the two stations: Perkerra and Nginyang rainfall station was
obtained from Kenya Meteorological Services. Perkerra and Nginyang rainfall
stations had data for the period 1970-2008 and 1974-2013 respectively. The
choice of the rainfall station was influenced by agro-ecological stations and
amount of missing data. The two stations are located within the study sites agro-
ecological zones LM5 and IL6. The percentage of missing rainfall data in the two
stations was less than 10% and the data spans over 20 years hence meeting the
requirements of World Meteorological Organization with regard to climatologi-
cal analysis.

The study used imputation to fill in missing rainfall data. Multiple imputa-
tions method was used to overcome underestimation of standard errors and
confidence intervals typical of single imputation [23]. The method involves re-
placing missing data with substituted values. The imputed data sets were com-
bined and average worked out. The method involves estimation of missing rain-
fall data from the observations of rainfall (rainfall data sets) at the same station
and period but different years.

The missing rainfall data Px was estimated using the following formula:
Px=1/nz::1”Pi (1)
where:
n = the number of rainall data sets

Pi = rainfall data from the ith data set

Px = missing rainfall data

3.2. Methods

The study estimated standardized anomalies (drought index) from rainfall data
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using the formula:

{SP(t)-u}
{o}

SA(t) = (2)
where:

SA(?) = time-series of standardized anomalies

SA(#) = cumulative precipitation during the season

[ = represents mean

o= standard deviation

The interpretation of Standard Anomalies was based on World Bank (2013)
definition:

Anomaly lower than —0.9 = Catastrophic drought

Anomaly between —0.9 and —0.6 = Severe drought

Anomaly above —0.6 = Not severe

The indices were plotted to generate time series graphs and determine trends
of drought events within the study period.

To ascertain whether there was a correlation between the total annual rainfall
and the annual drought indexes-SA(t), a correlational analysis was done and a

plot presented to display the relationship.
4. Results and Discussion

4.1. Rainfall Trends in Baringo County

An oscillating trend of rainfall with four major positive peaks was observed in
1977, 1988/89, 1997 and 2007 while very low mean annual rainfall was recorded
in 2000 (21.4 mm) and in 2002 (19.8 mm) with a general declining rainfall trend
from 1970 to 2008 periods in Perkerra (Figure 2(a)). This provides a strong sig-
nal that drought events have occurred and are likely to reoccur.

On the other hand, the year-to-year annual rainfall variations in IL6 zone
showed significant anomalies in annual rainfall between 2000 and 2010 (Figure
2(b)). Nginyang rainfall station shows an oscillating trend with major rainfall
peaks observed in 1982 and 1997, and others in 1979, 1981 and 1985. The results
concur with the findings of [24], an analysis of extreme climatic events in Kenya
that estimated long-term annual mean of 23.52 mm. Very low rainfalls (3.29 to
13.33 mm) far much below the long-term annual average featured in 1974, 1976,
1980, 1991, 1996, 1999, 2000 and 2009 which corresponds to the years Kenya
experienced widespread drought with a decreasing trend of total annual rainfall
(Figure 2(b)) in the study area (IL6). This indicates that the area will continue to
become drier over time, increasing vulnerability if appropriate response strate-
gies are not identified and implemented. Drought events in Congo in the years
1970s, 1980s and 1990s, corresponds with the period that Nginyang registered
very low rainfall [25]. This finding indicates that drought can be widespread and
can cut across both national and international boundaries, requiring trans-na-

tional mitigation and adaptation approaches. Drought trends in Burkina Faso,
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Rainfall trend for Perkerra station
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Figure 2. (a) Mean annual rainfall for Perkerra rainfall station; (b) mean annual rainfall
for Nginyang rainfall station.

Ghana, Mali, Togo and Volta Basin supports this finding by indicating that fre-
quency of dry years have increased in Africa but occur at relatively shorter in-
tervals [26].

The results of rainfall variability imply that pastoralists have planned adapta-
tion strategies implemented to secure their livestock assets from drought event
effects. The information is informative and significant in guiding decision mak-
ing in relation to pastoral livestock production in arid and semi-arid Baringo

County.

