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Abstract

This study investigates the intraseasonal variability (ISV) of rainfall in Tanza-
nia during the March-April-May (MAM) season, specifically identifying the
dominant peaks of ISV in rainfall for that period. The 5-day running mean
during the MAM season reveals that Tanzania experienced an irregular pat-
tern of wet and dry days in the year 2022, indicating the presence of ISV that
led to fluctuations in weather patterns. Moreover, the study identifies the
dominant peak date, where a significant peak was observed in the 10 - 25-day
range, showing that ISV exhibits a quasi-biweekly oscillation around 17 days,
with composite evolution from day —8 to day +8 after filtering, and day 0
marking peak rainfall. Furthermore, composite atmospheric circulation anal-
ysis reveals critical interactions with ISV. Geopotential height wind patterns
at 850 hPa indicate that negative/positive geopotential height anomalies over
the Western Indian Ocean and Mozambique Channel enhance low-level con-
vergence/divergence of moisture, resulting in wet/dry phase, meanwhile
strong positive geopotential height anomalies at 200 hPa are associated with
the upper-level divergence that supports peak rainfall (day 0). During Lag —4
to Lag 0, the results revealed dominant negative OLR anomalies (-18 to —20
W/m?) indicating peak dates of ISV of rainfall while the transition to positive
OLR anomalies after Lag +2 showed the starting point of a dry phase of ISV.
Also, at the initial phase (Lag —8 to Lag —6), weak positive and limited mois-
ture flux anomalies were observed over the region, while in the peak phase
(Lag 0), strong positive anomalies dominated, reflecting intense moisture con-
vergence from both the South West Indian Ocean (SWIO) and the Congo Ba-
sin, associated with maximum ISV of rainfall activity. After lag 0, transition
into the dry phase (Lag +6 to Lag +8), negative anomalies developed as
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moisture transport diminishes and winds shift, suppressing convergence over
Tanzania, leading to the dry phase. The results highlight the significance of
integrating ISV patterns into weather forecasting and disaster preparedness to
reduce the risks associated with extreme rainfall events like floods and
droughts. Additionally, the findings offer valuable insights for managing water
resources, planning agriculture, and enhancing climate resilience in areas of
Tanzania that depend on rainfall.

Keywords
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Circulation

1. Introduction

Like other countries in the world, Tanzania faces significant challenges associated
with intraseasonal variability (ISV) of rainfall, specifically posing great impacts on
rain-fed agriculture dependent communities [1] [2]. The ISV of rainfall in 2022
March, April and May (MAM) season in Tanzania was characterized by extreme
weather events, with the northern coast and northeastern highlands experiencing
severe drought, receiving less than 50% of the usual rainfall, making it the 15th
driest year on record and the second driest MAM season since 1970, according to
the Tanzania Meteorological Authority [3]. On the other hand, heavy rainfall in
April 2022 caused severe flooding in Mbeya and Songwe regions, resulting in 5
deaths, 21 injuries, 5 missing persons, and 3150 displaced people, with significant
damage to infrastructure, including 400 houses, 35 schools, as well as losses to
agriculture and livestock, including 24,700 acres of farm fields and 2362 livestock.
Also, according to [4] ISV of rainfall in Tanzania resulted in mudslides in the
Hanang District of the Manyara Region causing rocks, logs, and a lot of water to
pour from Mount Hanang towards Katesh Township. The report indicated that
at least 72 fatalities occurred, 117 injuries, and 5600 affected individuals. In addi-
tion, 750 acres of various crops were damaged by the rain and water, and livestock
were also lost. The environment, health and education services, and infrastructure
such as roads, water sources, energy, and communication systems were all devas-
tated. The above problems bring the necessity to investigate the ISV of rainfall in
Tanzania for MAM 2022.

A number of studies about ISV in East Africa and Tanzania have been investi-
gated. A study conducted by [5] indicated that the convection over western Tan-
zania is associated with moisture flux from the tropical southeast Atlantic and
Congo Basin, followed by weak easterlies from the western Indian Ocean, which
results in the intraseasonal variability of rainfall. Also, the research showed that
ISV are vital in tropical regions, exhibiting distinct characteristics regarding their
timing and propagation. The study of [6] explained that Indian Ocean Dipole

plays a key role in determining rainfall patterns in East Africa, with significant
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implications for both climate variability and socioeconomic stability in the region.
According to [7], IOD explains about 12% of the variability in sea surface temper-
atures in the Indian Ocean and leads to intense rainfall variability in eastern Africa
during its active phases. According to [8] Rainfall patterns in East Africa are also
shaped by the interaction between subtropical high-pressure systems and mois-
ture from the Congo Basin and the SWIO. The influence of the St. Helena High
and the Azores High is particularly crucial for the region’s climate during the
MAM season [9]. When the St. Helena High intensifies, it facilitates increased
moisture influx from the Congo Basin, while southeasterly winds from the Mas-
carene High enhance this moisture transport. This interaction promotes greater
convection and significant rainfall, specifically in the northwestern and western
regions near Lake Victoria [10]. Since [11] first applied spectral analysis to identify
a 40 - 50-day eastward-propagating oscillation in the tropics, attention to the char-
acteristics and mechanisms of intraseasonal oscillations (ISOs) has been increas-
ing. The studies [12] identified significant intra-seasonal oscillations in convec-
tion over tropical East Africa during the December to February rainy season and
revealed dominant cycles of 16 to 33 days, with active and passive convective
phases frequent within the rainy season. Also, [13] found that the synoptic-scale
forcing has critical role shaping intra-seasonal oscillations in driving rainfall var-
iability over East Africa. According to [14] the study identified two key intrasea-
sonal oscillatory modes with periods of about 45 days and 28 days align with the
active and pause phases of monsoon rainfall over India, where the active phase is
considered by enhanced convection, and the break phase is marked by dry
weather conditions. The study of [15] indicates that primary intraseasonal rainfall
variability during Rwanda’s long rainy season (February-May) occurs on a 10 -
25-day time scale. The study indicates the importance of considering both ISO
and MJO in understanding rainfall variability in Central Africa [16].

Despite different studies conducted to investigate the ISV, there has been lim-
ited research specifically focusing on this aspect in Tanzania. Most studies con-
centrated on inter-annual, inter-seasonal, and inter-decadal time scales [17]-[19].
Still there is no clear understanding of the dominant peak date for ISV of rainfall
over Tanzania during the MAM season. Therefore, the aim of this research is to
investigate the ISV of rainfall over Tanzania during MAM season of 2022 by em-
ploying power spectrum method. Furthermore, Atmospheric circulation is inves-
tigated to assess its relationship with ISV. Such findings are crucial for agricultural
planning, enabling farmers to make well-informed decisions based on expected
rainfall, and they also contribute to disaster risk management by training commu-
nities to prepare for possible flooding and other weather-related issues. The re-
mainder of this paper is organized as follows: The data and methods employed are
described in Section 2. In Section 3, the Results of dominant modes of the in-
traseasonal variability (ISV) of the rainfall variability in Tanzania are revealed. In
Section 4, the atmospheric circulation influence to ISV. Finally, Discussion and

Conclusion in Section 5.
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2. Data and Methodology
2.1. Study Area

