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ABSTRACT: Using monthly and seasonal precipitation data for the period 1961-1999, we established
drought frequency and severity in relation to food security in the Lake Victoria region in Kenya. We
used percentiles together with time series analysis for a 40 yr period, with the lower 25 % of the quar-
tile designated as the threshold values that indicate drought years. We then used percentiles and
Drought Severity Index (DSI) to ascertain the physical conditions and severity of the drought years.
The 1980s and 1990s were drier decades (the 1980s had more drought events than any other decade
considered in this study), with lower negative anomalies in comparison to the 1960s and 1970s, and
the number of drought events and their severity have been increasing in recent years (especially
during the 1990s). In general, drought affects the crop planting seasons of March to May (MAM) and
September to November (SON), and leads to increased food imports in the years following the
drought. If the present trends persist, the Lake Victoria region will face not only more severe drought
events, but also significant reductions in food security.
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1. INTRODUCTION has been severe enough to affect power production,

with resulting economic losses (Otieno & Awange

Lake Victoria is a riparian resource shared by 3 East
African countries: Kenya, Uganda and Tanzania. It
serves as a source of water for irrigation, transport,
domestic and livestock uses and a source of livelihood
for about 30 million people living around the lake. Its
fish (tilapia and Nile perch) are exported the world
over. Its role as an indicator of environmental and
climate change on long term scales has been docu-
mented in Nicholson (1998). The vital role of this lake
and its surroundings as a source of food has been
documented e.g. in Awange & Ong'ang'a (2006).

The lake and its environment is under threat from
environmental pollution and more recently from de-
clining water levels. Drought is thought to have con-
tributed to this decline, which has had a number of
social and economic effects. In Uganda, the situation
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2006). Water intakes supplying major towns and cities
have had to be extended deep into the lake, thus caus-
ing further financial burden to the already strained
municipalities. Some wetlands that were breeding
places for fish are drying up, for example Usoma in
Kenya. All these factors (combined with other existing
factors) contribute to a worsening food situation in the
region. Food insecurity (i.e. a lack of basic food to
provide enough energy for day to day activity) in this
region could lead to a catastrophe (Skees 2000), since
many of the local communities living near Lake Victo-
ria are among the poorest (see e.g. Aseto et al. 2003,
Awange & Ong'ang'a 2006) and most food insecure in
the region, due to high population densities (Ehrlich
et al. 1993, Swaminathan 2001), widespread poverty,
recurrent droughts, crop failures, high mortality rates
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(from tuberculosis, malaria, and HIV/AIDS), and envi-
ronmental degradation (contamination, pollution, land/
forest degradation, biodiversity degradation, intro-
duction of exotic species; Awange & Ong'ang'a 2006).
Shipton (1990) reviewed the famine and food shortage
situation in Africa and focused specifically on those
who suffer and the action they take—information
which may be vital to the lake region.

Food security is dependent on social, economic as
well as climatic factors. Climatic extremes, particularly
droughts and floods, affect the state of food security in
Africa (Kodamura 1994, Scoones et al. 1996). Climatic
extremes are normal climatic occurrences and their
impacts on society vary with respect to vulnerability
and the success or failure of coping mechanisms at
both the household and national level. Absence of
adaptation measures to climate variability results in
negative impacts on food security, health, and ulti-
mately, life. An example is the 1999-2001 drought that
affected most parts of Kenya, including some areas
that normally receive high rainfall. At its peak, 4.5 mil-
lion people in Kenya lost their livelihoods and ability to
cope, and were subsequently entirely dependent on
relief food provided jointly by the government and
donors (DMCN 2002). Adger et al. (2003) discussed
adaptation to climate change related phenomena in
developing countries while Barrett (2002) described
food assistance programs. The impacts of such
extremes (in the context of climate change) on Lake
Victoria Basin (LVB) has been assessed in Phoon et al.
(2004).

In the LVB, floods are more frequent than drought and
have had adverse impacts. The climate within the region
is highly variable with a higher natural susceptibility to
frequent climate extremes than neighbouring regions. In
the past, the majority of interventions in the region have
been in flood management. However, drought, which is
a slow and progressive extreme climatic event, has until
recently been the least anticipated extreme in this region
filled with wetlands. As a result, its impacts are more
adverse than those of floods because of the inadequacy
of existing coping mechanisms.

