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Abstract

This study investigates the inter-annual variation of the October-December
(OND) rainfall onset date in Tanzania, including spatial-temporal patterns,
atmospheric anomalies, and climatic drivers such as the Indian Ocean Dipole
(IOD) and El Nifio-Southern Oscillation (ENSO), utilizing daily rainfall data,
reanalysis datasets, and climate indices (1993-2023). The onset dates were de-
termined using a threshold-based method, while spatial and temporal varia-
bility was analyzed through Empirical Orthogonal Function analysis. Results
show that: i) the onset dates were determined using a threshold-based method,
while spatial and temporal variability was analyzed through Empirical Or-
thogonal Function analysis. In Tanzania, there is a unimodal rainfall regime,
such as the Southern, Southern Coast, and Southwestern Highlands, rainfall
onset typically occurs later, around November or December. ii) Anomalous
easterly upper-level winds with convergence and westerly lower-level winds
with divergence at low-level, suppress moisture transport with descending
over the region will delay rainfall onset during late Onset date (LOD) years. In
contrast, the opposite situation will be during Early Onset Date (EOD) years.
iii) Both ENSO and IOD have close relationship with the rainfall onset day in
Tanzania. Warm SSTA in eastern-central Pacific and western Indian Ocean
during El Nifio years/positive IOD years, can induce LOD associated circula-
tion patterns and then delay rainfall onset day over most part of the region,
especially over east part of the region. However, the warm SSTA in western
Pacific to eastern Indian Ocean during La Nifia/negative IOD years will induce
EOD-like circulation patterns, which will make rainfall onset earlier over most
part of the country and the Indian Ocean plays more critical role on the rain-
fall onset day in Tanzania.
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1. Introduction

Climate change has significantly altered global precipitation patterns, affecting
rainfall onset, intensity, and duration [1]. Recent studies have documented in-
creased global surface temperatures, with warming over land exceeding that over
the oceans [2] [3]. This warming has intensified extreme weather events, includ-
ing shifts in rainfall onset dates and more frequent droughts and floods [4] [5]. In
Africa, climate variability is particularly critical due to the continent’s reliance on
rain-fed agriculture [6]. Tanzania, a country highly dependent on rain-fed agri-
culture, faces severe consequences from these climatic shifts. Rainfall pattern dis-
ruptions, particularly in the October-December (OND) season, have led to recur-
rent droughts and floods, significantly affecting agricultural productivity and eco-
nomic stability [7] [8].

Previous studies have explored climate variability in East Africa (EA), focusing
on seasonal rainfall fluctuations and extreme weather events [9] [10]. In particu-
lar, studies have highlighted significant shifts in the seasonal timing and intensity
of the OND rainfall, revealing a trend toward increased variability. Research by
[11] and [12] has shown that the onset and cessation of the OND rainfall season
in East Africa, including Tanzania, have become increasingly unpredictable over
recent decades. These shifts are linked to large-scale climate drivers such as the
ENSO and the IOD. Specifically, ENSO-related sea surface temperature anomalies
have been found to affect the timing and intensity of the OND rains, with El Nifio
events typically leading to early rainfall onset and La Nifla events contributing to
delays [11]. The IOD also plays a crucial role in modulating rainfall variability in
East Africa, with a positive IOD generally leading to above-average rainfall and a
negative IOD associated with dry conditions [13] [14].

Further studies, such as those by [15], have documented an increase in the fre-
quency and intensity of extreme weather events in East Africa, including both pro-
longed dry spells and intense rainfall events during the OND season. These changes
have contributed to an increase in rainfall variability, disrupting the regularity and
predictability of the rainy season. Additionally, research by [16] suggests that
these changes in rainfall patterns are being driven by shifting atmospheric circu-
lation patterns. As a result, the increased variability in rainfall onset, intensity, and
duration poses significant challenges for agricultural planning and food security
in Tanzania, as farmers increasingly struggle to predict the optimal planting and
harvesting windows. These studies underscore the need for more detailed analysis
of OND rainfall onset variability and its underlying atmospheric drivers to better

inform adaptation strategies in the face of climate change.
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However, research on the inter-annual variation of the OND rainfall onset date
in Tanzania remains limited. The OND rainfall season plays a vital role in agri-
culture, with delayed onset date or early cessation impacting crop yields and food
security. Despite existing literature linking OND rainfall variability to climatic
drivers such as ENSO and IOD [13] [17] [18], their specific influence on onset
date variability over Tanzania remains inadequately quantified. Furthermore, the
socio-economic consequences of delayed or early OND rainfall onset are under-
explored, especially concerning smallholder farmers who rely on precise timing
for planting decisions [19]. Given the increasing unpredictability of rainfall pat-
terns due to climate change, improving onset date forecasts could enhance agri-
cultural resilience and disaster preparedness.