Tanzania, is located in East Africa through the longitudinal range of 28°E to 42°E
and the latitudinal range of 12°S to 0°S (Figure 1). It has an estimated population
of 62 million people spread across 947,300 square kilometers [20]. As one of
Africa’s most densely populated nations. The Country has large network of
weather stations which poses both manual and automatic for particular focused
on agricultural meteorology and synoptic station. Several factors signify influence
of the distribution and variability of rainfall in Tanzania. Key contributors include
the East African Monsoon, the El Nifio Southern Oscillation (ENSO), westerlies
from the Congo, tropical cyclones, and the Inter-Tropical Convergence Zone
(ITCZ). The East African Monsoon is known to bring seasonal rains in East Africa
[21] [22], while ENSO events lead to extensive oscillations in rainfall patterns
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Figure 1. The study area (Tanzania), as shown on the map of East Africa, is bounded by
latitude 0° - 12°S and longitude 28° - 42°E. The map highlights selected rainfall monitoring
stations (black circles) used to analyze the intraseasonal variability (ISV) of rainfall during
the MAM rainy season. Elevation is represented by a color gradient, with red indicating
high altitudes (up to 5895 m) and blue representing low-lying areas.
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[23], whereas La Nifia tends to result in drier conditions [24]. Furthermore, the
westerlies originating from the Congo contribute moisture to the western regions
of the country, and tropical cyclones can irregularly impact coastal areas, bringing
heavy rainfall [25]. The migration of ITCZ north and south across the equator are
among the main factors affecting distribution and variability of rainfall in Tanza-
nia and the entire East Africa [26]. The migration of ITCZ lags the overhead sun
by 3 - 4 weeks over the region.

The ITCZ migrates to southern regions of Tanzania in October to December,
reaching the southern part of the country in January-February and reverses north-
wards in March, April and May [3] [17]. Due to this movement, some areas expe-
rience single and double passages of the ITCZ. The areas that coincide with single
passage are known as unimodal areas. These include the southern, southwestern,
central, and western parts of the country, which receive rainfall from November
to April or May (NDJFMA, also known as Msimu). Areas that experience double
passage are known as bimodal, and include northern coast, northeastern high-
lands, Lake Victoria basin, and the Islands of Zanzibar (Unguja and Pemba). These
regions receive two distinct rainfall seasons. The long rain season (also known as
Masika), which starts mainly in March and continues through May (MAM) and
the short rainfall season (also called Vuli) which starts in October and continues
through December (OND). January and February are the transition period (rela-
tively dry) for bimodal areas while June, July, August, and September are dry

months for the entire country [3].

2.2.Data Source

2.2.1. Observation Data

To analyze ISV of rainfall, the study utilized daily rainfall observation data from
18 scattered synoptic stations (Figure 1) provided by the Tanzania Meteorological
Authority (TMA) for the year 2022. The data are measured and collected daily at

each station using a rain gauge.

2.2.2. Reanalyzed Data

Analysis of spatial climatology and time evolution of rainfall over the region uti-
lized daily precipitation data (1981-2022) from CHIRPS (Climate Hazards Group
Infrared Precipitation with Station) version 2.0 with worldwide coverage of 50°S
- 50°N latitude and spatial resolution at 0.05° - 0.05° latitude-longitude grid from
1981 to present [27]. CHIRPS generates a gridded rain fall time series by combin-
ing in-house climatology, CHPclim, 0.05° resolution satellite images, and in-situ
station data for trend analysis and seasonal drought monitoring. Also, for the at-
mospheric circulations analysis, daily geopotential height (GPH), Zonal and Me-
ridional wind, RH and Specific humidity was used from the National Centers for
Environmental Prediction (NCEP), U. S Department of Energy (DOE) from rea-
nalysis 2 project with horizontal resolution 2.5° x 2.5° latitude-longitude grid

from January 1979 to the present [28].
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2.3. Methodology
2.3.1. Data Smoothing

In order to smooth out short-term variations in time series ISV of rainfall, we
employed 5-day running mean statistical method [29]. The selection of this method
follows its capability of minimizing noise, variability and emphasizes longer-term
trends and patterns that might otherwise be hidden [30]. Furthermore, for the
sake of identifying patterns, seasonal changes, and anomalies in the data that may
not be directly apparent from the raw observations, the smoothed data were plot-

ted alongside the original data for comparison [31].

2.3.2. Dominant Period of Rainfall

Power spectrum analysis was employed to identify the dominant periods of ISV
of rainfall. To isolate the ISV of rainfall, a Butterworth band-pass filter was ap-
plied. Events with values greater than or equal to 1.0 standard deviation within
the 10- to 30-day range were classified as peaks during the ISV of rainfall. A But-
terworth low-pass filter method was applied using the bilinear transformation
method, which converts the analog filter design into a digital filter [32] (Roberts
& Roberts, 1978). The method was achieved by following steps; For the calculation
case the squared transfer function, or power gain, is given by the expression

N 1
H, (jo)| v (1)

where, @, is the cutoff frequency j= (—1)1/2 ,and n is the number of poles,

c
or order, of the filter. The larger the order, the sharper the cutoff. The subscript B
symbolizes the Butterworth transfer function.

A bilinear transformation of (1) produce the corresponding function for dis-

H(jo) = {1{%]} 2)

where T is the sampling interval

crete system.

It is convenient to use the Z transform for discrete systems. The Z transform of
a finite data sequence X, (k =01---,N-1Ix, =0k < O) is denoted by and is de-
fined by

X Xy N
2] =p ittt it =22 ] Q
In general, the output y, =0 of any digital filter is given by
Vi = 00X +0X g+ b X —an Y - -y, (4)
b +bz 7t +- bzt
Y, =H,, X _(Bh : )x (5)

z (27 (2) — ( (2)
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DOI: 10.4236/acs.2025.151011 223 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2025.151011

C. M. Chabaga et al.

The filter coefficients are &, and b, and is the order of the filter (for non-
recursive filters, m is the number of weights, 8 =0,and n = 0). Applying
the Z transform of both sides of (5), by the convolution theorem, where
Yo, =2 [V ];H(z)=Z[h],and h, istheimpulse response of the filter. The fil-
ter coefficients for the Butterworth transfer function may be determined via a bi-
linear transformation of (3). The study minimizes the roundoff error by flowing
the second-order filters. Phase shifts of the signal associate with recursive behavior
of Butterworth filter were removed by filtering the signal forward and then back-
ward in time through the same filter. The ISV of rainfall during March, April, and
May are obtained by removing the high-frequency and low-frequency variations
from the original rainfall time series. This is achieved using the bandpass Butter-
worth filter method, which isolates the specific frequency range associated with
intraseasonal fluctuations. Previous studies such as series [15] [29] [33], have also

applied the same methodology.

2.3.3. The Composite Atmospheric Circulation Analysis

The composite method, as described by [34] was utilized to average multiple oc-
currences of a specific event or phenomenon in order to generate a composite
map. Additionally, the 10- to 30-day filtered data for anomalies geopotential
height, meridional and zonal wind, RH, OLR and specific humidity was analyzed
for the region spanning from 10°W to 60°E longitude and 10°N to 30°S latitude,
with values exceeding 1.0 standard deviations also defined as typical ISV of rainfall
events. Following the identification of these typical ISV of events, synthesis anal-

ysis and Student’s t-test were conducted.

