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Abstract

The long rain season from March to May (MAM) is a critical contributor to
water resources, agriculture, and ecosystem sustainability in Tanzania, yet it is
increasingly characterized by high interannual variability, alternating between
severe droughts and damaging floods. This study aims to examine the spatial
and temporal variability of extreme precipitation during Tanzania’s long rain-
fall season over the period 1981-2024 and to identify dominant modes of vari-
ability and large-scale climate drivers influencing these extremes. Daily rainfall
data from the Climate Hazards Group InfraRed Precipitation with Stations da-
taset (CHIRPS) at 0.25° resolution were used to compute six precipitation ex-
treme indices describing both wet and dry conditions. Climatological results
show that consecutive dry days exceed 50 days in the western and southwestern
highlands, while values below 40 days dominate the northern, eastern, and
southern highlands. Total seasonal rainfall exceeds 200 mm in the northern
regions, coastal areas, and southwestern highlands, but remains near 50 mm
over the central and northeastern highlands, with maximum five-day rainfall
totals exceeding 80 mm along the coast and in the southwestern highlands.
Trend analysis reveals increasing consecutive dry days at rates of 0.2 - 0.6 in
parts of central and northeastern Tanzania, while decreasing trends of —0.2 to
—0.8 occur south of Lake Victoria. Total rainfall on wet days increases by more
than 0.5 mm per year over most of the country, accompanied by increases in
rainfall intensity and very heavy rainfall frequency. The leading mode of total
rainfall explains 37.5 percent of the variance and shows a significant increase
after 2000, while wet-spell persistence is significantly linked to the Indian
Ocean Dipole with a correlation coefficient of 0.34. Overall, the results indicate
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a shift towards wetter but more unpredictable long rain seasons emphasizing
the need for improved climate adaptation and disaster risk management strat-
egies.
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Variability

1. Introduction

The urgency of climate change necessitates a global focus on extreme weather
events, which represent a critical worldwide challenge driven by a complex inter-
play of atmospheric circulation, ocean-atmosphere interactions, and local geo-
graphical fact (Bobde et al., 2024). These events including intense rainfall, pro-
longed dry spells, and regional flooding significantly influence water availability,
agriculture, and overall socio-economic stability, especially in regions where live-
lihoods depend on rain-fed agricultural systems, pastoralism and fishery which
affect economic growth, and subsequently threatening the achievement of sus-
tainable development among individuals, countries, and the region as a whole.
(Mtewele et al., 2021; Chabaga et al., 2025). Extreme events are becoming increas-
ingly pronounced and impactful, creating severe shocks to global human and nat-
ural systems

Africa is very vulnerable to extreme weather and climate which is exacerbated
by its high exposure and low coping capacity whose precipitation extremes vary
widely across regions (Niang et al., 2014; Kazora et al., 2025 ). Africa’s vulnerability
to precipitation extremes is exacerbated by limited resources and infrastructure to
mitigate climate risks, making it crucial to understand the atmospheric systems
behind these changes (Mtewele et al., 2021). The spatial distributions in mean
trends of extreme precipitation indices in the region have shown a tendency to-
ward decreased extreme precipitation in North Africa, Sahel region, Central Af-
rica and the Western part of South Africa. Conversely, West Africa, East Africa
and the Eastern part of South Africa exhibit an inclination toward increased ex-
treme precipitation (Habiyakare et al., 2024).

East Africa has already experienced climate-related challenges, such as frequent,
longer, and more severe droughts in the last two decades, particularly the 2010-
2011 East African drought when famine plunged several countries into a human-
itarian crisis (Borhara et al., 2020) and plagued by frequent floods that have dis-
placed many people and loss of lives (Mafuru & Guirong, 2018; Chang’a et al.,
2017; Calvin et al., 2023).