This study aims to analyze the inter-annual variability of the onset date during
the OND rainfall season in Tanzania, focusing on temporal and spatial variations,
circulation anomalies, and key forcing factors. The specific research questions
guiding this study include: How does the onset date vary spatially and temporally
during the study period (1993-2023)? What are the main forcing factors and cir-
culation anomalies influencing the occurrence of LOD and EOD during the OND
rainfall season? How do forcing factors influence the occurrence of LOD or EOD
in Tanzania?

This study could benefit policymakers, meteorologists, and agricultural stake-

holders by supporting early warning systems and adaptive farming strategies.

2. Materials and Methods
2.1. Study area

The study focuses on the United Republic of Tanzania (URT), situated in East Af-
rica between latitudes 1°S-12°S and longitudes 30°E-40°E as shown in Figure 1.
Tanzania consists of both the mainland and islands (Zanzibar and Pemba), cover-
ing a total area of approximately 945,087 km?. According to [20], the country ex-
periences a bimodal rainfall pattern in the northern and eastern regions, with short
rains (Vuli) from October to December (OND) and long rains (Masika) from
March to May (MAM). The western, southern, and central regions exhibit a uni-
modal rainfall pattern from October to April or May [21].

2.2.Data

2.2.1. Daily Precipitation Data

Daily precipitation data were obtained from the Climate Hazards Group InfraRed
Precipitation with Stations (CHIRPS) dataset, which provides satellite-blended
rainfall estimates at a spatial resolution of 0.05° x 0.05° [22]. The dataset spans
from January 1, 1993, to December 31, 2023, covering 30 regions in Tanzania.
CHIRPS data were accessed from the International Research Institute for Climate
and Society (IRI) repository
[http://iridl.ldeo.columbia.edu/SOURCES/.UCSB/.CHIRPS/.v2p0/.daily-im-
proved/.global/.0p05/.prcp/datafiles.html] and have been validated for East Af-
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rica, showing a strong correlation (r = 0.73) with gauge-based observations data
[23].
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Figure 1. (a) The tanzania’s position on the african map; (b) 30 Regions for which its data
were used for the study.

2.2.2. Dipole Mode Index

Monthly Dipole Mode Index (DMI) data (1993-2023) were retrieved to assess the
influence of the Indian Ocean Dipole (IOD) on rainfall onset. The classification of
positive and negative IOD events is based on the differences in sea surface temper-
ature (SST) gradients between the western (50°E-70°E, 10°S-10°N) and eastern
(90°E-110"E, 10°S-0°N) equatorial Indian Ocean. The dataset consists of monthly
mean values presented on a 2.5° x 2.5° grid. Previous studies, including those by
[24] and [14], have also employed this dataset for similar analyses and the data were
accessed from the Royal Netherlands Meteorological Institute (KNMI) Climate Ex-

plorer and is accessible at [http://climexp.knmi.nl/data/ihadisst] dmi.dat].

2.2.3. Nifio 3.4

The Niflo 3.4 index, representing sea surface temperature anomalies over the
equatorial Pacific (5°S-5°N and 170°W-120°W), was obtained from NOAA’s Cli-
mate Prediction Center consists of monthly mean values with a resolution of 2.5°
x 2.5°. SOI data, which indicate pressure differences between Tahiti (17.5°S,
149.6°W) and Darwin (12.4°S, 130.9°E), were sourced from the National Centers
for Environmental Prediction (NCEP) and analyzed using an approach similar to
that employed by [25].

2.2.4. Atmospheric Circulation Data

Monthly reanalysis data, including meridional (V) and zonal (U) wind compo-
nents, velocity potential, and vertical velocity, were obtained from the NCEP/
NCAR reanalysis project to assess large-scale atmospheric patterns associated

with early and late onset events as previously applied in studies such as [26].

2.3. Methods

2.3.1. Empirical Orthogonal Function Analysis
The study used the Empirical Orthogonal function (EOF) analysis to examine spa-
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tial and temporal variability in rainfall onset dates across Tanzania. This method
decomposes variability into orthogonal modes, identifying dominant patterns in
the dataset [27]. The principal component (PC) associated with the leading EOF
mode was used to represent onset date variability, with raw data detrended prior

to analysis as used by [28].

