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ABSTRACT
Uganda has experienced a number of extreme weather and climate events in the form of floods
and droughts. In a number of cases, flood events associated with heavy rainfall have been
followed immediately by droughts that tend to persist for several seasons. These events have
always had devastating impacts on various sectors of the country‟s economy. The impacts
include destruction of infrastructure, loss of life and property and many other far reaching socioeconomic impacts. The impact of these extreme events can be greatly reduced through good
understanding of previous climatic events and their associated impacts and ability to project
future events in good time so that necessary precautions can be put in place. The objective of this
study was to investigate the flood/drought events of September-November (SON) season over
Uganda and the associated circulation anomalies. In the study, the SON seasonal flood/drought
events were investigated during the period 1962-2007 using monthly rainfall data from rainfall
stations over the country. A set of regional flood/drought indices with a scheme of grading their
severity was used to classify the flood/drought events into seven distinct categories. Anomalies
in a number of atmospheric fields associated with the wet/dry years were investigated to
understand their prevailing patterns during floods and droughts. The relationship between the
outgoing longwave radiation and sea surface temperature were similarly investigated in order to
understand the air-sea interaction over the key area of the equatorial western Indian Ocean (WIO)
and the associated influence of ENSO and IOD. Results show that 6 heavy floods experienced in
the study period occurred in the years 1967,1972,1977,1999, 2000 and 2001, whereas 6 heavy
drought years were 1974 1976,1979,1984,1985 and 1993. The dry years were characterized by
divergence at low level and convergence at upper troposphere, especially over the equatorial
western Indian Ocean and the study area, among others. The east African coast experienced
XIV

northerly wind anomaly which did not favor rainfall in the region of study. The wet years were
associated with convergence at 850hpa and divergence at 200hpa, over a number of regions
including the equatorial western Indian Ocean and the area of study, and the easterlies were
dominant at the coast of east Africa during this period. The anomaly convergence of wind was
over the study area in the wet years as oppose to that of dry years which was far away to the
south of the study area. The dry years were associated with cool sea surface temperature over the
equatorial western Indian Ocean and the equatorial Pacific Ocean and the wet years were
associated with a warm pool of water over the equatorial western Indian Ocean and the
equatorial Pacific region. Further analysis revealed that the wet (dry) years were characterized by
moisture convergence (divergence) over the study region, including the equatorial western Indian
Ocean, especially at the lower troposphere.

OLR and SST were found to be negatively

correlated and the Ocean forcing on the atmosphere was found to be strongest in the months of
October, for SON season and March, for MAM season. The forcing was however weak in the
months of February, May and August. On the other hand, the forcing on the Ocean due to the
atmosphere was found to be strongest in September, especially for the SON season and in April,
for MAM season. It was weak in January, October and December. Both ENSO and IOD were
found to have influence on the forcing on the atmosphere due to the Ocean and vice versa. The
positive phase of the IOD was found to be strongly positively correlated with the SON rainfall
over Uganda, whereas the negative IOD phase showed a weak negative correlation. The
circulation patterns associated with IOD events was such that during the positive event of IOD,
the normal westerly surface wind in the central equatorial Indian Ocean was reversed (became
easterly) as oppose to the negative IOD event, where the normal westerly flow was enhanced.
Results further showed that El Nino events are positively correlated with the SON rainfall as

XV

oppose to the La Nina events which have a negative correlation with the SON rainfall over the
region. In general, the mechanism of the variability of SON rainfall anomaly was associated with
the variation in sea surface temperature anomaly, which depends on the forcing of the
atmosphere on the Ocean (strongest in September) and that of the Ocean on the atmosphere
(strongest in October), especially with respect to the SON season (The Air-Sea interaction over
WIO).

XVI

CHAPTER ONE
1.0 INTRODUCTION
Floods and Droughts are extreme climate events that have always caused substantial damage to the
environment, economic losses in various sectors, damage to infrastructure, loss of life and/or
livelihood in Uganda. It is therefore of great importance to have a good understanding of previous
climate events and their impacts so as to make reliable and accurate forecasts to minimize the
impact of these extreme occurrences of climate. In the tropics, where the domain of this study lies,
the most important climate element is rainfall (Okoola, 1998), and it is the major determinant of
the economies of most tropical countries. Rainfall over Uganda exhibits a large spatial and
temporal variability. The spatial variation has been attributed to the existence of large inland water
bodies such as Lake Victoria, Lake Kyoga, among others and the complex topography. The two
main rainfall regimes experienced in Uganda are bimodal and unimodal. The bimodal regime is
observed towards/near the equator with the first peak in April, for March-May (MAM) season,
locally referred to as „long rains‟ in east Africa. The second peak occurs in October, for
September-November (SON) season. It is worth noting that both MAM and SON seasons (wet
seasons) coincide with the passage of the Inter Tropical Convergence Zone (ITCZ) that lags
behind the overhead sun by about a month and the wet seasons are separated by two dry spells
from June-August and December–February (Okoola, 1996; Mutemi, 2003). Many researchers,
including Ropelewski and Halpert, 1987; Jonawiak, 1988; Ogallo, 1988; Nicholson,1996; Indeje,
2000; Mutemi, 2003, among others have investigated and linked rainfall over East Africa with El
Niño Southern Oscillation (ENSO). Mutemi (2003) for example, got a strong relationship between
rainfall over East Africa and evolutionary phases of ENSO. The results showed that ENSO plays a
significant role in determining the monthly and seasonal rainfall patterns in the East African region.
1

In general, it is argued that floods are likely to occur in the region during El-Niño events and
droughts tend to occur during La Nina. Most of these previous studies covered the entire region of
East Africa such that the results were generalized over the whole region. Further, they used
regional rainfall indices or indices from delineated climatic zones based on the regional rainfall
variability. The regional studies may have not captured in detail the localized events of
floods/droughts over Uganda. The current study therefore attempts to fill this gap by investigating
the SON flood/drought events over Uganda and the associated circulation anomalies. The data and
methods used in the study are discussed in chapter 3, while the results are presented and discussed
in chapter 4. The summary and conclusions drawn from the study are presented in section 5.
1.1 Objective of the study
The general objective of this study is to investigate the floods/droughts events of SON season
over Uganda and the associated circulation mechanisms.
The specific objectives of the study are;
(i) To classify/grade the severity of wet/dry events of SON rainfall over Uganda using
Z- Index.
(ii) To investigate the circulation anomalies associated with the SON wet/dry events.
(iii)To investigate the influence of IOD and ENSO on SON rainfall over Uganda.
(iv) To investigate the relationship between OLR and SST, with respect to Air-Sea interaction.
1.2 Justification of the study
Ugandan climate has always had incidences of flood and drought, basically associated with the
rainfall variability over the country. These extreme weather events have far reaching
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consequences on the livelihoods of the people. Famine, lack of pasture for livestock and
reduction in hydroelectricity power generation due to water stress, among others are usually
connected to drought occurrences. Floods are similarly associated with destruction of
infrastructures, displacement of people and numerous losses of lives and properties. A better
understanding of these extreme weather events and improved seasonal rainfall forecasts can
minimize these impacts. The motivation of this study is therefore to increase the understanding
of the past extreme events of climate such as floods and droughts, their respective severity and
the associated impacts, especially during SON season. The findings from this study will be
useful to the policy makers, especially in regard to minimizing the impacts of extreme climatic
events over the country. The next section gives the area of study.
1.3 Area of study
The study was carried out over Uganda, which is located on the eastern African plateau, at least
800km inland from the Indian Ocean. It is bordered by Sudan in the north, Tanzania in the south,
Kenya in the east, Democratic Republic of Congo (RDC) in the west and Rwanda in the
southwest. Uganda is located within latitudes 1.5oS to 4.5oN and longitudes 29oE to 35oE as
shown in Fig.1 and 2, and it has a total area of about 241,038 km2 including 44,081 km2 of
inland water (Langlands,2003; Barlas and Yong, 2010).

3

Fig.1: (a) Location of Uganda in the African continent (b) Uganda and the neighboring countries

There are a number of large fresh water lakes in Uganda, such as Lake Victoria, Edward and
Albert, which are shared with the neighboring countries, Lake Kyoga and Lake George (b).
1.3.1 Climate and the physical features of the area of study.
The study area has a modified tropical climate which is mild and pleasant. The climate has a
great variation throughout the country, where the mean annual temperatures are about 26oC in
the southwestern highlands and 25oC in the northwest but in the northeast, temperatures exceed
30oC almost 254 days a year. The hot climate is moderated by the altitude, where it is cooler at
higher altitude (Barlas and Yong, 2010).

4

Fig.2: The physical features over Uganda

Physical features such as rivers, lakes, valleys, mountains and highlands, among others are quite
numerous over Uganda. Fig.2 shows that most of the regions in the country lie 1000m above sea
level. Among the many mountains found in Uganda, Rwenzori Mountain (5,109m) is located in
the western region, Elgon (4,321m), Moroto (3,083m) mountains and Nepak ranges (2,537m) are
found in the eastern while Mufumbira ranges (4,126m) and Kigezi hills are located in the
southwest. Kilak, Moru and Lira-Ngetta are hilly peaks joined by a ridge of high ground in the
central-northeastern part of the country.
Rainfall over the study area exhibits a large spatial and temporal variability, where the partial
variation has been attributed to the existence of large inland water bodies such as Lake Victoria,
Lake Kyoga, among others and the complex topography. The two main rainfall regimes which
are experienced in Uganda are bimodal and unimodal.The bimodal regime is observed
towards/near the equator with the first peak in April, for March, April, May (MAM) season,
locally referred to as „long rains‟ in east Africa. The second peak occurs in October, for short
rainy season (SON season). The unimodal regime occurs far from the equator as observed in the
Lira station annual rainfall cycle, where a considerable amount of rainfall is observed from June
5

to August, whereas the bimodal regime is shown by Entebbe, Mbarara, Namulonge and Tororo
station annual cycles of rainfall ,Fig. 3.

