X4

Atmospheric and Climate Sciences, 2025, 15(1), 106-125

X/

"“ gglseég:'gﬁ https://www.scirp.c')rg/journal/acs
94% Publishing ISSN Online: 2160-0422

o,

ISSN Print: 2160-0414

The Influence of Major Climatic Elements on
the Devastated Geo-Hydrological Disasters: A
Case of Hanang Disaster of 3rd December 2023
in Tanzania

Asnath Alberto Malekela?, Stefan Sieber23*, Jafari Swalehe Chobo?, Joseph Ndunguru+

'Department of Geography and History, Mwalimu Nyerere Memorial Academy, Dar es Salaam, Tanzania
Leibniz Centre for Agricultural Landscape Research (ZALF), Miincheberg, Germany

*Department of Agricultural Economics, Humboldt University of Berlin, Berlin, Germany

‘Department of Climatology and Climate Change, Tanzania Meteorological Authority, Dar es Salaam, Tanzania

Email: *stefan.sieber@zalf.de

How to cite this paper: Malekela, A.A.,
Sieber, S., Chobo, J.S. and Ndunguru, J.
(2025) The Influence of Major Climatic El-
ements on the Devastated Geo-Hydrological
Disasters: A Case of Hanang Disaster of 3rd
December 2023 in Tanzania. Atmospheric
and Climate Sciences, 15, 106-125.
https://doi.org/10.4236/acs.2025.151005

Received: June 5, 2024
Accepted: January 5, 2025
Published: January 8, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

[ONom

Abstract

Changes in major climatic elements such as temperature, precipitation and wind
distribution have triggered weather-related and geophysical disasters. In recent
years, the globe has experienced an increased number of floods and landslide
events which are said to be the most common among other natural disasters.
This study examines the influence of climatic elements on the geo-hydrological
disaster which occurred in Hanang district-Tanzania on 3" December 2023. The
study used the primary data collected from 182 respondents. Also, the trend
analysis (1981-2023) was conducted using average rainfall from 7 meteorologi-
cal stations in the study area. Annual and seasonal rainfall as well as a number
of rainy days were analyzed. The calculated rainfall data were then used to com-
pute the dimensions of the standardized precipitation anomalies (SPA) which is
designated as SPA = (P — P*)/op. Besides, the temperature was analysed to
investigate its trend and trend anomaly. Also, the wind rose statistics for the
annual, March to May (MAM) and October to December (OND) for the cli-
matology period of 1991-2020 were analysed so as to examine its contribution
to rainfall distribution in Hanang district. The examination of annual rainfall
data indicates an upward trend in precipitation levels, accompanied by notable
variability in rainfall patterns, including seasonal anomalies and deviations
from historical averages. The combination of elevated rainfall, anomalies in
rainfall patterns, and potentially unfavourable terrain characteristics may have
contributed to devastated geo-hydrological disaster risk. However, future re-
search is recommended that could focus on integrating rainfall and tempera-
ture data with comprehensive geo-hydrological susceptibility assessments,
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considering factors such as terrain stability, land cover and land use practices.
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Climate Elements, Climate Change, Landslides, Floods, Geo-Hydrological
Disasters

1. Introduction

Environmental disasters and climate change are growing challenges in the world
today. Various parts of the world have been facing weather-related (floods,
drought, storms, landslides, heat waves) and geophysical (earthquakes, volcanic
eruption, dry mass movement) disasters [1] [2]. Weather-related (meteorological)
disasters gained pace in the 1990s due to increased incidences of climate change
and global warming [3]. In recent years, the globe has experienced an increased
number of floods and landslide events which are said to be the most common
among other natural disasters [4]. Climate change is said to be one of the major
causes of weather-related disasters specifically floods and landslides [2]. Different
parts of the world experience changes in the major climatic elements specifically
rainfall, temperature and wind patterns. Such changes have influenced various
environmental disasters such as weather-related (meteorological) and geophysical
disasters. For the purpose of the current study, the main focus was on floods and
landslides (geo-hydrological) disasters.