Although drought is a natural, recurring phenome-
non which cannot be controlled (Garcia & Escudero
1982, Glantz 1987, Akong'a & Downing 1988, Downing
et al. 1989), prediction of its frequency, severity and
probability is essential for farmers in that it helps in
planning and management. In the absence of such
information, food security is threatened. Lack of such
information in Uganda, for instance, exacerbated the
impact of drought on maize yield and led Tumwesigye
& Musiitwa (2004) to characterize drought patterns to
help in the development of drought resistant maize
cultivars. The present study focuses on the severity
and frequency of drought events in the Kenyan part of

the LVB, with the hope of providing mitigation and/or
adaptation measures necessary for key stakeholders to
improve drought management.

2. STUDY AREA AND DATA SOURCE

The study area was centred on the Kenyan part of
LVB, with data taken from Kisumu station, 0.1°S,
34.75°E (Fig. 1). The station is approximately 1500 m
above mean sea level. The region has 4 seasons: the
hot dry season (December to February, DJF); the major
rainy season (March to May, MAM); the short dry sea-
son (June to August, JJA); and the short rainy season
(September to November, SON) (Awange & Ong'ang'a
2006). Kisumu has an annual average rainfall of
1340 mm, and experiences relatively high rainfall for
the region (Amissah-Arthur 2002 found that both
annual rainfall and rainfall during the long rainy sea-
son were greater at Kisumu than at any of the 8 sta-
tions in Kenya that they analysed). The highest rainfall
in the LVB occurs in the north-western parts and grad-
ually decreases towards the southeast. The average
annual rainfall for the LVB is 1424 mm and varies be-
tween 891 mm in parts of Mara catchments to a maxi-
mum of 2168 mm in the middle of Yala Basin (APFM
2004).

The principal occupation in the LVB is subsistence
agriculture (e.g. maize, sorghum, beans, cassava), and
planting takes place largely during the long and short
rainy seasons (February to March and September to
October, respectively). This contrasts with the rest of
Kenya, where planting generally occurs in March to
April and October to November (Amissah-Arthur et al.
2002). Recently however, this pattern has changed.
During the 2005 long dry spell, for example, the plant-
ing season started as late as April-May in most parts of
LVB (Kenya), and in 2006 it started in late March in
most places.

As a response to these changing patterns, farmers
have intensified the planting of drought resistant crops
(e.g. sweet potatoes and cassavas). Cassava crops are,
however, in decline, as consumer preferences shift
towards maize and rice; poor cassava yields are also
attributed to destruction by moles (Kiptot et al. 2006).
This further exacerbates food insecurity. Maize is the
preferred crop, and (together with legumes) is often
planted in both rainy seasons, due to the fact that one
yield is often insufficient to sustain farmers through the
year. In addition to the problem of drought, poor soil
fertility resulting from a lack of crop rotation has also
contributed to serious food insecurity in the region. To
address these emerging threats of drought and soil
infertility, research is being done on drought-resistant
varieties of maize.
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Fig. 1. Lake Victoria basin (from Kayombo & Jorgensen 2006) and weather stations in the Kenyan part of the region

The data used in this study consisted of:

(1) Rainfall data (1961-1999). Kisumu station was
selected because of its position vis-a-vis other stations
in the region (see Fig. 1). There are a number of other
meteorological stations in the LVB, but all are found
in the same (Lake Victoria) climatological zone. We
therefore used one station to represent the region in
order to avoid duplication of results. Kisumu is very
close to Lake Victoria, and thus can sufficiently
account for both the catchment and over-lake rainfall.
Rainfall anomaly data are presented in Appendix 1.

(2) Food import data (1961-2002). Secondary data
on food imports was obtained from abstracts provided by
the Central Bureau of Statistics (CBS) (available at the
Kenyan Ministry of Agriculture's Library) and are
presented in Appendix 2. Maize being the staple
food in the region, the quantities of maize imports from
1961-2002 were used to represent overall food imports.
In Kenya food is not normally imported for specific re-
gions affected by drought; rather, the affected region

triggers imports of food to the national reserve. When
drought is severe in the LVB, for example, the Govern-
ment checks the national reserve for surplus. If the food
stored in the national reserve begins to decline, and the
other regions are not in a position to supply the national
reserve, then an order is made to import food.

