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Abstract

The current study examines the interannual rainfall variability and its asso-
ciated atmospheric circulation in Tanzania during October-December (OND)
rainfall season based on 1974 to 2010 climatology. The Empirical Orthogonal
Function (EOF), composite and correlation analysis were used in this study.
Years with enhanced precipitation are found to be associated with the low
level moist and unstable wind from Congo basin which organizes and forms a
confluent zone, an inter tropical convergence zone (ITCZ) extending from
Congo to northern sector of the country. It however, characterizes low-level
westerly moisture flux transport sourced from Congo basin, ascending limb
of the local Indian Ocean Walker circulation over East Africa which enhances
convection for wetness condition. Wet years are also coupled with the posi-
tive Indian Ocean Dipole (IOD) and the warm phase of the El Nino Southern
Oscillation (ENSO) condition. On the spatial scale, both the IOD and ENSO
indices are well correlated with OND rains over the bimodal areas (Lake Vic-
toria basin, North Eastern Highlands (NEH), and northern coast) with strong
correlation being to the NEH. Strong temporal correlation is revealed be-
tween the OND rains and IOD (r = 0.6304) compared to ENSO (r = 0.5538)
indicating that anomalous warming over the western Indian Ocean has a
faster response to OND rains in Tanzania than the remote influence induced
by anomalous warming from the central Pacific Ocean. The patterns asso-
ciated with dry years are found to be linked with the low-level divergence ac-
companied by convergence in the upper level. This condition enhances con-
tinuous descending motion accompanied with suppression in rainfall activi-
ties. Dry years are also associated with negative IOD, cold phase of ENSO
condition, descending limb of the Walker Circulation and significant reduc-
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tion in the westerly moisture flux transport sourced from Congo basin to-
wards the western sector and Lake Victoria basin.
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1. Introduction

Understanding the inter-annual variability of rainfall in Tanzania is of crucial
importance to all socio-economic sectors, particularly sectors that are very sensi-
tive to climate variability including agriculture, infrastructure, fisheries, hy-
dro-electric power generation and water resources. Some researchers [1] [2]
noted that, rainfed agriculture is the source of livelihood of about 70% of the
population in sub-Saharan Africa, while for Tanzania, rain-fed agriculture is the
main source of livelihood to about 75% to 80% of the population, and agricul-
tural activities account for 25% of the Gross Domestic Product, GDP [3].

Rainfall distribution in Tanzania exhibits a stronger spatial and temporal va-
riability characterized by frequent occurrence of extreme events including severe
and devastating droughts and floods. The occurrence of these extremes often
causes severe consequences to the livelihoods, infrastructure, food insecurity,
energy and water shortages, and deaths of human beings and animals [4] [5] [6].

Enhanced understanding of rainfall variability provides better inputs and
contributions for understanding the dynamics and evolution of the climate sys-
tem and its associated variability and predictability. Understanding the trend of
rainfall variability also helps to generate more understanding about the dynam-
ics and consequence of climate change and variability on environmental and
human system [7]. It is well documented that the impact of climate change on
agriculture in developing countries has been increasing causing decrease in
agricultural production and productivity [8].

The study of East African rainfall, particularly the nature and extent of its va-
riability has received considerable attention and is well documented by a num-
ber of researchers. For instance, [9] associated the East African rainfall with the
passage of the ITCZ in such a way Tanzania is under the influence of ITCZ dur-
ing the month of October to May. It is also revealed that El Nino Southern Os-
cillation (ENSO) plays a significant role in determining the monthly and season-
al rainfall pattern in Tanzania and East Africa [10] [11] [12] [13] and [14], with
warm events being associated with high rainfall while cold events with low rain-
fall. It was however, noted that the robust relationship of the East African rain-
fall is found to be during OND rain season [10] [15] and weak in MAM. Some
studies [16] [17] [18] [19] showed a coherent association of the Indian Ocean
dipole (IOD) with several flooding events across East African region. According

