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ABSTRACT 

 

 

A diagnostic study of rainfall variability in Africa in the area from 5
o
S to 10

o
N and from 

10
o
E to 30

o
E  was carried out using a gauge rainfall data. Emphasis was placed on 

determining the time-scales of interannual variability, the characteristics of interseasonal 

fluctuations, and on regionalization of the data. The latter was used in order to reduce the 

number of regions utilized for studying this variability in the context of sea-surface 

temperature fluctuations, El Nino/La Nina, and atmospheric circulation variables. Five 

homogeneous regions were found in this manner. Generally, the most relevant aspects of 

SST variability for interannual variability of rainfall appear to be: ENSO, Atlantic and 

Indian Oceans SSTs, Atlantic upwelling and Atlantic dipole. The importance of these 

varies seasonally and, to a lesser extent, regionally. There is no “symmetry” between the 

factors associated with wet conditions and those producing dry conditions. Rainfall 

response to SSTs is clearly seasonally specific. This is manifestation of the complexity of 

the factors influencing rainfall over Central Africa and of the pronounced seasonality of 

rainfall over this region. Overall, regions 1, 2 and 3 show strong teleconnection to factors 

that control variability. For regions 4 and 5 such teleconnections were not found which 

suggests the possibility that these two regions are not as homogeneous as it appeared 

initially. One of the reasons for this could be that these two regions represent a transition 

zone between influences of the Atlantic Ocean to the west and Indian Ocean to the east. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

 

 

The purpose of this study is to improve the understanding of interannual variability over 

the Central African region and to close a large gap in understanding of basic climate 

dynamics over this area. At present, empirical forecasts provide about the same skill as 

numerical model (Barnston et al. 1999), but forecasts for West and Central Africa have 

had only modest results. This work and the identification of the main casual factors may 

help to improve performances of numerical models as well. As Africa is the largest 

landmass within the equatorial latitudes, studies of this region can contribute substantially 

to the general understanding of low-latitude meteorological phenomena. 

 

The region of Central Africa examined in this study extends from 5
o
S-10

o
N to 10

o
E to 

30
o
E (Fig. 1). There has been relatively little research on the meteorology of this region. 

The former colonial government of this region (France and Belgium) collected vast 

amounts of surface meteorological data, but analyses were generally related to mean 

climatologies and hydrologic studies. Thus, very little is known about the synoptic and 

mesoscale systems and interannual variability in this region.  

 

The few available continental-scale studies have suggested that precipitation variability in 

this region might be remarkably complex. One factor in the region`s complexity is that it 

represents a climatic transition zone between both northern and southern Africa and 
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western and eastern Africa. This complexity makes an analysis of the causal factors in the 

interannual variability of rainfall exceedingly difficult. Because so little is known about 

variability in this region, the questions to be asked in this work are basic. 

 

The hypothesis for this work is that: 1) many of the factors affecting rainfall variability 

elsewhere in Africa operate here (e.g., SST, ENSO) and 2) that the influence of the 

Atlantic Ocean diminishes eastward and the influence of factors governing East African 

rainfall variability (e.g., the Indian Ocean and the Rift Valley highlands) increases 

eastward. These ideas are tested in this thesis. 

 

In this thesis, the study region will be introduced and important aspects of general 

climatology and factors governing rainfall variability will be explained. This will be 

followed by a description of the data used in the study. Chapter 4 will describe the 

methodology procedure: spatial patterns of rainfall variability will be examined and 

homogeneous rainfall regions will be defined in this chapter. Then, the most appropriate 

seasonal aggregation of the rainfall data will be determined for the area as a whole. As a 

last step in the methodology procedure, composites of SST anomalies for the 5 wettest 

and 5 driest years in each rainfall region will be examined and correlations between 

rainfall and SST anomalies computed. After a presentation of the results there will be a 

summary and conclusions. 
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Fig. 1 Map showing location of the study area 
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CHAPTER 2 

 

 GENERAL CHARACTERISTICS OF THE REGION 

 

 

 

 

In many ways the semi-arid region just south of the equator is dynamically analogous to 

the West African Sahel. Rainfall variability in West Africa has been studied intensively 

in an attempt to unravel the causes of the extreme and persistent drought conditions that 

have plagued the region. The studies have shown a remarkable spatial coherence of the 

rainfall variability, so that one time series can approximately represent the major 

variations throughout the region. 

 

The analogy is not perfect since several geographical differences exist. The east-west 

extent of the land mass is much smaller south of the equator, implying a stronger 

influence of the surrounding oceans. Central Africa lacks a “fixed” heat source 

(comparable to Sahara), but includes a large area of mountains and highlands to the east, 

which influence meteorological processes in the region.  

 

Humid equatorial climate conditions prevail in Central Africa around the equator itself: 

along the Guinea Coast, in Gabon, Cameroon, Democratic Republic of the Congo 

(former Zaire), Congo and the surrounding countries. Average monthly temperatures 

remain around 25°C. Temperatures in the low-lying coastal forests vary little because 

persistent cloud cover keeps mean annual temperatures between 26
o
C and 28

o
C. In the 

high-relief mountainous areas, mean annual temperatures are low, between 19
o
C and 

24
o
C. In the semi-arid zone of Cameroon and Chad, clear skies lead to strong insolation 
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during the day and massive heat losses by emission of longer wavelength radiation at 

night.  

 

The regions nearest the equator receive year-round rainfall. The foothills of Cameroon 

Mountain sometimes receive more than 10,000mm annually (Douala, Cameroon, has an 

annual mean greater than 4000mm) while those north and south of it experience short dry 

winters and a lower average annual precipitation. (Djamana in Chad receives only 500 

mm/yr and suffers periodic drought). Away from the equator the dry season lengthens, 

though the climate may remain mostly humid. Flooding is common in the more humid 

areas in Central Africa, especially where forests and natural vegetation have been cleared 

for cultivation or human settlements. Central Africa is predominantly covered in forests 

and savanna. The coastal humid belt with high and relatively constant rainfall supports 

dense tropical forests, whereas the northern parts of Cameroon, Central African Republic 

and Chad are drier, with more variable rainfall and the dominant vegetation is savanna. 

 

 

2.1 Factors in Rainfall Variability 

 

 

2.1.1 Intertropical Convergence Zone (ITCZ) 

The classical explanation for the rainy season in most of the African continent is the 

presence of the Intertropical Convergence Zone (ITCZ). This explanation is based on the 

assumption that the surface convergence in the ITCZ produces sufficient ascent to induce 

rainfall. The ITCZ transects the continent migrating north and south with the seasons and 

following the path of the sun. In January the ITCZ moves equatorward and into the 

southern hemisphere. In July it moves poleward into the northern hemisphere. 

 

The ITCZ concept is useful in explaining the seasonality of rainfall in Africa. In 

equatorial regions, which always lie within the zone of ITCZ influence, rains occur year-

round but with two maxima in the seasonal cycle. These occur around the time of the 
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equinoxes (March, April and September, October) when the ITCZ traverses the equator. 

In somewhat higher latitudes, there are two wet seasons (also associated with the 

passages of the ITCZ) and two dry seasons. The dry seasons occur after the solstices 

(December, June), the larger and more intense one occurring near the winter solstice. In 

the outer tropical latitudes, there is generally one dry and one wet season. The wet season 

occurs during the high sun season and with increasing latitudes, it becomes shorter and 

commences later. The most arid conditions are found in the subtropics (e.g. the Sahara in 

the northern hemisphere, the Kalahari and Namib desert in southern hemisphere). These 

mark the transition to extra-tropical climates with winter rainy season. 

Superimposed upon this basic zonation are many regions with rainfall patterns influenced 

by more localized factors. Some of the local factors are topography, shoreline, maritime 

effects, local wind systems, etc. Thus, the resultant patterns of rainfall seasonality over 

the continent are extremely complex.  

 

Numerous studies have shown the pattern of the single rainy season in the subtropics and 

two wet and two dry seasons in the tropics. The pattern is much more complex in areas 

with rainfall maxima during the transition seasons.  

 

Empirical studies have shown that warm (cold) ENSO events are accompanied during 

northern summer by a southward (northward) displacement of the ITCZ over the tropical 

Atlantic, and by a weakened convection over West and Central Africa where the ITCZ is 

at its climatological latitude (Hastenrath et al., 1987). The ARPEGE- Climat General 

circulation model has been used to simulate the response to positive SST anomalies in the 

eastern equatorial Pacific whose pattern characterizes the mature phase of a warm ENSO 

episode. The two previous results, empirical and numerical, have been largely confirmed 

and do not constitute a contradiction. The model simulates a southward displacement of 

the ITCZ on the tropical Atlantic resulting from the enhancement of northeasterly trade 

winds. Over West Africa, the ITCZ is also displaced southwards but more slightly; the 

ITCZ is still localized at its climatological latitude (Janicot, 1996). 
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2.1.2 Tropical Easterly Jet and African Easterly Jet  

Previous studies (Kidson, 1977; Newell and Kidson, 1979, 1984; Kanamitsu and 

Krishnamurti, 1978) have documented the importance of the tropical easterly flow regime 

in determining West African rainfall. In particular, a weaker 200-mb tropical easterly jet 

(TEJ) and the stronger mid-level (700-mb) African jet (AEJ) characterize dry years in the 

Sahel while stronger TEJ and weaker AEJ characterize wet years. 

 

A recent study (Grist and Nicholson, 2001) confirmed some of the previous results, but 

suggested a different interpretation of wet-dry contrasts. This study has examined the 

zonal wind field and characteristics of the AEJ during the wet and dry period in the 

Sahel. The study was limited to the months of June to September, the rainy season  

months in this area. It has been found that the AEJ core is weaker in wet years than in dry 

years and is located further north in wet composite than in dry composite. In the 

remaining months the reverse is true so that seasonal migration of the jet is greater during 

wet years. This study suggested that the location of the AEJ rather than its strength is a 

more important factor in rainfall variability. 