4.2. Analysis of Annual Drought Index

Figure 3(a) & Figure 3(b) presents a plot generated from the annual drought
index for Perkerra and Nginyang Rainfall Station. On a time-scale of 12-month
(annual), for the period 1970-2008, four extremely catastrophic drought periods
were observed: 1984, 2000, 2002 and 2004 with standard anomalies less than
-0.9 (SA (t)< —0.9) as a function of the time scales in Perkerra (Figure 3(a)).
Other noticeable catastrophic drought events were 1972/1973, 1976, 1980, 1986,
1995/1996, 2001, 2003, 2006 and 2008 with standard anomalies less than —0.9 as
a function of the time scales. Apart from the case of year 2003 and 2008, these
results concur with the findings of [24] on extreme climatic events for economic

development in Kenya. The two cases of year 2003 and 2008 can be attributed to
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Annual Drought Index for Perkerra station
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Figure 3. (a) Annual drought index for Perkerra rainfall station; (b) annual drought in-
dex for Nginyang rainfall station.

locational variation in drought events in place and time. Similar findings were
recorded in Morocco, a county that experienced catastrophic drought in 1984
and 1999-2003 [27]. Studies registered the most severe droughts during the pe-
riod 1999-2002 in Morocco, Algeria and Tunisia, results that corroborates the
present study [28] [29]. This is an indication that the drought event did not only
affect Baringo County, but also different parts of Africa. It also signifies spa-
tio-temporal nature of drought events and associated impacts.

Noticeably, all the catastrophic drought events were preceded by high rainfall
events (Standard Anomalies greater than 1, SA(t) > 1.00). This phenomenon
takes place when sea surface temperature in oceans increases anomaly, causing
sudden heavy rainfall and thereafter rainfall decreases drastically followed by a
prolonged severe dry spell [30]. The effect can be seen in two forms, increasing
then suddenly decreasing rainfall amount. For instance, the catastrophic drought
event in 2000-2004 period that was preceded by the El Nifio rains in 1997-1998
and has been classified by many experts as the worst El Nifio effect in 20th cen-
tury. Previous studies established very severe seasonal never span over many
years in Africa, a finding that concurs with the results of drought analysis for the

present study [31]. The obtained drought indexes show breaks between succes-
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sive drought events in the study area.

The Nginyang station data on a time scale of 12-month (annual) reveals five
catastrophic drought periods in the study area observed in 1974, 1976, 1996,
2000 and 2010 period (Figure 4(b)). All these periods indicated standard ano-
malies less than —0.9 (SA (t)< —0.9) as a function of the time scales. Noticeable
severe drought events were observed in 1980, 1999 and 1991 with standard
anomalies between —0.9 and -0.6 as a function of the time scales (Figure 4(b)).
Studies attributed the 1970s and 1980s droughts experienced in Western Africa-
Sahel to southward shift of the warmer sea surface temperatures in the Atlantic
and warming in the Indian ocean [32]. The Ethiopia and Somalia drought is at-
tributed to Indian Ocean sea temperatures that influenced the East African rain-
fall [31] [33] [34].

Correlation analysis results between the annual rainfall and the drought in-
dexes-SA(t) had higher and positive correlation in Perkerra (r = 0.9218) rainfall
station which depicts a strong positive correlation between the total recorded

annual rainfall and the annual standardized drought anomaly indexes SA(t) as
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Figure 4. (a) Relationship between mean annual rainfall and annual drought indexes for
Perkerra rainfall station; (b) relationship between mean annual rainfall and annual
drought indexes for Nginyang rainfall station.
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illustrated in Figure 4(a). This test was important to justify the use of drought
index from rainfall amounts. It also helps to establish that drought events are
directly influenced by rainfall received.

Similarly, correlation analysis results between the annual rainfall and the
drought indexes-SA(t) in Nginyang also posted a positive correlation (r =
0.6879) (Figure 4(b)). This result is significant in analyzing effects of drought in
livestock asset. This is an indication that severity of drought increases with de-

crease in rainfall amount.

4.3. Seasonal Drought Index

The plots for the March-April-May (MAM) and October-November-December
(OND) seasonal drought index-SA(t) for the variation of rainfall in 1970-2008
periods for the two stations are shown in Figure 5(b) and Figure 6(b) and over
the period 1974-2013 is shown in Figure 5(b) and Figure 6(b).