3. Results of the Intraseasonal Variability (ISV) of the Rainfall
over Tanzania during MAM Season

3.1. Climatology of Daily Rainfall during MAM Season over
Tanzania

Tanzania’s climatology during the MAM season was analyzed using CHIRPS ob-
servation data from 1983 to 2022. Figure 2(A) below illustrates the climatological
of daily mean rainfall across the country, oscillating from moderate to high
amount (2 to >4 mm/day), with heavy rainfall occurring primarily in western Tan-
zania, including the Lake Victoria basin and adjacent areas, which receive the
highest amount, exceeding 4 mm/day. Central Tanzania experiences moderate
rainfall ranging from 2 to 4 mm/day, while southeastern and coastal regions re-
main drier, with less than 2 mm/day. In March, rainfall begin to increase, partic-
ularly in western and central Tanzania, with values ranging between 2 and 4
mm/day, and the Lake Victoria basin and surrounding areas receive relatively
higher amount compared to other parts of the country as shown in Figure 2(B).
However, coastal and southeastern Tanzania remain dry, with less than 1 mm/day,
indicating a delayed onset of the rainy season in these regions. however, coastal
and southeastern Tanzania remained significantly dry, with less than 1 mm/day,
indicating a delayed onset of the rainy season in these regions. In April, the
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eastern, north-eastern, western and Lake Victoria basin indicates the highest

amount rainfall > 5 mm/day as shown in Figure 2(C).
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Figure 2. Climatological mean spatial distribution of daily rainfall (mm/day) from CHIRPS data over Tanzania for the
MAM season (1983-2022). Panel (A) represents the overall climatological mean for the MAM season, while panels (B),
(C), and (D) depict the climatological monthly means for March, April, and May, respectively. The color bar indicates
rainfall intensity, with higher values in red and lower values in blue. The patterns highlight regional and temporal
variations in rainfall across Tanzania during the MAM season.

In May, the rainy season begin to decrease across most parts of the country;
southeastern and southern Tanzania becoming dry, with less than 1 mm/day,
while the Lake Victoria basin and northern regions maintain moderate rainfall of

2 to 3 mm/day as shown in Figure 2(D).

3.2. Dominant Peak of ISV over Tanzania during MAM Season of
2022

Investigation of the ISV of the dominant peak over Tanzania of MAM rainfall,
was carried out using five day running mean (Figure 3) from the 18 synoptic Me-
teorological stations observation data from TMA as shown in Figure 1, the bars
indicate daily rainfall deviations from the mean average, where positive values
show wet conditions and negative values show dry conditions. In March, the ISV

of rainfall highlights low rainfall amounts, indicating the beginning of a wet
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condition. However, starting from mid-April, the running mean slopes below zero,

indicating a shift towards drier conditions that continue through late April and May.

Rainfall deviation(mm)

| -
Rainfall moving_average(mm)

-2

: BN 2 a0 © K o «Q%
@ o Y N W= X\ ¥
Date

Figure 3. The blue color bar shows time series of the area average of 18 station for Tanzania rainfall MAM of 2022, and

red color for the 5-day running mean results depict that there is signal variation of the daily rain fall in study area.

The irregular pattern of positive and negative anomalies indicates the influence
of ISV during the MAM season, with these oscillations accounting for the observed
variability in rainfall. Also, the Power Spectrum Density was applied to identify

the dominant period of rainfall over Tanzania during MAM season in Figure 4.

Tanzania March Rainfall (10-30) during MAM
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Figure 4. Power spectrum diagram of MAM rainfall in Tanzania average area with 18 ob-
servations with data spanning from 2022; of 10 - 30-day filtered rainfall. The black line is
the power spectral density, the dashed blue indicates the values of 95% confidence level,
the red-line indicates the Upper 5% confidence level and dashed green indicates the 5%
lower confidence level.
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As shown in Figure 4, the ISV of rainfall during MAM season showed signifi-
cant a dominant period around the 10 - 25-day, near quasi-biweekly (17 days),
which exceeds the 95% Upper Confidence Limit (UCL). The results captured from
10- to 25-day band by Fast Fourier Transform (FFT) within a band of 10 to 30
days range are presented in Figure 5. This curve features distinct peaks that indi-
cates alternating periods of wet and dry days. This pattern aligns with the quasi-
biweekly oscillation indicated in (Figure 4) of the Power Spectral Density (PSD),
where three peaks in the filtered data mark a cycle of enhanced rainfall, separated

by quasi-biweekly intervals as shown in Table 1.

2022 MAM Rainfall with 10-30-day Filtered
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Figure 5. Fast Fourier Transform (FFT) showing the peaks events and indicating the 10 - 30 days
filtered with significance of 3 peaks shown by dote green, the black dotted line showing the thresh-
old of select point standard deviation of (+1 to —1), the curved live showing the filtered rainfall, the

red bar and blue shows the high and low value of rainfall anomaly.

Table 1. Filtered peak rainfall data table.

Date 1 Peak Date 2 Peak Date 3 Peak Average
Event 1 Event 2 Event3  Peak Event
3/20/2022 -0.1 4/3/2022 -0.4 4/15/2022 1.1 0.2
3/21/2022 -0.6 4/4/2022 -1.4 4/16/2022 0.5 -0.5
3/22/2022 -1.1 4/5/2022 -2.1 4/17/2022 -0.1 -1.1
3/23/2022 -1.4 4/6/2022 -2.5 4/18/2022 -0.7 -1.5
3/24/2022 -1.3 4/7/2022 -2.3 4/19/2022 -0.9 -1.5
3/25/2022 -0.8 4/8/2022 -1.8 4/20/2022 -0.8 -1.2
3/26/2022 -0.1 4/9/2022 -1.0 4/21/2022 -0.4 -0.5
3/27/2022 0.7 4/10/2022 -0.1 4/22/2022 0.1 0.3
3/28/2022 1.6 4/11/2022 0.8 4/23/2022 0.7 1.0
3/29/2022 2.2 4/12/2022 1.4 4/24/2022 1.2 1.6
3/30/2022 2.4 4/13/2022 1.6 4/25/2022 1.3 1.8
3/31/2022 2.2 4/14/2022 1.5 4/26/2022 1.1 1.6
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Continued

4/1/2022 1.5 4/15/2022 1.1 4/27/2022 0.6 1.1

4/2/2022 0.6 4/16/2022 0.5 4/28/2022 -0.1 0.3

4/3/2022 -0.4 4/17/2022 -0.2 4/29/2022 -0.8 -0.5
4/4/2022 -1.4 4/18/2022 -0.7 4/30/2022 -1.4 -1.2
4/5/2022 -2.1 4/19/2022 -0.9 5/1/2022 -1.7 -1.6
4/6/2022 -2.5 4/20/2022 -0.8 5/2/2022 -1.6 -1.6
4/7/2022 -2.3 4/21/2022 -0.4 5/3/2022 -1.3 -1.3
4/8/2022 -1.8 4/22/2022 0.1 5/4/2022 -0.7 -0.8
4/9/2022 -1.0 4/23/2022 0.7 5/5/2022 -0.1 -0.3

Furthermore, the analysis in Figure 6 results show that the regional average
rainfall intensity reaches 2 mm/day, and quasi-biweekly rainfall occurs 8 days be-

fore the peak and lasts for about 8 days.