 

Nicholson and Grist (2001) also confirmed the existance of a second mid-level easterly 

jet in the low latitudes of the southern hemisphere. To distinguish it from the northern 

one they designated it as African Easterly Jet – South (AEJ-S). However, results suggest 

that both jets are important in the development of the rainy season in tropical and 

subtropical Africa. For example, the tropical rain belt is more intense in the months when 

both jets are present and Mesoscale Convective Systems (MCSs) are confined to the 

latitudes between the cores. Furthermore, no MCSs are apparent in the Eastern equatorial 

Africa (Mohr and Zipser, 1996) where highlands disrupt the development of a jet. 

 

Differences between wet and dry years in the TEJ have also been documented. The TEJ 

is much stronger in the wet composite from June to September compared with the dry 

composite. It has been shown that the TEJ is associated with stronger upper-level 

divergence in wet years. This could enhance precipitation by promoting ascent at lower 
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levels. Therefore, the jet may be a major causal factor in the Sahelian drought. The results 

have also shown that the differences in the TEJ between wet and dry composites are 

much greater that the differences in the AEJ. 

 

The importance of the tropical easterlies in determining rainfall in southern Africa has 

been documented as well (Taljaard, 1981; Harrison, 1983). Over southern Africa, 

extended cloud bands associated with a cold front and a wave in the upper-level 

westerlies produce a high proportion of the summer rainfall. Prerequisites for band 

formation in the region are a tropical cyclonic vortex situated over central Africa and 

intense tropospheric easterlies over southern and central Africa. 

 

Kumar  (1978) points out that similar factors also influence equatorial rainfall events. 

Thus, the tropical easterlies are a determinant of rainfall over much of the continent and 

in both southern and Sub-Saharan Africa reduced upper-level easterly flow is associated 

with drier conditions. The opposite is true for equatorial latitudes: strong westerly flow in 

the lower- and mid-troposphere is associated with abnormally high rainfall. (Johnson and 

Morth, 1960; Hirst and Hastenrath, 1983a,b). 

 

 

2.1.3 El Nino-Southern Oscillation (ENSO), Sea Surface Temperatures (SSTs) 

Numerous studies have shown that rainfall in many parts of Africa is influenced by the 

ENSO signal in the Pacific Ocean and by the SSTs in the Atlantic and Indian Oceans. 

ENSO signals have, for example, been tested in rainfall time-series for the Sahel region, 

eastern Africa, Ethiopia, and southern Africa (Folland et al., 1986; Lough, 1986; 

Nicholson and Entekhabi, 1986; Ogallo, 1987, 1989, Ropelewski and Halpert, 1987, 

1989). 

The magnitude of detectable ENSO signals varies significantly, not only from one 

location or region to another, but also from season to season and year to year. Ogallo 

(1987) noted that over some parts of eastern Africa, ENSO signals shifted from a positive 

phase in the northern summer to a negative phase in the autumn season. Even when 
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strong ENSO signals were detected in some locations, observations showed that ENSO 

did not always account for most of the interannual rainfall variance at such locations. For 

example, the large-scale droughts of 1949 and floods of 1961-62, which were observed 

over many parts of eastern and southern Africa, had very little to do with ENSO (Ogallo, 

1989). 

 

Nicholson and Kim (1997) have found strong ENSO signals in the eastern and 

southeastern Africa. The magnitude, seasonal timing, duration and consistency of the 

rainfall response to ENSO vary among the sectors and from episode to episode. The 

rainfall response is clearly seasonally specific. They have also shown that wet conditions 

are associated with the cold phase early in ENSO episodes and dry conditions are 

associated with the warm phase late in ENSO episodes.  

 

Nicholson and Selato (2000) have examined La Nina influence on rainfall throughout 

southern Africa and have found that there is La Nina influence on rainfall. However, 

SSTs in the Atlantic and Indian Oceans, rather than ENSO, have the dominant control on 

rainfall variability.  

 

A recent study of Nicholson et al. (2001) showed that anomalously warm SSTs in the 

Atlantic and Indian Ocean sectors surrounding Africa are generally associated with 

drought over Botswana and other regions of southern Africa, while anomalously cold 

SSTs are associated with high rainfall. This is in agreement with previous results of  

(Nicholson and Nyenzi, 1990) where ENSO`s influence on the rainfall in southern Africa 

appears to be related to its influence on SSTs in the tropical Atlantic and Indian Oceans 

in proximity to the African continent. The results also suggest that drought occurs in 

southern Africa in conjunction with ENSO only if the episode results in a warming in 

these ocean regions as well (Nicholson, 1997). 

 

Generally, the cold and warm phases of the Atlantic and Indian Oceans correspond 

roughly to enhanced and reduced rainfall over the continent as a whole, suggesting a 
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basic modulation of continental rainfall field by large-scale SST patterns. Anomalously 

cold SSTs act to enhance rainfall over the relatively warm continent, while warm SSTs 

act to reduce it. 

 

Recent research and observational analyses have detected some unique and persistent 

rainfall anomaly patterns over parts of southern Africa, eastern Africa and Ethiopia 

during the periods of strong and persistent ENSO warm and cold phases. These patterns 

do have some specific temporal variations, depending on the time and space evolution of 

the specific individual ENSO event, taken together with the actual responses of the 

surrounding Indian and Atlantic Oceans. Synthesis of ENSO information related to 

teleconnections at the specific locations, combined with traditionally existing prediction 

methods used in the region, can increase the levels of prediction and the early warning 

skills of seasonal rainfall anomalies (Nicholson and Selato, 2000; Nicholson et al., 2001) 

 

In this study the relationship between rainfall anomalies in Central Africa and SST 

anomalies in different ocean’s sectors are examined in order to see the relative 

importance of ENSO signal and/or SST anomalies in the Atlantic and Indian Oceans in 

rainfall variability over this region. 
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CHAPTER 3 

 

DATA 

 

 

 

 

A diagnostic study of rainfall variability in Central Africa was carried out using a gauge 

data from the NIC131 archive. Data consist of gauge station data with total of 187 

stations with record lengths of 45 years. Monthly time-series were calculated and used to 

define regions that are homogeneous with respect to interannual variability. Initially 

seven regions were selected utilizing the annual cycle and station – region correlations. 

These 7 regions were later combined into 5 regions.    

 

The “enhanced” SST dataset utilized in this study is that of the Comprehensive Ocean – 

Atmosphere Data Set (COADS). The COADS data cover the period from 1950-1998 and 

consist of “trimmed” monthly averages for 2-degree latitude and 2-degree longitude 

squares. These “enhanced” data have been edited to better represent extreme climate 

events, with observation from ships plus from other in situ marine platform types (e.g., 

drifting and moored buoys). SSTs are expressed as a “normalized” anomaly, that is, a 

departure from the long term mean for the analysis period 1950 to 1998, divided by the 

standard deviation of SSTs during this period. Here the data have been aggregated to 

produce spatially averaged time series for three sectors in the Atlantic Ocean and two 

sectors in the Indian Ocean. SSTs time series for several sectors of the Pacific (Nino-1+2, 

Nino-3, Nino-4) have been obtained from the NOAA web site: 

ftp://ftp.ncep.noaa.gov/pub/cpc/wd52dg/data/indices. 
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COADS has been used in many studies of marine surface variables and has proven to 

provide reliable estimates of temperature, wind and surface pressure (Allan et al 1995; 

Deser and Wallace 1990). The dataset contains two biases produced by changes in 

observational practices. The first involves SST estimates based on ‘bucket’ or engine - 

cooling, water intake data and the second involves the use of anemometer readings versus 

Beaufort force estimates of wind speed. The number of ships utilizing the ‘intake’ water 

to measure SSTs increased markedly in the 1940s. For this reason, and because the 

number of reports increases dramatically following World War II, this analysis begins in 

1950. The analysis period ends in 1997. 
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CHAPTER 4 

 

 

METHODOLOGY 

 

 

 

 

In this chapter the spatial patterns of rainfall variability over Central Africa are examined 

using a regionally-averaged data set comprising the records of 187 stations and inter-

regional correlations on seasonal and annual time-scales. The hypothesis that rainfall 

fluctuations tend to be spatially coherent throughout the study area is tested. Five rainfall 

regions are defined and their homogeneity with respect to interannual variability is 

confirmed using F-test. In order to study interannual variability, seasonal and annual time 

series for each of the five analysis regions are derived and described (4.1). The most 

appropriate seasonal aggregation of the rainfall data for the area as a whole is explained 

in (4.2). Then, for each of the five rainfall regions and seasons, composites of SST 

anomalies for five wettest and five driest years are computed (4.3). 

 

 

4.1 Spatial Aggregation of the Data 

 

 

Numerous studies have shown that the causal factors in rainfall variability are both 

seasonally and regionally specific. Therefore, an initial task involves the appropriate 

seasonal and spatial aggregation of the rainfall data. A simple spatial aggregation can be 
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based on the seasonal cycle of rainfall. However, a region in which the seasonal cycle is 

relatively uniform throughout, is not necessarily homogeneous with respect to the 

interannual variability of rainfall and, conversely, two regions with quite dissimilar 

seasonal cycles can exhibit markedly similar patterns of interannual variability (a strong 

study case point for the latter is East Africa). 

 

The regionalization of the data is a multiple step procedure. Annual and monthly totals 

for individual stations are transformed into regional rainfall departures series: first, 

stations are grouped on the basis of the mean annual rainfall, its variability, and the 

seasonal distribution and patterns of interannual variability. The departure series are 

calculated for individual stations and regional average is derived. Seven initial regions 

are found in this way. Second, the homogeneity of rainfall regions is tested using both 

correlation coefficients between each station and the regional mean and F-tests; where 

required, stations are reassigned or omitted from the data set. Each station was correlated 

with the departure series for the region to which it was initially assigned. If the 

correlation was low, the station was dropped from the region and the regional series were 

recalculated, omitting data for that station. As series contain approximately 50 years of 

data, a correlation as low as 0.2 is significant at the 1% level. This criterion requires the 

omission of approximately 10 stations from the 187 station network or about 5%. Many 

of the omissions are associated with topographic influences such as the Cameroon 

mountains. A large fraction consists of Zairian stations with short records. Most 

correlation coefficients are in the range of 0.4–0.8 (Fig. 3), hence the regionalization is 

justified.  