Changes in the climatic systems have impacted regional precipitation distribu-
tion across the world. Raising air temperature and evaporation rate leads to higher
accumulation of water vapour in the air, resulting in more intense rainfall and
drought due to extended drying periods [5]-[7]. With drier land surfaces and in-
creased extreme rainfall, the land becomes vulnerable to droughts, floods and even
landslides. The meteorological factors influencing precipitation distributions in
Africa, including Tanzania, are characterized by interdependencies, the major one
being the Inter-tropical convergence zone (ITCZ) [8]. This zone is the most im-
portant component of the climatic system and consists of a relatively low-pressure
surface belt called an equatorial trough [9]. By increasing air temperature, maxi-
mum cloudiness, and convergence of trade winds, it is placed between both Had-
ley cells which is typically related to the ascending channel of Hadley circulation
[10]-[13]. The seasonal position of ITCZ varies in response to the location of the
maximum radiation led by solar radiation heating. The region overlaying between
5°S and 5°N will normally have two rainfall seasons named short rain between
October to December and long rain between March to May given that other fac-
tors remain constant. The region lying beyond 5°N experiences the rainfall season
between March and September while below 5°S have seasons from November to
April each year [14] [15]. In addition to ITCZ, another factor is the contribution
of El Nifio-Southern Oscillation (ENSO) which leads to significant impacts on

weather patterns, temperature anomalies and rainfall regimes in Tanzania [14]
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[16]. El Nifio conditions, associated with warmer Sea Surface Temperature anom-
alies (SSTA) over the central and eastern Pacific, typically result in wetter short
rains from October to December [17], whereas La Nifla conditions, associated
with cooler SST anomalies, result in drier short rains.

Environmental disasters resulting from climate change have affected the natu-
ral and socio-economic systems across the globe. However, communities which
are highly affected by disasters live in the low developed countries of the world
[18] [19]. This is essentially due to the nature of geographical location where a
majority of people live specifically in vulnerable conditions, such as on flood
plains, in urban slums or in poor quality housing. Risk to disasters results from
the interaction of three features namely; the hazard itself, the population exposure
to the hazard, and the community’s ability to withstand its impact (vulnerability)
[2] [20]. In recent years, hazards have increased in number, intensity and varia-
bility [18] [21]. Various environmental threats such as land degradation, defor-
estation, and erosion have contributed to the increase in disasters. The occurrence
and impacts of disasters are a twofold phenomenon, though, most of the studies
have focused on the adverse effects of disaster events on the environment, and
much less consideration has been focused on the consequences of poor environ-
mental management practices and ecological degradation, which exacerbates a
disaster’s impact [22]. These disasters affect the environment and communities’
livelihoods. However, the severity of the impacts is determined by communities’
resilience and the level of preparedness [22]-[24].

In developing countries, communities’ vulnerability to disasters depends on
their geographical location, socioeconomic status, household composition, mi-
nority status, and access to various infrastructures. Such factors can affect com-
munities’ or persons’ capacity to anticipate, confront, repair, and recover from the
effects of a disaster [24] [25]. Africa has been extensively affected by the increased
number of natural disaster incidences, and there is a possibility of an increase in
severity and frequency [26].

Tanzania as in many other African countries experiences climate change. Various
disasters associated with climate change have been happening in recent years. On 3™
December 2023, Tanzania specifically Katesh in Hanang District, Manyara region
experienced an environmental disaster which can be termed as a geo-hydrological
disaster combining both geophysical and hydrological disaster. This term has been
used for the purpose of this study due to the nature of the disaster which is composed
of the flow of muds, soils and other liquid and solid materials. The disaster affected
the environment and socio-economic systems. The purpose of this study was to ex-
amine the influence of changes in the major climatic elements specifically rainfall,

temperature and wind on landslides and floods (geo-hydrological) disasters.

2. Materials and Methods
2.1. The Study Area

Hanang district is located between latitudes 3.56°S and 5.87°S and longitudes
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34.16°S and 39.25°E, at an altitude of about 1700 m above the sea level. The district
is found in Manyara region within north-eastern highlands of Tanzania and has
tropical type of climate modulated by the warm tropical Indian Ocean [27]. Man-
yara region experience two distinct seasonal rainfall-the short rainfall season
(Vuli) that starts in October and continues through December (OND) and the
long rain season (Masika) that starts in March and continues through May
(MAM) [28]-[30]. The seasonal rainfall over Manyara varies in space and time.
The variation is higher during short rains (Vuli) than the long rains (Masika) sea-
sons. The area was purposely selected due to floods and landslide disaster which

happened on 3 December, 2023.