1.5
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Figure 6. The composite evolution of 10 - 30-days of filtered rainfall over Tanzania During
MAM season of 2022.

10-30-day filtered rainfall

-8 -6 -4 -2 0 2
Day

From the —8-day to the day 0 and then to +8-day phase, the entire cycle takes
about 17 days, showing typical intraseasonal variability (ISV) with quasi-biweekly
characteristics.

The spatial map sequence of rainfall using CHIRPS data for 2022 during the
MAM season reveals the temporal evolution of quasi-biweekly rainfall over
around 17 days, from Day —8 to Day +8 in Figure 7. On Day -8 in (Figure 7(A)),
negative rainfall anomalies of about —0.5 mm/day persist in the southern and cen-
tral parts of Tanzania. On Day —6 in (Figure 7(B)), these negative anomalies con-
tinue, with a minor decrease in the southern and coastal regions, while central and

northern Tanzania rainfall show reductions ranging from —0.8 mm/day to —1.2
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mm/day. On Day -4 in (Figure 7(C)), indicates positive rainfall anomalies of
around (0.5 to 0.8 mm/day) in southern and central Tanzania, while northwest
region was observed to have minimum rainfall anomalies between (-0.8 and —1.2
mm/day). The positive anomalies increase to about (0.8 to 1 mm/day), signifying
a transition to higher rainfall levels on Day -2 in Figure 7(D). The peak of the
active rainfall phase occurs on Day 0 in (Figure 7(E)), with significant positive
anomalies indicating an increase rainfall anomaly around (0.8 mm to 2 mm/day)
over Tanzania, but weak rainfall anomalies in the central, southern, and parts of
the eastern regions. On Day +2 in Figure 7(F), positive anomalies are observed in
the coastal region, central, and western parts of Tanzania, although with a slight
reduction in intensity, show the beginning of a reduced rainfall phase. On Day +4
in Figure 7(G), negative rainfall anomalies of about —0.8 mm/day indicate a re-
turn to drier conditions, while the spatial extent of positive anomalies continues
to decrease.
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Figure 7. Shows the composite evolution of 10 - 30-day filtered rainfall anomalies (unit: mm/day) across Tanzania during the
MAM season of 2022, from day —8 to day +8. Each subplot detentions rainfall deviations, with red areas indicating positive
anomalies (wet date) and blue areas representing negative anomalies (dry date). Black dots signify regions where rainfall anom-
alies are statistically significant at the 95% confidence level, based on a t-test.
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The negative anomalies fluctuate more in (Figure 7(H) of Day +6, with lower
rainfall anomalies around (—0.8 to —1.2 mm/day) in central and northern regions.
In (Figure 7(J) of Day +8, negative anomalies dominate at large regions of Tan-

zania, showing a return to dry phase.

4. Influences of Atmospheric Circulation on ISV

After the examination of the dominant mode of intraseasonal variability (ISV) of
rainfall over Tanzania during the MAM season, the analysis was further extended
to investigate the atmospheric circulation mechanisms including Geopotential
Height, RH, Wind systems, OLR and Moisture Flux interact with ISV.

4.1. Effect of Geopotential Height and Wind Anomalies at 850 hPa
Low Level Circulation and 200 hPa

The composite maps of geopotential height anomalies and wind at the 850 hPa
level (Figure 8) revealed an irregular pattern of convergence and divergence that

modulates the ISV of rainfall over Tanzania, as indicated within the red box.
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Figure 8. Composite distribution of geopotential height anomalies (color shaded, unit’s m, dotted black is significantly of >95%) at
850 hPa and wind vectors (vector, unit’s: m/s) at the 850 hPa level, filtered 10- to 30-day intraseasonal oscillations. This based on
the region between 10°W to 60°E longitude and 30°S to 10°N latitude, covering East Africa, the Congo Basin, the western Indian
Ocean, and the Mozambique Channel. The study area is marked by a red box over Tanzania, where we observe the factors contrib-
uting to rainfall variability.

The results show negative geopotential height anomalies observed at lag —8 and
lag —6 (Figure 8(A), Figure 8(B)), ranging from —0.3 to —0.7 m, over the Western
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Indian Ocean (10°S to 15°S, 40°E to 50°E) and the Mozambique Channel (20°S to
10°S, 30°E to 40°E). These anomalies promote low-level convergence and mois-
ture inflow into the Tanzania region, overlapping with converging wind patterns
that support upward motion and convection. The results indicate that these neg-
ative anomalies increase to approximately —0.5 to —0.8 m at lag —4 (Figure 8(C)),
leading to an increase in low-level convergence and rainfall. At lag —2 (Figure
8(D)), a transition to neutral or positive anomalies in the Western Indian Ocean
and Mozambique Channel reduces moisture transport. However, rising negative
anomalies over Southern Africa (15°S to 25°S, 20°E to 30°E) induce upward mo-
tion, further enhancing convection over Tanzania. At lag 0 (Figure 8(E)), strong
negative anomalies ranging from —0.57 to —1.14 m persist over Southern Africa
(15°S to 25°S, 20°E to 30°E) and the surrounding regions. These anomalies con-
verge with winds from the Western Indian Ocean and Mozambique Channel, cre-
ating optimal conditions for peak rainfall. From lag +2 (Figure 8(F)), results re-
veal a positive anomaly of about 0.2m to 1.4m observed over Tanzania resulting
in low-level divergence and reduced rainfall, while weak negative anomalies in the
Congo Basin (5°S to 10°S, 15°E to 25°E) resulted in limited moisture and reduced
convergence to the west, with shifting rainfall away from the region. At lag +4, +6,
and +8 (Figures 8(G)-(I)), strong positive anomalies of approximately (0.6 to 1.6
m) were observed over the study region, resulting in dry conditions. Figure 9 il-
lustrates the pattern of geopotential height anomalies and upper-level wind pat-
terns (200 hPa) across East Africa, including Tanzania. The results indicate that
at lag —8 (Figure 9(A)), strong negative geopotential height anomalies of around
—1.5 m to —2.25 m dominated the Mozambique Channel (20°S to 10°S, 30°E to
40°E), which was associated with the development of cyclonic circulation. In ad-
dition, a positive anomaly observed in the range of 0.57 to 1.14 m over Tanzania,
resulted in weak upper-level divergence, indicating the starting phase of rainfall.
At lag —6 (Figure 9(B)), the results show that positive anomalies increase over
Tanzania, enhancing upper-level divergence and downward wind. At the same
time, cyclonic winds over the Mozambique Channel facilitate moisture transport.
Atlag —4 (Figure 9(C)), positive anomalies continue to strengthen over Tanzania,
as indicated by the red box, increasing upper-level divergence. Meanwhile, nega-
tive anomalies in the Western Indian Ocean (10°S to 0°, 50°E to 60°E) drive cy-
clonic winds, enhancing monsoon flow toward Tanzania. Atlag -2 (Figure 9(D)),
positive anomalies (ranging from approximately 1.14 to 1.71 m) persist over Tan-
zania, maintaining upper-level divergence and favorable conditions for convec-
tion, while the influence of negative anomalies in the Mozambique Channel di-
minishes.