 

Third, the initial regions are correlated with each other to determine whether some of 

them could be combined without loss of homogeneity. This step was important in order 

to minimize the number of regions utilized in this study. Finally, the regional time series 

are corrected for inhomogeneities resulting from changes in the station network from year 

to year. These steps utilize annual precipitation data. Ideally, a regionalization should be 
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performed for each season, but that might result in far too many region/season 

combinations for the analysis and feasible  interpretation. 
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Fig. 2: Histogram distribution of correlation coefficients between rainfall at 187 stations 

and the appropriate regional average (values at the x-axis represent the middle points of 

the interval). 

 

 

 

 

Correlations and power spectra suggested that 7 regions might be combined into 5 

regions (Fig. 2). One region (marked with X in Fig. 2) was eliminated from the study, as 

it appeared to be climatically more akin to eastern equatorial Africa and two regions were 

combined into one. Seasonal distribution of rainfall in each of these regions is 

represented in Fig. 5. 
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Now, for each station the transformed series of rainfall departures are calculated using the 

following procedure: 

 

 

                                            
i

iij rr
Xij σ

−
=                                                                           (1) 

 

where: 

Xij is the transformed annual rainfall departure, 

ijr  is the annual total for station i in the year j, 

ir  is the long-term mean for station i,  

iσ  is the standard deviation of annual totals at station i. 

 

Nicholson (1979,1980a) points that use of standard deviation is more appropriate than 

use of annual mean because it gives less weight to the more arid regions, where 

variability is large compared to the mean. The problem is more pronounced for monthly 

totals than for annual totals. Thus the transformation in (1) is appropriate in the present 

study, in which statistical analyses are restricted to annual data. This normalized 

procedure minimizes the effect of dry stations where departures are large compared with 

the mean. 

 

The station departures calculated from (1) are combined into 5 regional averages. Then 

for a particular region, the areally averaged rainfall departure for the year j is represented 

by: 
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Fig. 3: Map of the 5 regional divisions used in this study 

 

 

 

 

where the summation is taken over the network i` of all Ij stations available in the year j 

for the region in question.  

 

The use of transformed regionally averaged time series reduces two problems inherent in 

the analysis of rainfall in sub-humid, tropical areas: the highly diverse means and 

variances and the randomness of the convective process reflected in individual station 

totals. Several authors found that in the tropics, rainfall is confined to a few intense cells 

embedded in a large-scale disturbance, and a small proportion of the disturbances 
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produce most of the rainfall. That is why rainfall in a given month or year can vary 

greatly within a few kilometers even when long-term means are similar through an area. 

The problem becomes serious in sub-humid regions. Spatial averages remove this random 

component present in data for individual stations and are thus more representative of 

large-scale conditions. This procedure reduces the diversity of annual means and 

variabilities within individual regions.  

 

The derived series Rj (Fig. 4) illustrate rainfall fluctuations in the period from 1940 to 

1996. Some features of recent Central African rainfall variation can be seen from these 

time series. Early 1940`s were dry in regions 1, 2 and 3 and wet in regions 4 and 5. The 

wetter episode of the 1950`s and the drought 1970-73 affect almost all regions. This is 

most pronounced in region 1 where there is a two decade wet episode from 1950-70, 

followed by dry period from the 1970`s to mid 90`s. This region is very well correlated 

with region 3 (correlation of 0.41 is significant at the 1% level), where a wet period from 

1950-70 is obvious but not as pronounced as in region 1. From the early 1970`s until mid 

90`s, there is a change of wet and dry years, but with much smaller rainfall departures. 

Region 1 is not highly correlated with other regions. The reason for this might be the fact 

that this region is semi-arid region and might be better correlated with the Sahel than with 

the equatorial regions. Region 2 is well correlated with region 3 and 4. Some common 

characteristics among all regions are generally wet 50`s and 60`s. Early 70`s are dry in all 

cases. Region 5 has significant negative correlations with regions 3 and 4. Rainfall 

fluctuations in this region are characterized by drier conditions in the 50`s followed by 

approximately 20 comparatively wet years, and than generally dry years in the 80`s. 

Region 4 is characterized by a wet period from the 1950-70`s, followed by dry conditions 

in the 70`s and alternations of wet and dry years in the 80`s. 

 

The correlations between regional time series are significant at the 1% and 5% level, but 

they are not very high. In judging the significance of these coefficients, it should be 

considered that most regional series are themselves inhomogeneous because the number 
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of stations comprising each series varies considerably. Were a correction made for this, 

interregional correlations would likely be higher. 

 

In order to determine whether the series Rj is representative of the region as a whole, 

temporal and spatial variance are calculated using method described by Kraus (1977): 

 

The variance in time can be estimated as: 
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where jI  is the number of regional stations operative in the tear j and J is the number of 

years of record for the series Rj. 

 

The mean spatial variance between rainfall anomalies within the region is: 
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where n, the total number of stations years, is calculated as: 
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An F-test helps to assess the relative importance of the two components of the variance 
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(Table 1). The number of degrees of freedom is J-1 for Vtime  and n-J for Varea  (Kraus, 

1977). 

 

Comparison of temporal and spatial rainfall variability within each region indicates a 

degree of coherence significant enough to allow one series to represent the whole region. 

Spatial variability within each region is lower than temporal variability of the region 

(Table 1). Thus, using one series to represent each region is justifiable. 

 

 

 

 

Table 1: F-ratios comparing temporal to spatial variability in 5 regions 

Region F ratio Degrees of freedom in time Degrees of freedom in space 

1 7.62 55 2044 

2 6.48 55 2754 

3 3.89 55 841 

4 1.21 48 514 

5 1.37 55 524 

 

 

 

 

In four cases, F-ratios exceed the limiting value for the 1% significant level, 

demonstrating that rainfall fluctuations within each region are highly coherent. Only 

region 4 has an F-ratio below the 5% significance level. This is a region with a small 

number of stations and a lot of missing data. However,  the low F-ratio might be related 

to the random spatial variability rather than to climatological inhomogeneities within the 

region. In this case, the regional average  provides the most representative description of 

the area`s rainfall that can be derived from the limited data. Thus, the homogeneity of the 

regions with respect to interannual variability is confirmed using the F-test. This reduced 

number of regions (Fig. 2) was used for studying climatic variability in the context of 

SST fluctuation, El Nino/La Nina and atmospheric circulation variables. 
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Fig. 4: Normalized annual rainfall departures Rj from1940 -1996 for regions 1, 2, 3 

and 5 and from 1940 -1988 for region 4. 
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4.2 Seasonal Aggregation 

 

 

Seasonal distribution of rainfall for each of these 5 regions is shown in Fig. 5. Unimodal, 

bimodal and trimodal distributions of rainfall are found in the Central African regions. 

Region 1, the northernmost region in the study area has a unimodal distribution with 

maximum rainfall during northern summer months (July-September). December-

February is a dry season with average rainfall close to zero. Region 2 that is located just 

below the equator is characterized by two wet seasons and one dry season. Wet seasons 

occur around the time of the equinoxes (April and November) while the dry season 

occurs during southern winter months (June-August). Regions 3 and 5 have two maxima 

and two minima in the seasonal cycle. Here wet seasons occur in April or May and the 

larger and more intense one occurs in October. The dry seasons occur after the solstices 

(December and June-July) and are more pronounced in region 3. Region 4 is a region that 

extends along the Congo River and experiences rainfall all year round, with maximum 

rainfall in May, August and October and the minimum during December-February. 

 

The second task in this study was to determine the most appropriate seasonal aggregation 

of the rainfall data for the study area as a whole. Although conventionally three-month 

seasons are used, beginning in January or December, in some areas this is not the optimal 

combination. For example, Nicholson and Entekhabi (1986) and others found that it is 

appropriate for much of Africa to define seasons as December-March, April-May, June-

September and October-November because a high sun season and a low –sun season are 

separated by short transition seasons during which circulation patterns shift rapidly. On 

the Sahel, July-September is more appropriate than June-August, although the latter is 

traditionally “summer”. 

 

In this study, several statistical analyses were used in order to define the most appropriate 

seasons for Central Africa. These include evaluation of the annual cycle, correlations 

between consecutive months and power spectra. Correlations between consecutive 
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months helped to determine the persistence of anomalies. The rationale is that if there is 

persistence between two months, the factors in variability are probably fairly similar in 

the two. Further, if SST variability factor is a factor, it is probably manifested over a 

multi-month period, since the time scale of variability over much of the ocean is longer 

than one month. Variability in the dry season was not analyzed except in the cases with 

strong month-to month persistence within the season. In some regions, month-to-month 

correlations (not shown here) showed persistence on less than seasonal time-scale, while 

in other regions persistence was indicated on the scale on 3 to 4 months. Annual and 

seasonal power spectras (not shown) for all regions were also calculated in order to see 

whether any regular temporal patterns of rainfall variability exists and to help identifying 

more appropriate seasons. 

 

An examination of the annual cycle (Fig. 5), persistence of monthly anomalies and power 

spectras suggested that the most appropriate seasons for the area are DJF, MAM, JJA, 

SON. These four seasons were used in order to inter-compare the various regions. 

 

 

4.3 SST Composites and Correlations 

 

 

For each of the 5 regions and seasons, composites of SST anomalies for the 5 wettest and 

5 driest years are examined. 

 

Several sectors in the Atlantic, Indian and Pacific Ocean are defined (Fig. 6): three 

sectors in the Atlantic Ocean (North Atlantic, South Atlantic and upwelling area along 

the Benguela Coast), two sectors in the Indian Ocean covering areas from (0–30S, 40E-

80E) and (0-12N, 40E-70E) and four sectors in the Pacific: Nino-1+2 (0-10S, 80-90W), 

Nino-3 (5N-5S, 90W-150W), Nino-4 (5N-5S, 150W-160E) and south Pacific (0-30S, 

80W-180W). Previous study showed these sectors are homogeneous with respect to the  
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Fig. 5. Seasonal cycle of Central African rainfall (mm/month) 
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interannual SST variability. Time series of SST anomalies for all these sectors are 

derived as well.  