Fig.3: Annual cycle of rainfall over selected stations (Entebbe,Lira,Mbarara, Masindi, Namulonge

and Tororo).
It is worth noting that both MAM and SON seasons (wet seasons) coincide with the passage of
the Inter Tropical Convergence Zone (ITCZ) that lags behind the overhead sun by about a month
(Ogalo, 2003; Okoola, 1996; Mutemi, 2003) while the wet seasons are separated by two dry
spells from June - August and December – February.

6

CHAPTER TWO
2.0 LITERATURE REVIEW
Several studies have been carried out over East Africa and the entire world Regional climate
modeling with varying methods and findings. This section gives some of the related studies,
beginning with the factors that influence climate over East Africa.
2.1 Factors that influence rainfall in the region
2.1.1 Inter tropical Convergence Zone (ITCZ)
The main synoptic scale system that controls the intensity and migration of the seasonal rainfall
over Uganda and East Africa at large is the Inter tropical Convergence Zone (ITCZ).
The ITCZ system is a boundary between inter-hemispheric monsoon wind systems over the
region. The convergence zone is difficult to locate at low levels mainly due to the complex
effects of topographical diversity on low-level synoptic circulation. The ITCZ is however
detectable in the wind field near 700mb (Kiangi et al., 1981).
The ITCZ has two spatial components over East Africa, the normal east-west orientation called
the zonal component and a north-south oriented component referred to as meridional component
(Ininda, 1995; Okoola, 1999; Kiangi et al, 1981). The converging north easterly (NE) and south
easterly (SE) trades form the zonal component while the meridional component is formed by the
convergence between the easterly winds from the Indian ocean and the moist westerlies from the
Atlantic ocean. The north-south oscillation of the zonal component is primarily responsible for
both the long and the short rainfall seasons over East Africa.
On the other hand, the meridional component oscillates from east to west and vice versa, with the
easternmost extent noted in July-August depending on the relative strength of the high-pressure
7

system called the St. Helena anticyclone, situated over the Atlantic Ocean. When this anticyclone
intensifies, the meridional arm of the ITCZ moves eastward giving rain to some parts of Uganda,
especially the eastern parts of the country. During the June to August / September, it is normally
located over eastern Uganda and the western Kenya rift valley highlands, which implies that
during this period much of Uganda is under the influence of the moist Congo basin low level
westerly flow.
The strength of ITCZ depends on the intensity of the NE and SE trade winds, which in turn are
driven by the sub-tropical anticyclones, which are discussed in the next section (Owiti, 2005).
2.1.2 Subtropical Anticyclones
It is important to note that the Subtropical high-pressure belts are the descending arms of the
Hadley circulation. These anticyclones create a pressure difference between the equatorial
regions and the sub-tropics, necessary to drive the tropical trade winds. The anticyclones
affecting the flow over East Africa are the Mascarene, Arabian, the Azores and the St. Helena
high. The Azores high is located to northwest of Africa, the Mascarene high to the south,
Arabian high to the north and the St. Helena high to the southwest. These systems are most
intense during the winter seasons of either hemispheres and weaker during their respective
summer seasons.
The Arabian high generates stronger North Easterlies (NE) during the short rainfall period than
the South Easterlies (SE) from the weaker Mascarene high. However, since the NE do not have
long trajectory over the ocean, as compared to SE; ITCZ yields lesser rainfall during the
September-November period. On the other hand, during the March-May season, the Mascarene
high drives stronger and moist SE into East Africa. Convergence of SE with the NE, both of
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which have stronger easterly components results into Long rainfall (MAM) season.
Intensification in the strength of the St. Helena high implies stronger moist westerlies and
therefore a stronger meridional arm of the ITCZ.
Generally, the space-time patterns of the seasonal rainfall in the region are controlled by among
others, the ITCZ and subtropical anticyclones (discussed earlier), tropical cyclones, the African
Jet streams, easterly waves, extra tropical frontal weather incursions, and a number of other
regional and global systems. The Meso-scale systems in the region include the complex
topography like the Great Rift Valley and a chain of mountains and the existence of large water
bodies such as Lake Victoria.
The physical features in the region significantly modify the impacts of the large-scale climate
systems. Teleconnections have also been observed with El Niño-Southern Oscillation (ENSO)
and the Quasi-Biennial Oscillation (QBO), among others are also major factors. Details of some
of these studies can be obtained from Ininda, 1998; Indeje et al., 2000; Rodhe and Virji, 1976;
Ogallo, 1988, Beltrando, 1990; Findlater, 1971, Barsalirwa (1995) and Ogallo (1989); Nicholson
(1996 ), among others. Some of these factors are discussed in the next section.

2.1.3 El Niño Southern Oscillation
El Niño Southern Oscillation (ENSO) is a phenomenon that causes fluctuations in sea surface
temperature over the equatorial Pacific Ocean. It is the result of a cyclic warming and cooling of
the surface Ocean of the central and eastern Pacific and has impacts on regional climate extremes
in many parts of the globe. This region of the Ocean is normally colder than its equatorial
location would suggest, mainly because of the influence of northeasterly trade winds, a cold
ocean current flowing up the coast of Chile, and to the upwelling of cold deep water off the coast
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of Peru. There are moments when the influence of these cold water resources decline, causing
the surface of the eastern and central Pacific to warm up under the tropical sun and when this
happens, the resulting phenomenon is the El Niño. Similarly, when the injection of cold water
becomes more intense than usual, it causes the surface of the eastern Pacific to cool and the
resulting event is La Niña. The anomalous seesaw pressure patterns at mean sea level occurring
when the atmospheric pressure is abnormally high at Darwin in northern Australia and unusually
low at the Pacific island of Tahiti and vice versa is referred to as Southern Oscillation (SO). This
oscillation is monitored using the Southern Oscillation Index (SOI) which is the air pressure
difference between Tahiti and Darwin. When SOI is negative we have an El Niño event (or
ocean warming), but when it is positive, we have a La Niña (or ocean cooling).
The ENSO phenomenon has been studied largely in the context of the Pacific Ocean and
adjacent regions. However, research has long established that it is a global scale phenomenon
(Wallace et al., 1998).
Many studies have investigated the relationship between East African rainfalls with ENSO,such
as Ropelewski and Halpert, 1987; Jonawiak, 1988; Ogallo, 1988; Indeje, 2000; Mutemi, 2003,
among others. Most findings showed that ENSO plays a significant role in determining the
monthly and seasonal rainfall patterns in the East African region.
2.1.4 Quasi-Biennial Oscillation
The Quasi-Biennial Oscillation (QBO) is a quasi-periodic oscillation of the equatorial zonal wind
between easterlies and westerlies in the lower stratosphere with period of 26-30 months (Haynes,
1998). A number of studies have reported the presence of the QBO in various atmospheric
associations between parameters and at different regions of the globe. The atmospheric variables
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that have exhibited QBO include temperature (Rasmusson et al., 1982) and African rainfall
(Nicholson and Entekhabi 1986; Rothe and Virji 1976; Ogallo 1982), among others.
The alternating wind regimes develop at the top of the lower stratosphere and propagate
downwards at about 1 km per month until they are dissipated at the tropical tropopause.
Downward motion of the easterlies is usually more irregular than that of the westerlies. The
amplitude of the easterly phase is about twice as strong as that of the westerly phase. At the top
of the vertical QBO range, easterlies dominate, while at the bottom, westerlies are more likely to
be found.
Indeje et al., (2000) found a statistical association between rainfall over East Africa and QBO to
be strongest during ocean-atmosphere in the Indian Ocean DMI and the QBO over parts of
eastern Africa were postulated in the study. They postulated that the reversal in the SST gradient
associated with the Indian Ocean climate system may also provide an alternative explanation of
the reversal in the upper air winds, usually explained in terms of the alternating downward
propagating patterns of westerly and easterly mean zonal winds. Ogallo et al. (1994) have
investigated the characteristics of QBO over tropical eastern Africa using zonal wind composites
from Nairobi, Kenya for the period 1966-1987. Their results, based on spectral analysis indicated
the dominance of a 28 months period in the zonal wind component. The results also indicated
some significant (at 5% level) association between rainfall and QBO signal based on the reversal
in zonal winds.
2.1.5 Jet Streams
Jet streams are currents of fast moving air found in both the upper and the lower levels of the
atmosphere. The East African Low Level Jet (EALLJ) is the most important as a rainfall
mechanism over the region, among the jet stream systems. It is located at 1-1.5km above mean
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sea level, with core speeds of 20ms-1, width 200-400km, length 500-1000km, and depth of about
1km. EALLJ is estimated to transport 7x1010 KgS-1 of atmospheric mass across the equator
(Findlater, 1969; 1974) and so it is an effective transporter of water vapor. It is strongest in
summer when it penetrates the coastal regions of East Africa, resulting in heavy rainfall over the
coastal areas during the July to August period, a time when the ITCZ has moved north. The Jet is
also known as the Somali jet and is linked to Somali current, the axis of the major air current
turning off to the Arabian sea at the point of marked upwelling and cold water. The Somali jet is
a manifestation of the blocking and channeling impacts of the East African and Ethiopian
highlands on the low-level southeasterly monsoon (Krishnamurti et al.,1976).
On the northern Kenya throughout the year is a strong low level air current known as the
Turkana jet. Following Kinuthia (1992), throughout the year, the NE/SE monsoon near the
equator branches off from the coast to enter the Turkana channel and the channeling effects of
the East African and Ethiopian highlands intensifies the flow to make the Turkana easterly lowlevel jet. Using the NCAR Regional Climate Model (RegCM), Indeje et al., (2000) have
explained the dynamics of Turkana jet in terms of the orographic channeling effects associated
Bernouli effect in barotropic flows (Owiti, 2005).
The other jet streams that have been observed to have influence on weather over East Africa are;
the Subtropical jet, Tropical Easterly Jet (TEJ) and African Easterly Jet (AEJ). Many authors
including Okoola, (1989) ; Findlater,1969; Mukabana, (1992) and Asnani, (1993) have discussed
the effects of these jet streams on the climate of East Africa.
2.1.6 Tropical Monsoons
Monsoons are seasonal winds which reverse their directions basing on the temperature
difference between the oceans and the continents. This results from the differential heating
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between the ocean and the continent. The heating over the continental is strongest when the sun
is overhead at any given location, especially twice a year in the region. This causes two distinct
monsoonal winds to flow across this zone of maximum heating and creating a zone of low-level
hemispheric air mass convergence called ITCZ. The monsoons experienced over the eastern and
central Africa are the northeast monsoon which occurs during the northern winter season and
southeast/southwest monsoon air current, occurring during northern summer. During the
intermediate equatorial seasons i.e. March-May (MAM) and September-November (SON), both
monsoonal wind currents are present with one withdrawing as the other advances. The
monsoonal winds, which occur during the transitional seasons, have a strong zonal component
and bring equatorial air into the Equatorial East African region from the Indian Ocean. This
moist equatorial air has a conditionally unstable lapse rate and responds rapidly to low-level
convergence with widespread cloudiness, showers and thunderstorms (Owiti, 2005).
2.1.7 Tropical Cyclones
Tropical cyclones are basically storm systems which are characterized by large low pressure
centers and numerous thunderstorms that produce strong winds and heavy rains. They are known
to originate in warm tropical oceanic regions where the sea surface temperature exceeds 27°C,
especially between 50 and 200 North or South of the equator. This is mainly because of the fact
that in those latitudes the deviating force due to the earth‟s rotation (Coriolis force) is sufficiently
large to produce cyclonic circulation. Intense depressions occur in several tropical
southern/western Indian Ocean regions during certain periods of the year and these are popularly
known as cyclones in the southwest Indian Ocean and Arabian Sea, whereas in Australia, they
are known as Willy-Willy. This weather system has many other names, depending on the region
or part of the world (Asnani, 1993).
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Tropical cyclones are principally a phenomenon of the summer and autumn months. They
usually reach their maximum frequency in August-September in the Northern Hemisphere and
January-February in Southern Hemisphere. Tropical cyclones cause severe weather that is
destructive to both life and property (Asnani, 1993). However, these systems rarely reach the
East Africa coast. But their effects is felt and can cause heavy precipitation for one or two days,
when 200km away from the East African coast. On the other hand, if a Tropical cyclone passes
further south and settles over Madagascar, it causes deviation of moisture laden south easterlies
towards this low-pressure vortex thereby causing a dry spell over East Africa. In addition, the
presence of the cyclone in the southwest Indian Ocean increases the pressure gradients between
the south Atlantic and eastern Africa causing moist westerlies (the Congo air mass) to converge
into some parts of East Africa (Owiti, 2005)
2.1.8 Indian Ocean Dipole (IOD) mode
The Indian Ocean Dipole (IOD) mode is a coupled Ocean-atmosphere phenomenon in the Indian
Ocean. It is normally characterized by anomalous cooling of SST in the south eastern equatorial
Indian Ocean and anomalous warming of SST in the western equatorial Indian Ocean. As a result
of these changes, the normal convection situated over the eastern Indian Ocean warm pool shifts
to the west (positive mode) and brings heavy rainfall over the east African region and severe
droughts/forest fires over the Indonesian region. It is important to note that IOD has two phases,
i.e., the positive and negative phases (dipole modes) as illustrated in Fig.4.The arrows indicate
the direction of wind flow in each phase.
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Fig.4: Positive and negative phases of IOD. Adopted from the Climate Variations Research