2.2. Data Collection

Both primary and secondary data were collected, secondary data were collected
from relevant written sources. Primary data were collected using survey and par-
ticipatory rural appraisal (PRA). A total of 182 respondents were randomly se-
lected in Hanang-Katesh. Also, the study involved the collection and analysis of
rainfall, temperature and wind data of Hanang district spanning the period from
1981 to 2023. The Climate Hazards Group Infrared Precipitation with Station
(CHIRPS) version 2.0 with global coverage of 50°S - 50°N latitude and spatial res-
olution at 0.05° - 0.05° latitude-longitude grid from 1981 to 2023 was used.
CHIRPS is blended gauge-satellite rainfall estimates covering most land regions
and has high resolution, moderately low latency, low bias, and a long period of
record. The low bias of CHIRPS is in reference to the Global Precipitation Clima-
tology Centre dataset [14] [31].

Daily rainfall data from seven meteorological stations were obtained from the
Tanzania Meteorological Authority. These data were aggregated to compute an-
nual rainfall totals and to calculate relevant statistical measures, including mean
(P*), maximum, minimum, and standard deviation (o-p) [32] for the period of

1981-2023. The equations for these statistical measures are:

P 13 P
_W,Z;‘ i (D

1 J .
- b T >

i=1
where:

P =individual precipitation values.

N = total number of observations.

Additionally, seasonal rainfall anomalies were determined by comparing ob-
served rainfall (P) with long-term averages for specific time periods [33], such as
March to May (MAM) and October to December (OND). Rain days, defined as
days with rainfall exceeding 1 mm, were analyzed alongside rainfall anomalies to
assess variations in precipitation frequency. The standardized precipitation

anomaly (SPA) was computed using the following equation:
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PP

SPA = (3)

where:
P = observed precipitation.
P* = mean precipitation.

o, = standard deviation of precipitation [34].

P

To analyze trends in both rainfall and temperature, Sen’s slope estimator was
applied to determine the magnitude of trends, calculated as follows:

Sen’s Slope = —*—— (4)

where:

P, and B are the data points at times jand / respectively [35].

The Mann-Kendall test was applied to assess the significance of trends, with the
test statistic (S) defined as:

n-1 n

SZZZSQH(Xj—Xi) (5)

i1 j=it1

where:
sgn is the sign function, returning +1, 0, or —1 [36] [37].
The coefficient of determination (R-squared) was calculated to evaluate the

goodness of fit of the linear regression model:

RZ—1_ ZiNzl(yi — 91)

S (=) ©

where:

y; = observed values.

y. = predicted values.

Y = mean of observed values [38].

Graphical representations, including plots and figures, were utilized to visually
depict the temporal patterns of rainfall variability. This methodology enabled a
comprehensive assessment of rainfall dynamics in the study area, providing in-
sights into long-term trends, seasonal variations, and potential impacts on local
hydrological systems and hazards, such as landslides [39]. The trend analysis
(1981-2023) was conducted using average rainfall from the seven meteorological
stations within the Hanang district in the Manyara region, where annual and sea-
sonal rainfall as well as the number of rainy days were analyzed to identify whether
heavy rainfall was a source of landslides in that area. Additionally, temperature
and wind trends were analyzed using linear regression to determine their impact

on rainfall patterns.

3. Results and Discussion
3.1. Perceived Indicators of Climate Change

Figure 1 designates the locally based indicators of climate change in Hanang
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PERCEIVED INDICATORS OF

CLIMATE CHANGE

Changes in the onset and cessation

district. The study observed that, majority (92%) of the respondents appealed to
have experienced changes in the climatic elements. Such changes included rainfall
and temperature variations, floods, drought and changes in the onset and cessa-
tion of rainfall. Respondent’s perceptions on climate change based on their expe-
riences with the climatic situation of their areas over several years. The analysis of
locally based perceptions formed a substantial basis in associating with meteoro-
logical data. Similar observation has also been reported by other scholars confirm-
ing that local communities have been reporting to have observed changes in the

climatic elements [40]-[43].

Temperature variations
Floods

Rainfall variations

Drought

o
(%]

10 15 20 25 30 35 40
PERCENTAGE

Figure 1. Perceived indicators of climate change. Source: Survey data, 2024.