to [20], the positive IOD events are associated with enhanced rainfall activities
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over Eastern Africa through the anomalously strengthened tropical easterly jet
stream. Conspicuously, the co-occurrence of the canonical EI-Nifio Madoki and
positive IOD may tend to induce strong anomalous enhancement in rainfall over
the Eastern Africa region. The recent study by [21] has extensively associated the
wetness and dryness conditions during OND rainfall season with the Walker
Circulation. In their findings it was noted that, the wetness (dryness) condition
is linked with the rising (descending) limb of the Walker circulation over the
western Indian Ocean (WIO). Thus, during positive Indian Ocean Dipole (IOD)
events, the Walker circulation cell over the Indian Ocean is well defined, and
more comparable than it does during El Nifio years. In El Nifio years, the Walk-
er circulation cell becomes weak compared with positive IOD events, where the
zonal winds strengthen, resulting in active convective activities over the WIO.
With this case, the Walker circulation cell developing over the Indian Ocean is
strongly connected to IOD activity. The weakening of the Walker circulation cell
is likely the reason for the decrease in OND rainfall during El Nifio events com-
pared with that of positive IOD events in recent years over Tanzania. In spite of
the development made in climate variability research over the region over the
last few decade, but still several gaps in knowledge and understanding about the
forcing factors and their evolution exists. These include understanding the main
circulation anomalies linked with variability of OND rainfall including the wet
and dry years. To bridge this gap, the current study focuses on the inter-annual
variation of the OND rainfall season in Tanzania to identify and characterize the

associated circulation anomalies.

2. Data and Methodology
2.1. Data Description

This study utilized the monthly rainfall data sets from 17 synoptic stations from
Tanzania Meteorological Authority (TMA), in Figure 1 based on 1974-2010
climatology. The average seasonal rainfall values for OND season were com-
puted from the monthly observed data sets. Correspondingly, the average
monthly gridded precipitation data sets from the Global Precipitation Climatol-
ogy Centers (GPCC) were also used. These data spans with a spatial resolution of
0.5° x 0.5° grid and extended from 1901 to present. The National Centers for
Environmental Prediction-National Center for Atmospheric Research (NCEP-
NCAR) monthly mean reanalysis datasets from 1949 to present [22] provide a
gridded analysis of the global observational network of meteorological variables
(ie, relative humidity, specific humidity, velocity potential, zonal and meri-
dional wind components) that were used in this study. The data spans with a
spatial resolution of 2.5° x 2.5° grid at every 6 hours. The monthly mean sea
surface temperature data were obtained from the National Oceanic and Atmos-
pheric Administration (NOAA) with a 2.0° latitude-longitude resolution [23].
On the other hand, the IOD indices were obtained from the difference between

SST anomalies observed between the western Indian Ocean (50°E - 70°E, 10°S -
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Figure 1. The map of Africa showing the geographical location of Tanzania and stations used in the study

(source: reconstructed with ArcGIS software).

10°N) and eastern Indian Ocean (90°E - 110°E, 10°S - 0°) as it has been used by
a number of researchers [24] [25] [26].

2.2. Methodology

The present study utilized the empirical orthogonal function (EOF) to explore
the leading climatic modes from the mean OND observed rainfall from 17 syn-
optic stations scattered over Tanzania (Figure 1) based on 1974 to 2010 clima-
tology. EOF analysis is frequently applied to derive patterns and indices used to
identify climate modes as expressed in state variables [27]. The approach identi-
fies patterns in space known as EOF modes in one or multiple variables from ei-
genvectors of the covariance matrix for the gridded data sets. Then the original
centered data are projected onto the spatial patterns to obtain time series indices
(i.e, the principal components). Therefore, the first EOF spatial mode of the
mean OND rainfall was taken as the dominant mode and further explained areas
that were prone to wetness/dryness over the entire climatology. Quantifying the
relationship between IOD and mean rainfall during OND over the study do-
main, we first define their respective indices. The process of developing these in-
dices does not only tie in exploring the existing association between the two but
also quantify when both indices show a relatively strong association. Having rea-

lized that the principal component time series provides the strength of EOF pat-
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tern over time, we assign the first principal component (ie, PCl, in Figure
4(b)) to represent the OND rainfall indices. Correspondingly, the IOD index
was obtained by subtracting the SST of the eastern Indian Ocean (90°E - 110°E,
10°S - 0°) from the western Indian Ocean (50°E - 70°E, 10°S - 10°N). Ascertain-
ing the circulation anomalies responsible for the wetness/dryness condition
during OND, the current study carried a composite analysis on a number of field
variables and later test for their significance with the two tailed Student’s t-test.
Noted that, the composite for the wet years is computed when the amplitude of
the rainfall indices is greater than or equal to +1. On the other hand, for the dry
years, the amplitude of less than or equal to —1 is said to be linked with dry

years.