At lag 0 (Figure 9(E)), positive anomalies peak (approximately 0.7 m to 2.0 m)
over Tanzania (as indicated by the red box), coinciding with the date of peak ISV
rainfall. This strong upper-level divergence is associated with significant upward
motion and favorable moisture transport from the Western Indian Ocean. After
the peak date at lag +2 (Figure 9(F)), the results indicate that the positive anom-

alies start to weaken slightly (about 0.5 m to 1 m) over Tanzania, which leads to
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reduced upper-level divergence and convection, meanwhile negative anomalies
(around —1.14 to —2.25 m) increase over the Congo Basin (5°S to 10°S, 15°E to
25°E), which shifts divergence and rainfall westward. At lag +4 (Figure 9(G)),
positive anomalies over Tanzania weaken further, suppressing upward motion,
while strong negative anomalies dominate the Congo Basin, enhancing upper-
level divergence and rainfall in that region. At lag +6 (Figure 9(H)), positive
anomalies over Tanzania are further reduced, leading to dry conditions, as inten-
sifying negative anomalies over the Congo Basin drive strong upper-level diver-
gence and rainfall activity. Atlag +8, strong negative anomalies over Tanzania and
strong negative anomalies over the Congo Basin, simultaneously continue to sus-

tain upper-level divergence and rainfall, resulting in dry conditions in Tanzania.

(A) Day -8 _ o (C)_Day -4

06 0.0 0.6
Geopotential height(m)

Figure 9. Composite distribution of geopotential height anomalies (color shaded, unit: m, the dotted black circle is significantly
of >95%) at 200 hPa and wind vectors (vector, unit: m/s) at the 200 hPa level, filtered 10- to 30-day intraseasonal oscillations. This
based on the region between 10°W to 60°E longitude and 30°S to 10°N latitude, covering East Africa, the Congo Basin, the western
Indian Ocean, and the Mozambique Channel. The study area is marked by a red box over Tanzania, where we observe the factors
contributing to rainfall variability.

4.2. Effects of Relative Humidity (RH) and Wind Anomalies at
850 hPa and 200 hPa on ISV

The composite analysis of 10 - 30-day intraseasonal oscillations show the signifi-
cant role of RH anomalies and wind patterns at 850 hPa in influencing the ISV of
rainfall in Tanzania during the MAM season. This analysis underlines the com-
plex relationships among moisture transport, convergence, and wind dynamics,

as represented in Figure 10.
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Figure 10. Composite distribution of RH anomalies (color shaded, unit, %, dotted black is significantly of >95%) at 850 hPa and
wind vectors (vector, unit’s m/s) at the 850 hPa level, filtered 10- to 30-day intraseasonal oscillations. This based on the region
between 10°W to 60°E longitude and 30°S to 10°N latitude, covering East Africa, the Congo Basin, the western Indian Ocean, and
the Mozambique Channel. The study area is marked by a red box over Tanzania, where we observe the factors contributing to
rainfall variability.

On Day -8 (Figure 10(A)), the region experiences dominant negative RH
anomalies (—0.5% to —0.8%), characterized by weak low-level westerly winds orig-
inating from the Congo Basin and northerly winds that bring dry air into Tanza-
nia, thereby restricting moisture transport. On Day —6 (Figure 10(B)), positive
anomalies begin to rise (0.5% to 0.65%) to the west of Tanzania, driven by
strengthening low-level westerly winds from the Congo Basin and easterly winds
from the Indian Ocean, indicating an initial accumulation of moisture. On Day
—4 (Figure 10(C)), these positive anomalies strengthen further as westerly winds
enhance moisture transport from the Congo Basin, while easterly winds converge
over Tanzania, leading to significant accumulation of moisture. On Day -2 and
Day 0 (Figure 10(D), Figure 10(E)), results show that positive anomalies peak at
(0.8% to 1.0%) due to strong low-level convergence of westerly and easterly winds
at 850 hPa, which enhanced vertical motion and rainfall. The dry phase begins on
Day +2 (Figure 10(F)), marked by the onset of negative anomalies (-0.5% to
—0.7%) resulting from the weakening of low-level winds and the introduction of

northerly winds that bring dry air into the region. On Day +4 (Figure 10(G)),
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negative anomalies prevail (-0.8% to —1.0%), indicating reduced moisture
transport and divergence, signifying the peak of the dry phase. On Day +6 (Figure
10(H)), negative anomalies begin to weaken as westerly winds regain strength
west of Tanzania, suggesting a gradual shift back to wetter conditions. Finally, on
Day +8 (Figure 10(I)), positive anomalies reappear over the Congo Basin and the
western Indian Ocean, coinciding with renewed convergence of low-level westerly

and easterly winds over Tanzania, showing the initial phase of ISV.
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Figure 11. Composite distribution of RH anomalies (color shaded, unit, %, dotted black is significant of >95%) at 200 hPa and wind
vectors (vector, unit m/s) at the 200 hPa level, filtered 10- to 30-day intraseasonal oscillations. This based on the region between 10°W
to 60°E longitude and 30°S to 10°N latitude, covering East Africa, the Congo Basin, the western Indian Ocean, and the Mozambique
Channel. The study area is marked by a red box over Tanzania, where we observe the factors contributing to rainfall variability.

This ISV of quasi-biweekly observations illustrates Tanzania’s transition from
moisture-rich conditions with wet to dry conditions, influenced by alternating pe-
riods of convergence and divergence, as shown in Figure 11. On Day -8 (Figure
11(A)), positive RH anomalies (1% to 1.5%) dominate over the Congo Basin and
western Indian Ocean, while Tanzania exhibits weak positive anomalies of ap-
proximately (0.2% to 0.5%). Wind patterns reveal upper-level divergence over
these moisture-rich areas, indicating initial condition for moisture transport to-
wards Tanzania, which remain in an initial phase. On Day -6 (Figure 11(B)),
positive RH anomalies (0.5% to 1%) spread eastward, with slight increase over

Tanzania, while stronger anomalies persist in the Congo Basin and western Indian
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-y(A) Day -8

-n(B

Ocean. Divergence increases over the western Indian Ocean and East Africa, ex-
tending towards Tanzania, enhancing instability. On Day —4 (Figure 11(C)), pos-
itive RH anomalies intensify over Tanzania, supported by strong upper-level di-
vergence and significant upward motion, marking a high-potential phase for rain-
fall. On Day -2 in (Figure 11(D)), RH anomalies peak at up to 1.5% over Tanza-
nia, with strong divergence further enhancing upward motion.

On Day 0 (Figure 11(E)), positive RH anomalies (+0.5% to +2%) dominate
Tanzania, while the western Indian Ocean continues to contribute moisture. As
the days progress, from Day +2 to Day +8 in (Figure 11(F), Figure 11(G)), posi-
tive RH anomalies gradually weaken over Tanzania and shift eastward, with the
western Indian Ocean becoming increasingly dominant in supporting moisture,
this shift leads to a decrease in rainfall for Tanzania as it shifts into a neutral to

less active phase on Day +8 (Figure 11(I)).