In Tanzania the march-may (MAM) rainfall season is the dominant rains season
(Masika) which contributes to significant portion of the annual rainfall which plays
a great role in water retention and harvest, supporting crop growth and sustaining

natural ecosystems (Chang’a et al., 2017). The MAM rainfall season provides the
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most significant rainfall amounts, particularly over coastal and northeast areas,
while OND generally contributes less compared to MAM (King'uza et al., 2025).
However, this crucial season is characterized by high interannual variability, fre-
quently fluctuating between episodes of devastating floods and periods of severe
drought (Chang’a et al., 2017; Kazora et al., 2025). The impacts of these extremes
are already severe whereby the total volume of the (MAM) long rain season is ob-
served to experiencing a significant decrease across the country though extreme
precipitation events are observed to simultaneously increase in frequency and in-
tensity (Chang’a et al., 2017; Chang’a et al., 2020b; Makula & Zhou, 2022).

While existing research such as (Borhara et al., 2020; King’uza & Limbu, 2019)
focused on general annual, seasonal rainfall or drought indices, there is a critical
lack of focused understanding on the interannual variation of precipitation ex-
tremes specifically during the long rains season. A significant knowledge gap ex-
ists concerning the detailed characteristics of these extremes, including their fre-
quency, intensity, spatial distribution, and how these attributes change from year
to year. This study systematically quantifies and compares the long-term trends
and spatial variability of 6 diverse indices using the recommendations of the Ex-
pert Team on Climate Change Detection and Indices (ETCCDI) indices across
Tanzania during long rains (MAM). The detailed comparative approach will pro-
vide a novel spatial distribution of extreme indices in different regions across
Tanzania. The main research question focuses on how the spatiotemporal char-
acteristics of precipitation extremes in Tanzania during long rain season MAM
(March-April-May) including their distribution, frequency, and intensity? are
there any observed statistically significant trends in interannual temporal patterns

of the MAM precipitation extremes in Tanzania during 1981-2024?

2. Data and Methodology
2.1. Study Area

The study area for this research is the United Republic of Tanzania, situated in
East Africa, spanning a significant area between approximately 1°S and 12°S lati-
tude and 28°E and 42°E longitude (Figure 1). The climate of Tanzania is com-
prised of unimodal and bimodal regimes which, are characterized by strong spa-
tial and temporal variability of rainfall with two distinct rainfall seasonal of MAM
and October-December (OND) (Chang’a et al., 2010; Makula & Zhou, 2022; Kijazi
& Reason, 2009; Chang’a et al., 2020a). The variability of rainfall is contributed by
its diverse topography, including the East African Rift Valley, water bodies such
as the Indian Ocean and major lakes, and high mountains like Mount Kilimanjaro
(Luhunga et al., 2016). The bimodal regime includes Lake Victoria basin, northern
eastern highlands and northern coastal regions, experiences two distinct rainy sea-
sons, including the long rains of MAM and the short rain season of OND mean-
while, the unimodal regime, prevalent across the central, western, southwestern
highlands and southern coast, which experiences a single, long rainy season from
November to April (NDJFMA) (Chang’a et al., 2010; Chang’a et al., 2017). The
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predictability of the rains in Tanzania is highly linked with the large ocean at-
mospheric systems such as Intertropical convergence zone (ITCZ), Madden-Jul-
ian Oscillation (MJO), El Nino-Southern Oscillation (ENSQO), Indian Ocean Di-
pole (IOD), Tropical Cyclones (TC), Subtropical Anticyclones and Low-level jets
(Chang’a et al., 2010; Kijazi & Reason, 2009; Kebacho & Chen, 2022). Analyzing
the extreme precipitation indices across these geographical and climatical zones
is essential in providing regionally tailormade precipitation information for cli-

mate sensitive sectors.
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Figure 1. Topographical map of Tanzania showing elevation distribution over the country derived from digital elevation model (DEM).

2.2. Datasets

Daily data from Climate Hazards Group InfraRed Precipitation with Stations data
(CHIRPS) are utilized to calculate precipitation extreme indices. The CHIRPS
data consists of daily, gauge-calibrated, infrared precipitation estimates spanning
from 1981 to 2024 with a resolution of 0.25° x 0.25° available over land. CHIRPS
data are reliable and suitable for rainfall variability and extremes analysis due to
its high spatial resolution and long records (Funk et al., 2015). Previous studies,
(Camberlin & Okoola, 2003; Chang’a et al., 2020b) have validated its performance
in comparison with observational data and recapture the rainfall peaks during
MAM season in Tanzania.