2.3.2. Composite Analysis

Composite analysis was also employed in this study in order to assess atmospheric
anomalies during years of Early Onset Date (EOD) and Late Onset Date (LOD)
events. The principle behind this approach is that when data are averaged in rela-
tion to a particular event, the event’s signal remains prominent while other influ-
ences tend to cancel out [29]. The approach involved; Classifying years into EOD,
LOD, and normal onset years. Computing the mean anomalies of circulation pa-
rameters (e.g., wind patterns, vertical velocity, and velocity potential as done by
[30] for EOD and LOD years. Identifying large-scale convergence and divergence

patterns influencing OND rainfall onset.

2.3.3. Correlation Analysis

Pearson’s correlation coefficient (r) was used to quantify relationships between
rainfall onset dates and climate indices (Nifio 3.4 and DMI) as conducted by [31].
The correlation coefficient was calculated using:

_ DR DN PN W
\/{anz —(Zx)z}{nzyz —(Zy)z}

«_»

where “X” represents onset dates and “y” denotes climate index values. A statistical

xy

significance test was performed using a two-tailed #test at a 95% confidence level.
To assess the statistical significance of the computed correlation coefficient, a

two-tailed £test was applied, as expressed in the equation below:

= (2)

3. Results
3.1. Climatology of the Spatiotemporal Distribution

A single criterion was applied to determine rainfall onset dates, which was based
on the number of rainy days and dry spells. Specifically, a threshold of 1.0 mm of
rainfall per day was considered a “rainy day,” with days below this threshold clas-
sified as “dry days” [32]. The onset date was defined as the first day of September
with a cumulative total of at least 20 mm of rainfall over four consecutive days,
ensuring that at least two of these days were rainy, and no dry spell exceeded 10
days in the following 30 days. This criterion was adapted from previous studies
[18] [33] [34]. The analysis of rainfall onset dates (1993-2023) revealed significant
variations across Tanzania’s climatic zones, with both EOD and LOD patterns.

Early onset is more common in the Lake Victoria Basin (LVB) and northern
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coastal areas. The earliest onset was recorded in Manyara, where rainfall begins in
the second decade of August. In bimodal regions, the second rainfall season starts
earlier in Manyara, parts of the LVB, and the Northern East Highlands (NEH),
typically in August or early September. In contrast, other areas within the same
regime experience a later onset. Figure 2 illustrates these spatial and temporal

variations in rainfall onset dates.

Long-Term Mean Onset Dates and Regime Boundaries
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Figure 2. The long term means spatiotemporal distribution of Rainfall onset dates with 10
days or more dry spells, The red line is a regime boundary line that separates areas that
experience two rainy seasons (bimodal at the top) and one rainy season (unimodal at the
bottom).

In areas with a unimodal rainfall regime, such as the Southern, Southern Coast,
and Southwestern Highlands, rainfall onset typically occurs later, around Novem-
ber or December. Some regions, like those near Lake Tanganyika and in the South-
western Highlands, experience onset between late October and mid-November.
Extreme early onset patterns were observed in Manyara and parts of southern
Morogoro, where rainfall begins as early as August 20th to September 19th. How-
ever, regions with intermittent rainfall experienced disruptions, with dry spells

affecting the reliability of onset dates.

3.2. The Variation Modes of Rainfall Onset Dates

The spatiotemporal variability of rainfall onset dates was analyzed using Empirical
Orthogonal Function (EOF) analysis to identify regions prone to EOD and LOD.
EOF-1 (Figure 3(a)) explains 28.0% of the total variance, highlighting key pat-

DOI: 10.4236/acs.2025.153027

538 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2025.153027

1. S. Mdelele, G. R. Tan

(a) EOF 1 [28.0%]

terns of onset variability. The principal component (PC1) time series (Figure
3(b)) tracks the strength of this pattern over time. Years with a standardized mean
onset departure of +1 or more (significantly delayed onset) include 1993, 1996,
1998, 2003, 2016, and 2021, while those with departures of -1 or less (significantly
early onset) occurred in 1994, 1997, 1999, 2000, 2002, 2004, 2006, 2007, 2008,
2009, 2010, 2011, and 2012.
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Figure 3. (a) First EOF mode spatial pattern, (b) PC-1 time series for the first EOF mode of OND onset dates, and (c) Composite
difference of onset days between LOD and EOD. Red indicates positive differences, purple negative, and light colors show weak/neutral
differences. Hatch-marked areas are statistically significant at the 95% confidence level.