4.3. The Impacts of Outgoing Long Wave Radiation (OLR)
Anomalies on ISV

Tanzania region experienced significant positive OLR anomalies of around 10-15
W/m?, as shown in Figure 12(A) and Figure 12(B) at Lag —8 and Lag —6, indicat-
ing a decrease in cloud cover and convection. These results show the initial phase
of ISV of rainfall, as moisture inflow from the Congo Basin, Mozambique Chan-
nel, and SWIO was minimal. At Lag —4 (Figure 12(C)), the OLR anomalies were
neutral to low negative, approximately 0 to =5 W/m?.
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Figure 12. Composite distribution of Outgoing Longwave Radiation (OLR) anomalies (shaded, in W/m?) filtered to the 10 - 30-day
intraseasonal oscillations, averaged over specific days relative to key rainfall events in the MAM 2022 season. The black dotted areas
indicate statistically significant anomalies at the 95% confidence level. The analysis spans a domain from 10°W to 60°E longitude
and 30°S to 10°N latitude, surrounding East Africa, the Congo Basin, the western Indian Ocean, and the Mozambique Channel. The
study focus region, marked with a red box, highlights Tanzania, where the impact of OLR variability on rainfall patterns is explored.
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This change resulted in stronger moisture accumulation on the western side of
Tanzania near the Congo Basin and increased convection in both the Mozam-
bique Channel and SWIO. At Lag -2 (Figure 12(D)), Tanzania entered a peak
wet phase, experiencing minimum moisture in the region and significant low
rainfall. At Lag 0 (Figure 12(E)), which corresponds to the peak date of rainfall,
the results show significant negative OLR values of around —18 W/m? to —-20
W/m?, and moisture convergence reached its highest point, resulting in heavy
rainfall. After the peak date, negative OLR values continued to persist over Tan-
zania at Lag +2 (Figure 12(F)) and in the southwest near the Congo Basin. How-
ever, along the longitude from 40°E to 50°E, strong positive OLR values of 10
W/m? to 15 W/m?* were observed, leading to decreased moisture contributions
from surrounding areas. From Lag +4 to Lag +6 (Figure 12(G-H)), positive OLR
anomalies dominated, resulting in a stable dry phase characterized by high posi-
tive OLR. At lag +8 (Figure 12(I)), a weak negative OLR was observed along the

red box region, indicating the start of another initial wet phase.

4.4. Composite of Vertical Section of the Zonal Wind and
Meridional Wind Average Latitude along (12°S to 0)

In the wet phase (Figure 13(A)), strong westerlies between 0° and 20°E longitude
exhibit positive anomalies up to 1.8 m/s in the mid-troposphere (300 - 600 hPa),
bringing moist air from the Indian Ocean and driving convection. Additionally,
easterlies between 30° and 50°E longitude at 400 - 700 hPa, with anomalies reach-
ing —1.0 m/s, represent air from the Congo region, contributing to convection.
This interaction between the westerlies and easterlies promotes moisture conver-
gence and upward motion, creating favorable conditions for rainfall and low-pres-

sure development.
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Figure 13. Show two composite vertical sections of zonal wind anomalies along 12°S to 0° latitude, Day 0 (peak wet phase) on the
left panel (A) and Day -8 (dry phase) on the right panel (B). The anomalies are in m/s, with positive values (red shades) representing

westerly anomalies and negative values
winds, with intervals of 0.2 m/s.

(blue shades) indicating easterly anomalies. The dashed contour lines represent easterly

In the dry phase (Figure 13(B)), dominant westerlies between 0° and 20°
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Pressure Level (hPa)

longitude, reaching up to 2.4 m/s at 200 - 500 hPa, indicate stable atmospheric
conditions. Weaker, irregular easterlies at 30" to 50° longitude and 600 - 900 hPa
provide minimum support for convection. This stable pattern of strong westerlies
and weak easterlies disrupts interaction, reducing moisture influx and upward
motion, which limits rainfall and low-pressure formation, ultimately resulting in
the dry phase. Figure 14(A) results illustrate the wet phase of the ISV of rainfall
during peak date, with significant southerly winds between 0° and 10°E longitude
and around 40° to 50" longitude in the mid-troposphere (300 - 500 hPa), peaking
approximately 2.4 m/s. These southerly anomalies transport warm, moist air
northward, promoting moisture convergence and enhancing convective activity.
Meanwhile, rapid northerly anomalies observed between 10° and 30° longitude,
with strengths reaching —2.4 m/s, introduce cooler air from 100 to 600 hPa. The
interaction between these opposing wind anomalies creates a dynamic that inten-
sifies convergence and convection, resulting in heavy rainfall in Tanzania during
the MAM season. Conversely, Figure 14(B) depicts the dry phase, characterized
by strong southerly anomalies (up to 4.0 m/s) dominating between 0° and 30°

longitude, extending from the surface to near 200 hPa.
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Figure 14. Show the Day 0 (wet phase) and Day —8 (dry phase) filtered 10 - 30-day meridional wind anomalies (unit: m/s) average
along 12°S to 0° latitude, with a specific focus on Tanzania (longitude 28° to 42°) during the March-April-May (MAM) season.

This stable layer of warm air limits moisture mixing and suppresses convective
processes, while weak northerly anomalies are confined to the 50° - 60° longitude
range at upper levels (above 200 hPa), providing minimal cool air invasion. The
predominance of strong southerly anomalies, combined with the absence of sig-
nificant northerly anomalies, creates unfavorable conditions for rainfall, leading

to low rainfall in Tanzania and East Africa during the MAM season.

4.5. Composite of Map Sequence of the Water Vapor Flux (WVF)
Anomalies Integrated at 500 hPa

The composite map pattern for water vapor flux (WVF) at 500 hPa was analyzed

to assess moisture transport, revealing significant influences on convective
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development over Tanzania, as shown in Figure 15. At Lag —8 to Lag —6 (Figure
15(A), Figure 15(B)), the results indicate weak positive moisture around 0.2
kg/kg:-m/s over Tanzania, primarily dominated by flow from the southeastern
moisture flux, with minimal contributions from the Indian Ocean. The mid-level

moisture transport contributes little to convective activity. The positive WVF

anomalies increase slightly to around 0.4 kg/kg-m/s along the 10°S - 15°S band at
Lag —4 to Lag —2 (Figure 15(C), Figure 15(D)).
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Figure 15. Composite map sequences of the water vapor flux at 500 hPa for Day -8, to +8, filtered for 10 - 30-day intraseasonal
variability (ISV) of quai-biweekly. The nine sub-plots, labeled A, B, C to I, each panel shows moisture flux (kg/kg*m/s) in color
shading and wind vectors indicating moisture flux direction and strength.