In addition, the monthly series of the Pacific Decadal Oscillation (PDO), El
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Nino-Southern Oscillation(ENSO), and Indian Ocean Dipole(IOD) indices are
obtained from the U.S. National Oceanic and Atmospheric Administration Phys-
ical Sciences Laboratory (https://psl.noaa.gov). PDO is obtained through the lead-
ing principal component of monthly SST anomalies in the North Pacific Ocean
(poleward of 20°N). ENSO is monitored using the Nino 3.4 SST index which is
the average SST anomalies over east-central Tropical Pacific SST (5°S - 5°N and
170° - 120°W).The IOD is represented with the dipole mode index (DMI) which
is the difference of the area mean SST anomalies in the western equatorial Indian
Ocean (W-IO) (50° - 70° E and 10°S - 10°N) and the southeastern equatorial In-
dian Ocean (E-IO) (90° - 110° E and 10°S - 0°) (Saji et al., 2003).

2.3. Methodology

2.3.1. Calculation of Precipitation Extreme Indices

In this study, to quantify the long-term trends and spatial variability of the pre-
cipitation extreme indices, we selected 6 standardized ETCCDI indices (Table 1)
to provide a balanced and comprehensive representation of both dry and wet con-
ditions (Alexander et al., 2019). These indices are crucial for capturing the shifts
in the hydrological cycle, ranging from drought stress to flood risk. These six in-
dices were computed seasonally (MAM) at each year for each grid cell over Tan-
zania for the period 1981-2024. The ETCCDI definitions were applied directly to
the daily datasets. Detailed information of ETCCDI can be accessed at

http://etccdi.pacificclimate.org/)

Table 1. Definitions and List of the six ETCCDI-recommended extreme precipitation in-
dices used in this study.

Indices Indices name Definition Units

Annual total

PRCPTOT precipitation on wet  Precipitation from wet days (P > 1 mm) mm
days
. Maximum number of consecutive dry days
CDD Consecutive dry days days
(when PR < 1 mm/year)
. Maximum number of consecutive days with
CWD Consecutive wet days ] o days
daily precipitation > 1 mm/year
SDII Simple daily intensity Daily PR intensity total PR divided by the mm/
index number of wet days (when total PR > 1 mm) day
Max 5-day . . e
RX5day . maximum consecutive 5-day precipitation total mm
precipitation
R20mm Number of very heavy Annual count of days when precipitation > 20 days

precipitation days mm

2.3.2. Empirical Orthogonal Function (EOF) Analysis

For purpose of investigating the spatial and temporal variability characteristics, we
employed the Empirical Orthogonal Function (EOF) which involves calculating the
parameters of the covariance matrix of data anomalies, with the variance (eigen-
value) associated with each Principal Components (PCs) providing a measure of the

variability explained by that mode (Hannachi et al., 2007). EOFs represent the spa-
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tial patterns corresponding to the regions with the highest variability, while the as-

sociated scores, or Principal Components (PCs), provide the related time series.

2.3.3. Trend Analysis

In this study a linear regression statistical method is used to model the relation-
ship between the PCs time series and time (years) same method used by (Fan et
al., 2022) The slope derived from this regression indicates the rate of change of
precipitation extremes, revealing whether the PCs exhibit a significant upward,
downward or no trend observed over time. The Mann Kendal (MK) test (Mann,
1945; Kendall, 1955) was employed at (p < 0.05) and (p < 0.01) significant level to
test the significance of both linear and spatial trend distribution respectively due
to its reliability non-parametric nature, MK is not influenced by the non-normal-
ity of the data and exhibits low sensitivity to abrupt breaks in inhomogeneous

series.

2.3.4. Correlation Analysis
Pearson correlation coefficient is used between the principal components of ex-
treme indices and tropical oceanic systems underlying influences of oceanic fac-

tors on extremes during MAM season.