Program (CVRP) of Frontier Research Center for Global Change (FRCGC).
The IOD is quantified by an index, defined by Saji et al. (1999) as the SST difference between
the tropical western Indian Ocean (500E-700E, 100S-100N) and the tropical southeastern Indian
Ocean (900E-1100E, 100S- equator) as shown in Figure 5. The index is referred to as the dipole
mode index (DMI). It has been found to be among the factors that influence the rainfall
variability over the region. A number of recent studies have revealed that IOD is associated with
the east African rainfall, and the association is stronger during the „short rain‟ season as oppose
to the „long rains‟ (Mutai et al., (2004) and Owiti, (2005)). The results similarly show that the
observed winds and sea surface temperature anomalies during the negative/positive IOD events
support the suppressed/enhanced transport of moisture into the East African region. More
information on IOD can be obtained from other authors, such as Yu et al. 1999; Behera et al.,
2003; Reason et al., 1996a; 1996b; 2000; Webster et al., 1999; Saji et al., 1999; Yamagata et al.,
2002; 2003; Schott and McCreary, 2001.
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Fig. 5: Map showing the location of the IOD sub-regions over the Indian Ocean.
The seasonal evolution of IOD events may be depicted from the annual cycle of the dipole index.
Figure 6 displays the annual cycle for some events of IOD (a) positive and (b) negative dipole
phases. From the Figure, strong seasonal cycle is quite evident. In general, significant anomalies
begin to appear around April, reaching the maximum peak around October/November. Most of
the cycles don‟t extend beyond one year except for 1954/55. Similar patterns are evident for the
negative phases.
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Fig.6: (a) Mean monthly patterns for IOD indices using three positive IOD event years, namely
1961, 1972, and 1997 (b) Mean monthly patterns for IOD indices using three negative IOD event
years, namely 1960, 1974 and 1996 (Adopted from Owiti et. al., 2008).
Behera et al., (2005) investigated the variability of the short (SON) rains of east Africa using 41-years
data from observation and 200 years data from coupled general circulation model, known as the scale
interaction Experiment-Frontier Research Center for Global Change, version 1 (SINTEX-F1).The
analysis of the observed data and model results revealed that the influence of Indian Ocean Dipole (IOD)
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on short rains is overwhelming as compared to that of EL-Nino-southern oscillation (ENSO), among
other findings.

2.1.9 The Easterly and Westerly waves
The easterly waves are westward moving disturbances in the basic easterly current on the
equatorward side of the subtropical high-pressure belts. These systems are associated with
rainfall anomalies during some periods. Fremming, (1970) and Krishnamurti, (1971; 1979) have
discussed characteristics of mid-level easterly waves, which form over the Indian Ocean and
propagate westward. There are occasional occurrences of unstable westerly currents observed at
low and middle levels of the atmosphere (Kiangi and Temu, 1984). During July - August the
westerly waves mostly affect Uganda and western Kenya (Davies et al., 1985), while in January
through March it affects mainly central and southern Tanzania (Nakamura, 1968). The source of
moisture of these westerly waves is the Atlantic Ocean and the Congo basin. An association
between the easterly waves and the tropical cyclones in influencing weather over the Indian
Ocean has also been noted.
2.1.10 Mesoscale systems
The numerous physical features within Uganda induce some mesoscale circulation with a
remarkably strong diurnal cycle over the country. The heat contrasts between land and water
usually initiate local circulations such as land and sea breeze, which is commonly observed over
Lake Victoria, which has its own vigorous circulation (Ogallo, 1988). The Lake Victoria
influence is due to its large body of water, the temperature contrasts between the lake and land
during the day and night result in a lake breeze being advected towards the land during the day
and a land breeze towards the lake during the night. In general, this land - sea breeze process
results in the lake basin region getting some rains almost throughout the year. The rainfall is
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however highly enhanced during the main rainy seasons due to the passage of the ITCZ over the
region.
2.2 Previous related studies
Tan et al., (2003) investigated the summertime floods/droughts events over North China, where
a set of new regional flood/drought indices and a scheme of grading their severity were used. In
the study, the single Z index was used to grade the severity in each of the stations, while the
severity of the whole region was assessed basing on the regional indices. Monthly precipitation
data from 160 stations for the period 1951-2000 was investigated. Results showed that there
were 7 heavy droughts and 6 heavy floods in the period investigated over Northern China. The
atmospheric circulation characteristics associated with the heavy droughts/floods were similarly
assessed.
Wu and Kinter III (2008) analyzed the relationship of U.S. drought with SST and soil moisture,
distinguishing the time scale of droughts, based on the standardized precipitation index. The
results showed that the roles of remote SST forcing and local soil moisture differ significantly
for long term and short term droughts in the U.S Great Plains and the southwest. In which case
the simultaneous remote SST forcing plays an important role with an additional contribution
from the soil moisture on the short-term droughts (at most 3 months), whereas for medium and
long-term droughts (at least 6 months), both simultaneous and antecedent SST forcing contribute
to droughts, and the soil moisture is important for the persistence of droughts through a positive
feedback to precipitation. The antecedent remote SST forcing contributes to droughts through
soil moisture and evaporation changes.
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Wells et al.,(2004) on the other hand presented and evaluated a self-calibrating Palmer Drought
Severity Index (SC-PDSI), which automatically calibrates the behavior of the index at any
location

by replacing the empirical constants in the index computation with dynamically

calculating values, unlike the old Palmer Drought Severity Index (PDSI).Results from the
evaluation showed that SC-PDSI is more spatially comparable than PDSI, and reports extreme
wet and dry conditions with frequencies that would be expected for rare conditions.

The variation of drought over Northern China during 1950-2000 was studied by Wang et
al.,(2000). In the study, precipitation data of 629 stations was used to calculate the Z indices,
separating them into seven dryness and wetness grades. A drought area index was similarly
proposed to study the changes in the drought severity in northern China. Results revealed that the
drought severity showed expanding trend in northern China‟s main agricultural area.