The spatial pattern of EOF-1 (Figure 3(a)) shows that the western and north-
eastern parts of the study domain tend to experience later onset dates, as indicated
by positive loadings. In contrast, areas in the Northern East Highlands (NEH),

central regions (Singida and Dodoma), and southern regions (Ruvuma, Mtwara,
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Njombe, Iringa, and Morogoro) are more likely to have earlier onset dates, as in-
dicated by negative loadings. Notably, positive loadings are most pronounced over
the Lake Victoria Basin (LVB), especially in the southern and western areas, as
well as in the western regions (Tabora and Kigoma), the northern coast (Tanga,
Dar es Salaam, and Pwani), and parts of the Southwestern Highlands (SWH), in-
cluding Rukwa and Katavi.

Figure 3(c) shows red-shaded regions (positive composite difference) where
late onset years have significantly delayed rainfall compared to early onset years.
Significant delays in LOD years (red-shaded) were observed in the western and
eastern Lake Victoria Basin (LVB), the northern coast, and parts of the Northern
East Highlands (NEH). Earlier onset (purple-shaded) occurred in the Southwest-
ern Highlands (SWH), coastal regions, and western zone areas like Morogoro and
Kigoma. Hatch-marked areas are statistically significant (p < 0.0001), indicating
non-random differences. This dipole-like variability suggests that large-scale pro-
cesses, such as regional circulation, the Indian Ocean Dipole (I0D), and ENSO,

influence rainfall onset.

3.3. Larger Scale Circulation Patterns

Figure 4 illustrates composite wind patterns at 200 hPa and 850 hPa during Late
Onset Date (LOD) and Early Onset Date (EOD) years, along with their differ-
ences. During LOD vyears, the upper-level circulation (Figure 4(a)) is character-
ized by strong anomalous westerlies, including northwesterly and southwesterly
flows that converge over East Africa. This convergence aloft is indicative of sub-
siding motion, which suppresses the development of deep convection. At the
lower troposphere (850 hPa; Figure 4(b)), anomalous easterly winds dominate,
accompanied by divergence over the region. The presence of persistent easterlies
from the Congo Basin further inhibits low-level moisture convergence. This ver-
tical wind structure—upper-level convergence and low-level divergence creates
an unfavorable environment for vertical ascent, thereby delaying the onset of
rainfall.

In contrast, EOD years exhibit a reversed pattern. At 200 hPa (Figure 4(d)),
easterly wind anomalies with divergent flow prevail over Tanzania, promoting
upper-level outflow and facilitating the development of convective towers. Mean-
while, at 850 hPa (Figure 4(e)), anomalous westerlies enhance low-level moisture
transport from the Congo Basin and the tropical Atlantic, resulting in convergence
over the region. This configuration supports ascending motion and enhanced con-
vection, thereby favoring an earlier onset of rainfall. The difference fields (Figure
4(c) and Figure 4(f)) further emphasize these contrasting circulation patterns,
with significant anomalies in both upper and lower tropospheric winds between
LOD and EOD years. These results highlight the importance of vertically coherent
large-scale circulation in modulating the timing of seasonal rainfall onset over
East Africa.
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Figure 4. Wind anomalies at 200 hPa and 850 hPa for LOD ((a) (b)) and EOD ((c) (d)), with differences at (e) 850 hPa and (f) 200
hPa and hatched areas denote statistical significance (95% confidence).

3.4. Distribution of Sea Surface Temperature Anomaly

The analysis in Figure 5(a) highlights statistically significant regions of sea surface
temperature anomaly (SSTA) between LOD and EOD years. The southwestern In-
dian Ocean (south of 10°S) experiences pronounced cooling, whereas the central
and eastern Indian Ocean exhibit warming. These findings suggest that the timing
of IOD and Niilo 3.4 plays a crucial role in the rainfall onset date. The stronger
cooling in the southwestern Indian Ocean may have implications for regional cli-
mate conditions, including enhanced suppression of convection over the western

Indian Ocean and potential modifications to Walker Circulation anomalies. This
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Figure 5. (a) Spatial distribution of SST differences between LOD and EOD with those areas at 95% confidence level (hatched
region). The time series of (b) ENSO Index (Niflo 3.4 anomaly) and (c) DMI for the OND season from 1993 to 2023.
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could influence rainfall patterns over East Africa, the Maritime Continent, and
Australia, regions that are heavily affected by IOD and Nino 3.4-driven variability.
Moreover, warmer/cold SSTs in the eastern Indian Ocean, cold/warmer SSTs in
western Indian and eastern Pacific could induce ascending/descending motion
over the region, and enhance/weaken moisture availability, affecting the rainfall
onset day in surrounding regions.