3. Results and Discussion

3.1. Climatological Means of Extreme Precipitations

The spatial distributions of the climatological means of extreme precipitation in-
dices over Tanzania during the MAM season (1981-2024) are shown in Figure 2.
The analysis indicates a significant regional contrast in moisture availability and
drought risk. Specifically, the central, western, and southwestern parts of the
country are more characterized by intense drought extremes compared to the
northern, eastern, and southern highlands.

As shown in Figure 2(a), values of CDD lower than 40 days are observed over
the southern highlands and the northern and eastern parts of the country. In con-
trast, values greater than 50 days are dominant over the western and southwestern
parts, with isolated areas in the northeastern highlands also exhibiting a longer
range of dry spells. This spatial distribution of CDD suggests that while MAM is
a primary rainy season, the interior regions are subject to higher intra-seasonal
dry-spell persistence, which may be attributed to the rain shadow effect of the
eastern escarpments and the semi arid nature of the central plateau.

The CWD shows an opposite spatial distribution whereas values greater than 3
days are observed over most parts of the country, with the highest persistence
found in the north and relatively lower values over the central parts extending
toward the northeastern highlands Figure 2(b). This pattern of wet spell duration
is further explained by the PRCPTOT depicted in Figure 2(c). Here, the northern
part of the country and the southwestern highlands extending toward the coastal
areas show values exceeding 200 mm. These high totals are likely driven by the

convergence of moisture from the Indian Ocean and Lake Victoria. Conversely,
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the central parts and northeastern highlands show lower accumulation, with val-
ues remaining above 50 mm.

The intensity of extreme events, represented by RX5day, shows that values
greater than 80 mm are mainly concentrated along the coast and extend toward
the southwestern highlands, with significant pockets in the northeastern high-
lands and areas around Lake Victoria Basin Figure 2(d). The central region, how-
ever, depicts lower intensity values. This spatial signature of intensity is reflected
in the SDII Figure 2(e) and the frequency of very heavy precipitation days (R20mm)
Figure 2(f). Interestingly, while the areas around Lake Victoria show high fre-
quency and total rainfall, the SDII values there are slightly lower than the coastal
areas, suggesting that rainfall in those areas is more frequent but potentially less
on a daily basis than the coastal areas. These results overall highlight that the
coastal and lake zones are the primary drivers of extreme precipitation variability

in Tanzania during the MAM season.
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Figure 2. Spatial patterns of the climatological (1981-2024) mean for selected precipitation-
based ETCCDI indices across Tanzania.
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3.2. Trends of Extreme Precipitation

The linear trend distributions of precipitation extremes over Tanzania during the
MAM season, represented by the coefficients of extremes indices regression on
time, are displayed in Figure 3. The CDD shows a significantly increasing trend
at a rate of 0.2 - 0.6 days per year over some few areas at the central and north-
eastern regions, indicating a tendency toward longer dry spells during the season.
In addition, a more conspicuous decrease in CDD can be detected over the regions
south of Lake Victoria extending through the center towards the southern areas
of the country at a rate of —0.2 to —0.8 Figure 3(a). This contrast suggests that
while certain interior corridors are experiencing more frequent dry interruptions,
a larger portion of the central-to-southern axis is seeing a reduction in the dura-
tion of dry intervals. In contrast, the CWD slightly decreases over the coastal belt
and the southern border where significant trends greater than —0.02 are observed
Figure 3(b). Despite this slight reduction in the persistence of wet days in mari-
time-influenced zones, the overall moisture volume shows an upward trajectory.
The PRCPTOT increases by values greater than 0.5 over most parts of the country,
with statistically significant increases concentrated over the southwestern and
northeastern highlands, the eastern coast, the center, and the northwestern areas
Figure 3(c).

A similar spatial pattern as that of PRCPTOT is observed for the intensity and
frequency indices, specifically RX5day, SDII, and R20mm Figures 3(d)-(f). The
alignment of increasing trends across total rainfall and intensity-based indices jus-
tifies the conclusion that the long rains are becoming more concentrated into
heavy events. Overall, during the study period, most parts of the country are get-
ting wetter, a trend that subjects the region to more frequent and intense precipi-

tation events, particularly in the high elevation and coastal sectors.