The circulation mechanisms of the anomalies in the boreal autumn „short rains‟ season in the
subsequent three years, building on an earlier report on the 2005 drought in equatorial East
Africa was examined. Westerlies during this season are the surface manifestation of a powerful
zonal-vertical circulation cell along the Indian Ocean equator. Results showed that the surface
equatorial westerlies were fast during the 2005 and 2008 droughts, near average during the nearaverage 2007 short rains, and slack during 2006 floods, consistent with the known circulation
diagnostics (Hastenrath et al., 2009).
Ntale and Gan (2003) studied the drought indices and their application to east Africa. In the
study the properties of three drought indices were analyzed. The Palmer drought severity index
(PDSI), the Bhalme-Mooley index (BMI) and the standardized precipitation index (SPI).

20

Modifications were made of the original PDSI‟s recursive formula, potential runoff, and Z index
which produced more realistic results for East Africa than the original PDSI (designed USA).
The SPI was improved by first using the plotting position formula designed for the Pearson type
III (P3) distribution to transform the smoothed precipitation data into non-exceedence
probabilities, which were then transformed into standard P3 variates by the regional flood index
method. The modified SPI depicted the East Africa‟s drought conditions more accurately than
the original SPI. Using the three indices and East Africa as a case example, eight assessment
criteria were identified to determine the most appropriate index for detecting drought events on
regional basis. BMI produced results that are highly correlated to those of the modified PDSI,
which suggested that precipitation alone could explain most of the variability of East African
droughts, furthermore, among the three indices, SPI is more appropriate for monitoring East
African droughts because it is more easily adapted to the local climate, has modest data
requirements, can be computed at almost any time scale, provides relatively consistent power
spectra spatially, has no theoretical upper or lower bounds and is easy to interpret.

Yves et al.,(2001) investigated the 20th century droughts in South Africa ; spatial and temporal
variability, teleconnections with oceanic and atmospheric conditions, focusing on the period
1950-1988 and on late summer season (January to March). A principal component analysis on
southern African rainfall highlighted modifications of the rainfall variability magnitude. The
period 1970-1988 had more variable rainfall, and more widespread and intense droughts than the
1950-1969 period. In order to investigate the potential modifications of the associated oceanatmosphere teleconnection patterns, a composite analysis was performed on the sea-surface
temperature and the National Center for Environmental protection (NCEP) atmospheric
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parameters, according to the 5 driest years of both sub-periods. Results showed that there were
significant changes in the ocean-atmosphere anomaly patterns coincident with droughts for both
sub-periods, among others.
2.3 Air-sea interaction
Zheng et al.,(1980) studied the local Air-Sea interaction over the tropical western Pacific warm
pool on the interannual timescale, basing on the air-sea interface heat fluxes and related
meteorological variables datasets released by objectively Analyzed Air-Sea Fluxes (OAFlux)
Project of Woods Hole Oceanographic Institution, as well as the outgoing longwave radiation
and surface wind datasets from National Oceanic and Atmospheric Administration (NOAA), the
processes of local air-sea interaction over the western Pacific warm pool, referring to the region
(1o~6oN,144o~154oE) on the interannual timescale are revealed and the remote forcing which
probably impact on the air-sea interaction were examined. Results showed the dominance of
Oceanic forcing in March and that of atmospheric forcing in June. The interannual variability of
the sea surface temperature anomaly is larger than the anomalous sea surface temperature
tendency in the case that Oceanic forcing is dominant and the opposite is true when the
atmospheric forcing is dominant. Results further revealed that the magnitude of the Oceanic
forcing of the atmosphere tends to decrease in March for the occurrence of El Nino, however
ENSO has little influence on the atmospheric feedback to the Ocean in June. The local air-sea
interaction is substantially the same before and after the removal of the Indian Ocean Dipole
(IOD), among other findings.
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CHAPTER THREE
3.0 DATA AND METHODOLOGY
This chapter provides the datasets and the methods used in the analyses to meet the study
objectives.
3.1 Data used in the study
The datasets which were used in this study include; Southern oscillation index (SOI), Indian
Ocean Dipole (IOD) indices, Sea surface temperature (SST), Wind (Zonal and Meridional),
Outgoing longwave radiation (OLR), Velocity potential, specific humidity, pressure and the
daily Rainfall observed at each station. The period of study was from 1962-2007, inclusive. The
choice of the study period was based on the availability of rainfall data over most stations. The
sources and nature of these datasets are presented in the next sub-sections.
3.1.1 Indian Ocean Dipole data
The Indian Ocean Dipole (IOD) is quantified by an index (DMI) which is obtained from the
difference between SST anomalies observed between the grid boxes (500 E - 700 E, 100 S - 100
N) and (900 E - 1100E, 100S - 0o) as defined by Saji et al., (1999). The IOD data used in the
study covered the period from 1962-2007.
3.1.2 Southern Oscillation Index data
One of the major indices for measuring El Niño Southern Oscillation (ENSO) is the southern
Oscillation Index (SOI). It is normally referred to as the normalized mean sea level pressure
difference between the Eastern and Western Pacific Ocean. At the National Center for
Environmental Prediction/Climate Prediction Center (NCEP/CPC), the Eastern Pacific surface
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pressure observation station used in the calculation of SOI is Tahiti (French Polynesia) and the
Western Pacific station is Darwin (Australia). The standardized values of SOI time-series used in
this study extended from 1962-2007.
3.1.3 Rainfall data
The daily rainfall data used in the study were obtained from the Uganda Meteorological
Department, Ministry of Water and Environment. The data were for 12 selected stations and
covered the period 1962-2007, inclusive. The average seasonal rainfall values for SON season
were computed from the daily observation data.
3.1.4 NCEP/NCAR Reanalysis data
The NCEP/NCAR project is a joint project between the National Centre for Environmental
Prediction (NCEP) and the National Centre for Atmospheric Research (NCAR) Kalnay et
al.,(1996). The joint effort has produced atmospheric re-analyses using historical data from 1948
onwards. This effort involves the recovery of land surface, ship, rawinsonde, aircraft, satellite,
and other data sources. Quality control and assimilating this data is the responsibility of
NCEP/NCAR. These data are gridded to a horizontal resolution of 2.50 X 2.50. The
NCEP/NCAR reanalysis data used include the zonal and meridional wind components, specific
humidity, and velocity potential.
3.1.5 Outgoing Longwave Radiation
The global Outgoing Longwave radiation (OLR) data used in the study was obtained from the
Climate prediction Centre (CPC), which archives the Global OLR from 1974 onwards with a
resolution of 2.5o by 2.5o. For the case study, the box [50-55E and -2.5oN to 2.5oS] was
considered and OLR and SST data were similarly extracted for further analysis.
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3.1.6 The global sea surface temperature data
The global sea surface temperature (SST) data used in the study is the Extended Reconstructed
Sea Surface Temperature (ERSST) version3b from the National Oceanic and Atmospheric
Administration/National Climatic Data Center (NOAA/NCDC) (Smith et al., 2008).
3.2 Methods used in the study
3.2.1 Classification/Grading of drought/flood events
Drought index is commonly used in different countries to disclose their drought events and
situations. Many indices and methods for drought and flood assessment have been developed
over the past years. For example, Palmer drought index (1965) which is a multifactor objective
method is broadly used in the United States, Standardized precipitation index (SPI) is widely
used in Canada, and the Z index developed by Chinese National Climate Center for Drought and
Flood monitoring over China. It was adopted in China Climatic Drought and Flood Journal (Ju et
al., 1998; Wang et al., 2003). A set of new regional flood/drought indices and a scheme for
grading their severity as proposed by Tan et al., (2003) was adopted in this study and are
described as follows.
The severity of the drought/flood events of each station of the study area was graded using single
Z index.
1/3
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Where ci and i are the skewness coefficient and normalized variables, respectively. They have
the following definitions.
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The climatic mean x and standard variance  are determined from the expressions;
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Where xi denotes unprocessed variable.

On the other hand, the wet/dry severity of the whole division/area of study was assessed in the
context of the regional indices, given by;
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The expressions (3.4) give the flood index, I F and the drought index, I D , where pi denotes the
probability of grade i , p4 is the same as pi but for grade 4, ni is the total station number of
grade i , n4 is the same as ni but for grade 4 with negative anomaly, n4 is similarly for grade 4
but for the normal grade with positive anomaly.
The contribution of a single station to the flood/drought severity of the whole area under study is
in direct proportion to its statistical probability, so the individual/single stations with smaller
statistical probability have a great contribution to the regional disasters. This is the basis on
which the new indices are established.
From the expressions (3.4), it is clear that the indices not only stand out the different influences
of varied grades but also recognize the effects of the normal grade on the severity. They are able
to identify both the intensity and the extent of the hit area objectively (Tan et al., 2003).
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The different grades and the corresponding standards are shown in table 1.They are; extreme
flood/drought, severe flood/drought, mild flood/drought and normal grade.

Table.1: Standards for grading flood/drought using single Z index and the regional index.