3. Results and Discussion

3.1. The Climatic Characteristic of Rainfall in Tanzania

The validation of the CRU and GPCC data sets against the observed rainfall data
sets was done by comparing the CRU and GPCC data with observed station data
over Tanzania. The process enabled the identification of a better dataset among
the two in reproducing the annual rainfall over Tanzania that can be used in-
stead of observed rainfall data sets which are generally incomplete and short in
spatial distribution. Both the CRU and GPCC data sets were therefore extracted
as an aerial average from Tanzania domain (Ze, 12°S - 1°S and 30°E - 40°E) and
compared to the country average of observed station data sets. Both the CRU
and GPCC data sets are in agreement with the observed rainfall data sets, and
the pattern from all data sets reproduces the two rainfall peaks during MAM and
OND seasons (Figure 2(a)) and are consistent with the earlier findings [28]. The
pattern from June to December (Ze, including the period under study, Octo-
ber-December), also indicates that both CRU and GPCC gridded data sets are
more closely related with the observed data. However, much weight is given to
the CRU data sets since it is highly correlated with the observed rainfall data sets
(r=0.9013) than the GPCC (r= 0.8818). In this case the CRU data set was cho-
sen for further analysis to understand the long-term rainfall variability over
Tanzania.

The climatological distribution of rainfall in October (Figure 3(a)) shows that
there are more rains to the Lake Victoria basin, extreme western sector (mainly
northern Kigoma) and to the peripheral of the northern coast of the country.
This condition suggests the fact that, during OND rainfall season the onset starts
from the western and Lake Victoria basin then spreading to the rest of the area
as the season progresses. However, the rest parts of the country record less
amount of rainfall (Iess than 50 mm) in October.

During November (Figure 3(b)) the western and majority of the bimodal ar-
eas reveal noticeable amount of rainfall while the unimodal areas (i.e., central,
south-western highlands, SWH and southern region) records less amounts. This
condition can be attributed by the fact that during this period the ITCZ is still

DOI: 10.4236/acs.2021.112019

328 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2021.112019

H. K. Ame et al.

(a) The annual Rainfall Cycle over Tanzania
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Figure 2. (a) The annual cycle of rainfall in Tanzania (mm) computed as the areal aver-
age of the country (ie, 12°S - 1°S and 30°E - 40°E) from GPCC (black dashed line), CRU
(red dashed line with cycles) and observed rain-gauge data sets (blue solid line); (b) Sea-
sonal rainfall contribution based on 1974 to 2010 climatology.

further North of the country. Subsequently, with the gradual southward move-
ment of the ITCZ, causing majority of the unimodal areas (West, central, SWH,
southern region and southern coast) in Figure 3(c) to be characterised with en-
hanced rainfall in December. It is however noted that, November marks the mid
of the OND season and characterises enhanced rainfall over the bimodal areas
while December (Figure 3(c)) marks the end of the OND season with enhanced
rainfall to unimodal areas. Figure 3(d) shows the long term mean rainfall during
OND rainfall season in Tanzania. During this season the majority of the areas in
the country receives high amount of rainfall with an exception of the central ar-
eas and some parts of the north eastern highlands. Enhanced amount of rainfall
is well observed over the bimodal areas (mainly extreme northern parts of

Kigoma and western Lake Victoria basin).

3.2. The OND Rainfall Variability

EOF analysis in this study is used to investigate the variability of OND rainfall in
Tanzania based on 1974 to 2010 climatology. The first three EOF patterns ex-

DOI: 10.4236/acs.2021.112019

329 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2021.112019

H. K. Ame et al.

plain more than 76.89% of the total variance and therefore being more repre-
sentative of the country’s seasonal rains variability during OND season. Figure
4(a) depicts the dominant mode (EOF1) and its corresponding principal com-
ponent time series (PC1, in Figure 4(b)) for the mean monthly rainfall anoma-
lies over Tanzania based on 1974-2010 climatology. EOF1 accounts for more
than 61.57% of the total variance and exhibits the monopole mode of variability
with positive loadings concentrating over the majority of the areas within the
country (Figure 4(a)).

