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Abstract

This study analyses seasonal drought characteristic for the period spanning from 1960 to 2008 for North Eastern
region. The component of drought investigated in this study includes severity, duration, Frequency, persistence and
probability of occurrence. The Standardized Precipitation Index (SPI) of run 3 for March-April-May (MAM) season
and October-November-December (OND) season have been calculated and used to quantify the precipitation deficit.
Frequencies of various drought categories were calculated and used to determine the probability of occurrence and
persistence of various drought episodes. Time series analysis for the parameters was done to determine the trend
and periodicity of drought characteristic while frequency analysis was done to determine the number of occurrence of
extreme events. In order to determine whether some of the observed drought patterns were periodic, spectral analysis
of observed drought pattern was investigated using Single Fourier spectral analysis. Due to analysis of the two rainy
season, SPI analysis done returned only two types of drought namely the mild drought with values ranging between
-0.01 to — 0.99 and moderately dry condition with SPI values ranging from -1.0 to -1.49. There is high probability of mild
drought in both seasons in all stations that were studied with Waijir recording the highest probability. Droughts of varying
intensity were observed to last for several seasons and individual drought category had low probability for higher runs.
The result from spectral analysis indicates existence of quasi-periodic oscillation with the following cycles dominant
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2-3yrs, 4.5-6.5yrs and 8-12yrs.

Keywords: Drought; Standard Precipitation Index (SPI); March-
April-May (MAM); October-November-December (OND)

Introduction

The causes of Kenya’s year to year rainfall variability are complex
and linked to both local and large scale factors. Its unpredictability
causes substantial problems for poor subsistence farmers because crops
are lost during unusually dry or wet seasons [1]. Causes of insufficient
rainfall near the equator have been explained by Anyamba [2]. Dryness
commonly experienced around this region is mainly related to the
divergent character of North East and South East monsoon as well
as their shallow depth. The total rainfall here varies from one year to
another but variability tends to be large in regions with lower annual
mean of rainfall such as the area under study [3]. Anomaly in the
rainfall received is influenced by fluctuation of the rainfall generating
factors such as monsoons, Inter-Tropical Convergence Zone (ITCZ),
subtropical anticyclones, African jet streams, and easterly/westerly
wave perturbations. Teleconnections with global scale systems like the
El Nifio/Southern Oscillation (ENSO) and regional systems also plays
significant role in the processes. This factors influencing rainfall in the
area of study and in East Africa in general have been studied by many
authors including Alusa and Mushi [4], Nieuwolt [3] and Ogallo [5].

As a general rule, different regions assume a certain level of water
shortage based on the long-term climatic conditions experienced by it.
Therefore, any deviation from these levels creates either a conditions
of drought or flood, depending on the intensity and duration of these
deficits or surplus. Thus drought conditions vary among regions of
differing climates should therefore be studied within a regional context

(6].

From analysis of the observed climate data, there is an indication
that recent changes in regional temperature as a result of global
warning has had impacts on hydrological cycle as well as changes in
the variability of climate, particularly in the frequency and intensity of
some extreme climate parameter [7]. This is attributed to an increase
in available energy for evaporation due to warmer temperature which
in turn alters infiltration rates and soil moisture content consequently
altering precipitation amount and magnitude of runoff thus leading

to droughts condition. Study of drought in East Africa and the region
of interest have been carried out by many authors including Nieuwolt
[3], Ogallo and Nassib [5]. These studies indicated that severe drought
had occurred at the beginning of last the century, 1950%, early 1970’
and early 1980’s. Ogallo and Nassib [5] noted that the worse of these
droughts was that of 1949 in which most of the East African region
was affected, they also observed that most of East Africa will only be
drought free in 21 years out of 100 years.

Most of North Eastern Province of Kenya lies in arid or semi-
arid condition making it more vulnerable to climate sensitivity. The
communities in the province are mainly pastoralist and as a result of
their frequent mobility the entrenchment of land management policies,
service delivery and support to cope with weather related disaster
tends to be difficult. Consequently, the region has experienced a weak
coping mechanism towards droughts and related water stress thus
further aggravating their vulnerability to projected climate change. The
region has experienced constant armed conflicts for pasture and water
among clans because during prolonged drought seasons, the traditional
coping strategies may no longer be sufficient [8,9]. While short term
emergency relief aid has been the primary response to mitigate drought
impacts, there should be non-food interventions to reduce vulnerability
to meteorological disaster such as drought.