3.2. The Influence of Climate Elements on Geo-Hydrological
Disaster in the Study Area

3.2.1. Annual Rainfall Analysis
The study analyzed the rainfall data for the period of 43 years (1981-2023). The
annual total rainfall plot (Figure 2(a)) exhibits a variability ranging from a mini-
mum of 421.1 mm to a maximum of 1200.5 mm, with a mean value of 728.6 mm
and a standard deviation of 151.4 mm. The positive trend line, characterized by a
slope of 0.8252 and an R-square value of 0.0047, indicates a slight upward trend
in rainfall over the observed period. Despite the low R-square value suggesting a
weak explanatory power of the trend line, the positive slope implies a gradual in-
crease in annual rainfall over time. This suggests a potential shift in precipitation
patterns, warranting further investigation into underlying climatic factors driving
this trend. Increased rainfall, particularly during intense or prolonged precipita-
tion events, can saturate soil and increase the likelihood of geo-hydrological dis-
aster. If the upward trend in annual rainfall leads to more frequent or intense rain-
fall events surpassing critical thresholds for soil saturation, it could contribute to
an increased risk of disasters. The additional results provide valuable insights into
the variability of annual rainfall and its potential implications for geo-hydrologi-
cal disaster events.

The fact that 26 out of 43 years had total rainfall greater than the long-term
mean suggests a considerable proportion of years experiencing above-average
precipitation. This could indicate periods of heightened geo-hydrological disaster

risk during years of elevated rainfall, particularly if accompanied by intense or
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Rainfall (mm)

Anomaly

prolonged precipitation events. Many other scholars have reported that, intense

rainfall events can trigger multiple hazards [44]-[46]. Recently, there has been
notable rankings of rainfall totals, with 2020 being the highest and 2019 ranking

fifth highest. This suggests a recent period of increased rainfall intensity or fre-

quency. These years may have experienced conditions conducive to elevated

landslide and floods risks, highlighting the importance of understanding recent

trends in precipitation for landslide hazard assessment and mitigation. The vari-

ability in annual rainfall totals underscores the dynamic nature of precipitation
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Figure 2. Temporal Analysis of Rainfall Trends and Anomalies in Hanang District, Manyara
Region, Tanzania (1981-2023): (a) Annual Rainfall Trend: Trend analysis showing the annual
precipitation dynamics over time. (b) Annual Rainfall Anomaly vs Rain Days Anomaly: Com-
parison of annual rainfall anomalies and rain days anomalies, revealing deviations from typ-
ical precipitation patterns. (c) March to May (MAM) Rainfall Anomaly vs Rain Days Anomaly:
Examination of rainfall anomalies and rain days anomalies during the March to May period,
highlighting seasonal variations in precipitation. (d) October to December (OND) Rainfall
Anomaly vs Rain Days Anomaly: Analysis of rainfall anomalies and rain days anomalies dur-
ing the October to December period, providing insights into late-year precipitation dynamics.

patterns and their influence on landslide occurrence. Understanding the temporal

variability in rainfall, including both long-term trends and short-term fluctuations,
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is essential for assessing landslide risk and implementing effective mitigation
measures. Based on the observed rainfall anomalies shown in Figures 2(b)-(d)
both present the relationship between the number of rainy days and seasonal rain-
fall anomalies, highlighting distinct patterns. During 2019, 2020, and 2023, both
metrics exhibited positive anomalies, indicating intensified and prolonged rainfall
episodes. This convergence implies frequent with much intense rainfall events,
which could have led to persistent soil saturation, reducing slope stability and trig-
gering the landslide. The event in December 2023, characterized by significantly
lower total rainfall compared to historical records and ranking as the fourth lowest
in history (1981-2023), is noteworthy. While this event may represent a deviation
from the recent trend of elevated rainfall (Figure 2(b)), it does not necessarily
diminish the overall risk of landslides, as other factors such as antecedent soil
moisture conditions and terrain characteristics also influence landslide suscepti-

bility in Hanag district.

3.2.2. Rain Days Analysis

The range of rain days observed over the 43-year period, from a minimum of 10
to a maximum of 33 days, highlights a considerable variability in the frequency of
rainfall events during the October to December season. The average number of
rain days during this period, calculated at 19 days, serves as a baseline for under-
standing deviations from typical rainfall frequencies. The year 2023 rain days
(Table 1) as the fourth-ranked highest year for rain days, with 30 rain days rec-
orded during the October to December period, suggests a notable increase in

precipitation frequency compared to the long-term average. This elevated number

Table 1. Average daily rainfall (mm) data for Hanang Area (2023).