The strongest positive loadings concentrate to the northern sector, eastern

(a) October (b) November

*
Figure 3. The spatial mean monthly rainfall distribution in Tanzania during (a) October

(b) November (c) December (d) October to December (OND) based on 1974 to 2010 cli-
matology.
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Figure 4. (a) The spatial pattern of the first EOF mode (EOF1) and its corresponding PC
time series in (b), of the mean rainfall during OND season based on 1974-2010 climatology.
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sector and northern coast areas of the country. Weak loadings are observed over
the western, central, southern region and southern coast of the country. The re-
sults suggest that variability of precipitation over study area during OND is uni-
form with more rainfall over the northern sector, eastern sector and northern
coast of the country. This is consistent with long term mean rainfall during
OND season in Tanzania (Figure 3(d)). Meanwhile, Figure 5(a) & Figure 5(b)
show the spatial patterns of the second (EOF2) and third (EOF3) modes of EOF
during OND rainfall season. EOF2 in Figure 5(a) explains 7.72% of the total va-
riances with bipolar mode of variability. Much of the positive loading are located
over the western, central and southern part of the study area while negative
loading to northern and eastern sector of the country. Moreover, EOF3 accounts
for 7.60% of the total variance with positive loading dominating the southern
sector, extreme western sector and to a lesser extent a small area of the north
eastern highlands (Figure 5(b)) with the remaining part being dominated by

negative loadings.

3.3. Relative Influence of Wetness/Dryness Condition during OND

Determining the influence of extreme wet and dry conditions during OND sea-
son we carried out the composite analysis for a number of field variables. The
basis for the composite relies on the principal component time series (PCI, in
Figure 4(b)) for the OND rainfall expansion. Years with strong amplitude of
normalized mean OND rainfall departures of >+1 of the standard deviation
(1978, 1982, 1986, 1997 and 2006) and those ones with strong amplitudes of
normalized departures of <—1 of the standard deviation (1976, 1987, 1993, 1998

and 2005) were selected as wet and dry years respectively.

3.3.1. Wind and Moisture Flux Anomaly
Figure 6 shows the spatial pattern for the composite wind vector anomalies at
850 and 200 hPa during wet and dry years of the OND season based on 1974 to

(a) EOF2 (7.72%) (b) EOF3 (7.60%)
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Figure 5. The spatial pattern of (a) the second EOF mode (EOF2) and (b) the third EOF
mode (EOF3) of the mean rainfall during OND season based on 1974-2010 climatology.
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Figure 6. The composite wind vector anomalies for wet years at (a) 850-hPa (b) 200-hPa;
dry years at (c) 850-hPa (d) 200-hPa and the difference between wet and dry years at (e)
850-hPa (f) 200-hPa. Shaded areas are significant regions at t-test based on 95% confi-
dence interval.

2010 climatology. The results show that during wet years at 850 hPa, the moist
and unstable wind from Congo basin organizes and forms a confluent zone
(ITCZ) extending from Congo to northern sector of the country (Figure 6(a)).
It however converges with the maritime north easterly wind from the Indian
Ocean mainly to the northeastern highlands and northern coast of the study
area, and probably being the source of enhanced precipitation during the season.
Noted that, the low-level convergence is accompanied by the high-pressure sys-
tem in the upper level (see dotted circular line in Figure 6(b)) favoring en-
hanced convection alongside. Remarkably, significant changes are observed in
dry years (Figure 6(c)), where the low level south easterly wind anomalies do-
minate and diverge over many parts of the country. Correspondingly, cyclonic
circulation at the upper level (Figure 6(d)) is aligned with the low-level diver-
gence in Figure 6(c). This situation is consistent with a study done by Barry et
al, (2003) which revealed that convergence at low level gives rise to vertical
stretching, whereas divergence results in vertical shrinking suppressing convec-
tion due to subsidence. Further, Hastenrath (2007) and, [29] confirmed that
westerly wind anomaly flow sourced from Congo basin are associated with en-
hanced East African precipitation.