The results show that inflow from the northeastern sector strengthens, inter-
acting with weak flow from the southeastern region near Madagascar. Conver-
gence over Tanzania remains weak but begins to form, signifying an accumulation
of mid-level moisture conducive to convection. At Lag 0 (Figure 15(E)), signifi-
cant positive moisture flux anomalies are observed over Tanzania and East Africa,
with values ranging from +0.4 to +0.8 kg/kg:m/s. A clear increase in moisture
convergence is evident in the region. Moreover, a well-defined cyclonic anomaly
in the Mozambique Channel is noted, which is transporting moisture from the
Indian Ocean. Westerly winds are also present, enhancing the transport of mois-

ture direct into the area. Positive moisture flux anomalies persist at Lag +2 (Figure
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15(F)) but weaken to around +0.2 to +0.4 kg/kg-m/s, suggesting reduced moisture
inflow. Over the Mozambique Channel, cyclonic circulation continues, but its
strength diminishes, and westerly winds weaken, indicating a gradual decline in
moisture transport over Tanzania. At Lag +4 (Figure 15(F)), neutral to weak pos-
itive moisture flux anomalies suggest a shift toward suppressed conditions, with
cyclonic circulation over the Mozambique Channel dispersing and winds over
Tanzania becoming easterly, marking the transition to a suppressed phase. At Lag
+6 (Figure 15(G)), negative moisture flux anomalies develop over Tanzania and
East Africa, signifying suppressed moisture inflow, while signs of anticyclonic cir-
culation return over the Southwest Indian Ocean. At Lag +8 (Figure 15(I)), strong
negative moisture anomalies (-0.4 to —0.8 kg/kg-m/s) dominate over Tanzania
and East Africa, reflecting blocked moisture transport, as a fully restored anticy-
clonic anomaly limits moisture advection over the SWIO and intensifies easterly

winds over Tanzania, further suppressing moisture transport.

4.6. The Influences of Wind Anomalies at Level 850 hPa and
200 hPa on ISV

Figure 16 shows that the irregular patterns of convergence and divergence drive
the intraseasonal variability (ISV) of quasi-biweekly oscillations in rainfall, with a
roughly 17-day cycle that reflects periodic shifts in moisture transport and atmos-
pheric stability over Tanzania. On Day -8 (Figure 16(A)), there is a weak north-
easterly wind around 30°E to 40°E and 5°S to 10°S, while southeasterly winds from
the Indian Ocean (40°E to 55°E, 5°S to 15°S) dominate the coastal region. As time
evolves, as observed in (Figure 16(B)) on Day -6, the southeasterly winds
strengthen and move inland, resulting in low-level convergence around 35°E and
5°S to 10°S, signifying the start of a transition toward improved convective poten-
tial. On Day —4 (Figure 16(C)), the results show that convergence strengthens
over Tanzania, around 30°E and 40°E, and 5°S to 5°N, due to interactions between
northwesterly flows from the Congo Basin (10°E to 30°E, 5°S to 5°N) and south-
easterly winds from the Indian Ocean.

The peak occurs on Day 0 (Figure 16(E)), where strong southeasterly winds
converge with northwesterly winds over central Tanzania (30°E to 40°E and 5°S
to 10°S), supporting important moisture transport and enhanced convective ac-
tivity, leading to increased rainfall. This convergence is strong over the Tanzanian
region, contributing to rainfall peaks associated with quasi-biweekly oscillations.
Following this peak, on Day +2 in Figure 16(F), convergence begins to weaken as
southeasterly winds decrease, marking the start of a drier phase. Divergence pat-
terns become more pronounced on Day +4 to Day +8 in (Figures 16(G)-(I)), with
southeasterly winds extending farther inland without strong opposing flows from
the northwest, particularly around 40°E and 5°S to 15°S. On Day -8 (Figure
17(A)), significant divergence is observed around 30°E - 40°E and 5°S - 5°N, sug-
gesting dry upper-level conditions that suppress convection over Tanzania. This
pattern continues through Day —6 (Figure 17(B)), with sustained divergence and

limited moisture inflow from nearby regions.
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Figure 16. Composite maps of 850 hPa wind anomalies (vectors, units: m/s) filtered for 10 - 30-day oscillations during the MAM
season of 2022, illustrating the quasi-biweekly rainfall variability over Tanzania. Panels (A) through (I) correspond to different lag
days from Day -8 to Day +8, with Day 0 representing the peak rainfall phase. Significant areas are shaded in green, indicating
regions where the wind anomalies are statistically significant, while non-significant regions are left unshaded. The red box highlights
the study area over Tanzania, emphasizing the key spatial features of intraseasonal wind variability. Black vectors represent the
direction and magnitude of the wind anomalies, with a reference scale of 3 m/s provided in the top right corner of each panel.

On Day —4 (Figure 17(C)), Tanzania and the surrounding regions show that
divergence weakens but remains dominant. On Day -2 (Figure 17(D)), we rec-
ognize the emergence of convergence beginning to form over Tanzania, along
with wind anomalies shifting inward toward the region, starting from 35°E and
5°S - 10°S, indicating increasing upper-level moisture and potential for convective
activity. The peak observed on Day 0 (Figure 17(E)) near Tanzania (30°E - 40°E,
5°S - 5°N) shows weak diverging wind patterns aloft that enhance upward motion
and moisture from the low-level, creating favorable conditions for rainfall. After
Day 0, divergence begins to rebuild on Day +2 (Figure 17(F)), indicating a return
to the dry phase. Days +4 to +8 (Figures 17(G)-(I)) show a marked return to
divergence over Tanzania and surrounding regions, especially around 30°E - 40°E
and 5°S - 10°S, which is important for stabilizing drier conditions with reduced
convective potential. This oscillating pattern of convergence and divergence, oc-
curring approximately every 17 days, underlines the role of upper-level wind

anomalies in modulating quasi-biweekly rainfall variability over Tanzania during
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Figure 17. Composite maps of 200 hPa wind anomalies (vectors, units: m/s) filtered for 10 - 30-day oscillations during the MAM
season of 2022, highlighting the quasi-biweekly rainfall variability over Tanzania. Panels (A) through (I) represent different lag days
from Day —8 to Day +8, with Day 0 denoting the peak rainfall phase. Significant regions are shaded in green, while non-significant
areas remain unshaded. The red box marks the study region over Tanzania, providing a focus on key spatial patterns of upper-level
wind variability associated with intraseasonal rainfall oscillations. Black vectors depict wind anomaly magnitude and direction, with
a reference scale of 10 m/s displayed in the top right corner of each panel.

5. Discussion and Conclusion
5.1. Discussion

The primary objective of this study was to investigate the ISV of rainfall during
the MAM season of 2022. The dominant mode of intraseasonal variability (ISV)
was analyzed using observational data from the Tanzania Meteorological Author-
ity (TMA). The 5-day running mean during the MAM season reveals that Tanza-
nia experienced an irregular pattern of wet and dry days in the year 2022, indicat-
ing the presence of ISV that leads to fluctuations in weather patterns. This fluac-
tution of ISV has great impact in both social and economic welfare especially those
living near major lakes, wetlands, and river flood valley. The high peak rainfall
feed the land, filling lakes and rivers, which bring hope to fishermen and farmers
as they plant seeds and expect good harvests. However, unpredictable ISV of rain-