3.3. Spatiotemporal Characteristics

In this section, EOF with associated PCs were used to analyze the annual spatial
and temporal distribution of extreme precipitation during the MAM season from
1981-2024 over Tanzania. This analysis identifies the dominant modes of climate
variability, and the percentage of variance associated with each mode, providing
a deeper understanding of how these extremes change over time and space.
Regarding the variability of dry spells, the first mode (EOF1) of the CDD ac-
counts for 14.0% of the total variance. The spatial loading pattern Figure 4(a)
shows positive values concentrated over nearly the entire study area, with very few
negative loadings occurring over the central region and the northernmost parts.
This widespread positive loading suggests a coherent interannual variability of dry
spell duration across the country. The associated PC1 Figure 4(b) shows a de-
creasing trend, though it is not statistically significant. The second mode (EOF2)
for CDD accounts for 9.5% of the variance Figure 5(a), revealing a spatial dipole.
It shows the strongest negative loadings over areas around Lake Victoria, the west-

ern regions, and patches over the central area. Conversely, positive loadings are
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concentrated along the coastal region, parts of the northeastern highlands, and
the south-to-southwestern parts of the country. PC2 Figure 5(b) also shows a
non-significant decreasing trend. For the CWD, the first mode (EOF1) explains
26.4% of the total variance Figure 4(c). The spatial pattern is characterized by
negative loadings over most parts of the country, signifying that consecutive wet
days are generally decreasing during the MAM season, with prominent loadings
observed over the eastern Lake Victoria basin and the northeastern highlands. In-
terestingly, despite the negative spatial loadings, PC1 Figure 4(d) exhibits an in-
creasing trend. EOF2 Figure 5(c) accounts for 13.2% of the variance, exhibiting a
north-south opposition dipole mode with positive loadings over the northern part
and negative loadings over the southern part of the country, while PC2 Figure

5(d) also shows an increasing trend.
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Figure 3. Spatial patterns of linear trends (1981-2024) in selected precipitation-based ETCCDI
indices across Tanzania. Regions with statistically significant trends (p < 0.01) are indicated

by stippling according to MK test.

The first dominant mode (EOF1) of the PRCPTOT index represents 37.5% of
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.- (3) CDD (14.0%)

the total variance, showing positive loadings over most parts of the country Figure

4(e). This shows that most part of the country are experiencing signal toward

more wet day precipitation. The associated PC1 Figure 4(f) shows a statistically

significantly increasing linear trend on a decadal scale starting from 2000, sup-

porting the overall wetting trend. The second mode (EOF2) accounts for 14.1% of

the variance Figure 5(e), presenting a dipole mode with positive loadings over the

southern regions extending to the southwestern highlands, the center, and west-

ern parts of Lake Victoria. PC2 Figure 5(f) shows a slight increasing trend. The

analysis of intensity and frequency indices further elucidates these changes. The
first mode (EOF1) of RX5day accounts for 23.5% of the total variance. Its spatial
loadings cover almost all parts of the country with negative values Figure 4(g),
and PC1 Figure 4(h) exhibits a decreasing trend. The second mode (EOF2) ac-
counts for 11.7% of the variance Figure 5(g), with positive values localized over

the northern coasts and negative loadings dominating the remaining parts of the

country. PC2 Figure 5(h) shows almost no trend.
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Figure 4. Spatial patterns of the first leading EOF (EOF1) mode and the time series of the first principal component (PC1) of

the selected precipitation-based ETCCDI indices across Tanzania during 1981-2024. The asterisks *

indicated in p-values

represent that the trend of the time series is significant at p < 0.05 significance levels according to MK test.
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Figure 5. Spatial patterns of the second leading EOF (EOF2) mode and the time series of the second principal component
(PC2) of the selected precipitation-based ETCCDI indices across Tanzania during 1981-2024.The trend of time series is non-
significant at p < 0.05 significant level according to MK test.