 

Correlation coefficients between the rainfall anomalies in each region and season and the 

SST anomalies in each ocean sector are computed in order to examine the relative 

importance of ENSO signal in the Pacific and SST anomalies in the Atlantic and Indian 

Oceans. 

 

 

 

 

 

 

 

 

Fig. 6. Map of ocean sectors that are relatively homogeneous with respect to the 

interannual  SST variability. Sectors in the Pacific and Atlantic Oceans are 

overlapping. 
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CHAPTER 5 

 

 

RESULTS 

 

 

 

 

At the beginning of this chapter, some general characteristics of SST patterns for all 

seasons will be presented for regions 1, 2, 3 and 5. Region 4 will be examined separately 

because the overall SST pattern does not show any distinctive features. Then the 

relationship between rainfall and SST anomalies will be examined in the seasons that are 

found to be crucial for interannual rainfall variability in each region. First a discussion 

focused on seasons will be presented in order to search for commonalities in SST 

anomaly patterns. This will be followed by a regionally – focused discussion. 

 

Correlation coefficients between seasonal and annual rainfall totals are calculated in 

order to evaluate the contribution of each season in each region to the interannual 

variability of rainfall. Contribution to the mean rainfall is examined through the ratio 

between seasonal and annual mean rainfall. This ratio suggests the relative importance of 

the season. (If the seasonal/annual rainfall does not match with the average in a given 

year that suggests that the average value be unreliable to predict the seasonal/annual 

rainfall in the future). The coefficient of variation (CV) is also calculated and it offers an 

indication of the reliability of the seasonal rainfall. It gives some indication as to the 

season’s importance with respect to interannual variability. 
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5.1 General characteristics of SST patterns 

 

 

5.1.1 December-January-February 

Composites of SST anomalies for the 5 wettest and 5 driest years in regions 1, 2, 3 and 5 

(Table 2) in DJF season are shown in Fig. 7 and Fig. 8, respectively.  It can be seen from 

these figures that similar SST patterns are associated with wet years in regions 1, 3 and 5 

but not in region 2 and similar SST patterns are associated with dry years in regions 1, 2 

and 3 but not in region 5. There is an ENSO signal evident in the dry composites for all 

regions, although of opposite sign in regions 1, 2 and 3 versus region 5. Strong positive 

SST anomalies in the eastern and central equatorial Pacific are associated with dry years 

in regions 1 and 2. A similar situation is evident in region 3 although the anomalies are 

weaker. Anomalously cold SSTs in the eastern and central Pacific are associated with dry 

years in region 5. 

 

 

 

 

             Table 2: the 5 wettest and 5 driest years in DJF season for regions 1, 2, 3 and 5 

Wet: 1953, 1956, 1957, 1961, 1976 Region 1 
Dry: 1983, 1987, 1992, 1993, 1995 

Wet: 1960, 1961, 1970, 1977, 1991 Region 2 
Dry: 1972, 1978, 1992, 1994, 1997 

Wet: 1952, 1956, 1960, 1963, 1973 Region 3 
Dry: 1984, 1987, 1989, 1992, 1995 

Wet: 1955, 1960, 1963, 1969, 1994 Region 5 
Dry: 1950, 1962, 1967, 1971, 1989 

 

 

 

 

On the other hand, some semblance of the ENSO signal is found in wet composites (Fig. 

7): negative SST anomalies prevail in the eastern and central Pacific for regions 1, 3 and 
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5, but anomalies are fairly weak. Weak positive anomalies are associated with wet years 

in region 2. It seems that ENSO signal has an influence on the rainfall variability but it is 

more likely to be a possible cause of dry conditions in regions 1, 2 and 3; warm eastern 

and central equatorial Pacific appears to be associated with dry years in these three 

regions, while cold anomalies are associated with dry years in region 5. Evidently, both 

positive and negative anomalies are associated with dry years, but this is clearly 

regionally specific. The SST pattern for region 1 is reversed between wet and dry years, 

while patterns for other regions do not show this opposition between two composites. 

 

A warm Indian Ocean seems to be associated with dry years in regions 1, 2 and 3, while a 

cold ocean is associated with dry years in region 5. In the composite for wet years, the 

ocean is generally cold for regions 1, 3 and 5 and anomalies are weaker than in dry 

composite. Wet years in region 2 seem to be associated with weak positive SST 

anomalies. 

 

Much of the Atlantic Ocean is generally warm in dry composite for all regions. In the 

composites for wet years, the Atlantic is generally cold except for upwelling area in 

regions 2, 3 and 5. 

 

The reverse SST pattern in all three oceans between wet and dry years is present for 

regions 1 and 3. In regions 2 and 5, only the Atlantic Ocean experiences the reverse 

pattern between two composites. It appears that besides the ENSO influence, general 

ocean SSTs could be also important factor in rainfall variability in this season. Some 

sectors in the Atlantic Ocean seem to be important as well, but it is regionally specific.  
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5.1.2 March-April-May 

Figures 9 and 10 show the composites of SST anomalies for the 5 wettest and the 5 driest 

years (Table 3) in regions 1, 2, 3 and 5 in MAM season, respectively. Similar SST 

patterns can be seen in all regions in the wet composite and in all regions in the dry 

composite.  

 

 

 

 

Table 3: the 5 wettest and 5 driest years in MAM season for regions 1, 2, 3 and 5 

Wet: 1962, 1966, 1969, 1991, 1996 Region 1 
Dry: 1971, 1977, 1983, 1986, 1987 

Wet: 1955, 1957, 1963, 1970, 1991 Region 2 
Dry: 1958, 1972, 1978, 1983, 1984 

Wet: 1956, 1962, 1966, 1969, 1985 Region 3 
Dry: 1951, 1977, 1983, 1990, 1997 

Wet: 1962, 1966, 1981, 1992, 1995 Region 5 
Dry: 1965, 1967, 1970, 1973, 1983 

 

 

 

 

A strong El Nino like pattern in the Pacific Ocean is associated with dry years in all 

regions (Fig. 10). Strong positive SST anomalies prevail over eastern and central 

equatorial Pacific. In the composites for wet years, the El Nino signal disappears and 

negative and weak anomalies generally prevail in the equatorial Pacific in all regions, 

especially, in the upwelling area (Nino-1+2). Anomalies are of opposite sign in wet and 

dry years and the ENSO signal is much stronger in dry years than in wet. Presumably, the  

ENSO signal has strong influence on rainfall variability in all regions, especially in 

producing dry conditions.  

 

The Indian Ocean is generally warm for all regions in the dry years (Fig. 10) and 

anomalies are evidently stronger than in the wet years (Fig. 9). SST anomalies in the wet 
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years are positive for regions 1, 2 and 5 and negative and fairly weak in region 3. Region 

3 is the only one region with anomalies in the Indian Ocean of opposite sign in wet and 

dry years that could imply that besides the ENSO influence on the rainfall variability, the 

Indian Ocean might also play an important role in this region. 

 

An interesting situation can be seen in the Atlantic Ocean: some semblance of Atlantic 

dipole is evident in the dry composites in regions 2 and 3 (Fig. 10), while anomalies for 

the dry years in regions 1 and 5 are generally weak and positive and no pronounced 

dipole pattern is evident. In this study, Atlantic dipole is defined by the difference 

between area indices of SST anomaly in the North Atlantic and South Atlantic (sectors 

A1 and A2 on Fig. 6). 

 

 

5.1.3 June-July-August 

The composites of SST anomalies for the 5 wettest and 5 driest years (Table 4) in regions 

1, 2, 3 and 5 for JJA season are presented in the Figs. 11 and 12.  

 

 

 

 

Table 4: the 5 wettest and 5 driest years in JJA season for regions 1, 2, 3 and 5 

Wet: 1963, 1965, 1968, 1969, 1978 Region 1 
Dry: 1953, 1972, 1973, 1984, 1987 

Wet: 1962, 1970, 1977, 1984, 1988 Region 2 
Dry: 1951, 1956, 1958, 1961, 1973 

Wet: 1952, 1966, 1984, 1990, 1993 Region 3 
Dry: 1954, 1956, 1958, 1964, 1983 

Wet: 1961, 1971, 1974, 1984, 1993 Region 5 
Dry: 1954, 1964, 1973, 1975, 1986 
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Fig. 7: Composites of SST anomalies for 5 wettest years in DJF for a) region 1 b) region 

2 c) region 3 and d) region 5.  
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Fig. 8: Composites of SST anomalies for 5 driest years in DJF for a) region 1, b) region 

2, c) region 3, d) region 5.  
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Fig. 9: Composites of SST anomalies for 5 wettest years in MAM for a) region 1, b) 

region 2, c) region 3, d) region 5.  
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Fig. 10: Composites of SST anomalies for 5 driest years in MAM for a) region 1, b) 

region 2, c) region 3, d) region 5 
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Some general characteristics are noticeable in both composites. The SST pattern 

associated with the wet conditions in region 1 is generally opposite those associated with 

wet conditions in regions 2, 3 and 5. In the composite for dry years (Fig. 12), warm 

oceans are associated with dry conditions in region 1 and cold oceans are associated with 

dry years in regions 2, 3 and 5. Obviously, the same SST boundary conditions that are 

associated with abnormally high rainfall are associated with abnormally low rainfall in 

the same season, meaning that SST anomalies do not reverse in sign between wet and dry 

years. El Nino and La Nina like SST patterns are associated with both wet and dry years 

and it does not seem that the Pacific plays a big role in rainfall variability in this 

particular season.  

 

On the other hand, SST anomalies in the Atlantic and Indian Oceans are of opposite sign 

between wet and dry years in all regions. The Indian Ocean is generally cool in the dry 

composites in regions 2, 3 and 5, warm in region 1. In the composites for wet years, 

ocean is warm in region 2 and in near-coastal sector in region 5, but cool in regions 1 and 

3. Anomalies are generally weak in both wet and dry composites. 

 

There is a semblance of Atlantic dipole associated with the wet years in region 5 with 

cool North Atlantic and warm South Atlantic. No such dipole is evident in the dry years 

in this region. A weak dipole pattern is present in composites for dry years in regions 1 

and 2 but with opposite polarity.  