3. ANALYSIS

For easier analysis and comparison purposes, both
rainfall and food data were standardized. The daily
records data were averaged to get the monthly mean

d
v -2 g

where d is the daily measurements and n number of
days in the month. The monthly means were averaged
for the 3 months in a season to obtain a seasonal mean.
To get the annual means, the monthly means for all the
12 months of the year were averaged.
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3.1. Determination of drought years. Once the rain-
fall mean was computed, the 'percent of normal’ (quar-
tile) was calculated by dividing actual precipitation by
normal precipitation—typically considered to be a
30 yr mean—and multiplying by 100 % (Eq. 3). Usually
time scales range from a single month, or a group of
months representing a particular season, to an annual
or water year. Normal precipitation for a specific loca-
tion was considered to be 100 %. The normal precipita-
tion N was calculated by

Z(XAM) 2)
30
i.e. 30 yr mean of a season, where Xy, is the annual

mean. Percent of normal P, was then given by

= (@ x100% 3)
N

N =

P

n

where Ap is the actual precipitation. The Drought
Severity Index (DSI) was then determined by consider-
ing as 'dry’ all those observations <25 % (first quartile)
of the ranked historical records, while those which are
>75% (fourth quartile) are considered ‘wet'.

3.2. Standardization of data. In order to compare the
data, the rainfall and food data were standardized using

_ X=Xy
c

z (4)
where Z is the standardized value, X; the observed
value at a particular time, X3, the 30 yr mean for the
parameter and ¢ is the standard deviation. This gave
the anomalies that were used for plotting the time
series charts (see Appendix 1).

3.3. Data analysis methods. Anomalies of the para-
meters were used in the plotting for comparison be-
tween rainfall and food variables from the standard-
ized values of Z in Eq. (4). Time series and relational
analysis were then performed. The data were sorted in
descending order; 25 % of the normal and below repre-
sented the ‘lower threshold'. The threshold value was
then plotted in the time series, identifying severe and
extreme drought as the 2 main categories (Table 1).
This method was used to determine the frequency,
severity and duration of drought.

Anomaly

0+
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Year

Fig. 2. Time series of annual rainfall anomalies at Kisumu
during 1961-1999

Table 1. Percentage range for dry and wet spells

Percentage rainfall Physical conditions
relative to mean
>175 Extremely wet
>150 Very wet
125 Near normal
100 Normal
75 Near normal
<50 Severe drought
<25 Extreme drought

Table 2. Seasonal drought years

Seasons Drought years

DJF 1967, 1971, 1974, 1975, 1981, 1982, 1983, 1984,
1992, 1994, 1997, 1999

MAM 1961, 1967, 1969, 1976, 1982, 1983, 1984, 1987,
1992, 1998

JJA 1963, 1965, 1967, 1969, 1970, 1973, 1980, 1989,
1991, 1995, 1997, 1998

SON 1963, 1966, 1970, 1973, 1975, 1977, 1980, 1981,
1985, 1990, 1993, 1997, 1998

Table 3. Periods of drought and their intensity. Extreme:
rainfall <25% of normal; severe: <50% to 25% of normal

Drought Year

Extreme
Severe

1973-1975, 1981-1985, 1990-1993, 1996-1997
1963, 1967, 1970-1971, 1980

4. RESULTS

4.1. Drought years. Fig. 2 indicates that the period
from 1960 to 1970 was wetter with higher positive
anomalies. The period 1970 to 1980 shows a mixed
spell of wet and dry years, while 1983 to 1997 shows a
largely dry spell with lower negative anomalies.
Table 2 gives drought years obtained from observing
the lower threshold values in Fig. 3, which were calcu-
lated as 1.2, 1.05, 0.98 and 1.38 for DJF, MAM, JJA and
SON, respectively. Fig. 3 and Table 3 show the sever-
ity and duration of drought years. The worst drought in
terms of severity was 1980-1985, and drought events
have been increasing in recent years. Because of the El
Nino rains of 1998, the 1990s were not particularly dry,
but significant droughts did occur in 1990 and in 1997.
A general pattern of drought emerges