3.2.2 Composite analysis
It is noted that the simple correlation coefficient (r) cannot identify linkages that are not linear.
They are also weak in identifying linkages that are not temporally symmetrical, for example,
when there are high relationships between the variables during droughts but no linkages during
floods; or high linkages with maximum Sea Surface temperatures (SST) values but no linkages
with minimum SST values.
One simple method that can be used to investigate such linkages is the use of composites. The
composite analysis involves identifying and averaging one or more categories of fields of a
variable selected according to their association with key conditions (Folland, 1983). It involves
summarizing a meteorological element, where the composite is the mean of the elements
averaged over a number of cases sampled out according to a certain similarity. Composites are
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useful for indicating pronounced and common features and patterns in variables and also reduce
the total number of maps and figures associated with each case study. Results of the composites
are then used to generate hypotheses for patterns which may be associated with the individual
scenarios (Folland, 1983). A number of authors, including Okoola (1999) and Ininda (1995) have
used composite methods in their analyses.
In this study composite analysis was used, where the composites for wet and dry years were
separately done. Different variables such as, zonal and meridional winds, velocity potential, sea
surface temperature (SST), outgoing long wave radiation (OLR) and divergence were analyzed
separately for wet and for dry years. This was mainly to detect the circulation anomalies of
wet/dry events and to investigate the sea surface temperature anomalies and OLR during wet/dry
events.
3.2.3 Student’s t-test (Difference of means)
In general, student‟s t-test deals with the problems associated with inference between two
samples. The calculated mean and standard deviation may deviate from the "actual" mean and
standard deviation only by chance. For example, it is likely that the true mean of the observed
precipitation in station A is "close" to the mean calculated from a sample of N randomly
collected rainfall observations at a particular station. The null hypothesis for all tests is that „the
selected composite means (for certain conditions – i.e. based on climatic events and circulation
types) are not significantly different from the long-term means (of the entire data)‟. The null
hypothesis will be rejected if P (probability that the mean difference is a result of chance) is
"small" (Dambul, 2005).
The expression for the t-test is:
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Where X 1 and X 2 are the means of samples 1 and 2, n1 and n2 are the corresponding sample
sizes of samples 1 and 2, S1 and S2 are the standard deviations of samples 1 and 2, respectively.
(Beri, 2005)
In this study, the mean SON seasonal anomalies were computed for both cases of wet and dry
events and the difference between the mean anomalies (wet and dry) were then tested for
significance at 95% confidence level. It is also important to note that the two-tailed t-test is used
as no assumption is made about the nature of any bias.
3.2.4 Standardized anomaly indices
Rainfall amounts vary significantly from one location to another. It is therefore critical to
standardize rainfall values at different locations before any comparisons can be made between
them. A number of methods have been used to standardize time series observations. The two
commonly used parameters in normalizing time series observations are the mean and the
variance.
Various indices have been used to assess the intensity of rainfall anomaly in East Africa, such as
the standardized rainfall anomaly index, the decile index, weighted rainfall anomaly index and
many others. In this study, the standardized rainfall anomaly was adopted, where the
standardized anomaly, z, was computed from:

z

X X
Sd
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(3.6)

Where X is the observed data, X is the mean and Sd the standard deviation.
The value of Z provides immediate information about the significance of a particular deviation
from the mean (Owiti, 2005; Kabanda, 1999)
3.2.5 Correlation analysis
3.2.5.1 Simple correlation
Correlation analysis reveals simple relationship between pairs of variables. In this study,
correlation analysis is aimed at establishing whether there are some significant relationships
between OLR variations and SST and between OLR and SST tendency, which in turn helps in
explaining the Air-Sea interaction, especially concerning the Oceanic forcing on the atmosphere
and the atmospheric forcing on the Ocean (Zheng
, et al, 1980).The simple correlation (rxy) between variables X and Y may be expressed as:
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The simple correlation has two important properties. First, it is bounded by -1 and 1, i.e., -1  r

 1. When the value of rxy is +1 or –1, it indicates a perfect positive or negative correlation
between the given pairs of variables, respectively. The square of the correlation coefficient, r2xy,
represents the portion of the variability of one of the two variables that is linearly accounted for
or explained by the other. The calculated correlation coefficients were tested for statistical
significance using the t-test summarized defined by:
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The calculated values of t were then compared with those of the theoretical t-distribution with N2 degrees of freedom. If the calculated value of t  the theoretical value, then the correlation is
significant. A significant correlation in two or more variables indicates the predictive potential
(Wilks, 2006).
3.2.5.2 Partial correlation
Partial correlation is a method used to describe the relationship between two variables while
removing the effect or influence of another variable, or several other variables from the
relationship. Many researchers have used partial correlation in the region of East Africa and in
other parts of the world, such as Cohen and Cohen (1983), Saji (2003) and Swadhin,et.al (2005)
Partial correlation is adopted in this study to investigate the air-sea interaction. The partial
correlation between OLR and SST and between OLR and SST tendency were computed,
removing the effect of ENSO and IOD. Partial correlation is calculated using the formula:
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Where rY 1 is the simple correlation of the dependent variable Y and the causative variable
X1(say OLR).Similarly, rY 2 is the simple correlation between Y and X2 (say DMI), and r12 is that
between X1 and X2. pr1 is the correlation between Y from which X2 has been partialled and X1
from which X2 has also been partialled. The local significance of the results is estimated based on
a 2-tailed student‟s t-test (Cohen and Cohen, 1983, Saji, 2003).
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CHAPTER 4
4.0 RESULTS AND DISCUSSION
In this chapter the results which were obtained from the various methods that were used to
address the objectives of the present study are presented and discussed in their respective
sections. The methods in the study are discussed in chapter three.
4.1 Some statistical characteristics of SON rainfall
The stations used in the study and their locations are shown in Fig.7 (a), in which Bushenyi and
Mbarara stations are represented by Bush and Mbar, respectively. Correlation coefficients
between individual stations and the areal average SON rainfall (SON index) for the period 19622007 are significant. Gulu has the highest correlation coefficient of 0.7 followed by Lira,
Masindi and Tororo, each having correlation coefficient of 0.6.

Fig.7: (a) Distribution of the rainfall stations used in the study (b) Average SON seasonal rainfall
climatology (Contours are at 5 mm interval).

The rest of the stations had correlation coefficients of between 0.4 and 0.5. Stations with the least
correlation coefficients were Arua and Kasese. In general, the distribution of SON rainfall over
32

the region is relatively uniform. Fig. 7(b) displays the average SON seasonal rainfall over the
study area. From the Figure, it is evident that the north and northwestern regions such as Arua,
Gulu, Masindi and Lira, tend to receive more SON rainfall compared to other regions of the
country.

Fig.8: SON seasonal rainfall percentage anomaly.
The SON rainfall anomaly percentages over the area of study are shown in Fig.8. It is clear from
the Figure (and Table 3) that there was a higher frequency of dry events compared to wet events
between 1962 -1993, with 7 wet events in the years 1962, 1967, 1972,1973,1977,1983 and 1988,
and 11 dry events in the years 1966, 1970,1974,1976,1979, 1980, 1981, 1984,1985,1989,1993.
However wet events dominated after 1993, with 5 cases of wet events in the years
1997,1999,2000,2001 and 2006 as oppose to only 1 dry event in the year 2003.
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4.2 Diagnosis of wet/dry events
Table 2 provides the probability of flood/drought grading and the number of years under each
category for the stations considered in this study, based on the Z index. A summary of the
occurrences of the grades are shown in Fig.9.
Table 2: Number of years and the corresponding Probability for Grading Flood/Drought
Extreme Severe Mild
Fld
Fld
Fld
Station
Aru
2
5
9
Bus
2
4
8
Ent
3
4
5
Gul
2
5
6
Kas
3
4
8
Kit
2
3
8
Mas
3
5
6
Mba
4
4
3
Lir
2
7
8
Nam
2
3
10
Sor
2
4
10
Tor
1
7
8
Total
28
55
89
Real prob
5.1%
10%
16%

Mild
Normal Drt
16
6
20
6
24
3
20
7
21
3
21
6
17
7
25
6
14
8
17
8
16
6
17
6
228
72
41.3% 13%

Severe Extreme
Drt
Drt
6
2
2
4
4
3
3
3
5
2
3
3
7
1
1
3
5
2
4
2
6
2
5
2
51
29
9.2%
5.3%

The following abbreviations were used to represent the different stations. Aru: Arua, Bush:
Bushenyi, Ent: Entebbe, Gul:Gulu, Kas: Kasese, Kit: Kitgum, Mas: Masindi, Mba: Mbarara, Lir:
Lira, Namu: Namulonge, Sor: Soroti, and Tor: Tororo. Drt ,Fld and prob represent drought,
flood and probability respectively.
Table 2 gives the result of grading/classifying the severity of drought/flood events for
individual stations, basing on the standards displayed in Table 1. The results (Table 2) show that
the calculated single station flood/drought frequency distribution is approximately equal to the
theoretical values in Table 1, where for example, the normal grade accounted for 41.3%, slightly
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higher than the theoretical counterpart of 40%, and extreme flood (drought) accounted for 5.2
(5.3)% which are similar to the theoretical value of 5%.
Fig.9 shows the approximate percentage of occurrence of events in the different grades, in which
case; Fld: flood and Drt: drought. These results indicate that wet events were more frequent as
oppose to dry events. The normal grade however took the highest proportion, implying that there
were more normal events of SON rainfall during the study period 1962-2007 compared to
flood/drought incidences. The results for the regional flood/drought years identified out of the 46
years of SON rainfall analyzed are shown in Table 3. From the table, it is visible that the real
probability is similar to that of the single theoretical one of each grade. Extreme droughts were
experienced in 1976 and 1979 and severe droughts in 1974, 1984, 1985 and 1993, whereas
extreme floods were in 1967 and 2001 with severe floods in 1972, 1977, 1999 and 2000, among
others. It is similarly visible that before the year 1993 (inclusive), there were more events of
drought as compared to floods, with 11 and 7 incidences, respectively. However, flood events
dominated thereafter with 5 cases as oppose to only one case of drought.

Fig. 9: The approximate percentage of occurrence of events per grade
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Table 3: SON flood/drought years in the period 1962-2007

Grades
1.Extreme Fld

IF-ID
 10

Flood/Drought years

Tot.