 

Weak negative SST anomalies along Benguela coast are found to be associated with the 

wettest years in region 1, but moderate and strong positive anomalies are associated with 

the wettest years in all other regions (Fig. 11). Opposite situation is found in composites 

for dry years.  

 

It appears that probably the Atlantic and Indian Oceans in proximity to the continent 

influence rainfall variability; cold/warm oceans tend to reduce/enhance rainfall in regions 

2, 3 and 5, while in the region 1 cold oceans tend to enhance rainfall, warm to reduce it. 
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Examining these overall SST patterns (Figs. 11, 12) it seems that there is no "symmetry" 

between the factors associated with wet conditions and those producing dry conditions:  

SST patterns associated with wettest years are not necessarily opposite those associated 

with driest years. There is also clear opposition between regions within the same 

composite.  

 

 

5.1.4 September-October-November 

SST anomalies for wet and dry years (Table 5) in SON are shown in the Figs. 13 and 14. 

These patterns are very similar those found in DJF, but anomalies are fairly weaker.  

Again, an El Nino and La Nina like SST patterns are associated with both wet and dry 

years and it does not seem Pacific is an important factor. There is a similarity between 

SST patterns in the Atlantic and Indian Oceans associated with dry years in regions 1, 2 

and 3 (Fig. 14). In the wettest years, SST patterns for regions 1, 3 and 5 are opposite that 

for region 2. 

 

 

 

 

Table 5: the 5 wettest and 5 driest years in SON season for regions 1, 2, 3 and 5 

Wet: 1951, 1954, 1957, 1962, 1964 Region 1 
Dry: 1971, 1977, 1983, 1984, 1987 

Wet: 1961, 1975, 1982, 1989, 1994 Region 2 
Dry: 1957, 1958, 1963, 1979, 1993 

Wet: 1951, 1957, 1962, 1964, 1975 Region 3 
Dry: 1963, 1973, 1979, 1991, 1996 

Wet: 1961, 1965, 1973, 1977, 1992 Region 5 
Dry: 1957, 1958, 1984, 1985, 1996 
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Fig. 11:  Composites of SST anomalies for 5 wettest years in JJA for a) region 1, b) 

region 2, c) region 3, d) region 5.  
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Fig. 12: Composites of SST anomalies for 5 driest years in JJA for a) region 1, b) region 

2, c) region 3, d) region 5.  
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Fig. 13: Composites of SST anomalies for 5 wettest years in SON for a) region 1, b) 

region 2, c) region 3, d) region 5.  
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Fig. 14: Composites of SST anomalies for 5 driest years in SON for a) region 1 b) region 

2 c) region 3 d) region 5. 
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The Indian Ocean is generally warm in dry years in regions 1, 2 and 3 and cool in region 

5 with weak and almost insignificant anomalies. In the wet years, the ocean is warm in 

regions 2, but cool in other regions with quite weak anomalies, especially in region 5. 

 

The Atlantic is generally cool in the composites for wet years (Fig. 13) and warm in the 

composites for dry years in all regions. In general, there is some tendency for cold oceans 

associated with wet years and warm oceans associated with dry years, especially in 

regions 1 and 3. This may suggest that general ocean SSTs, rather then SST in the 

individual ocean sectors, could be associated with abnormally wet and dry conditions. 

Rainfall anomalies in region 2 seem to be influenced by SSTs in the Atlantic, but this 

influence does not appear to be strong. The SST anomalies in region 5 do not show any 

evident pattern in this season. 

 

 

5.2 REGION 1 

 

 

 

 

Table 6: Correlation Coefficients between seasonal and annual totals (2
nd

 column); 

Coefficient of Variation (3
rd

 column); Ratio between seasonal and annual mean (4
th

 

column). 

Season: C.C seas-ann totals CV Seas/annual mean 

DJF 0.14 0.46 0.02 

MAM 0.74 0.50 0.20 

JJA 0.83 0.11 0.51 

SON 0.75 0.13 0.30 

 

 

 

 

From the Table 6, it can be seen that the main rainy season JJA in this region contributes 

approximately 70% to the interannual variability of rainfall, 50% to the mean rainfall and 
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also exhibits low variability. The seasons outside of the peak rainy season, MAM and 

SON also contribute significantly to the interannual variability. The total contribution of 

MAM and JJA and total contribution of JJA and SON is higher than 100% suggesting 

that these 3 seasons are not independent but linked. This implies that factors producing 

rainfall fluctuations persist over several seasons. Contribution to the mean rainfall is also 

significant: 20% and 30% for MAM and SON, respectively. On the other hand, the MAM 

season is highly variable (CV=50%) unlike the SON with low variability, which makes 

SON more stable compared to MAM. DJF season is highly variable but with very low 

contribution to the both interannual variability and the mean and will be excluded from 

further analysis. Relationship between rainfall and SST anomalies will be examined for 

the MAM, JJA and SON seasons. 

 

March-April-May: Figures 9a and 10a show the composites of SST anomalies for the 5 

wettest and the 5 driest years in region 1 in MAM season. There is an El Nino like SST 

pattern associated with dry conditions (Fig. 10a). Strong positive SST anomalies are 

evident in the eastern and central equatorial Pacific Ocean. In the composites for the 

wettest years (Fig. 9a), this pattern disappears and there are cold SST anomalies along the 

upwelling area in the Pacific (Nino-1+2). The Indian Ocean is generally warm in both 

wet and dry composites and weak positive anomalies prevail. The similar situation is 

evident in the Atlantic Ocean; anomalies are generally weak and warm, although 

somewhat stronger in the wet years.  

 

Since only SST pattern in the Pacific Ocean shows opposition between wet and dry years, 

it seems that ENSO pattern in the Pacific Ocean, rather then the Atlantic and Indian 

Oceans, might be the most important factor in producing wet and dry conditions. 

Correlations between rainfall anomalies in this region and season and SST anomalies in 

different ocean sectors (Table 8) show that the upwelling area in the Pacific Ocean (Nino-

1+2) appears to be responsible for the extremes in rainfall, especially in producing dry 

conditions. Significant negative correlation relates rainfall and SST anomalies in the 
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Nino-1+2 sector in a way that anomalously high SSTs act to reduce rainfall in this region 

while anomalously low SSTs act to enhance it.  

  

June-July-August: The composites of SST anomalies for the 5 wettest and 5 driest years 

in regions 1, 2, 3 and 5 for JJA season are presented in Figs. 11a and 12a. A semblance of 

El Nino signal is present in both wet and dry composites: significant positive anomalies 

are dominant over the eastern and central equatorial Pacific and are associated with both 

wet and dry conditions. The Indian Ocean does not show any significant anomalies. 

Weak negative anomalies are associated with wet conditions, weak positive anomalies 

with dry conditions. Unlike the Indian Ocean, anomalies in the Atlantic are stronger. 

South Atlantic is cold during wet years and warm during dry years (Figs. 11a, 12a). 

Significant positive anomalies along the upwelling area in the Atlantic are associated 

with dry years, while weak and cold anomalies are associated with wet years. It seems 

that this sector has an influence on rainfall extremes since the anomalies are of opposite 

sign between wet and dry years. Table 8 shows significant negative correlation between 

rainfall and SST anomalies in the South Atlantic and upwelling area along the Benguela 

coast (sectors A2 and A3). Strong correlation is found also with A2+I1 sector, which is a 

joint influence of the Indian and South Atlantic Oceans in the vicinity of the continent, 

but this correlation might not be taken into consideration since rainfall in this region is 

not significantly correlated with this sector of Indian Ocean. It seems that only SSTs in 

the South Atlantic and upwelling area play a role in enhancing and reducing rainfall in a 

sense that warm anomalies reduce rainfall, cold anomalies tend to enhance it. The 

influence of SSTs in the upwelling area seems to be more important according to 

correlations. 

 

Benguela coastal sector is found to be important since a strong relationship between SSTs 

along Benguela coast and African rainfall are documented. Previous study (Nicholson 

and Entekhabi, 1986) showed this relationship. The analysis was limited to the Benguela 

coastal sector of the southeastern Atlantic and to the equatorial and southern Africa. From 

an analysis of anomalously warm- and cold-water years it has been documented that a 
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striking association between SST along the Benguela Coast and coastal rainfall exists 

from near the equator to about 25 degrees south. 

 

September-October-November: Generally, there is a tendency for warm SSTs in all 3 

oceans to be associated with dry conditions and cold SSTs to be associated with wet 

conditions (Figs. 13a, 14a). Significant negative correlation (-0.38) is found between 

rainfall and general ocean temperatures (sector P1+A2+I2); stronger correlation (-0.46) is 

found with Atlantic and Indian Oceans in the vicinity of the continent (A2+I1 sector). It 

appears that these two oceans in proximity to the continent are responsible for wet and 

dry conditions: warm oceans tend to reduce rainfall, cold to enhance it. 

 

 

5.3 REGION 2 

 

 

 

 

Table 7: Correlation Coefficients between seasonal and annual totals (2
nd

 column); 

Coefficient of Variation (3
rd

 column); Ratio between seasonal and annual mean (4
th

 

column). 

Season: C.C seas-ann totals CV Seas/annual mean 

DJF 0.54 0.11 0.30 

MAM 0.66 0.10 0.33 

JJA 0.14 0.32 0.05 

SON 0.70 0.14 0.35 

 

 

 

 

This region experiences rainfall from September to May with maximum precipitation 

occurring in March-April and October-November and a pronounced dry season in JJA 

(Southern winter). The highest contribution to the interannual variability of rainfall 

comes from MAM and SON seasons (45% and 49%) and approximately 30% comes 
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from DJF. Contribution to the mean rainfall from these 3 seasons is also significant 

(between 30-35%), but the rainfall variability is low in all of them. On the other hand, the 

dry JJA season is significantly variable. Although this season contributes very little to the 

mean and interannual variability it seems to be important in terms of the ITCZ position.  

