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Dynamics of the East African climate
L A OGALLO
National Council of Science and Technology, P.O. Box 30623, Nairobi, Kenya
Abstract. Results of studies on regional climatic trends and the factors controlling the
regional climate have been discussed in this paper. Potential impact of impending climatic
change on the natural resources and socio-economic activities has also been projected.
Well-recognised systemswhich control the space-time variation of rainfall and temperature
over the region include the space time characteristics of (i) Intertropicai convergence Zone
(ITCZ), (ii) Monsoonal wind systems (iii) Subtropical anticyclones (iv) Tropical cyclones (v)
Jetstreams (vi) Easterly/Westerly wave perturbations (vii) Extra-tropical weather systems
(viii) Quasi-biennial oscillations and ENSO events with their telelinks.
No statistically significant trends have been observed in the inter-annual characteristics
of rainfall at most of the locations. Apart from urbanization signals from the large urban
centres, no statistically significant trends have been observed in the temporal temperature
patterns over the region. Inter-annual variation of temperature is seen to be inversely
associated with rainfall which in turn is also associated with ENSO signals. However, data
of mountain glaciers has shown depletion of glaciers but, the river flow data has not shown
any decreasing trend so far. The lake levels also reflect only the inter-annual variations
attributable to wet and dry conditions.
Keywords. Socio-economic;ecosystems; climate dynamics; climate systems; climate trends;
climate change; climate impact.

i. Introduction
Awareness of the close associations between climate, natural resources and socioeconomic activities has increased significantly in recent years. This has increased the
thirst for accurate projected information on the future weather and climate
expectation. The skill of providing this desperately-required information on the future
weather and climate is still low due to the p o o r understanding of climate-controlling
systems which include complex interaction between ecosystems, land, oceanic and
atmospheric processes. Other problems have been linked to the p o o r space-time
distributions of the initial conditions, a n d the inability to accurately quantify
(parameterize) some of the well-known climate controlling processes, a m o n g m a n y
other factors.
Another issue which has gained m u c h scientific, political and public attention in
recent years has been associated with climate change,--which m a y lead to permanent
changes in the n o r m a l space-time characteristics of the local environment. Changes
in the space-time characteristics of the local environment would have far reaching
consequences due to the close link between the local environmental conditions, natural
resources and socio-economic activities.
The paper examines the climate dynamics over east Africa (Kenya, U g a n d a and
Tanzania). The aspects of climate dynamics which are examined are:
9 The regional climate controlling systems.
203

204

L A Ooallo

Regional climate trend and evidences for climate change signals.
Potential impacts of regional climate changes on the natural resources and socioeconomic activities.

2. Regional climate systems

The dynamics of climate at any location is determined by the space-time characteristics
of the general circulation; which is controlled by complex interactions between
ecosystems, land, oceanic and atmospheric processes. The characteristics of the general
circulation are generally modified at individual locations by regional and local factors
like topography, large water bodies, among many others. The general circulation and
the regional factors are usually represented at regional levels by unique regional
systems. The factors which control the space-time characteristics of the unique regional
systems can be classified into two distinct classes, namely, natural and anthropogenic
(man-made) factors.
The sun is the major source of energy for natural processes. The major natural
factors which control the regional climate are associated with solar radiation,
characteristics of which are influenced by the intensity of solar radiation (solar
constant), earth-sun distance and transparency of the atmosphere. Other natural
factors which determine the net solar radiation reaching any surface are the daily
and seasonal movements of the earth, the angle of inclination of the earth's axis, the
strength of the earth's magnetic field, earthquakes, Volcanic eruptions, and other
natural disasters which may affect the natural processes of ecosystems, land, water
and atmospheric systems.
The anthropogenic forcings on climate are associated with human activities which
can affect the natural conditions of the ecosystems, land, water and atmosphere. Such
activities include water, land and air pollution, deforestation, desertification, urbanization,
energy utilizations, overuse of the natural resources and many other land use activities.
The dominant anthropogenic activities in east Africa will be stressed later in this text.
This section is however devoted to the regional climate systems of east Africa.
East Africa is enclosed between latitudes 5~176
and longitudes 29~176 The
major climate parameter which has the highest spacetime variation over the region
is rainfall. Temperature however becomes another important parameter as one moves
polewards from the Equator. Temperature is also a very important climatic element
over the highlands. The systems which control the space-time characteristics of rainfall
and temperature over the region include the space-time characteristics of the
9
9
9
9
9
9