The two panels (b and ¢) in the Figure 5 illustrate the interannual variability of
the Niflo 3.4 index and the DMI during the OND season. Both indices have
marked inter-annual variation, and the typical years are defined for further study
the relationship between onset day over the region and the ENSO/IOD. The years
with standard anomaly indices of the threshold +0.5 or more (El Nifo) include
1994, 1997, 2002, 2004, 2006, 2009, 2014, 2015, 2018, 2019 and 2023 while those
with indices of —0.5 or less (La Nifla or Negative Nifio 3.4) occurred in 1995, 1998,
1999, 2000, 2007, 2008, 2010, 2011, 2016, 2017, 2020, 2021 and 2022. On the other
hand, for the DMI, the years with standard anomaly indices of the threshold +0.4
or more were 1994, 1997, 2006, 2018, 2019 and 2023 while those with indices of -
0.4 or less occurred in 1996 and 1998.

3.5. Drivers for Larger Scale Patterns

The Relationship between Climate Indices and Rainfall Onset across
Tanzania

This section examines the relationship between inter-annual rainfall onset dates
and climatic indices, specifically Nino 3.4 and the Dipole Mode Index (DMI),
shown through spatial maps (Figure 6) at the 95% confidence level during the
OND season over Tanzania. Correlation results in Figure 6 show the correlation
patterns of the two indices are similar, with positive coefficients in the middle and

eastern part of the country, while negative ones in northwest and part of the east.
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Figure 6. The correlation coefficients between rainfall onset dates and (a) Nino 3.4 and (b) Indian Ocean Dipole Mode Index (DMI).

Red shades indicate positive correlations (earlier onset with increasing index values), while blue shades indicate negative correlations

(delayed onset with increasing index values).
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The Nino 3.4 index, representing warm temperature anomalies in the central
Pacific (linked to ENSO), shows correlations (Figure 6(a)) with rainfall onset
across areas like Kilimanjaro, Zanzibar, and Iringa (e.g., Kilimanjaro, r = 0.239)
exhibiting positive correlations, suggesting that warmer Pacific temperatures, in-
dicative of El Nifo, delaying rainfall onset over north and central areas. In con-
trast, regions like Rukwa and Tabora (r = —0.357 and r = —0.268) show negative
correlations, where El Niflo accelerates rainfall onset.

The DMI (Dipole Mode Index), which measures the temperature difference be-
tween the western and eastern Indian Ocean, plays a more dominant role in in-
fluencing rainfall onset in Tanzania. Correlations in Figure 6(b) range from r =
—0.517 (Rukwa) to r = 0.407 (Simiyu), indicating that the Indian Ocean’s warming
and cooling patterns have a stronger and more consistent effect on rainfall timing.
A positive IOD event, earlier rainfall onset in regions like Rukwa and Tabora will
be induced. In contrast, a negative IOD will delay rainfall, especially in central and
northern Tanzania. This suggests that Indian Ocean variability is more influential
than ENSO in shaping Tanzania’s rainfall onset date. And from the correlation
coefficients, the ones with Nifio 3.4 are less than those with DMI. indicating more
important role play by Indian Dipple on the rainfall onset day.

To further interpret the observed correlations, it is essential to explore the un-
derlying physical mechanisms by which SST anomalies influence rainfall onset
over Tanzania. El Niflo events (positive Nifio 3.4 anomalies) alter the Walker Cir-
culation, shifting convection toward the central and eastern Pacific. This shift sup-
presses convection over the western Pacific and East Africa, leading to subsidence
and reduced moisture availability. As a result, rainfall onset is often delayed in
northern and central Tanzania during El Nifo years. In contrast, La Nifla tends
to enhance convection over the western Indian Ocean and East Africa, promoting
earlier rainfall onset in those regions. The Indian Ocean Dipole (IOD), repre-
sented by the DMI, exerts a more direct and often stronger influence. Positive IOD
events, characterized by warmer western Indian Ocean SSTs and cooler eastern
SSTs, enhance the west-east SST gradient. This intensifies the equatorial westerlies
and facilitates moisture flux convergence over East Africa, which strengthens con-
vection and typically leads to earlier rainfall onset, especially in western and cen-
tral Tanzania. Negative IOD phases weaken this gradient, reducing moisture in-

flow and delaying the onset of rains.