Study area

The North eastern province lies between latitude 4° 16’N and 0° 29’S
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Figure 1: Map showing area under study [Source: Nations Online Project].

and between Longitude 39°38’E and 40° 6’E (Figure 1). The 4 stations
under studies are part of the twelve homogenous rainfall zones in Kenya
and therefore a good representation of our area of study since regions
in one zone were found to receive rainfall of the same magnitude and
had the temporal characteristics [5]. Most of the area in this study is
either arid or semi-arid rangeland with little if any agricultural activity
being practiced.

Data and Methodology
Data

The dataset used in this study were the monthly total precipitations
over the 4 synoptic stations spread in North Eastern province obtained
from Kenya Meteorological Department, Headquarters in Nairobi
spanning from 1960 through to 2008. Statistical based approach was
used to study various droughts characteristic. Firstly, the data was
subjected to data quality control to estimate missing data and ensure
homogeneity.

Standardized Precipitation Index

The temporal analysis of drought was analysed using SPI. The
method is simple and straightforward since precipitation is the only
meteorological variable used. Standardized precipitation series is
calculated using the arithmetic average and the standard deviation of
precipitation series [10,11]. For a given X, X,, X, series standardized

precipitation series, SPI is calculated from the following equation:
SP[:(X,-, Xn) (1)
o
Where, X, is the seasonal precipitation at the i rain-gauge station
and j™ observation, X, is its long-term seasonal mean and o is its
standard deviation.

Negative values obtained from this equation indicate precipitation
deficits (drought events), while positive values stand for precipitation
excesses (wet events).

Frequency and probability of drought occurrence

If F,i is the frequency of the drought of category L for the month I,
the corresponding probability P’ (L, i) may be estimated by
P'(L,1)= Ll ()
N
Where N is the total number of observation

For each drought category a drought of duration of m months
(run length m) is defined as the sequence of m months of that drought
category preceded and followed by a different category

Let F |, be the frequency of the L drought category with m runs. If
mm is the maximum run length of category L, then the frequency F, of
at least one month of category L is expressed as

F, = z:: F, (3)

mm

The expression for frequency F,,,, of at1f, = 1w €astM, runs

of category L is of form

mi-1
Fun =FL_ZFLm (4)

m=1

Where 1<mI<mm

m=1

Of interest is the occurrence of a sequence of droughts without
reference to a particular category. The frequency F, will refer to the
frequency of a run of m months of drought.

The frequency of at least one month of drought if F, is given as

mm

F = Zde ®)
m=1
The frequency F,  of at least m1 months of drought is
ml-1
del = Fd - dem (6)

m=1
Frequency gives useful information about how frequent drought of

various lengths occurs.

Persistence

Drought effects becomes more severe when it extends over several
months or even season thus the question of whether a drought will
follow another is of great importance. Using month below average
and month above average, there exist a logarithmic relationship
between frequency F_ and the run length m of dry and wet month. The
relationship is of the form

log(F,, ) =(logT +2logq)+mlogP 7)
Where T = period of observation in months
q = probability of wet month
P = probability of dry month

A similar expression for frequency of at least m consecutive months
of drought F_ is given by
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Figure 2: Rainfall characteristic over Moyale, Garrissa, Mandera and Wajir.

log(F,, )= (logT +logq )+ mlogP (8) Persistence ratio - is of the form
1-P(L)
y = —-
?1-P'(L)
Where P (L) = probability of occurrence of given category

The probability of occurrence of m consecutive dry months ®m is
pm=q’P" )

And probability of at least m consecutive dry months ®_ is
expressed as

11

P’ (L) = probability that a drought occurs immediately after another
one of the category

gm=qP" (10) - "
Where p = No. of drymonths us we have
Total No. months of obsevation r >0= Persistence of drought
q=1-P
=0= Alternation of drought and no drought
Values of ®m indicate probability of obtaining at least m consecutive T criatioft of Crought and no drotig
drought months and hence describe the degree of persistence. r,<0 = No drought persistence
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Station Name Station code Latitude Longitude
Waijir 8840000 1° 45N 40° 04E
Mandera 8641000 4° 16N 40° 06E
Moyale 8639000 3° 32N 39° 03E
Garissa 9039000 0° 29S8 39° 38E
Table 1: Summary of selected stations under study.
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Figure 3: The MAM SPI analysis for the three stations under study.
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Figure 4: The OND, SPI analysis for the three stations under study.