Intertropical Convergence Zone (ITCZ),
Monsoonal wind systems
Subtropical anticyclones
Tropical cyclones
Jetstreams
Easterly/Westerly wave perturbations
9 Extra-tropical weather systems
9 Teleconnections with regional and global scale anomalies in the general circulation
like those connected with EI-Nifio/Southern Oscillation (ENSO) events, Quasibiennial oscillations, Solar forcings, Interseasonal wave, etc.
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Details of systems and the regional weather may be obtained from Ogallo (1984);
Ogallo (1988, 1989); Ogallo et al (1989); Anyamba (1992); Cadet (1978); Fremming
(1970); Findlater (1977) among many others.
The regional systems associated with complex topographical features and the
existence of many large inland lakes induce significant modifications on the large
scale circulations over the region especially near the surface. The complex

Figure 1. Refieimap of East Africa.
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topographical patterns include the Great Rift Valley and associated mountain chains
which lie on both sides and run north east-south west direction across the middle
of the region. The complex topography also include two of the tropical glacial
mountains namely Mts. Kenya and Kilimanjaro (figure 1).
The large water bodies include Lake Victoria with an areal extent of over 70,000 km 2.
The lake has a strong circulation of its own with a semi-permanent low level trough

Figure 2. Meanannual rainfall.
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located around/over the lake during the afternoon/night or morning respectively
(Asnani and Kinuthia 1979).
The regional systems have significant influence on the space-time patterns of rainfall
and temperature. Figure 2 indicates that most of the wet areas are located near the
large water bodies and on the windward slope of the major mountains. The dry areas
are located over areas which are dominated by dry continental airmasses.
The regional systems also have significant influence on the spatial patterns of the
inter-annual anomalies of the regional climatic parameters.
The space-time characteristics of the inter-annual climate anomalies which have
been observed in the region have been closely linked to anomalies in the characteristics
of at least one of the systems which control the regional climate. Some of these
anomalies are highlighted in the next section.