Figure 6(e) revealed significant westerly wind anomalies sourced from Congo
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converge over the northern sector (bimodal rainfall regime domain) of the study
area. Meanwhile, it also resumes repositioning of the high-pressure cell over the
southern sector of the country (Figure 6(f)) in the upper level which ensures
enhanced convection alongside. Studying the influence of the low-level moisture
transport during the wet and dry years of OND season we focused our analysis
on the 850 hPa level since it is considered to be the most significant representa-
tive behavior of the vertically integrated moisture flux over eastern Africa [29].
Generally, the eastern half of the study area is dominated by the low-level wes-
terly moisture flux transport sourced from Congo basin (Figure 7(a)). However,
strong weight of the moisture flux transport is located to the north-south corridor
(i.e, north eastern highlands, northern coast; Tanga, Pwani, Morogoro and Dar
es Salaam regions, and southern region) of the country (Figure 7(a)). On the
other hand, there is deficit of moisture flux transport from the western sector
and the entire Lake Victoria basin sourced from Congo basin (Figure 7(a)).
Since the moisture flux divergence is negative over the eastern half of the study
area with enhancement to the north-south corridor (Ze, north eastern highlands,
northern coast; Tanga, Pwani, Morogoro and Dar es Salaam regions, and southern

region) it is therefore consistent with the enhanced convergence in moisture

(a) 850 hPa Moisture Flux Divergence (Wet Years)

30E

-1.6 -08 0 0.2
(b) 850 hPa Moisture Flux Divergence (Dry Years)

-08 0 0.2

Figure 7. The 850 hPa composite anomaly fields of the moisture flux (vectors) and its di-
vergence (shading) during (a) wet years (b) dry years based on 1974 to 2010 climatology.
Noted that, negative (positive) shading represents convergence (divergence) respectively.
The scale vector corresponds to moisture flux 0.2 g/kg m/s and the moisture flux diver-
gence contour interval is 2 x 10 g/kg/s.
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flux leading into increased wetness condition within the region (Figure 4(a)). In
this case, it explains how important the westerly wind anomalies in Figure 6(a)
are advecting the low-level moisture flux from Congo Basin towards the country
for enhanced convection and wetness condition. During dry years (Figure 7(b)),
there is significant reduction in the westerly moisture flux transport sourced
from Congo basin towards the western sector and Lake Victoria basin. However,
moisture flux transport persistence is observed over the eastern half of the coun-
try sourced from the southern part of Kenya and the Indian Ocean (Figure
7(b)). This scenario confirms the significant importance of the Indian Ocean in
advecting moisture for enhanced convection and wetness over many areas of the

eastern sector (Ze., along the coastal belt).

3.3.2. Velocity Potential and Divergent Wind Anomaly

Figure 8 shows the composite velocity potential and divergent/convergent wind
anomalies during wet conditions of OND season based on 1974 to 2010 clima-
tology. The centers of low (high) velocity potential are accompanied by diver-
gent outflow (confluent inflow) of winds. Correspondingly, divergence (conver-
gence) in the upper troposphere (ie., 300 hPa) is coupled with convergence (di-
vergence) in the lower troposphere. During wet years, the western Indian Ocean
is characterized with the low tropospheric convergence (Figure 8(a)) coupled
with diffluent flow in the upper level (Figure 8(b)). The convergent center West
of the Indian Ocean in Figure 8(a) is organized in such a way to the western
part of the study area the wind flows eastwards (i.e., with northwesterly compo-
nent in the lower troposphere and crosses Congo, thereby advecting moist wind
towards the study area). The positive velocity potential and wind convergence
over the western Indian Ocean (ie., centered over Eastern Tanzania in Figure
8(a)) coupled with the negative velocity potential and upper tropospheric wind
divergence (Figure 8(b)). This condition reflects the positioning of the ascend-

ing limb of the local Indian Ocean Walker circulation over East Africa which

(a) 850 hPa Composne V. Potential (Wet-Dry) Years of OND

A A ANXT 713
/\\/‘\\4 7). ¥

180 15'ow:“ W eon 60w
2.5
(b) 300 hPa Compos1te V. Potential (Wet-Dry) Years of OND