Periodicity

This refers to the repetitive oscillations about a trend line/
curve. Periodicity analysis was done for the drought determine their
recurrence. The formula is given by:

g 1 c —ior
fxy :Erzz_we pxy(r) (12)
1 - —ior
fi =55 2¢"p(7) )

Where w is the frequency (-7 < <7) p,,(r) is the lag correlation
ris the lag, £, is the spectral density function

p(r) is the autocorrelation

Result and Discussion

The rainfall characteristic was analyzed to examine the behavior
of long-term annual rainfall distribution in the stations under study.
The rainfall received in all stations was bi-modal in pattern commonly
referred to as ‘short rain’ and ‘long rain’ (Figures 2a-2d). The short rain
experienced in this region and most part of east Africa is related to
the southern oscillation through zonal pressure gradients produced by
sea surface temperature anomaly [12]. The long rain season starts from
April and extend to May while the short rain period is experienced
from September to October. In Moyale and Garrissa, June-July-August
(JJA) season receives least rainfall amount which extends up to the
month of September in both stations, but Mandera and Wajir hardly
receive any rainfall during this season. For these reason, the MAM and
OND season are analyzed because if proper water harvesting is done
during this period it can help alleviate the problem of water shortage
during other seasons of the year. Moreover it is within these seasons

that drought resistant crop or crops that take shorter period to grow
can be planted (Table 1).

Drought episode is considered every time the SPI is negative and
stops when SPI is positive. The duration of every drought episode is
determined by negative index values. The results of applied SPI method
on season’s precipitation totals are pointing out higher runs of drought
of varying intensity in the last decade (1998-2007), with remarkably
expressed drought intensity.

The study assumed that if drought occurred at any intensity (mild
drought or moderately dry) based on the analysis at the four stations
under study for that specific season in a given year, then drought would
be considered to have occurred across the province for that specific
year. The analysis done returned two drought characteristic; the mild
drought and moderately dry condition with SPI values of -0.01 to -0.99
and -1.0 to -1.49 respectively as shown by Figures 3 and 4. The results
of applied SPI method on season’s precipitation totals are pointing out
a higher runs of drought of varying intensity in the last decade (1998-
2007), with remarkably expressed drought intensity. Therefore, the
drought is assumed to have occurred in 1973, 1974, 1976, 1980, 1983,
1984, 1986, 1987, 1992, 1994, 1999-2001 and 2004-2008. The longest
drought period is considered to have occurred between 1999-2001 and
2004-2008 for the MAM season and 1969-1976, 1983-1988 and 1998-
2001 for the OND Season. Therefore, the highest damage to rain fed
agriculture and pastures was borne in these years. Most of the drought
experienced during the MAM season is seen to have started building up
during the OND season of the previous year.

From the analysis of Probabilities of occurrence of drought, there
was a high probability of mild drought both in MAM and OND seasons
in all stations under study with Wajir recording the highest probability
(Table 2).

While the Probability for moderate drought is low in all stations;
the probability of occurrence of moderate dry season is 0 (zero) in
Wajir and Garrissa during the OND season showing that this drought
condition do not normally occur during this season in the two stations.

The study examined persistence by comparing the relative frequency
of various runs for each drought category that is the probability that
once the drought of a given category has occurred, it will last for given
years m. Individual drought category had low probability for higher
runs. On the other hand drought of varying intensity were observed to
last for several seasons indicating that drought may persist but intensity
varies from one season to another. In both seasons the probability of
occurrence of a given drought characteristic decreased as the number
of runs increased. The probability of occurrence of mild drought of only
a single run recorded the highest frequency in MAM season while the
drought run of frequency beyond 4 runs were not recorded. There were
no runs recorded for OND season in Wajir (Table 3a). In Mandera the
probability of occurrence of mild drought of a single run recorded the
highest frequency in OND season and recorded single runs throughout
run values of 8 seasons (Table 3b). Moderate drought condition only
recorded a single run for MAM season and no runs recorded for OND
season.

Mandera Wajir Moyale Garrissa
Drought category MAM' OND = MAM A OND | MAM A OND A MAM | OND
Mild drought ~ |0.551/0.6735/0.5306 0.6939|0.6327 0.4082|0.4898 0.551
Moderate drought 0.061 0 0.102 0 0.0612 0.1224 0.102 0.0816