For the SDII, EOF1 Figure 4(i) is the dominant pattern, explaining 24.2% of
the total variability. Strong positive loadings over the coastal region indicate that
areas where SDII is consistently higher experience more intense rainfall. On the
other hand, negative loadings are observed mostly over the eastern Lake Victoria
basin and the central part extending to the southwestern highlands. PC1 Figure
4(j) shows a clear, strong long-term upward trend over the decades from 1981 to
2001, indicating that the intensity pattern shown in EOF1 has been strengthening
over time. The second mode (EOF2) Figure 5(i) accounts for 7.4% of the variance,
with strong positive loadings concentrated largely over the coastal region, while
PC2 Figure 5(j) shows a non-significant decreasing trend.

Finally, the first dominant mode (EOF1) Figure 4(k) of the R20mm index ac-
counts for 25.6% of the total variance, with positive loadings over most parts of
the country, mirroring the PRCPTOT pattern. The first PC1 Figure 4(1) of
R20mm shows a statistically significant increasing trend, highlighting a rise in the

frequency of very heavy rainfall events. The second mode (EOF2) Figure 5(k) ac-
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counts for 9.7% of the variance, with positive loadings over the southern regions
extending to the southwestern highlands and localized areas around Lake Victo-
ria. PC2 Figure 5(1) shows no significant trend, suggesting that the primary driver
of very heavy rain frequency is the national-scale mode (EOF1).

3.4. Possible Impacts from Oceanic Systems

To further explore the physical mechanisms underlying the spatiotemporal vari-
ations of precipitation extremes over Tanzania during the MAM season, the cor-
relation coefficients between the first two PCs of the extreme indices and domi-
nant climate modes specifically ENSO, 10D, PDO, Tropical Northern Atlantic
(TNA), and Tropical Southern Atlantic (TSA) were calculated (Table 2). These
results illustrate how the thermal states of the surrounding oceans modulate the

variability of extremes.

Table 2. The results of Correlation coefficients of the detrended MAM PC1 and PC2 of the
selected precipitation-based ETCCDI indices across Tanzania during 1981-2024.

Extreme indices ENSO DMI PDO TNA TSA
PC1
CDD 0.09 0.29 0.09 -0.06 -0.22
CWD 0.15 0.34* 0.09 0.007 0.12
PRCPTOT 0.08 0.04 -0.06 -0.13 0.11
RX5day -0.22 -0.07 -0.27 0.19 -0.02
SDII 0.21 0.02 0.30 -0.20 -0.06
R20mm 0.18 -0.10 -0.14 0.09 0.13
PC2
CDD 0.13 0.28 0.07 —0.002 —0.008
CWD -0.21 -0.09 -0.15 0.07 -0.06
PRCPTOT 0.12 0.05 0.09 -0.12 0.10
RX5day -0.02 0.23 0.28 -0.03 0.02
SDII -0.01 0.18 0.15 -0.21 -0.04
R20mm -0.09 0.04 -0.19 -0.15 0.13

*Significant at the p < 0.05 significance level.

The correlation analysis reveals that the IOD is likely a primary driver of wet
spell persistence in Tanzania. As shown in Table 2, the CWD (PC1) exhibits a
statistically significant positive correlation (r = 0.34, p < 0.05), (r = 0.34) with the
DMI. This indicates that during a positive IOD phase, characterized by warmer-
than-average sea surface temperatures in the western Indian Ocean, there is en-
hanced moisture transport and atmospheric convergence toward East Africa,
leading to more persistent wet spells. This aligns with the spatial findings in EOF1
of CWD, which highlighted significant variability in the lake and coastal zones.
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Furthermore, CDD (PC1 and PC2) show relatively positive correlations with the
DMI (0.29 and 0.28, respectively), suggesting that the Indian Ocean also influ-
ences the duration of dry intervals within the season.