® During the hot dry season (DJF), severe drought
can be expected approximately every 7 to 8 yr

e During the long rainy season (MAM), severe
drought can be expected every 5 to 8 yr
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Fig. 4. Time series of food imports relative to the 4 seasons during 1961-1999

¢ During the dry season (JJA) there is no clear cycle Table 4. Drought profile in relation to numbers of people re-
of drought events ceiving food relief in the Lake Victoria region of Kenya (all

e During the short rainy season (SON), severe droughts were geographically widespread). Source: Kenya

Government Disaster Preparedness Paper
drought can be expected every 3 to 4 yr. P P

4.2. Drought in relation to food security. In the LVB Year Drought No. of people
the long and short rainy seasons (i.e. MAM and SON,

respectively) are critical to food security. Fig. 4 shows 1323‘1984 ESXtreme 228 888
the relationship between the various seasonal droughts evere
p g 1975 Severe 16 000

iand f(.)od. 1mp0rt§. qu all the. seasons. considered, there 1971 Extreme 150000
is a significant rise in food imports in the years 1966,
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Fig. 5. Relationship between drought severity and food-
insecure population in Kenya

1970, 1980, 1984, 1992, 1994 and 1997. These years fol-
lowed the drought years identified in Tables 2 & 3,
with a lag of 1 yr. From the drought profile in Table 4,
a relationship between drought severity and popula-
tions affected by food relief was established (Fig. 5),
which indicates that as drought severity increases,
population receiving food relief also increases, and it
also shows that after a significant drop of drought
severity from 1971 to 1975, the population receiving
food relief during this time also decreased.

5. DISCUSSION

The information on drought patterns in the LVB is
vital to farmers’ drought management planning, as
well as to that of the Ministry of Agriculture and the
National Disaster Management body.

The variability of rain influences not only drought
but also food imports (Fig. 4), and droughts in the LVB
probably contribute to national food imports. This
can be analysed using MAM and SON data. Fig. 4b,d
shows wet periods for both seasons, suggesting that
the increase of the food imported in 1966 could have
been triggered by droughts from other regions, with
the Lake Victoria region unable to make up shortfalls
in the national basket.

In 1969 and 1979, MAM and SON were dry (nega-
tive anomalies, Figs. 3 & 4). This could have affected
the planting of maize during February—-March and
August-September, leading to a food shortage that
triggered the food imports of 1970 and 1980. The
extreme drought for Kenya as a whole during
1981-1985 (Table 3) severely affected the planting
season of MAM, and triggered the food imports of
1984. The 1992 increase in food imports could be
attributed to droughts in other parts of the country,
since the rainfall anomalies of 1991 indicate a wet
season in the LVB for MAM and SON. Similar to the
El Nino years of 1997, rainfall in 1994 was above nor-
mal, which could have led to crop failure due to floods.

The food imports of 1994 therefore could not be attrib-
uted to drought.

The LVB is dependent on national food reserves in
years of drought (Fig. 5), while also exerting an influ-
ence over these reserves through its fluctuating level
of food production. Drought therefore contributes to
food insecurity, not only for the LVB, but for the entire
country. This information should therefore help the
planners and managers intensify agricultural activities
in the region for better crop yield to ensure food
security in the country.

For the LVB, farmers, policy makers and other stake
holders should consider the following courses of action.

(1) Development of crop varieties that are higher-
yielding, nutritious, drought resistant, early-maturing,
and disease and pest tolerant. For instance, the PIO-
NEER and PANNAR maize types are capable of matur-
ing within 3 months, even with low rainfall. The set-
back is that the crop is favoured by weevils, and
significant losses could occur through lack of proper
treatment (this is a particular danger where yields are
large, since farmers may fail to treat the entire crop in
an attempt to reduce treatment costs). Information on
such types of seed needs to be disseminated to farmers
and the seeds made accessible and affordable to them.

(2) The need to educate the people on the drought
patterns ascertained in the present study, and the need
to embrace drought resistant crops. For example, cas-
sava—a favourite crop from the 1960s to the 1980s—is
rapidly losing favour among farmers, because of its
relatively poor performance in drought conditions and
because of shifts in consumer preference.