3.6. Circulation Influenced by Tropical Drivers

3.6.1. Circulation Patterns

As denoted above, both ENSO and IOD can influence the rainfall onset day. Then
how do ENSO and IOD affect the rainfall onset? Here composite analysis on the
circulation patterns for typical ENSO and IOD years. Wind anomalies during pos-
itive/negative indices years look similar in some features like that of Figure 4, re-
vealing the circulation patterns associated rainfall onset day able to be induced by

ENSO and IOD. That is, stronger easterly winds with convergence at 200 hPa, and
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(a)

westerly winds with divergence at 850 hPa can be induced by warm SSTA in east-
ernOcentral Pacific and western Indian Ocean during positive index years, delay-
ing rainfall onset day over most part of the region, especially over east part of the
region. However, the composite circulation over negative years will making rain-

fall onset earlier over most part of the region.

3.6.2. Rainfall Onset Day

Figure 7 illustrates the impact of ENSO and IOD on rainfall onset dates during
the OND season in Tanzania. Figure 7(a) shows that Nifio 3.4 does not signifi-
cantly affect onset dates (T-statistic = -0.90, p-value = 0.3807), indicating a weak
ENSO influence. In contrast, Figure 7(b) highlights the significant role of DMI
(T-statistic = —2.58, p-value = 0.0196), with regions in red indicating late onset
and those in purple/pink showing earlier onset. As DMI significantly influences
rainfall timing, monitoring IOD variations is crucial for stakeholders planning for

the rainy season.

(b)
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Figure 7. Composite differences of the onset days between positive and negative indices years (a) influenced by Nifio 3.4 (b)
influenced by DMI during the OND rainfall. Shattered areas are exceeding t-test at 95% confidence level.

The regions most affected by ENSO and IOD are the central and northern parts,
where the onset of the OND rains is particularly sensitive to large-scale atmos-
pheric conditions. For instance, in central and north Tanzania, including areas
like Kilimanjaro and Arusha, El Nifio years/positive IOD often result in the earli-
est rains, whereas La Nifla/negative IOD years see a delayed rainfall onset date

there.

4. Conclusions and Discussion

This study has analyzed the inter-annual variation of the onset date during the
OND rainfall season in Tanzania, with a particular focus on spatial and temporal

variations, circulation anomalies, and key forcing factors.
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The onset dates were determined using a threshold-based method, while spatial
and temporal variability was analyzed through Empirical Orthogonal Function
analysis. In Tanzania, there is a unimodal rainfall regime, such as the Southern,
Southern Coast, and Southwestern Highlands, rainfall onset typically occurs later,
around November or December. The spatial pattern of EOF-1 shows similar to
the climatology, that is, the rainfall onset day over most part of the country is
opposite (later/earlier) to that (earlier /later) on the northwest and southeast.

Key findings show that during LOD years, anomalous easterly upper-level winds
with convergence and westerly lower-level winds with divergence at low-level,
suppress moisture transport with descending over the region will delay rainfall
onset. In contrast, the opposite anomaly circulation during EOD years will result-
ing in earlier rainfall onset.

Both ENSO and IOD have close relationship with the rainfall onset day in Tan-
zania. Warm SSTA in eastern-central Pacific and western Indian Ocean during El
Nifio years/positive IOD years, can induce LOD associated circulation patterns
and then delay rainfall onset day over most part of the region, especially over east
part of the region. However, the warm SSTA in western Pacific to eastern Indian
Ocean during La Nifla/negative IOD years will induce EOD-like circulation pat-
terns, which will make rainfall onset earlier over most part of the country.

In this study, only the large-scale circulation of rainfall onset day in Tanzania
and associated tropical drivers are investigated. And how do the tropical drivers
influence the local circulation and moisture condition remain unclear. Other im-
portant drivers apart from ENSO and IOD such as the Madden-Julian Oscillation
(MJO) and sub-seasonal shifts of the Intertropical Convergence Zone (ITCZ)
were not included. These factors operate on shorter timescales and can signifi-
cantly affect the timing and spatial variability of rainfall onset. Further study should
incorporate such intraseasonal dynamics to provide a more comprehensive un-
derstanding of the mechanisms influencing seasonal rainfall patterns in the re-

gion.
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