The influence of ENSO on the primary modes of variability (PC1) appears less
dominant than the IOD during the MAM season, with weak positive correlations
for CWD (0.15) and R20mm (0.18). This supports the notion that while ENSO is
a major driver of the short rains (OND), its impact on the long rains MAM) ex-
tremes is more complex and potentially modulated by other regional factors. Ad-
ditionally, the Pacific Decadal Oscillation (PDO) shows a moderate positive cor-
relation with SDII (PC1, 0.30) and RX5day (PC2, 0.28), suggesting that lower-
frequency Pacific variability may influence the daily intensity and 5-day maxi-
mum totals of precipitation.

The influence of the Atlantic Ocean, the Tropical Southern Atlantic (TSA)
shows a negative correlation with CDD (PC1, —0.22), indicating that warmer SST's
in the South Atlantic may be associated with a reduction in the duration of dry
spells. Conversely, the TNA exhibits a weak negative correlation with PRCPTOT
(PC1, -0.13) and SDII (PC1, —0.20). While the study identifies the role of oceanic
indices during MAM season, the correlation coefficients across all oceanic indices
in Table 2 remain relatively low which likely indicates that while large scale oce-
anic teleconnections have been identified as drivers of MAM seasonal precipita-
tion in Tanzania as revealed by Kebacho & Chen, (2022); Chang’a et al. (2010),
they explain a limited fraction of contribution to the total extreme events. In ad-
dition to that, the relative low correlation shown by the oceanic indices suggest
that the MAM seasonal extremes are likely influenced by regional and local scale
forcing which have been revealed to plays part in both spatial and temporal char-
acteristics of MAM rainfall in Tanzania (Zorita & Tilya, 2002). These regional and
local forcings include complex topography features such as mountains, Lakes
(Victoria, Tanganyika and Nyasa); MJO; TC, ITCZ, subtropical anticyclones,
Congo air mass, low level jet to mention a few (Makula & Zhou, 2022; Kijazi &
Reason, 2005; Kijazi & Reason, 2009; Kebacho & Chen, 2022; King’uza et al., 2025;
King'uza & Limbu, 2019) which enhances the modulation of precipitation ex-

tremes in Tanzania.

4. Conclusion

The analysis of extreme precipitation indices from 1981 to 2024 reveals a signif-
icant shift in the characteristics of long rain season in Tanzania toward wetter
and more unstable conditions. While the central regions remain prone to per-
sistent dry spells, a widespread increasing trend is observed in total precipitation
(PRCPTOT) and very heavy rainfall frequency (R20mm), particularly in the north-
ern areas and southwestern highlands. EOF analysis confirms that these changes
are driven by large-scale regional modes, with the first principal components of
PRCPTOT (37.5%) and R20mm (25.6%) showing significant decadal strengthen-

ing since 2000, aligns with projections of enhanced rainfall intensity under a
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warming climate (Calvin et al., 2023). These results indicate that despite a reduc-
tion in the duration of individual wet spells (CWD), the intensity of daily rainfall
(SDII) has risen sharply, concentrating seasonal moisture into more unstable and
potentially damaging extreme events.

However, the increasing trend in consecutive dry days (CDD) in climatically
sensitive areas like the northeastern highlands and parts of the coast is particularly
alarming. This suggests a tendency toward more prolonged intra-seasonal droughts
even within a season that may be getting wetter on average. The increasing rainfall
intensity alongside longer dry spells poses severe challenges for agriculture and
water management (Mtewele et al., 2021). It increases the risk of both flash floods
and soil moisture deficits, a dual threat that has been noted in other parts of East
African Countries (Ongoma et al., 2018). The observed increasing trend of ex-
treme indices is supported by (Tibangayuka et al., 2025) that this may be due to
region’s recovery from the severe droughts of the 1970s and 1980s by analyzing
SPI-6 and SPI-12 which indicated a trend towards wetter conditions especially
over Lake Victoria Basin.