 

December-January-February: The composites for the 5 wettest and 5 driest years in this 

season are shown in Figs. 7b and 8b. Evidently, the equatorial Pacific is warm in both 

composites although SST anomalies are more strongly developed in the wet years. It does 

not seem that the Pacific plays an important role in interannual rainfall variability. The 

Indian Ocean is also warm in both wet and dry composites and anomalies are fairly weak 

in both cases. The Atlantic shows reversed pattern between wet and dry years. The 

equatorial and South Atlantic is warm during dry years, cool during wet years. Some 

semblance of dipole pattern is noticeable in the dry composite: South Atlantic is warm, 

North Atlantic cool with quite weak negative anomalies. It seems that the Atlantic could 

be a cause of extremes in rainfall in this season. Indeed, correlations (Table 8) confirm 

this assumption: significant correlations with the Atlantic upwelling area and dipole 

pattern are found. Warm ocean in the upwelling area tend to reduce rainfall over this 

region, cold ocean tend to enhance it. Dipole is probably more important in producing dry 

conditions than wet.  
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Table 8: Correlation coefficients between rainfall and SST anomalies 

Reg 1 Nino1+2 Nino3 Nino4 A1 A2 A3 I1 

DJF -0.33 -0.31 -0.19 0.01 -0.23 -0.31 -0.36 

MAM -0.35 -0.20 0.04 0.05 -0.04 -0.02 -0.29 

JJA -0.01 -0.01 -0.11 0.19 -0.36 -0.34 -0.15 

SON -0.10 -0.10 -0.22 0.28 -0.4 -0.24 -0.22 

 

 

Reg 2 Nino1+2 Nino3 Nino4 A1 A2 A3 I1 

DJF -0.17 -0.13 -0.03 -0.31 -0.17 -0.40 0.03 

MAM -0.31 -0.22 -0.16 -0.04 0.04 0.14 -0.22 

JJA -0.13 -0.22 -0.16 -0.09 0.49 0.60 0.15 

SON -0.10 -0.12 -0.09 -0.13 0.07 0.34 0.13 

 

 

Reg 3 Nino1+2 Nino3 Nino4 A1 A2 A3 I1 

DJF -0.1 0.02 -0.12 -0.02 -0.25 -0.44 -0.42 

MAM -0.41 -0.35 -0.2 0.05 -0.10 -0.07 -0.38 

JJA -0.1 -0.05 0.13 -0.07 0.41 0.51 0.10 

SON -0.23 -0.22 -0.28 0.03 -0.54 -0.35 -0.27 

 

 

Reg 4 Nino1+2 Nino3 Nino4 A1 A2 A3 I1 

DJF 0.14 0.18 0.19 0.01 0.15 0.06 0.03 

MAM -0.03 0.15 -0.06 0.14 -0.11 0.13 -0.01 

JJA -0.30 -0.29 -0.17 0.13 -0.16 -0.14 -0.10 

SON 0.33 0.29 0.27 0.12 -0.08 -0.07 0.02 

 

 

Reg 5 Nino1+2 Nino3 Nino4 A1 A2 A3 I1 

DJF -0.08 0.10 0.10 0.15 -0.24 0.12 -0.02 

MAM -0.40 -0.31 -0.20 -0.17 -0.04 0.17 -0.14 

JJA 0.03 0.05 0.01 -0.21 -0.10 0.21 0.31 

SON -0.07 -0.02 -0.09 -0.01 -0.03 0.17 0.01 
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Table 8: --continued 

Reg 1 I2 Dipole A2+I1 P1+A2+I1 

DJF -0.36 0.24 -0.02 -0.35 

MAM -0.12 0.16 -0.2 -0.22 

JJA -0.10 0.19 -0.34 -0.28 

SON -0.37 0.28 -0.46 -0.38 

 

 

Reg 2 I2 Dipole A2+I1 P1+A2+I1 

DJF 0.10 0.37    -0.10 -0.13 

MAM -0.02 -0.10 -0.10 -0.2 

JJA 0.14 -0.10 0.41 0.26 

SON 0.25 -0.12 0.16 0.03 

 

 

Reg 3 I2 Dipole A2+I1 P1+A2+I1 

DJF -0.37 -0.02 -0.2 -0.29 

MAM -0.24 0.15 -0.27 -0.37 

JJA 0.07 -0.01 0.31 0.25 

SON -0.39 0.03 -0.58 -0.53 

 

 

Reg 4 I2 Dipole A2+I1 P1+A2+I1 

DJF 0.12 0.06 0.09 0.27 

MAM -0.04 0.12 -0.08 -0.09 

JJA 0.12 0.14 -0.06 -0.19 

SON 0.16 0.12 -0.05 0.21 

 

 

Reg 5 I2 Dipole A2+I1 P1+A2+I1 

DJF 0.21 0.23 0.12 -0.09 

MAM 0.05 -0.25 -0.06 -0.21 

JJA 0.24 -0.22 0.21 0.17 

SON 0.15 -0.01 -0.02 -0.02 

 

 

 

 

 

 

 



                                                                     48 

 

 

March-April-May: The composites of SST anomalies for the 5 wettest and 5 driest 

years are shown in Figures 9b and 10b. A strong El Nino signal is associated with dry 

years in this region. Significantly high positive anomalies prevail in the eastern and 

central equatorial Pacific. The opposite pattern is found for wet composites (Fig. 9b): the 

El Nino signal disappears and weak negative anomalies are dominant. The Indian Ocean 

is generally warm and weak anomalies prevail in both composites. There is some 

semblance of Atlantic dipole associated with dry years: South Atlantic is cool, North 

Atlantic warm. No such pattern is defined in wet years. Differences in sign of the SST 

anomalies along the Benguela coast are more pronounced between wet and dry years. 

Positive anomalies are associated with wet years, negative anomalies with dry years. It 

seems that the central equatorial and eastern Pacific and the upwelling area in the Atlantic 

Ocean are the most important ocean sectors that might be considered as a cause of 

rainfall variability. Correlation coefficients (Table 8) support the assumption that Pacific 

plays an important role. Significant negative correlation between rainfall and SST in the 

upwelling area (Nino-1+2) indicate that positive anomalies tend to reduce rainfall in this 

season while negative anomalies tend to enhance it. Correlations did not support the 

assumption that the Atlantic upwelling area is important as well.  

 

June-July-August: This season is a dry season in this region (Fig. 5). The SSTs in the 

Pacific are anomalously cold in both wet and dry composites with much stronger 

anomalies in wet years. SST pattern in the Atlantic and Indian Oceans is of opposite sign 

between wet and dry years (Figs. 11b, 12b). Anomalously cold SSTs in both the Atlantic 

and Indian Oceans are related to dry years and vice versa. Some resemblance of the 

Atlantic dipole is evident, but with opposite polarity in wet and dry composites: warm 

South Atlantic and cool North Atlantic are associated with wet years and vice versa. SST 

anomalies along the Benguela coast are strongly developed in both composites and the 

sign of the anomalies is opposite between wet and dry years which imply possible 

influence of this ocean sector on rainfall variability. SSTs in the upwelling area in the 

Atlantic and South Atlantic Ocean seem to be responsible for anomalously wet and dry 

conditions according to the correlations. Strong positive correlations of 0.5 and 0.6 with 
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South Atlantic and upwelling area respectively, explain relationship between 

precipitation and SSTs and suggest a somewhat stronger influence of the upwelling SSTs. 

Positive anomalies tend to enhance rainfall in this region, negative to reduce it.  

 

September-October-November: The same SST boundary conditions in the Pacific and 

Indian Ocean are associated with both wet and dry conditions. Positive anomalies prevail 

in both oceans, with more strongly developed patterns in the eastern and central 

equatorial Pacific in wet years. It seems that the Atlantic Ocean in the vicinity of the 

African continent is influencing rainfall variability. There are weak positive anomalies 

along Benguela coast associated with wet years and weak negative anomalies along the 

same area associated with dry years (Figs. 13b, 14b). The highest correlation is indeed 

found between rainfall and SSTs in the upwelling area in the Atlantic Ocean, which 

confirms the suggestion that this area plays important role in rainfall variability. 

 

 

5.4 REGION 3 

 

 

 

 

Table 9: Correlation Coefficients between seasonal and annual totals (2
nd

 column); 

Coefficient of Variation (3
rd

 column); Ratio between seasonal and annual mean (4
th

 

column). 

Season: C.C seas-ann totals CV Seas/annual mean 

DJF 0.42 0.31 0.08 

MAM 0.68 0.13 0.30 

JJA 0.43 0.20 0.23 

SON 0.43 0.10 0.40 

 

 

 

 

 



                                                                     50 

 

 

This region has bimodal distribution of rainfall with two rainy seasons in spring and fall 

and two dry seasons in winter and summer. Table 9 shows that the MAM season 

contributes the most to the interannual variability with 46%, while the contribution from 

remaining seasons is the same: approximately 18%. The first rainy season, MAM, 

contributes 30% to the mean rainfall, the second rainy season SON (with higher amount 

of rainfall), contributes 40% to the mean. The contribution of the JJA season to the 

interannual variability is the same as the contribution from the rainy SON season while 

contribution to the mean is smaller compared to the SON. CV of 20% makes the JJA 

season significantly variable indicating that the seasonal rainfall is less reliable. DJF is 

the most variable season; contributes only 8% to the mean annual rainfall, which is 

approximately 140mm. This amount of rainfall is not negligible and is generally one third 

of the rainfall amount in other seasons.  

 

December-January-February: Figs. 7c and 8c represent composites for the 5 wettest 

and 5 driest years in the region 3 during DJF season. It seems that the SSTs in all three 

oceans could be associated with extremes in rainfall; positive anomalies prevail in the 

composite for dry years, while generally weak and negative anomalies are dominant in 

the wet composite. Table 8 shows significant correlation (at 5% significance level) 

between rainfall and overall ocean SSTs, but stronger correlations are found with the 

Atlantic Ocean, especially upwelling area and the Indian Ocean. It seems that anomalies 

in these two oceans in the vicinity of the continent are more important than general SST 

pattern and are more likely to be a cause of dry conditions than wet. 