The MAM Seasonal Drought Index plot for Perkerra rainfall station shows
intermittent trend of drought events with peaks observed in the years 1979,
1983, 2000 and 2005 and a declining trend indicating drier conditions, which

implies that the region is vulnerable to drought events (Figure 5(a)).

MAM Drought Index for Perkerrastation

Seasonal Drought Index

MAM Drought Index for Nginyang station

-10

-15

Seasonal Drought Index

-20

(®)

Figure 5. (a) March-April-May (MAM) drought index for Perkerra rainfall station; (b)
March-April-May (MAM) drought index for Nginyang rainfall station.
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Figure 6. (a) Oct-Nov-Dec (OND) drought index for Perkerra rainfall station; (b) Oct-
Nov-Dec (OND) drought index for Nginyang rainfall station.

The MAM Nginyang Seasonal Drought Index plot shows fluctuating trend of
drought events with drought peaks observed in the years 2000 and 2009 and
others visible in the years 1974, 1996, 2010 and 2011. The long-term MAM sea-
sonal trend for rainfall shows a declining trend, which is an indication of drier
conditions over long time scale and implies vulnerability of the region to
drought (Figure 5(b)). This finding corroborates [34], which revealed a statisti-
cally significant increase in drought for the African continent during the period
1901-2011.

The OND Seasonal Drought Index plot for Perkerra station shows few
drought events with the major drought event peak being observed in the years
2003 (Figure 6(a)) with smaller peaks in the years 1985 and 1996. Compared to
the MAM Seasonal Drought Index plot, the OND season seems to be having
fewer drought events for the 39-year period for Perkerra rainfall station. Note-
worthy, from the OND Seasonal Drought Index plot, it was deduced that the
long-term OND seasonal trend for rainfall shows a constant trend of below
mean rainfall for Perkerra rainfall station (Figure 6(a)).

On the other hand, the OND Seasonal Drought Index plot also shows a fluc-
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tuating trend of drought events in Nginyang with catastrophic drought events
being observed in years 1980, 1983, 2000 and 2010 (Figure 6(b)). Severe drought
peaks include: year 1974, 1974 and 1996. Compared to the MAM Seasonal
Drought Index plot, the OND season seems to have more catastrophic drought
events for Nginyang rainfall station. However, from the OND Seasonal Drought
Index plot, it can be observed that the long-term OND seasonal drought trend
shows a gentle upward trend, an indication that the conditions are improving.
The trend indicates that Nginyang station rainfall totals with time is likely to
display an upward trend with improving drought conditions. Drought impacts
negatively on food security and pastoral livestock production, calling for an in-
tegrated approach that is geared towards a shift from crisis management to risk
management approaches that includes use of early warning systems and seasonal
climate forecasts [25] [34] [35].

Comparing the two regions, Perkerra and Nginyang, Perkerra is getting drier
compared to Nginyang across the study period. This can be attributed to the
generally improving conditions of Nginyang during the OND seasons across the
study period. Across all the seasons, Perkerra MAM is getting drier as depicted
by the relatively sharp dip in the plot. This is an alarming situation calling for
more attention. MAM being the main season in the study area, the Perkerra live-

lihood is likely to be significantly affected.

5. Conclusion

The analysis of rainfall variability and drought trends established that the study
area is prone to high rainfall variability, catastrophic and severe droughts. The
findings indicate that drought events in the study area were common in the
study area over the period 1970-2013. On average, rainfall data from the region
indicate decreasing trends in the total annual rainfall over the study period an

indication that the area will continue to become drier over time.

6. Recommendations

The study therefore recommends that the information generated is passed to the
pastoral community in the study area to enable them understand the actual situ-
ation in regard to rainfall variability and drought events. This will be useful in
identification and uptake of appropriate adaptation strategies to reduce rainfall
variability and drought vulnerability among the pastoralists. More so, Kenya
meteorological department should assist in establishment, equipping and re-
cruitment of trained personnel in the local weather stations to improve acquisi-
tion and management of high-resolution climate data. Intensified dissemination
and use of early warning information by multiple stakeholders would help re-

duce community vulnerability.
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