15N

90E 120E  150E

EQ T 23

168 b (\ N E E VSN D
120E 150E 180 150W 120W
e
2.5

Figure 8. The composite pattern for the velocity potential (10 m*s™') and divergent wind
(m-s™') anomalies, being the difference between wet and dry years at (a) 850 hPa and (b)
300 hPa during OND season of 1974 to 2010 climatology. Shaded areas are statistically
significant at 5% level with a two tailed Student’s t test.
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enhances convection for wetness condition bearing in mind that there is plenty

of moisture being advected to the study area.

3.3.3. Sea Surface Temperature Anomaly

Figure 9 represents the composite sea surface temperature anomaly for the wet,
dry and differences between wet and dry years during OND season. There are
enhanced warm SST anomalies over the western Indian Ocean with cool SST
anomalies to its counter parts the eastern Indian Ocean (Figure 9(a)) during wet
years. Also, it reveals enhanced warm SST anomalies over the central Pacific
(i.e, over Nifo 3.4 region). This condition generally recaptures the positive IOD
condition and warm phase of ENSO (Ze., El Nino condition). Meanwhile, cool
(warm) SST anomalies are depicted over the western (eastern) Indian Ocean
during dry years with cool SST anomalies over the central Pacific Ocean (Figure
9(b)). This scenario recaptures both the negative IOD condition and cold phase
of ENSO (Ze., La Nina condition). The pattern of the SST anomalies for the dif-
ference between wet and dry years indicated in Figure 9(c) is also in agreement
that enhanced wet condition during OND season is influenced by both the posi-
tive phase of IOD and ENSO condition. Having noted the influence of IOD and
ENSO on OND rains in Tanzania, we expanded our finding trying to reveal the
strength of each index in affecting the seasonal rains. Therefore, this research
carried the in-phase correlation analysis between the IOD, ENSO and OND
rains over Tanzania. Spatially, both the IOD and ENSO indices are found to
have well correlated with OND rains over the bimodal areas (Lake Victoria ba-
sin, NEH and northern coast) with strong correlation being over the north east-
ern highlands (Figure 10(a) and Figure 11(a)). The time series correlation coef-
ficient between the IOD, ENSO and OND rains shows that strong correlation
exists (r = 0.6304) with IOD (Figure 10(b)) compared to ENSO (r = 0.5538) as

indicated in Figure 11(b)). In this case, it can be noted that, anomalous warming

(a) Composite SSTA during wet years in OND season
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Figure 9. The composite SST anomalies for (a) wet years (b) dry years (c) the difference
between wet and dry years during OND season of 1974 to 2010 climatology. The shaded
areas are statistically significant at 5% level with a two tailed Student’s t test.
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(a) Correlation (IOD and OND rain) (b) Inter annual variability (IOD and OND rain)
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Figure 10. (a) Spatial map for the correlation between OND rainfall over Tanzania and
IOD Index and (b) the time series inter annual variability between OND rainfall over
Tanzania and IOD Index based on 1974 to 2010 climatology.
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Figure 11. (a) Spatial map for the correlation between OND rainfall over Tanzania and
ENSO Index and (b) the time series inter annual variability between OND rainfall over
Tanzania and ENSO Index based on 1974 to 2010 climatology.

over the western Indian Ocean has a faster response to OND rains in Tanzania
compared to the remote influence induced by anomalous warming from the
central Pacific Ocean.

Furthermore, the current study has revealed that there is persistence strong
maritime easterly wind from the Indian Ocean towards the study area with very
weak westerly wind anomaly from Congo basin towards the study area during
positive IOD events (Figure 12(a)). However, the dual influence of westerly
wind anomalies (sourced from Congo basin) and maritime easterly anomalies
(from the Indian Ocean) as indicated in Figure 12(b) are well observed to be the
key factors advecting moisture for enhanced wet condition during warm phase
of ENSO. Interestingly, during years with both positive IOD and warm phase of
ENSO (Figure 12(c)), indicates the clear development westerly wind anomaly
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Figure 12. The 850 hPa composite wind vector anomalies during (a) positive IOD (b)
warm phase of ENSO (c) both positive IOD and warm phase of ENSO based on 1974 to
2010 climatology. Shaded areas are significant regions at t-test based on 95% confidence
interval.