 

March-April-May: The SST patterns for the wettest and driest conditions in this season 

(Figs. 9c and 10c) are very similar those in region 2. A strong El Nino SST pattern is 

associated with dry years and the pattern disappears in wet years when negative 

anomalies prevail. The Indian Ocean is also warm in dry years and generally cool in wet. 

No such difference between wet and dry years is found in the Atlantic Ocean: dipole 

pattern is evident in dry years, but vanishes in wet years when weak positive anomalies 

prevail over much of the Atlantic. This overall SST pattern may suggest that an El Nino 
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signal and the SSTs in the Indian Ocean could be associated with abnormally wet and 

abnormally dry conditions. Correlations (Table 8) show significant association with 

Nino-1+2 and Nino-3 sectors as well as with the south Indian Ocean sector. Generally, 

positive anomalies are associated with dry conditions and negative anomalies with wet 

conditions. Judging from the strength of the anomalies it seems that warm oceans have a 

stronger influence on producing abnormally low rainfall than that would cool oceans 

have on producing abnormally high rainfall. 

 

June-July-August: Marked differences in sign and strength of the SST anomalies 

between wet and dry years are found in the upwelling areas in the Atlantic and Pacific 

Oceans (Figs. 11c, 12c). Strong negative anomalies along the Benguela coast are 

associated with dry years while weaker and positive anomalies are associated with wet 

years. Anomalously warm SSTs in the Nino-1+2 sector are also associated with dry years 

and vice versa. The SSTs in the Indian Ocean do not show pronounced changes between 

wet and dry years. The anomalies are generally weak and negative in both composites. It 

seems that two upwelling areas in the Atlantic and Pacific Oceans and the South Atlantic 

area could be related to warm and dry conditions in this region. Correlations (Table 8) 

confirmed only suggestion that South Atlantic and the upwelling area in the Atlantic are 

highly correlated with dry and wet conditions and the influence of upwelling area seems 

to be stronger.  

 

September-October-November: The SSTs patterns in this region (Figs. 13c, 14c) are 

very similar to those found in region 1 (Figs. 13a, 14a). Some tendency for cold 

anomalies associated with wet years and warm anomalies associated with dry years is 

evident. Significant negative correlation of -0.58 supports the assumption that the 

Atlantic and Indian Ocean in the vicinity of the continent are responsible for governing 

rainfall variability in this season. Generally, cold oceans tend to enhance rainfall over the 

region, warm oceans to reduce it. 
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5.5 REGION 4: 

 

 

 

 

Table 10: Correlation Coefficients between seasonal and annual totals (2
nd

 column); 

Coefficient of Variation (3
rd

 column); Ratio between seasonal and annual mean (4
th

 

column). 

Season: C.C seas-ann totals CV Seas/annual mean 

DJF 0.59 0.37 0.08 

MAM 0.62 0.12 0.27 

JJA 0.46 0.10 0.32 

SON 0.81 0.11 0.32 

 

 

 

 

This region extends along the Congo River, experiences three maxima in precipitation 

(May, August and October) and dry season during DJF. Table 10 shows that the highest 

contribution to the interannual variability comes from SON (66%). This season 

contributes 32% to the mean rainfall and experiences low variability. JJA season 

contributes 21% to the interannual variability (less than MAM), but 32% to the mean 

rainfall (compared to the 27% from the MAM). Both seasons, MAM and JJA do not 

experience significant variability. On the other hand, DJF, a highly variable season, 

contributes 35% to the interannual variability, and only 8% to the mean.  

 

Overall SST patterns in DJF and MAM seasons (not shown) do not show any distinctive 

features and anomalies are insignificant in all three oceans. No significant correlations 

between rainfall and SST anomalies in any of the ocean’s sectors are found in these two 

seasons. It appears that oceans do not play a role in interannual variability of rainfall in 

those seasons. That is why it was assumed that the atmosphere might be an important 

factor in modulating rainfall. Only in the JJA and SON seasons correlations between 

rainfall and SSTs in the eastern and central equatorial Pacific are found. Correlations with 
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other ocean sectors are insignificant. For all this reasons, cross sections of zonal winds 

are examined for all seasons. 

 

December-January-February: An upper-level easterly jet is evident in both wet and dry 

composites (Fig. 15), with a jet core located between 4
o
S and 7

o
S. There is no difference 

in jet strength between two composites. Two mid-level easterly jets at low latitudes on 

the Southern Hemisphere and the Northern Hemisphere are also associated with both wet 

and dry conditions and there is no noticeable difference in strength and location. These 

two mid-level jets are termed as AEJ-N and AEJ-S as it was suggested in a previous 

study (Nicholson and Grist, 2001). At the surface, westerlies prevail in both composites 

between 15
o
S and 5

o
N.  

 

 It appears that neither ocean SSTs nor jet streams influence rainfall variability in this 

season. 

 

Previous analyses (Nicholson and Grist, 2001), limited to the JAS season in the Sahel, 

showed that AEJ-N is weaker and located further north during wet years and that the 

presence of both jets AEJ-N and AEJ-S generally enhances rainfall in the tropical rain 

belt.  

 

March-April-May: The composites of zonal winds for the 5 wettest and 5 driest years in 

this season are shown in Fig. 16. Westerly winds prevail at the surface in both wet and 

dry composites from 5
o
S to 10

o
N. There is an easterly jet core evident at 600mb in both 

composites around 5
o
N (AEJ-N) and the strength and location of this jet is very similar in 

both composites. The second weak easterly jet core (AEJ-S) is present only in wet years 

and is located around 8
o
S-10

o
S. An upper-level easterly jet core (TEJ) is found at 200mb 

around the equator and it is stronger in the wet composites. It appears that stronger upper 

level easterly jet (TEJ) is associated with wet years and the presence of both mid-level 

jets is associated with wet years. 
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Fig. 15: Zonal winds cross section for wet and dry years in DJF season in region 4 (from 

C. O`Clark) 
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Fig. 16: Zonal winds cross section for wet and dry years in MAM season in region 4 

(from C. O`Clark) 
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June-July-August:  Fig. 17 shows the SST pattern for the wet and dry years in region 4. 

An ENSO like SST pattern is evident in the wet composite: fairly strong negative 

anomalies dominate over the eastern and central equatorial Pacific. In the composites for 

dry years, this signal disappears although weak negative anomalies prevail in the eastern 

equatorial Pacific. The Indian Ocean is warm in both composites and there is no change 

in anomaly sign between the wet and dry years. The equatorial and South Atlantic  are 

warm in dry years, but cool in wet years with quite week anomalies. This indicates that 

this sector could be important in modulating rainfall. According to the correlations, it 

seems that Pacific could be a factor in determining rainfall variability in this season and it  

is more likely associated with wet years in a sense that cold oceans tend to enhance 

rainfall.  

 

Fig. 18 shows the composites of zonal winds for the 5 wettest and driest years in JJA 

season. Westerly winds prevail at the surface between 5
o
S and 15

o
N in both composites, 

but they are significantly stronger in wet years and extend up to 700mb in wet composites 

comparing with dry years where westerlies extend up to 800mb. Jet core is located 

around 10
o
N in wet years while much weaker core in dry years extends from the equator 

to approximately 12
o
N. There is pronounced easterly jet at 600mb in dry years with a 

core located around 10
o
N. No such jet is evident in wet composites. At 200mb the 

stronger easterly jet around 10
o
N is associated with wet years. This easterly core is 

evident in dry years as well, but it is noticeably weaker. It appears that stronger upper 

level jet (TEJ), weak mid-level jet (AEJ-N) and stronger westerlies in the lower 

atmosphere are linked  with wet conditions and vice versa. This link is also found in the 

Sahel during JAS rainy season. 
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Fig. 17: Composites of SST anomalies for the a) five wettest and b) five driest years in 

JJA  season in region 4. 
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Fig. 18: Zonal winds cross section for wet and dry years in JJA season in region 4 (from 

C. O`Clark) 

 

 

 



                                                                     59 

 

 

September-October-November: Some semblance of the ENSO signal is found during 

dry years in this season (Fig. 19): negative and weak anomalies prevail over the central 

and eastern equatorial Pacific.  

 

 

 

 

 

 

 

 

Fig. 19:  Composites of SST anomalies for the five wettest and five driest years in SON  

season in region 4 
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In the composite for the wet years, ocean is generally cool and anomalies are weak. The 

Atlantic and Indian Oceans are warm in dry years, cool in wet years and anomalies are 

weak in both composites. Correlation between rainfall and SST is found only with the 

Pacific. Unlike all other regions and seasons, correlation is positive in this case: cool 

Pacific appears to have influence in reducing rainfall over the continent and vice versa.  

 

The cross section of zonal winds for the wet and dry years (Fig. 20) is similar that in JJA 

season, although upper and mid-level easterly flow and surface westerlies are 

considerably weaker. Fig. 20 shows that westerly winds prevail in the lower atmosphere 

between approximately 12
o
S to 12

o
N in both composites. The maximum wind is located 

around the equator in the dry years and is shifted north around 8
o
N in the wet years when 

it appears to be stronger. Two easterly jet cores are evident at 600mb in the dry years 

around 10
o
S and 8

o
N. In composites for wet years only the jet around 10

o
S is developed 

at 600mb. In the upper atmosphere the pronounced easterly jet around 5
o
N is present in 

wet years. No easterly jet core is evident in dry years at this level. Again, it seems that 

strong upper level jet (TEJ), weaker mid-level jets (AEJ-N and AEJ-S) and stronger 

westerlies in the lower atmosphere are responsible for wet conditions. The presence of 

AEJ-N and AEJ-S is associated with dry years.  