Results from correlation analysis reveal a significant positive correlation be-
tween IOD and CWD during MAM season, which is consistent with the previous
findings (King’uza & Limbu, 2019; Chang’a et al., 2020b) that IOD is the primary
predictor of MAM precipitation distribution in both spatial and temporal time-
scale in Tanzania. It has been found that a positive IOD phase establishes anom-
alous warming in the western Indian Ocean, which enhances low-level atmos-
pheric instability and deep convection directly over Tanzania, which provides a
continuous source of moisture and upward motion, supported by the localized
modification of Walker Circulation thereby sustaining wet spells over the domain
(Chang’a et al., 2020b; Mafuru & Guirong 2018, 2019; Ogega et al., 2023). Mean-
while, ENSO exhibits a spring predictability barrier and decaying signal strength
during the MAM season, whereas, the IOD facilitates a sustained low-level west-
erly convergence, advection of moisture from the Indian Ocean which efficiently
allowing the residing of the ITCZ over the region for extended periods (Mafuru &
Guirong, 2019; King’uza & Limbu, 2019). Moreover, the findings of Marchant et
al. (2007), enhances the findings that, the local SST gradients in the Indian Ocean
exert a more direct influence on East African rainfall duration thereby complement-
ing the IOD more than ENSO.

Moreover, Tanzania’s climate is not uniform across the country due to its size
and varied topography with seasons defined by rainfall rather than temperature
(Mwinuka & Uiso, 2017). Due to its diversity of topography, it influencing the
spatial variability of extreme rainfall events such as presence of Lake Victoria ba-
sin likely drives convection currents in the eastern part, whereas the higher eleva-
tions in the west influence airmass movement from the lake and the Indian Ocean
(Ongoma et al., 2018). Presence of highlands over the northeastern and south-
western regions influences local occurrences of extremes compared to other areas.

Changes in extreme precipitation indices significantly affect multiple sectors such

DOI: 10.4236/gep.2026.141013

240 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2026.141013

E. H. Zobanya et al.

as agriculture, which are particularly vulnerable, as rain-fed farming practices are
highly susceptible to both droughts and excessive rainfall especially during MAM
season.

This research has analytically quantified the spatial and temporal characteristics
of MAM precipitation extremes in Tanzania over four decades. However, the long
rains season is undergoing a significant transformation, some regions experience
declining rainfall, while others show increasing trends (Kebacho & Chen, 2022)
with greater temporal concentration and spatial variability. This is shown by more
intense heavy rainfall events (Tibangayuka et al., 2025) alongside a tendency for
longer dry spells in key region, thereby amplifying the risk of both floods and ag-
ricultural drought within the season. It can be evidenced by the most recent severe
floods of 2006, 2009, 2010, 2011, 2012, 2014, 2016, and 2017 events, meanwhile
the most devastating and recurrent droughts recorded in the country’s history in-
clude those of 2003, 2005, 2011, 2014, and 2016 events (Kijazi & Reason 2012;
Chang’a et al., 2017). Periods of longer dry spells (CDD) occurring during MAM
season, combined with likely rising temperatures, might accelerate evapotranspi-
ration and soil evaporation which influences a reduction in soil moisture, a ten-
dency toward more prolonged intra-seasonal droughts even within a season that
may be getting wetter on average (Mtewele et al., 2021; Mkonda & He, 2018). The
occurrence of rainfall intensity with presence of longer dry spells pose severe chal-
lenges for rain-fed agriculture and water scarcity for irrigation, leading to impair-
ing plant growth (Zita, et al., 2025) exacerbating crop failure and low yields of
cereal staple food crops such as maize, paddy rice, and beans (Mkonda & He, 2018;
Tibangayuka et al., 2025). Additionally, high rainfall intensity increases the risk
of flash floods which increases surface runoff and likely causing soil erosion, and
related hydrometeorological hazards (TMA, 2024). Therefore, these findings un-
derscore the urgent need for climate sensitive sectors and improved climate adap-
tation strategies on enhanced disaster risk management, especially in high-sensi-
tivity zones across the coastal belt, northeastern highlands and the Lake Victoria
basin. Moreover, further investigation should be done regarding to the causes of
the increase trends of extremes precipitation indices in terms of frequency and
intensity over Tanzania during long rain season by analyzing the large-scale at-

mospheric circulation.
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