(from Congo basin) and maritime easterly wind converges over the northern

sector of the country.

4. Summary and Conclusion

The current study investigated the spatial and inter annual variability of the
OND rains in Tanzania together with the likely circulation anomalies associated
with wet/dry condition based on 1974 to 2010 climatology. It has been noted
that, the distribution of rainfall during October shows that there are more rains
over the Lake Victoria basin, extreme western sector (mainly northern Kigoma)
and to the peripheral of the northern coast of the country, thus, suggesting the
fact that, in OND rainfall season the onset starts from the western and Lake
Victoria basin then spreading to the rest of the areas as the season progresses.
Understanding the dynamics of onset and cessation is very informative and a
good input for enhanced forecasting accuracy of rainfall onset and cessation
which has been very elusive over the years. In November the western and the
majority of the bimodal areas recorded a relatively high amount of rainfall while
the unimodal areas (Ze, central, south-western highlands, SWH and southern
region) records less amounts. This condition can be attributed to the movement
and relative position of the ITCZ, which during this period is still further North
of the country. Generally, during OND rainfall season the majority of the areas
in the country receive a high amount of rainfall with an exception of the central
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areas and some parts of the north eastern highlands. Enhanced rainfall amount
is well observed over the bimodal areas (mainly extreme northern parts of
Kigoma and western Lake Victoria basin).

Subsequently, the study examined the circulation patterns that are associated
with the wet/dry years during OND season of 1974 to 2010. The composite for
the wet years was computed when the amplitude of the rainfall indices is greater
than or equal to +1 while for the dry years, the amplitude of less than or equal to
—1 was considered to be linked with dry years. The observed circulation patterns
indicate that, wet years are coupled with the low level moist and unstable wind
from Congo basin which organizes and forms a confluent zone (ITCZ) extend-
ing from Congo to northern sector of the country. These winds converge with
the maritime north easterly wind from the Indian Ocean mainly to the nor-
theastern highlands and northern coast of the study area, and are among the po-
tential cause for enhanced rainfall during the season.

The study also noted that, wet years are dominated by low-level westerly
moisture flux transport sourced from Congo basin with strong weight being to
the north-south corridor (ie., north eastern highlands, northern coast; Tanga,
Pwani, Morogoro and Dar es Salaam regions, and southern region) of the coun-
try, and describe the importance of the westerly wind anomalies in advecting the
low-level moisture flux from Congo Basin towards the country for enhanced
convection and wetness condition. Furthermore, the composite velocity poten-
tial anomalies reflect the positioning of the ascending limb of the local Indian
Ocean Walker circulation over East Africa which enhances convection for wet-
ness condition bearing in mind that there is plenty of moisture being advected to
the study area.

We also found that, wet years are generally associated with the positive IOD
condition and the warm phase of the ENSO condition. On the spatial scale, it
was revealed that both the IOD and ENSO indices are well correlated with OND
rains over the bimodal areas (Lake Victoria basin, NEH and northern coast) with
strong correlation being over the north eastern highlands. There was a strong
temporal correlation revealed between the OND rains and IOD (r = 0.6304)
compared to ENSO (r = 0.5538). This scenario shows that, the anomalous
warming over the western Indian Ocean has a faster response to OND rains in
Tanzania than the remote influence induced by anomalous warming from the
central Pacific Ocean does. The patterns associated with dry years are found to
be linked with the diverged low level south easterly wind anomalies over many
parts of the country. Correspondingly, there is the dominance of the cyclonic
circulation to the upper level aligned with the low-level divergence. This condi-
tion enhances continuous descending motion accompanied with suppression in
rainfall activities. On the other hand, dry years were associated with negative
IOD, cold phase of ENSO condition, descending limb of the Walker Circulation
and significant reduction in the westerly moisture flux transport sourced from

Congo basin towards the western sector and Lake Victoria basin.
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