1967,2001

2

Real
probability
4.3%

2.Severe Fld

[6.67,10)

1972,1977,1999,2000

4

8.7%

3.Mild Fld

(2.5,6.67)

1962,1973,1983,1988,1997,2006

6

13%

4.Normal

[-2.5,2.5]

1963,1964,1965,1968,1969,1971,

22

48%

1966,1970,1980,1981,1989,2003

6

13%

1974,1984,1985,1993

4

8.7%

1976,1979

2

4.3%

1975,1978,1982,1986,1987,1990,
1991,1992,1994,1995,1996,1998,
2002,2004,2005,2007

5.Mild Drt
6.Severe Drt
7.Extreme Drt

(-6.67,-2.5)
(-10,-6.67]
 10

The result (Table 3, where Drt, Fld, and Tot. represent drought, flood and total respectively)
suggests that the index used in this study is advisable not only because it captures the observed
flood/drought events but also because of the numerous advantages associated with it. According
to Tan et al., (2003), the index has the following advantages; (a) It is easy to compute (b) It has a
large sensitivity in that the indices not only stand out the different influences of varied grades but
also recognize the effect of the normal grade on the regional severity (c) The numerically
determined criteria values are associated with the theoretical probability of the single stations,
and so, the indices have less limitation to terrain.

36

Fig.10: The regional index of Flood/drought.
Fig.10 displays the regional index graph. It reveals that before 1980, there was an increasing
trend of drought cases as oppose to the years after 1980, where the drought cases showed a
decreasing trend, with an increasing tendency of floods.
4.3 Spatial Rainfall Distribution of Floods/Droughts

Fig.11: Composite rainfall percentage anomalies (a) drought (b) flood
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Fig.11 displays the composite rainfall percentage anomalies of drought years (a) and flood years
(b) over Uganda. The shaded areas are the significant regions as a result of statistical t-test over
95% level of confidence.
The rainfall percentage anomaly distribution of heavy flood/drought years shown in Fig.11 had 6
years of heavy drought as; 1974,1976,1979,1984,1985 and 1993 and 6 flood years which include;
1967,1972,1977,1999,2000 and 2001, used in the composite analysis. Results suggest that the
anomaly rainfall intensity in the floods is stronger than that in the droughts for having larger
absolute values. However, the scope exceeding the 0.05 confidence in the droughts is much
wider (Fig.11 (a)) than that in the floods. More so, the rainfall anomaly over most parts of
Uganda is generally positive, except for Kasese area (southwestern) which is positive during
floods, Fig.11 (b), and negative in droughts years.
Fig.11 (a) shows that SON drought events are more pronounced in the northern part of Uganda
as opposed to the rest of the country. On the other hand, Fig.11 (b) reveals that the regions which
have high flood incidences include; Lake Victoria basin, extending to the eastern parts of
Uganda and the regions close to Lake Kyoga, stretching northward. This concurs with the recent
events of floods, especially in Lango and eastern regions of Uganda (Farah, 2001; Gruntfest and
Handmer, 2001). This results show that the set of indices used and the respective standards for
gauging the severity of flood/drought are reasonable to an acceptable degree.
4.4 Circulation anomaly patterns associated with wet/dry events of SON
4.4.1 Wind anomaly patterns
The composite wind anomaly vectors for the wet years, dry years and the difference between the
dry and wet years are shown in Fig.12, where the anomalous high (H) and low (C) centers can be
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identified. In the dry years (Fig.12 (a) and (b), at 850 (200) hpa, the equatorial east African coast
experienced northeasterly (westerly) winds, whereas the wet years (Fig.12 (c) and (d), the region
had a relatively southwesterly (easterly) winds. The difference between mean anomalies of dry
years and wet years was computed in order to show the contrast between the two mean
anomalies.
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Fig.12: Composite wind anomaly vectors for ; dry years at (a) 850 hpa (b) 200 hpa; wet years at
(c) 850 hpa (d) 200 hpa; difference between dry and wet years at (e) 850 hpa (f) 200 hpa. Shaded
are significant areas under statistical test over 0.05 levels. The dashed lines indicate the anomaly
convergence zones associated with ITCZ.
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Fig.12 (e) and (f) display the spatial scale of the anomaly wind fields at 850 and 200 hpa,
respectively. Strong north easterly winds were dominant over the coast of east Africa at 850 hpa,
Fig.12 (e). The equatorial east African coast was dominated by westerly wind, especially at 200
hpa, Fig.12 (f). It was generally noted that the wet years were associated with anomaly
convergence over the study area whereas in the dry years, the anomaly convergence zone was
located far to the south (away from the study area).
In order to have a close view of the circulation anomaly patterns associated with wet and dry
events, we consider wind anomaly vectors during a dry year (1984) and a wet year (1977), Fig.13
(a)-(d).
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Fig.13: SON seasonal wind anomaly vectors; for the dry year (1984) at (a) 850 hpa (b) 200 hpa ;
for the wet year (1977) at (c) 850 hpa and (d) 200 hpa (The unit of wind: m s-1). The dashed lines
indicate the anomaly convergence zones associated with ITCZ.
Fig.13 (a) and (b) display the wind anomaly vectors during the dry year (1984) at 850 hpa and
200 hpa respectively. High circulation centers (H) and low centers (C) can be identified. The
East African coast was characterized by northerly flow, especially around point P, Fig.13 (a),
which in general does not favor rainfall in the east African region. The wind anomaly patterns
associated with the wet year at 850hpa and 200hpa (Fig.13(c) and (d)) similarly show significant
high circulation centers (H) and low centers (C) over a number of regions. The easterly anomaly
winds entering the coast of East Africa (Fig.13 (a)) near point P and the westerly flow observed
between equator, 10oS and 20oE, 30oE tend to favor rainfall in the region. The anomaly
convergence zone had similar characteristics with that of the composites, for both wet and dry
years.
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4.4.2 Velocity potential/Divergent wind anomaly patterns

Fig.14: Composite average anomaly of velocity potential (x106m2s-1)/ divergence (convergence) for

wet years at (a) 850 hpa (b) 200 hpa ; for dry years (c) at 850 hpa (d) at 200 hpa; for the
difference between the dry and wet years (e) at 850 hpa and (f) at 200 hpa (contour is velocity
potential and vector is the divergence/ convergence).
The anomaly fields of velocity potential/divergence (convergence) associated with the composite
wet and dry years are shown in Fig.14 (a)-(d). Fig.14 (a) reveals that the wet years were
characterized by convergence at the lower level, especially over the western Indian Ocean and
the study area. This was accompanied by rising/upward motion, which is associated with
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precipitation in the region of study. At 200 hpa, Fig.14 (b) and over the same region, there was
divergence in association with the lower level convergence. On the other hand, there was a
noticeable divergence at 850 hpa over the eastern parts of Indian Ocean, between 90 oE, 150oE
and 30oN, 30oS which was also associated with the upper level convergence in Fig.14 (b).
A similar observation was visible over the equatorial Atlantic Ocean, with convergence at the
upper level and divergence at the lower level. It is important to note that the shaded areas show
regions of strong convergence/divergence. On the other hand, the average anomaly fields of
velocity potential/divergence for the dry years Fig.14 (c) and (d) show results which are opposite
to the wet counterpart, for example at 850 (200)hpa, there was divergence (convergence) over
the western Indian Ocean and over the equatorial Pacific Ocean. These were associated with
subsidence/sinking motion which did not favor rainfall over the region of study.
The contrast between the dry and wet events was shown by computing the difference between
the velocity potential/divergence anomalies of the dry and wet years. The results are shown in
Fig.14 (e) and (f) at 850 hpa and 200 hpa, respectively. The anomaly fields of velocity
potential/divergence at 850 hpa (200 hpa) shows divergence (convergence) over the western
Indian Ocean, in the region between 30oE, 90oE and 30oN, 30oS and convergence (divergence)
over the region between 90oW, 30oW and 20oN, 30oS, among others.
Two years were considered for further investigation, one wet year (1977) and a dry year (1984)
(severe drought (1984) and severe flood (1977), Table 3) in order to depict the sinking/rising
motion associated with the anomalous patterns of velocity potential/divergence (convergence)
during a wet and a dry year. Fig.15 (a) reveals that in the dry year, the anomaly pattern was
characterized by divergence over the western Indian Ocean, including the study area and the
equatorial Pacific Ocean (at 850 hpa), whereas at 200hpa, Fig.15(b), the regions experienced
convergence. In the wet year, Fig.15(c), at 850 hpa, there was convergence, especially over the
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western Indian Ocean and the equatorial Pacific Ocean, with divergence over the eastern Indian
Ocean, among others. The convergence at low level was associated with divergence at 200hpa
(Fig.15.(d)). This is associated with convective activities which generally favor precipitation in
the region. Convergence at low level gives rise to vertical stretching, whereas divergence results
in vertical shrinking, which suppresses convection due to subsidence (Barry and Chorley, 2003)

Fig.15: Velocity potential/divergence (convergence) anomaly patterns; for dry year 1984 (a) at
850 hpa (b) at 200 hpa; for wet year 1977 (c) at 850 hpa (d) at 200 hpa (Contour is velocity
potential (x106 m2s-1), vector displays divergence/convergence).
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4.4.3 Moisture divergence/convergence

Fig.16: The composite moisture divergence anomaly (x106 kg m-2s-1) for (a) dry years (b) wet
years (Shaded regions in (a) and (b) are positive) (c) the difference between dry and wet years
(shaded areas are significant at 0.05 level of confidence).
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Results show that the dry years, Fig.16 (a) were associated with moisture divergence over the
area of study, including the western Indian Ocean, whereas the wet years were characterized by
convergence over the region. The contrast between the dry and wet years was shown by
displaying the difference between the dry and wet years, Fig.16 (c). Significant regions of
convergence and divergence can be identified.
Further investigation of the dry year, 1984 (Fig.17 (a)) and wet year, 1977 (Fig.17(b)) showed
similar results with that of the composite years, where the region of study experienced moisture
divergence (convergence) during the dry (wet) year.