3. Regional climate trends and evidences for regional climate change signals
It was indicated under the introduction section that precipitation and temperature
are the major climate parameters with large space-time variations over east Africa.
The trends of these parameters are presented in this section. The patterns of the
regional mountain glaciers and lake levels which are closely associated with regional
temperature and precipitation characteristics are also presented. The recent trends
of the four parameters will be used to delineate any regional climate change signals
over eastern Africa.
3.1 Regional precipitation patterns
The space-time characteristics of precipitation are very complex over the region. The
diurnal patterns indicate maximum precipitation in the afternoon hours at most
locations associated with maximum convective activities. Maximum early morning
and night precipitation activities are however common near the large water bodies
associated with land/sea breeze processes. These diurnal characteristics are also
common over some continental areas during certain seasons especially within
June-August associated with stratiform clouds. Details of the diurnal characteristics
may be obtained from Asnani and Kinuthia (1979).
Typical seasonal patterns of rainfall over Africa are shown in figure 3. Two major
rainfall seasons centred around March-May and October-November are observed
at most of the locations. These are locally known as the 'long' and 'short' rainfall
seasons respectively. The two seasons are associated with the double passage of the
ITCZ over the region. ITCZ lags behind the overhead sun's location by 3-4 weeks.
Moisture for rainfall formation for these seasons are generally derived from the Indian
Ocean by the monsoonal wind systems.
Over southern parts of Tanzania, a single rainfall season is dominant and centred
around the southern hemisphere summer season. The December-February rainfall
peaks are associated with the maximum ITCZ induced convection over the southern
hemisphere during this season. The June-August season is only wet over western
parts of the region and the coastal zone. Rainfall over the western parts are associated
with moist airmass from Congo/Zaire basin and Atlantic. These are locally known
as 'Congo airmass'. Rainfall over parts of the coastal zone is associated with the east
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Figure 3. Meanseasonalpatterns of rainfallovereast Africa.
African low jetstream. Substantial precipitation is also received near the large water
bodies during this season due to land-sea/lake breeze effects.
The influence of the regional systems are clearly reflected in figure 3d. The figure
indicates the existence of significant rainfall throughout the year at the location due
to the nearness to one of the large water bodies.
Typical inter-annual patterns of rainfall over the region are shown in figure 4. No
statistically significant trends have been observed in the inter-annual characteristics
of rainfall at most of the locations. Few stations over the dry parts of Kenya have
however indicated some increasing rainfall trend in the recent years. Most of the
stations adjacent to these locations however indicated no significant change in the
inter-annual rainfall patterns. Although such trends can be linked to changes in the
micro-climate at the various locations which have not been examined here,
homogeneity tests have indicated some heterogeneity in the rainfall records which
were used to study the rainfall trends.
The heterogeneity in the rainfall records have been associated to changes in the
location, exposure and types of raingauges. The most prominent features of interannual rainfall characteristics are recurrences below and above normal rainfall values.
The periods of the recurrences are centred around 2-2.8, 3-3.7, 4-8.6 and 10-13
years. These fluctuations however, account for a very small proportion of the interrainfall records.
The available records indicate that the major severe droughts in the region occurred
in 1918, 1927, 1933-4, 1938-9, 1949-50, 1952, 1969, 1973-76, 1980, 1984 and 1992.
Excessive precipitation was also recorded over the region in 1922-23, 1936-37, 1947,
1951 early 1960's, 1968, 1978-79, 1982 and 1990/91. The wettest period of the century
was observed during the early 1960s when the level of many east African lakes rose
by over 2 metres.
The spatial patterns of the inter-annual rainfall anomalies are quite complex over
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the region. Ogallo and Nassib (1984) for example noted that a single drought or
above-normal rainfall conditions has never covered all parts of east Africa. The
probability of any drought covering the whole of the region was as low as 0"05.
The observed inter-annual anomalies have been associated with anomalies in the
space-time characteristics of rain producing regional systems. Details of these
relationships and the inter-annual rainfall characteristics may be obtained from Ogallo
(1981, 1982, 1987, 1988), Ogallo et al (1984, 1988), Nieuwolt (1978), Nyenzi (1992),
Anyamba (1992) among many others.
3.2 Temperature trends
Typical trends of temperature over the region and southern Africa are shown in figure
5. No statistically significant trends have been observed in the temporal temperature
patterns over the region. Urbanization signals are however expected in the maximum
and minimum temperature records from the large urban centres. No general regional
warming or cooling signals are however evident from the available temperature
records. The dominant inter-annual temperature characteristics are the recurrences
in the cold and warm temperature events (figure 5). The periods of recurrences of the
cold and warm temperature events are closely related to the recurrences of the above
and below normal rainfall events. Some of the lowest minimum and highest maximum
daily temperatures have been observed during the periods with extremely high and
low ENSO signals.
3.3 Trends of the mountain glaciers
One of the climatic parameters which has indicated some drastic decreasing trend
in recent years is the volume and areal extent of the east African mountain glaciers
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Figure 6a. Interannual Trend of Mt. Kenya glacier (Hastenrath 1984).

as indicated in figure 6a. These glacial mountains are the sources of some of many
major rivers of the region. No significant trends have however been observed from
the hydrological characteristics of these major rivers (figure 6b-c). High precipitation
which was recorded over the region during the early 1960s are reflected in the
corresponding high stream flows.
It may therefore be difficult to attribute the recently observed decreasing trend in

Dynamics of the east African climate

Q
(m3/s)

I A

---

213

Runningweightedmean
Annualmeanflow

(b)

0.5
0.2
I
I
Figure 6b. River Nanyuki.

I

I

I

(c)

Q
(m31s)

10

1960

65

I

I

I

70

75

80

Figure 6c. River EwasoNyiro.