fall can rapidly turn this expectation into fear, as changes in rainfall are often the
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main reason for differences in crop yields. The effects of ISV of rainfall extend to
fishing and livestock management as well, with insufficient rain causing fish pop-
ulations to decline and pastures to dry up, forcing herders to travel long distances
for animal feed. This implies that there should be better prediction of ISV of rain-
fall from the Meteorological Authorities for delivery of early warning and prepar-
edness. Also the results showed the dominant peak date to be significant in the 10
- 25-day range, showing that ISV exhibits a quasi-biweekly. This finding aligns
with previous research by [12], which identified a 10 - 20-day cycle using power
spectrum analysis for the intraseasonal convective structure and evolution over
tropical East Africa. Also, consistence with the studies of [15] [35] that examined
the intraseasonal oscillation of rainfall variability. Further analysis from Fast Fou-
rier Transform (FFT) showed quasi-biweekly pattern, lasting near 17 days, as
shown in Figure 5. The results reveal three observed peaks, and composite analy-
sis indicates the time evolution of rainfall in Tanzania during the MAM season
ranges from —8 to +8 days, with day 0 representing the peak date. This under-
standing is crucial for Tanzania, since most of areas over the country are prone to
floods and droughts. Knowing the quasi-biweekly oscillation is essential for
weather-related departments to enhance early warning systems based on extended
forecasts, and for disaster management teams to inform communities on how to
prepare for flooding and droughts. Moreover, this study analyzed the influences
of atmospheric circulation on intraseasonal variability (10 - 30 days) of rainfall
over Tanzania during the MAM season of 2022. The results indicate that interac-
tions between geopotential height anomalies and wind patterns at 850 hPa and
200 hPa has significant impact of ISV rainfall. At 850 hPa, negative geopotential
height anomalies over the Western Indian Ocean and Mozambique Channel en-
hance low-level convergence of moisture, resulting in wet days while positive ge-
opotential height anomalies are associated with divergence resulting in dry con-
diton. Strong positive geopotential height anomalies at 200 hPa are associated
with upper-level divergence that supports peak rainfall (day 0). Also result from
OLR indicated that Tanzania experienced significant positive OLR(OLR) anoma-
lies of around 10 - 15 W/m?, as seen in Figure 12(A) and Figure 12(B) at Lag -8
and Lag —6, indicating a decrease in cloud cover and convection. This led to dry
condition, as moisture inflow from the Congo Basin, Mozambique Channel, and
SWIO was minimum. At Lag 0 (Figure 12(E)), which corresponds to the peak
date for rainfall, the results showed significant negative OLR values of around —18
W/m? to —20 W/m?, and moisture convergence reached its highest point, resulting
in a high rainfall. On other hand in Figure 10 shows the region experiences dom-
inant negative RH anomalies (-0.5% to —0.8%), characterized by weak low-level
westerly winds initiating from the Congo Basin and northerly winds that take dry
air into Tanzania, thus restricting moisture transport. On Day —4 (Figure 10(C),
these positive anomalies strengthen further as westerly winds enhance moisture
transport from the Congo Basin, while easterly winds converge over Tanzania,

leading to substantial moisture accumulation. This ends in the wettest phase
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observed between Day —2 and Day 0 (Figure 10(D), Figure 10(E)), when positive
anomalies peak (0.8% to 1.0%) due to strong low-level convergence of westerly
and easterly winds at 850 hPa, which lifts vertical motion and rainfall. These find-
ings are consistent with previous studies, such as [9] [36]. In summary, the inter-
play between atmospheric circulation patterns and ISV of rainfall during the
MAM season is complex, with significant implications for rainfall distribution,
intensity, and overall climate variability in the region. Understanding these dy-
namics is essential for improving seasonal rainfall forecasts and managing water
resources effectively. The findings underscore the importance of integrating ISV
into weather forecasting and early warning systems to better prepare for and mit-
igate risks associated with extreme rainfall events, such as flooding or drought, in

Tanzania and neighboring regions.

5.2. Conclusion

The main focus of the study was to investigate the intraseasonal variability of rain-
fall over Tanzania during the MAM season 2022. To support this objective, the
analysis was conducted using various methods. A 5-day running average was em-
ployed on the observational data to smooth out fluctuations, while the power spec-
trum was utilized to identify the dominant modes of intraseasonal variability in
rainfall during the MAM season over Tanzania. Furthermore, a composite method
was applied to examine the atmospheric circulation influencing the intraseasonal
variability of rainfall during the MAM season. The major findings are as follows:
The 5-day running mean for the MAM season of 2022 shows that Tanzania un-
dergoes an irregular pattern of wet and dry days, emphasizing the intraseasonal
variability that leads to changes in weather patterns. This is illustrated by the early
wet conditions in March, followed by a shift to drier conditions beginning in mid-
April, as indicated by the running mean falling below zero. Power spectrum anal-
ysis and Fast Fourier Transform (FFT) results indicate that Tanzania’s rainfall
during the MAM season is significantly influenced by intraseasonal variability.
This variability is characterized by a dominant quasi-biweekly pattern, with a peak
in the 10 - 25-day range, particularly around 17 days. The composite analysis of
atmospheric circulation during the March-April-May (MAM) season provides
key insights into the ISV of rainfall over Tanzania and points out how they affect
intraseasonal variability (ISV). The findings suggest that the interactions between
geopotential height anomalies and wind patterns at 850 hPa and 200 hPa signifi-
cantly influence ISV rainfall. At 850 hPa, negative geopotential height anomalies
over the Western Indian Ocean and the Mozambique Channel promote low-level
moisture convergence, leading to wet days, whereas positive geopotential height
anomalies are linked to divergence, causing dry conditions. Additionally, strong
positive geopotential height anomalies at 200 hPa are related to the upper-level
divergence that facilitates peak rainfall (day 0). Further investigation reveals that
the peak ISV of rainfall at Lag 0 at 850 hPa was characterized by positive RH

anomalies of moisture transport from the SWIO, Congo Basin, and Mozambique
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Channel towards the region, while After Lag 0, moisture contributions from these
regions reduced, leading to a shift toward drier conditions (lag —8). Over Tanzania
during Lag —4 to Lag 0, results revealing a negative OLR anomaly (-18 to —20
m/w?*) dominate that indicating peak ISV of rainfall supported by the SWIO and
the Congo Basin. The evolution to positive OLR anomalies after Lag +2 shows the
starting point of a dry phase of ISV. Furthermore, at the initial phase (Lag -8 to
Lag —6), weak positive anomalies and limited moisture flux were observed over
Tanzania, while in the peak phase (Lag 0), strong positive anomalies dominated
Tanzania, reflecting intense moisture convergence from both the SWIO and the
Congo Basin, associated with maximum ISV of rainfall activity. From lag 0, tran-
sition into the dry phase (Lag +6 to Lag +8), negative anomalies develop as mois-
ture transport diminishes and winds shift, suppressing convergence over Tanza-
nia, and leading to reduced rainfall. Generally, ISV of rainfall in Tanzania during
the MAM season has significant implications for both fisheries and farmers, af-
fecting water availability, crop yields, and environmental stability positively or
negatively. It was noted that the irregular timing of dry and wet periods leads to
droughts or floods, which strictly impact crop production and threaten food se-
curity, especially for smallholder farmers who are dependent on rain-fed agricul-
ture. Also, it was found that ISV in rainfall disrupts marine ecosystems, affecting
fish populations and altering water quality in coastal areas. The results also show
that both farmers and fishers face sharp ISV of rainfall due to climate change,
which leads to economic instability and increased migration to urban areas in search
of better opportunities. Further studies should focus on developing and evaluating
statistical and dynamical models for predicting ISV of rainfall during the MAM
season in Tanzania. In this regard, the Meteorological department in Tanzania
must improve early warning systems and the Government should provide capac-
ity building for farmers by providing training and resources on adaptive strategies

for managing the impacts of ISV, including crop rotation and diversification.
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