Fig.17: The moisture divergence anomaly for (a) dry year, 1984 (b) wet year, 1977 (Shaded
regions are positive)
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4.5 Sea surface temperature anomaly patterns associated with wet and dry events

Fig.18: Composite seasonal SST anomaly patterns. For dry years (a) SON (b) JJA (leading).For
wet years (c) SON (d) JJA (leading). (Shaded regions in (a)-(d) show positive anomaly. Contour
interval is 0.5oC).For the difference between dry and wet years (e) SON (f) JJA (leading).
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(Shaded areas in (e) and (f) are significant at 0.05 levels of confidence. Contour interval is
0.8oC).
The results in Fig.18 (a) and (b) display the composite seasonal SST anomaly patterns for the dry
years, for simultaneous (SON) and lead (JJA) seasons, respectively. The composite SST anomaly
in both cases was characterized by negative anomaly, especially over the key area of equatorial
western Indian Ocean and equatorial Pacific Ocean, among others. The wet years, Fig.18 (c) and
(d) on the other hand had positive anomaly of SST over the same region. The difference between
the composite SST anomaly for dry and wet years show results which reveal the significant
regions, including the western Indian Ocean (Key area for further analysis).
In order to have a closer view of the anomaly pattern of SST associated with wet and dry events,
one dry year (1984) and a wet year (1977) were considered and the anomaly patterns of SST
displayed over the Indian Ocean, Fig.19 (a) and (b).
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Fig.19: SST anomaly for (a) dry year, 1984 (b) wet year, 1977 (Shaded regions are positive).
Fig.19 displays results which are similar to the composite anomaly patterns (Fig.18), where the
sea surface temperature anomaly associated with the dry year, Fig.19 (a) was characterized by
negative anomaly values (cool water) over the western Indian Ocean and positive anomaly
(warm pool of water) over the eastern Indian Ocean. The wet year Fig.19 (b) on the other hand
had positive anomaly/warm pool of water over the western Indian Ocean and negative anomaly
over the eastern part. This results concur with the findings by Okoola (1998), that wet(dry)
events over equatorial east Africa (EEA) were associated with pools of warm(cool) water over
the western Indian Ocean and cool(warm) water over the eastern Atlantic Ocean, respectively.
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Mwale and Gan (2004) found out that it is possible to predict the East African SON rainfall
using sea surface temperatures from South Atlantic Ocean and from the Indian Ocean.
4.6 Air-Sea interaction
4.6.1 Simple correlation results
In order to understand the air-sea interaction, we investigate the relationship between Outgoing
longwave radiation and the sea surface temperature over the key area of the equatorial western
Indian Ocean (A case study area), within the box [50-55oE and -2.5oN-2.5oS]. We first display
the global correlation between the SON seasonal OLR and SST, Fig. 20.
The simultaneous correlation between the outgoing longwave radiation and the sea surface
temperature is displayed in Fig 20 (a), Fig. 20(b) only shows the regions in which OLR and SST
are significantly correlated. From the display, we observe that the two variables are negatively
correlated, especially over the equatorial western Indian Ocean and the equatorial Pacific Ocean
with the correlation coefficients of at least 0.4 and 0.6, respectively. It is in general noticeable
that the correlation is on average negative close to equator compared to regions far from equator.
This observation is in agreement with the findings by Panchawagh (2006), that the higher the sea
surface temperature, the more the convection, implying more rainfall, and indirectly more clouds
are formed. Clouds reduce the Outgoing longwave radiation and the higher and thicker the cloud
is, the more the reduction of OLR. Hence the regions over the Ocean with warm pool of water
are negatively correlated with OLR.
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Fig. 20: (a) Correlation between SON seasonal OLR and SST (b) Areas of significant correlation.
Furthermore, in order to understand the forcing between the Ocean and the atmosphere, basing
on the outgoing longwave radiation and the sea surface temperature, we investigate their
correlation trend, in which case we determine both the monthly correlation between OLR and
SST and also for OLR and SST tendency (the SST tendency is computed as; SSTten of current
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month = SST for the next month minus SST for the previous month). According Zheng et al.,
(1980), the warm pool of water over the Ocean causes evaporation of water vapor and moisture
convergence, which results in convection. The process takes about 1-2 weeks, so the negative
correlation between OLR and SST can be used to describe the atmosphere-Ocean effects. It is
worth noting that water has a higher heat capacity and thermal inertia, so the atmospheric
feedback to the Ocean takes 1-2 months to be reflected on the changes in the Ocean, lag is often
used to study the relevant feedback on the marine atmosphere. However, the SST tendency
(trend) can be used to capture this feedback. Fig.21 displays the correlation trends.

Fig.21: Monthly correlation trend of OLR and SST (Solid line) and OLR and SST tendency
(dashed line).
The monthly correlation between SST and OLR, and that between SST tendency and OLR for
the period 1979-2007 is shown in Fig.21. From the Figure, we see that in April and September,
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the atmospheric forcing on the Ocean is strongest, and in March and October the Ocean forcing
on the atmosphere is strongest, basing on the two rain seasons, MAM and SON. (Other
significant months for Ocean forcing on the atmosphere are November, December and January).
It is noticeable that the Ocean forcing on the atmosphere registered the highest positive value (in
May), one month after the strongest forcing of the atmosphere on the ocean. The atmospheric
forcing on the ocean is weak in the months of January, October and December, whereas the
forcing on the atmosphere due to the ocean is weak in the months of February, May and August.
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The mechanism of the Air-Ocean interaction based on SON season is shown in Figure 22.

Fig.22: Schematic diagram of the mechanisms of the Air-Sea/Ocean interaction over WIO with
respect to SON season. (A) Atmospheric forcing on the Ocean (B) Ocean forcing on the
Atmosphere.
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Fig.22 describes the mechanisms of the Air-Ocean interaction basing on the atmospheric forcing
on the Ocean and vice versa. Part „A‟ gives the atmospheric forcing on the Ocean, where there is
cool water (negative SSTA) over the WIO, high pressure, divergence in the lower troposphere
accompanied by sinking motion and convergence at the upper troposphere. This suppresses
rainfall during this period over the region. The atmospheric forcing on the Ocean then reaches its
strongest value in September, which in turn leads to the warming of the Ocean.
Part „B‟ on the other hand describes the resulting effect of Oceanic forcing on the atmosphere.
The warm water (positive SSTA) over the WIO leads to low pressure and convergence in the
lower troposphere, rising motion, and divergence in the upper troposphere, strong convective
activity which enhances rainfall in the region. It is worth noting that the forcing on the
atmosphere due to the Ocean reaches it maximum value in October.
4.6.2 Partial correlation results
In order to remove the influence of external forcing such ENSO and IOD on the air-sea
interaction from the correlation between the outgoing longwave radiation and the sea surface
temperature over the key area of study, partial correlation was applied. The results are displayed
in Table 4.
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Table.4: Correlation coefficients.
Corr(SST,OLR)
Month

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Raw data

-0.46
-0.03
-0.38
-0.20
0.06
-0.26
-0.23
-0.03
-0.21
-0.54
-0.43
-0.43

Corr(SSTten,OLR)
Remove SOI Remove DMI

-0.35
0.13
-0.43
-0.23
0.21
0.00
-0.28
0.00
-0.08
-0.44
-0.19
-0.21

-0.45
0.05
-0.61
-0.16
0.24
-0.16
-0.37
0.11
-0.02
-0.44
0.21
-0.20

Raw data

Remove SOI

Remove DMI

-0.09
0.10
0.18
0.42
0.29
0.04
0.18
0.31
0.34
-0.07
0.10
-0.30

0.06
0.16
0.03
0.51
0.02
-0.28
0.41
0.27
-0.01
-0.07
0.31
-0.62

0.21
0.05
0.06
0.36
0.24
0.06
0.40
0.47
0.43
-0.17
0.18
-0.22

Table 4 displays the correlation coefficients between the outgoing longwave radiation (OLR) and
sea surface temperature (SST), and that between outgoing longwave radiation and the sea surface
temperature tendency (figures in bold are significant over 95% confidence level). In the table,
„Raw‟ data refers to the correlation between SST/SST tendency and OLR, where the influence
due to other variables is not removed. The southern oscillation index and the dipole mode index
(Indian Ocean dipole) are here referred to as SOI and DMI, respectively. From the results, Table
4, we notice that the removal of the influence of ENSO and IOD have a fairly remarkable impact
on the correlation between OLR and SST, especially in November and December, where the
correlation coefficients are lowered and in March and July (for DMI), where the correlation
coefficients increased. This implies that the Ocean forcing on the atmosphere changes fairly
during some months when the influence of ENSO and IOD are distinctly removed. It therefore
reveals that both ENSO and IOD have some influence on the Ocean forcing of the atmosphere in
the air-sea interaction over the region.
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In the same way, considering the correlation between OLR and SST tendency, we notice that the
correlation coefficients were generally low, but when the influence of ENSO was removed, the
correlation coefficients substantially increased, especially in July and December. On the other
hand, when the influence of IOD was removed, there was a significant change in the correlation
coefficients in July, August and September, with a slight change in April. In general there was
little influence of SOI & DMI in October. This implies that both ENSO and IOD have some
influence on the atmospheric forcing of the Ocean over the region.
4.7 Influence of IOD and ENSO on SON rainfall