(3) Research and development of improved technolo-
gies in agriculture; for example, irrigation, such as has
been achieved by the Yala Swamp project (despite
doubts that were initially expressed concerning its
environmental consequences—mostly on wetlands—
see Awange & Ong'ang'a 2006).

(4) Studies to establish the stored water potential of
LVB. This will assist in further studies on drought
within the region.

6. CONCLUSIONS

Increased precipitation variability in the LVB has led
to an increase in drought events in the recent past.
Drought in the region is inversely related to food secu-
rity (though the relationship is an indirect one), and if
the current drought trend persists, it is likely to have
further negative effects. In the past, negative effects of
drought may have stemmed from an inability to antici-
pate and cope with drought events. However, severe
climate extremes were not as frequent as in recent
decades, and since the current trend of rainfall vari-
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ability is expected to increase, drought severity is
likely to be of greater magnitude, and with with much
greater extremes. The effect of future droughts on food
security are thus likely to be severe, and the task of
recovering from them costly, if communities in this
region do not anticipate trends of increased drought
severity, and if they fail to adopt coping strategies.
Drought analysis is therefore vital for proper food
management.
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Appendix 1. Seasonal rainfall anomalies for the Kisumu Appendix 2. Food imports (t) in Kenya (Central Bureau of
meteorological station Statistics, Statistical Abstract, 2003. Extract on Net Imports,
Principle Articles, Table 52b)

Year DJF MAM JJA SON
Year Maize Wheat Rice

1961 -1.8 2.6 6.2
1962 4.3 3.2 —0.2 0.7 1961 102130 13004 4037
1963 17 14 _1.0 21 1962 25590 52470 4128
1964 1.4 0.5 1.1 ~11 iggi 222 8522 4257"21
1965 -0.5 1.7 -3.0 21 1965 81452 5999 2096
1966 1.2 0.2 0.8 -23 1966 143444 24965 2021
1967 -3.1 -1.1 -3.7 4.0 1967 73 4512 207
1968 0.1 1.1 1.6 1.2 1968 39 — 2995
1969 3.3 -1.8 -1.8 -0.9 1969 268 45 245
1970 1.5 -0.3 -2.1 -2.1 1970 14334 - 1149
1971 ~2.0 2.2 ~0.8 ~0.9 1971 29077 13000 10203
1972 0.3 ~0.6 2.5 1.9 1972 104 64821 2150
1973 0.7 ~1.0 26 21 1973 82 77083 23
1974 728 13744 1502
1974 -3.1 03 18 —08 1975 357 82917 4
1975 -2.1 0.9 0.0 -1.4 1976 39 50 10001
1977 -0.1 2.5 1.4 -1.3 1978 80 90888 11
1978 2.3 1.4 1.7 0.8 1979 18 21152 241
1979 1.9 -0.3 -0.7 -0.8 1980 323873 48462 1239
1980 -0.5 -0.3 -1.0 -1.4 1981 77394 49239 4573
1981 2.0 0.4 0.8 _29 1982 89056 139326 11880
1982 -1.2 -3.7 2.7 5.0 1983 - 81946 44768
1984 405443 149906 507
T A
1985 -0.1 2.0 0.5 -26 1987 - 217857 39129
1986 -0.6 1.4 -0.6 -0.5 1988 - 75578 10000
1987 0.1 -1.7 -0.2 1.5 1989 2 123535 30006
1988 0.0 1.1 -0.5 0.1 1990 - 322632 27983
1989 0.2 0.2 -1.9 0.2 1991 - 242612 61163
1990 0.9 -1.0 -0.3 _2.5 1992 414929 100808 58920
1991 ~0.2 0.8 _22 0.4 1993 12874 314410 37150
1995 11965 249134 28177
1232 7;'2 _g'g 78'131 _(2)'? 1996 6759 486917 39159
: : ! ' 1997 1101105 388138 62435
1995 -0.7 0.9 -0.9 1.2 1998 368761 478865 62893
1996 0.0 1.5 -0.2 1.6 1999 75520 578543 53358
1997 -1.9 -0.3 -1.1 -14 2000 409416 636045 105803
1998 6.7 -1.4 -1.0 -2.1 2001 308606 617542 172246
1999 -1.5 1.7 2.3 -0.2 2002 229288 515179 148705
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