the mountain glacial records to regional warming and climate changes, especially
when no significant trend could be delineated from the regional temperature trends.
3.4. Trends of the regional lake levels
The major factors which may affect the levels of any lake include precipitation,
temperature, evaporation, run off from the lake, among many others. Typical interannual patterns of the lake levels are shown in figure 7. Apart from the abrupt rise
in the levels of all east African lakes which were observed during the early 1960s,
recurrences of the above and below normal lake level values which were prevalent
in the other climatic parameters are quite evident. The periods of the high/low lake
level values closely coincide with the major wet/drought periods respectively over
the region. Detailed temporal characteristics of the east African lake levels may be
obtained from Lamb (1966); Kite (1982); Vincent et al (1979); Ogallo and Nimira (1984).
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It may therefore be concluded from the observed temporal patterns of the above
climatic parameters that no significant regional scale climatic change signals have
been delineated from the available climatological records. The impact of human
factors like urbanization, environmental pollution and other land misuse activities
at microscale levels are however quite severe at many locations. The anthropogenic
factors which are continuously increasing the anthropogenic forcings on the regional
climate include the fast population growth and human settlements, agricultural,
urbanization, industrialization and tourism activities, mining, transportation, utilization
of energy resources and many other land misuse activities.
Some of these activities have discharged hazardous chemicals and wastes directly
onto the surface water systems, land and atmosphere. Others have resulted into the
overuse of the local natural resources, thereby interfering with the delicate balance
between the local ecosystem atmosphere, land and oceanic processes.
IPCC (1990, 1992) indicate that the atmospheric residence period of some of the
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pollutant gases which are produced by man's activities are quite long. It may therefore
take sometime before the regional anthropogenic impacts on the regional climate
can be uniquely delineated from the natural climatic trends. The major anthropogenic
forcing over the region are linked to deforestation, soil erosion, desertification and
many other associated activities. Details of the anthropogenic forcings may be
obtained from Ogallo et al (1992) among many others.
Figure 8 gives the inter-annual characteristics of the total atmospheric ozone
concentration as observed from Nairobi ozone observatory. No significant change
in the inter-annual characteristics of the atmospheric ozone is evident from the figure.
It may therefore be concluded from this section that although the regional
anthropogenic forcings are increasing significantly year by year, no regional scale
climate change signals have been observed from the temporal characteristics of the
climatological records. The major unique trend which has been observed in the recent
years over the region are the decreasing trend in the glacial records.

4. Potential i m p a c t o f c l i m a t e - c h a n g e
activities

on the regional resources and s o c i a l - e c o n o m i c

The region has a wide range of natural resources. Most of these regional natural
resources include agricultural, forestry, wildlife minerals, water, fishery, among
many other resources.
The mineral resource potential is very high over parts of the region, but most of
the mineral resources have not been fully exploited due to the high cost of mining.
The major mineral potentials of the region include salt, soda ash, diamond, gold,
rubies and many others. Prospects of petroleum and natural gas are also good at
some locations.
Agricultural activities are the core of the economy and socio-cultural activities
over the region. Most of the agricultural activities are however rain dependent making
them extremely volatile to the extreme rainfall events like droughts and floods. Some
of the worst socio-economic miseries which have been observed over the region like
hunger, malnutrition, famine, lack of foreign exchange, etc. have been closely
associated with widely spread regional droughts.
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The quality, quantity and space-time characteristics of the other natural resources
like forestry, wildlife, fisheries, etc. are also closely dependent on the spatial and
temporal characteristics of regional climate due to their adaptations to the local
environmental conditions. Any changes in the natural environmental condition over
the region would have far-reaching socio-economic consequences.
The most-vulnerable parts of the region to any climate change are the coastal
areas, low lying river deltas and lake regions, the glacial mountains and the associated
hydrological systems together with the semi-arid parts where many human settlements
and development programmes are currently being concentrated due to the limitations
of the high potential land.
Although the forecasting skill of the future climate expectations are still relatively
tow due to the various weaknesses of the current climate models, many attempts
have been made to develop some global scale climate change scenarios based on the
existing knowledge on the human induced greenhouse gases. IPCC (1990, 1992) for
example estimated the mean global temperature to increase between 1.5-4.5~ by the
year 2030 when the atmospheric concentration of the greenhouse gases is projected
to equal the doubling of carbon dioxide concentration in the atmosphere. The mean
global sea level rise associated with corresponding thermal expansions have been
estimated between 10-30cm.
The values of the climate change scenarios at local and regional levels are likely
to be outside the global scale scenarios due to the modification capabilities of the
global scale motions by the local/regional systems. The impact of any climate change
is also likely to have a more severe impact at local and regional levels. Realistic
regional and local climate change scenarios are however not available due to the
weaknesses of the current climate models, which includes their inability to accurately
parameterize the complex interactions between the ecosystems, land surface, water
surface, cryospheric and atmospheric processes. Other problems include projections of
the initial conditions to the climate scale integration steps, data and computation
limitations among many others.
Many regional development programmes do take into account the potential
impacts of the future extreme climatic events which may be induced by the natural
forcings. Additional anthropogenic forcings on the regional climate would therefore
induce more drastic socio-economic consequences. No mitigation strategies, whether
adaptation, protection or retreat can therefore work without financial implications
and the full commitment of the policy-makers. The confidence of the policy-makers
can however be improved through the availability of realistic regional and local
climate projection scenarios.
Some of the climate issues extend beyond the political borders of the individual
nations. Regional and international collaborations to solve some of the climate change
issues is therefore very essential.
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