Fig.23: Relationship between SON rainfall index and the positive phase of IOD

The numbers used to represent time in years in Fig.23 are;
1:1963,2:1966,3:1967,4:1968,5:1972,6:1976,7:1977,8:1978,9:1979,10:1982,11:1983,12:1987,13
:1991,14:1993,15:1994,16:1997,17:1999.
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Fig.24: Percentage anomaly of SON rainfall index associated with the positive phase of IOD.
The shaded area is significant over 95% level of confidence.
Fig.23 displays the relationship between the positive phase of the Indian Ocean Dipole and the
SON rainfall index. It reveals a positive correlation with a coefficient of 0.6, implying that more
SON rainfall is received in the years of positive IOD phase. Fig.24 on the other hand shows the
spatial distribution of SON rainfall percentage anomaly over the country. It reveals that most of
the regions receive a substantial amount of rainfall, especially during the years with a positive
phase of the Indian Ocean Dipole. The regions with significant amounts of rainfall over 0.05
levels of significance are shaded.
The negative phase of the Indian Ocean Dipole (Fig.25) generally showed a weak negative
correlation with SON rainfall index over the country, with a correlation coefficient of -0.1. It
however showed that the higher the intensity of the negative phase of IOD, the lower the SON
rainfall amounts received over the country. The spatial distribution of the SON rainfall
percentage anomaly during years of negative IOD phase was found to be insignificant.
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Fig.25: Relationship between SON rainfall index and the negative phase of IOD
The numbers used to represent the IOD years in Fig.25 are;
1:1962,2:1964,3:1965,4:1969,5:1970,6:1971,7:1973,8:1974,9:1975,10:1980,11:1981,12:1984,13
:1985,14:1986,15:1988,16:1989,17:1990,18:1992,19:1995,20:1996,21:1998.
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Circulation patterns over Indian Ocean associated with IOD events
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Fig.26: Circulation anomalies over Indian Ocean associated with IOD events
(a) Shows SON climatology of SST and wind vectors (b) SON SST & wind anomaly
vectors (negative IOD phase, 1974) and (c) SON SST & wind anomaly vectors (positive
IOD phase, 1972). The winds are at 850hp.The dotted region is here referred to as
central equatorial Indian Ocean.

Figure 26 shows that the circulation patterns associated with IOD events is such that during the
positive event of IOD (Fig.26(c)), the normal westerly wind in the central equatorial Indian
Ocean (Fig.26 (a)) is reversed (becomes easterly) as oppose to the negative IOD event
(Fig.26(b)), where the normal westerly flow is enhanced towards the eastern sub-region of IOD
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Fig.27: Relationship between SON rainfall index and El Nino index
The numbers used to represent the El Nino years in Fig.27 are;
1:1963,2:1965,3:1969,4:1972,5:1976,6:1977,7:1982,8:1986,9:1987,10:1991,11:1994,12:1997,13:2002,14
:2004,15:2006.

The result, Fig.27 shows a positive correlation between El Nino events and SON rainfall over
Uganda, with correlation coefficient of 0.4. This therefore indicates that floods are likely to
occur with increasing intensity/strength of El Nino events.
On the other hand, La Nina events showed a negative correlation with SON rainfall over the
region, with a correlation coefficient of -0.4, Fig.28.This implies that drought events are likely to
occur in the region, with increasing intensity of La Nina events.
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Fig.28: Relationship between SON rainfall index and La Nina events
The numbers used to represent the La Nina years in Fig.28 are;
1:1962,2:1964,3:1970,4:1971,5:1973,6:1974,7:1975,8:1984,9:1988,10:1995,11:1998,12:1999,13:2000,14
:2007.

Fig.29 displays the spatial distribution of SON rainfall percentage anomaly over Uganda. It
shows the regions which are significantly affected by El Nino events (Fig.29 (a)), include areas
around Lake Victoria basin, stretching eastward. La Nina event on the other hand significantly
affects the northern and the southwestern regions of the country (Fig.29 (b)).
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Fig.29: Rainfall percentage anomaly for (a) El Nino years (b) La Nina years. Shaded areas are

significant over 95% level of confidence.
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4.7.1 Schematic diagram relating positive and negative IOD events with SON rainfall
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Fig. 30: Schematic diagram of the Positive and Negative phases of IOD, showing low level and
upper level (850 & 200 hpa) divergence/convergence over the western and eastern Indian Ocean
and the resulting rainfall (R.F) anomaly in each phase.(e.g 1972 and 1974 are the respective
positive and negative phases of IOD).
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It is important to note that the DMI attains its peak/maximum strength between September and
November in each phase of the IOD events (Fig.6).
The circulation patterns associated with IOD events is such that during the positive event of IOD
(Fig.26(c)), the normal westerly wind in the central equatorial Indian Ocean (Fig.26 (a)) is
reversed (becomes easterly) as oppose to the negative IOD event (Fig.26(b)), where the normal
westerly flow is enhanced towards the eastern sub-region of IOD. In general, the mechanism of
the variability of SON rainfall anomaly is associated with the variation in sea surface
temperature anomaly, which depends on the forcing of the atmosphere (strongest in September)
on the Ocean and that of the Ocean (strongest in October) on the atmosphere (Air-Sea interaction
over WIO).
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CHAPTER 5
5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Summary and Conclusion
This chapter provides a brief summary of the results that were drawn from the various analyses
carried out in this study. It similarly highlights the major conclusions that were obtained from the
various results.
The objective of this study was to investigate the flood/drought events of September-November
(SON) season over Uganda and the associated circulation anomalies. In the study, the SON
seasonal flood/drought events were investigated during the period 1962-2007 using monthly
rainfall data for 12 rainfall stations over the country. A set of regional flood/drought indices (Z
index) with a scheme of grading their severity was used to classify/grade the flood/drought
events into seven distinct categories, where anomalies in a number of atmospheric fields
associated with the wet/dry years were investigated to understand their prevailing patterns during
floods and droughts. The relationship between the outgoing longwave radiation and sea surface
temperature were similarly investigated in order to understand the air-sea interaction over the
key area of the equatorial western Indian Ocean (WIO) and the associated influence of ENSO
and IOD.
The drought/flood analysis results showed that the 6 heavy floods experienced in the study
period occurred in the years 1967,1972,1977,1999, 2000 and 2001, whereas 6 heavy drought
years were 1974 1976,1979,1984,1985 and 1993. The dry years were characterized by
divergence at low level and convergence at upper troposphere, especially over the equatorial
western Indian Ocean and the study area. The east African coast experienced northerly wind
anomaly which did not favor rainfall in the region of study. The wet years were associated with
convergence at 850 hpa and divergence at 200hpa, over a number of regions including the
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equatorial western Indian Ocean and the area of study, and the easterlies were dominant at the
coast of east Africa during this period. The anomaly convergence of wind (ITCZ) was over the
study area in the wet years as oppose to that in the dry years which was far away to the south of
the study area. The dry years were associated with cool sea surface temperature over the
equatorial western Indian Ocean and the equatorial Pacific Ocean and the wet years were
associated with a warm pool of water over the equatorial western Indian Ocean and the
equatorial Pacific region. Further analysis revealed that the wet (dry) years were characterized by
moisture convergence (divergence) over the study region, including the equatorial western Indian
Ocean, especially at the lower troposphere.

OLR and SST were found to be negatively

correlated and the Ocean forcing on the atmosphere was found to be strongest in the months of
October, for SON season and March, for MAM season. The forcing was however weak in the
months of February, May and August. On the other hand, the forcing on the Ocean due to the
atmosphere was found to be strongest in September, especially for the SON season and in April,
for MAM season. It was weak in January, October and December. Both ENSO and IOD were
found to have influence on the forcing on the atmosphere due to the Ocean and vice versa. The
positive phase of the IOD was found to be strongly positively correlated with the SON rainfall
over Uganda, whereas the negative IOD phase showed a weak negative correlation. The
circulation patterns associated with IOD events was such that during the positive event of IOD,
the normal westerly surface wind in the central equatorial Indian Ocean was reversed (became
easterly) as oppose to the negative IOD event, where the normal westerly flow was enhanced
towards the eastern IOD sub-region. Results further showed that El Nino events are positively
correlated with the SON rainfall as oppose to the La Nina events which have a negative
correlation with the SON rainfall over the region. The mechanism of the variability of SON
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rainfall anomaly is linked to the variation of sea surface temperature anomaly, which depends on
the forcing of the atmosphere on the Ocean (strongest in September) and that of the Ocean on the
atmosphere (strongest in October). In general, the SST anomaly depends on the air-sea
interaction as discussed in the case of western Indian Ocean.

The statistical analysis approaches used in the study provided insights into the SON rainfall
anomaly associations with the large scale systems. However, further work based on numerical
simulations is required to fully understand the physical mechanisms responsible for the observed
linkages, and also to assess the relative contribution of each individual system.

As part of the future work, the researcher intends to carry out more investigation on the linkages
between IOD and ENSO and to have a detailed analysis of the circulation anomalies/mechanisms
associated with the linkages at a reduced time scale, other than the seasonal time scale, as in the
current study.
5.2 Recommendations
This section presents recommendations mainly to the National Meteorological and
Hydrological Services, research scientists and policy makers as a whole.
The Department of Meteorology of Uganda has the responsibility for data collection, data
processing, data archiving, and data dissemination and exchange. The network of data stations
over the country is sparse with some stations having incomplete and short period data. It is
generally known that without proper observation station network, validation of high resolution
regional models may not be effectively done over the region. This therefore calls for serious and
urgent attention. The following are some of the recommendations to the different stake holders;
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o The operational network of observation stations needs to be improved in order to provide
high spatial resolution observations that can easily be used in verification of high
resolution dynamical model outputs over the region.
o There is a great need for data rescue program in order to compile long observational
climatology data bank for the region, as it is known that some data are available in the
region but have not been computerized. The availability of the data bank is an essential
tool for research scientists and helps to improve on the accuracy and reliability of
research results, among others.
o Extreme weather and climate events such as droughts and floods have always directly
affected the socio-economic activities over the country. It is therefore recommended that
the climate information issued by the Department of Meteorology be integrated into the
management, planning and decision making in the country, especially by the policy
makers in order to minimize the devastating impacts of these extreme events.
o The current study basically looked at SON droughts/floods over Uganda and the
associated circulation anomalies. More research is required in this area, especially for
MAM rainfall season, with an improved network of station data and detailed analysis of
the circulation anomalies, for better results.
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