 

Results obtained for region 4 are rather inconclusive. No SST influence on rainfall is 

found in DJF and MAM seasons which may be indicative of the atmosphere being the 

primary factor in modulating the character of rainy season. This would limit forecast 

correlations with rainfall are of opposite sign between these two seasons. Anomalously 

warm SSTs act to reduce rainfall in JJA, but enhance it during SON season. Examination 

of the zonal wind field showed that generally in MAM, JJA nad SON seasons, stronger 

upper-level TEJ, weaker mid-level AEJ-N and stronger westerlies at the surface are 

associated with wet years. This is particularly pronounced in JJA season. This link was 

also found in the West Africa –Sahel during JJA rainy season which may suggest that the 

similar dynamical factors influencing rainfall variability in the Sahel, operate in this 

region. 
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Fig. 20: Zonal winds cross section for wet and dry years in SON season in region 4 (from 

C. O`Clark). 
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5.6 REGION 5: 

 

 

 

 

Table 11: Correlation Coefficients between seasonal and annual totals (2
nd

 column); 

Coefficient of Variation (3
rd

 column); Ratio between seasonal and annual mean (4
th

 

column). 

Season: C.C seas-ann totals CV Seas/annual mean 

DJF 0.48 0.23 0.17 

MAM 0.45 0.10 0.27 

JJA 0.54 0.13 0.22 

SON 0.58 0.11 0.34 

 

 

 

 

This region experiences rainfall all year round with maxima occurring in MAM and SON 

seasons and minima in DJF and JJA. Correlation coefficient between seasonal and annual 

totals does not vary much between seasons and contribution to the interannual rainfall 

variability is in the range between 20%-35%. The ratio between seasonal and annual 

mean shows the highest contribution from SON and MAM (34 and 27%, respectively) 

although contribution from the two remaining and more variable seasons is not 

negligible.  

 

December-January-February: In the composite for wet years (Fig. 7d) strong negative 

anomalies prevail over the eastern and central equatorial Pacific. The anomalies are 

negative and considerably weaker during dry years (Fig. 8d). It does not seem that Pacific 

plays a role in influencing rainfall variability. SST pattern in the Indian Ocean is similar 

in both composites: weak and negative anomalies are dominant over the ocean. Unlike 

the anomalies in the Pacific and Indian Oceans, anomalies in the Atlantic, especially in 

the South Atlantic reverse in sign between wet and dry years. South Atlantic is warm in 

wet years and generally cool in dry years. Some semblance of dipole pattern is evident in 
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the dry composite, but not in the wet composite. Correlations show that the South 

Atlantic and dipole pattern could be responsible for rainfall extremes, but this influence is 

quite weak. 

 

March-April-May: An El Nino like SST pattern is associated with dry years with strong 

positive anomalies along the upwelling area in the Pacific (Nino-1+2). This pattern 

disappears in wet years and negative anomalies are dominant in the eastern equatorial 

Pacific (Figs. 9d, 10d). The SST anomalies in the Indian Ocean are insignificant and 

there is no change between wet and dry years. In the Atlantic Ocean, fairly weak positive 

anomalies prevail in both composites. It seems that only ENSO signal in the Pacific could 

be related to abnormally wet and abnormally dry conditions. Correlations (Table 8) 

support this assumption: significant negative correlations are found between rainfall 

anomalies in this season and SST anomalies in the eastern and central equatorial Pacific. 

Warm ocean tend to reduce rainfall over the continent, cold ocean to enhance it. 

 

June-July-August: A La Nina like signal is evident in wet and dry composites (Figs. 

11d, 12d), although anomalies are markedly weaker in the wet years. The Indian Ocean 

in the vicinity of the continent has positive SST anomalies in wet years and negative 

anomalies in dry years. A similar situation is found in the Atlantic Ocean. Near-coastal 

region (i.e. upwelling area) is characterized by warm anomalies associated with wet years 

and cold anomalies associated with dry years. Examination of correlation coefficients 

shows that Indian Ocean seems to be important factor in determining wet and dry 

conditions. Region 5 is the easternmost region in the studying area and although 

anomalies in the near-coastal sectors in the Atlantic Ocean are of opposite sign in wet and 

dry years, and the correlation coefficient between rainfall and SST anomalies is 

significant at 5% significance level, it appears that the influence of this sector is weaker 

than the influence of the Indian Ocean.  

 

September-October-November: There are no marked differences between SSTs 

patterns for wet and dry composites (Figs. 13d, 14d). Anomalies are generally weak and 
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negative in all oceans. Correlation coefficients (Table 8) show that there are no 

correlation between rainfall and SSTs in this region during SON. 

 

For this reason, zonal wind cross sections are examined (Fig. 21). Westerlies prevail in 

the lower troposphere in both composites from approximately 12
o
S to 12

o
N. There is a 

westerly maximum around 8
o
N in the dry composites that does not exist in the 

composites for wet years. At the 600mb, easterly jet core around 8
o
S is evident in the wet 

years. In the composites for dry years, two easterly jet cores (AEJ-N and AEJ-S ) are 

present at approximately 4
o
N and 8

o
S. AEJ-S is stronger in wet years, while AEJ-N is 

stronger in dry years and absent in wet years. Although AEJ-N is weaker in wet years, the 

presence of both jets is associated with dry years (the same was found in SON season in 

region 4). Upper-level easterly jet (TEJ) does not show any difference between these two 

composites. Two westerly jets at 200mb are somewhat stronger in wet years, but extend 

more equatorward in dry years, which is more pronounced in the jet on the southern 

hemisphere. 
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Fig. 20: Zonal winds cross section for wet and dry years in SON season in region 4 (from 

C. O`Clark). 
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CHAPTER 6 

 

 

SUMMARY AND CONCLUSIONS 

 

 

 

 

The spatial pattern of rainfall variability over Central Africa is examined using a 

regionally-averaged time-series comprising the records of 187 stations with record length 

of 45 years. Five rainfall regions homogeneous with respect to interannual variability are 

defined. For each of the five regions, composites of SST anomalies for the five wettest 

and five driest years in each season are derived and correlations between rainfall and SST 

anomalies are examined in order to see relative importance of ENSO signal in the Pacific 

and SSTs in the Atlantic and Indian Oceans. 

 

The most relevant aspects of SST variability for interannual variability of rainfall in 

Central Africa appear to be: ENSO signal in the Pacific Ocean, SSTs in the South 

Atlantic and Indian Oceans, Atlantic upwelling area and Atlantic dipole. The importance 

of these varies seasonally and, to a lesser extent, regionally. 

In the DJF season there is general tendency for warm/cold oceans to be associated with 

dry/wet conditions in regions 1, 2, 3 and 5. The overall ocean SST pattern is important in 

region 1, while the Atlantic Ocean is important in regions 2 and 5 (especially the 

upwelling area and dipole in region 2 and South Atlantic and dipole in region 5). Near-

coastal ocean sectors in the Atlantic and Indian Oceans appear to be the most important 

in region 3. 
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In the MAM season, the SST pattern in the eastern and central equatorial Pacific appears 

to be the most important factor in rainfall variability in regions 1, 2, 3 and to a lesser 

extent in region 5. The warm SSTs show the classical El Nino pattern of anomalies, but a 

true La Nina signal is not evident in the cold anomalies associated with abnormally wet 

conditions. The Atlantic and Indian Ocean SSTs are probably of secondary importance 

during this season. 

 

In the JJA season, control on extreme rainfall switches back to the Atlantic Ocean in 

regions 1, 2 and 3. However, there is a negative correlation with rainfall in region 1 

(warm SSTs tend to reduce rainfall, cold SSTs tend to enhance it) and a positive 

correlation with rainfall in regions 2 and 3 (warm/cold SSTs are associated with wet/dry 

conditions, respectively). The South Indian Ocean influences rainfall variability in region 

5 in a sense that a warm ocean reduces rainfall and vice versa. 

 

In the SON season, it appears that general ocean temperatures and especially the Atlantic 

and Indian Oceans in the vicinity of the continent are responsible for the extremes in 

rainfall in regions 1 and 3; warm SSTs tend to reduce rainfall, cold SSTs tend to enhance 

it. Rainfall variability in region 2 seems to be influenced by SSTs in the Atlantic 

upwelling area: warm/cold SSTs are associated with wet/dry conditions. No ocean 

influence is found on the rainfall variability in region 5 in this season. 

 

Overall, regions 1, 2 and 3 show strong teleconnection to factors that control variability. 

For regions 4 and 5 such teleconnections were not found which suggests the possibility 

that these two regions are not as homogeneous as it appeared initially. One of the reasons 

for this could be that these two regions represent a transition zone between influences of 

the Atlantic Ocean to the west and Indian Ocean to the east. 

 

The Atlantic Ocean shows strong teleconnection with regions 1, 2 and 3 in JJA and SON 

seasons. Although the results show that the Atlantic and Indian Oceans in the vicinity of 

the continent are important in modulating rainfall, the influence of the Atlantic appears to 
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be considerably stronger. It appears that the Atlantic Ocean influences western equatorial 

Africa and areas at somewhat higher latitudes at both hemispheres (regions 1, 2 and 3). 

The rainfall variability in the Congo Basin (region 4) does not show any link with either 

the Atlantic or Indian Oceans. Generally, central equatorial Africa from approximately 

20
o
E – 30

o
E and from 3

o
S – 3

o
N is not influenced by the Atlantic Ocean, but results 

indicate the importance of the Indian Ocean especially in the area around and just below 

the equator (region 5). 

 

One of the more general conclusions from these results is that there is no “symmetry” 

between the factors associated with wet conditions and those producing dry conditions: 

SST patterns associated with wet years are not necessarily the opposite those associated 

with dry years. Also, the same SST boundary conditions that are associated with 

abnormally high rainfall in some seasons are associated with abnormally low rainfall in 

other seasons. Rainfall response to SSTs is clearly seasonally specific. This is 

manifestation of the complexity of the factors influencing rainfall over Central Africa and 

of the pronounced seasonality of rainfall over this region. 

 

It should be noted that the SSTs alone cannot adequately explain the rainfall variability. 

SST patterns indicate only a tendency for a given rainfall type to occur. SST results are a 

diagnostic tool for eventually identifying the prevailing circulation patterns that control 

rainfall variability. The relevant circulation patterns are largely evoked by these SST 

boundary conditions. 
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