Table 2: Probability values for Mandera, Wajir, Moyale and Garrissa.
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Runs
Season Category 1 > 3lalslel7 s
MAM Mild drought 10 3/ 2000 0 0
moderate drought 5 0 0 0 0 0 0 0
OND Mild drought 3 2 2 0 0 2 0 1
moderate drought 0 o 0 0 O o0 o0 O
(a) Wajir
Runs
Season Category 1 273 a5 67 s
MAM Mild drought 3 4 4 1 0 0 0 O
moderate drought 3 0 0 O 0 O 0 O
OND Mild drought 8 2 1 1 0| 2 1 1
moderate drought 0 0 0 0 0 0 0 0
(b) Mandera
Runs
Season Category 1 2 3lals56] 7 s
MAM Mild drought 7 5 1 1 0/ 0|0 O
moderate drought 3 0 0 0 0o 0 0 0
OND Mild drought 6 3 1 1 0o/ 0|0 1
moderate drought 4 0 0 0 0 0 0 0
(c) Garrissa
Runs
Season Category 1 2 3lalsle| 78
MAM Mild drought 4 /3 3 0 1 0 1 0
moderate drought 3 0 0 0 0 0 0 0
OND Mild drought 8 4 0 1 0 0 0 ©O
moderate drought 4 1 o 0 0 0 o0 O
(d) Moyale
Table 3: Result of drought persistence.
Wajir Garrissa Moyale Mandera
Runs MAM OND MAM OND | MAM OND MAM OND
2 0.692 0.636 0.692 0636 0.7 @ 0.615 0.818 0.429
3 0.385 0455 0.385 0545 0.6 @ 0.231 0.636 0.286
4 0.231 0.273 | 0.154 0273 | 0.2 | 0.154 0.182 0.214
5 0.077  0.273 0 0.091 0.2 0 0.091 0.143

Table 4: Conditional probability for the station under study.

In Garrissa the probability of occurrence of mild drought of a single
run recorded the highest frequency in MAM season and decreased
henceforth until run 5 and beyond where there was none recorded
(Table 3c). The moderate drought category only registered a single run
for both the MAM and OND seasons. In OND season the mild drought
condition recorded the longest run of 8. In Moyale the probability of
occurrence of mild drought of a single run had the highest frequency
in both MAM and OND seasons (Table 3d). MAM season recorded
single values of high runs values of 5 and 7 seasons. Moderate drought
condition only recorded a single run for both seasons.

Equally important is the conditional probability that if a drought
occur, it will continue for a duration of m seasons. Such probability
can be used in prediction of drought occurrence. The probability of
occurrence of drought of at least more than two, three, four and five
successive seasons were calculated and the result shown in Table 4.

Recurrence pattern of drought over the region was investigated
using the Single Fourier spectral analysis. This was achieved using
CLIMLAB 2000 software and the graphical results are represented in
Figures 5a-5d.

The cycle observed from the spectral analysis could be grouped into
2-3 yrs, 2.5-3.5yrs, 4.5-7yrs and 8-12yrs. The 2-3yrs rainfall oscillation

may be associated with QBO in the stratosphere [14]. According to
Mason and Tyson [13], QBO enhances rainfall when in westerly phase
and enhances drought when in an easterly phase. The association
between stratospheric westerly winds and above normal rainfall over
east Africa is 80% while the association between stratospheric easterly
wind and below normal rainfall during short and long rain are 71% and
75% respectively [5]. The oscillation of 2.5-3.5yrs and 4.5-7yrs obtained
are in agreement with Ogallo [5] and Nicholson and Nyenzi [15]. This
periodicity is associated with ENSO and sea surface temperature fluxes
in the equatorial Indian and Atlantic oceans. The 8-12 years cycle may
be associated with sun’s activities.

Conclusion

Universal use of any drought indices is yet to be established
therefore choice of index is subjective. Though there is flexibility in SPI
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Figure 5a: Periodicity of Garissa drought.
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Figure 5b: Periodicity of Mandera drought.
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Figure 5c: Periodicity of Moyale drought.
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Figure 5d: Periodicity of Wajir drought.

analysis and indices can be generated ranging from month to years. Still
SPI have limitations that it cannot account for water deficit caused by
evapotranspiration, deep percolation, soil moisture and recharge and
run off. In order to improve indices one has to consider such factors
that influence water. An example is Palmer drought index. Due to
unavailability of data of parameter involved in Palmer algorithms this
index was no used. A more elaborate way of studying drought would be
use of areal averaged rainfall records. Before areal rainfall calculation
is done regions are grouped into areas experiencing same climatic
condition e.g. use of principal component analysis

The droughts analysis over the area of study varied between mild
drought and moderately dry condition. Given that these are rainfall
seasons and as such the conditions might worsen during other dry
seasons, reducing the risks and therefore the impacts of drought is of
utmost importance and requires that greater emphasis be placed on
preparedness and mitigation. The findings have established that in the
last decade (1998-2008) there has been an increase in drought runs with
Moyale recording the highest run of 10; increase in drought conditions
could be associated to climate change. Occurrence of drought didn’t
have didn't have preferred period of onset or withdrawal. Considering
the recurrence pattern of drought as seen from the study, drought
Monitoring and early warning is therefore, essential and can provide
the foundation for making timely decision by decision makers and
concerned subjects (i.e., farmers and national policy makers).
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