Day Oct Nov Dec Day Oct Nov Dec
1 0.0 44.6 6.3 18 0.0 0.0 0.0
2 0.0 78.6 14.1 19 0.0 0.0 0.0
3 0.0 8.2 10.5 20 4.5 31.5 0.0
4 0.0 6.4 28.4 21 0.0 7.2 0.0
5 0.0 55.5 8.5 22 0.0 5.7 3.6
6 4.0 14.2 25.0 23 0.0 13.3 0.4
7 0.0 2.9 34.5 24 2.9 4.0 4.6
8 0.0 0.0 8.7 25 5.1 1.3 1.1
9 0.0 0.0 16.9 26 0.0 4.9 9.1
10 0.0 4.0 8.1 27 0.0 17.9 2.1
11 0.0 22.1 4.5 28 0.0 15.2 4.2
12 0.0 12.4 0.4 29 0.0 4.9 2.5
13 0.0 2.1 33 30 5.4 4.1 39.7
14 0.0 1.3 54.1 31 1.1 3.7
15 0.0 50.6 2.9 Max 54 78.6 54.1
16 0.0 2.2 17.5  Rain days 7 28 25
17 2.2 6.0 0.0

Source: Tanzania meteorological authority 2024.
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of rain days may indicate a period of enhanced rainfall activity during the season,
potentially contributing to heightened landslide risk due to increased soil satura-
tion and runoff. The occurrence of a maximum daily rainfall of 78.6mm on No-
vember 2", 2023, underscores the intensity of precipitation events experienced
during the season. Such high-intensity rainfall events can contribute to rapid soil
erosion, runoff, and increased geo-hydrological disaster susceptibility, particu-
larly if they coincide with periods of already elevated soil moisture levels.
Overall, November experienced the highest rainfall among the three months
with frequent and intense rainfall events contributing to a substantial cumulative
rainfall for the month. December also witnessed significant rainfall, although
slightly lower than November, while October had comparatively lower rainfall
with sporadic rain events and fewer rainy days. By integrating information on
rainfall frequency, intensity, and anomalies (Figure 2(d)), over the October to
December period, alongside historical rainfall data and geo-hydrological disaster
events, a more comprehensive understanding of the relationship between precipita-
tion patterns and geo-hydrological disaster risk can be achieved. This holistic ap-
proach facilitates the identification of periods of elevated landslide susceptibility

and informs proactive measures to mitigate the associated hazards.

3.3. Temperature Analysis

3.3.1. Annual Mean and Anomaly Temperature

The analysis of the annual mean temperature plot (Figure 3(a) and Figure 3(b))
reveals several key findings regarding temperature trends over the observed pe-
riod. The mean annual temperature for the study area is calculated to be 20.3°C,
with fluctuations ranging from a minimum of 19.6°C to a maximum of 20.9°C.
The positive trend line fitted to the data indicates a gradual increase in mean an-
nual temperatures over time, supported by a moderate R-squared value of 0.4561.
This suggests that approximately 45.61% of the variation in annual mean temper-
atures can be explained by the linear trend observed. The slope of the trend line is
calculated to be 0.0178, indicating a steady upward trend in temperatures. While
the slope value may seem small, its significance lies in its consistency over the
observed period, signifying a persistent warming trend. However, it’s essential to
note that local factors, such as urbanization, land use changes, and proximity to
water bodies, may influence temperature readings and should be considered when
interpreting the trend. Overall, the positive trend in annual mean temperatures
highlights the importance of continued monitoring and adaptation efforts to ad-
dress the impacts of climate change in the study area. Further analysis reveals that
23 out of the 43 years in the historical dataset (1981-2023) exhibited mean tem-
peratures exceeding the long-term average of 20.3°C. Notably, the highest rec-
orded temperature in this dataset, reaching 20.9°C, occurred in 2023, representing
an outlier compared to the historical temperature records. This anomaly under-
scores the significance of recent temperature variations and their potential impli-
cations for climate trends in the study area. The frequency of years with tempera-

tures surpassing the long-term mean suggests a consistent pattern of above-
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average temperatures, which aligns with broader climate change trends observed
globally. These findings highlight the need for ongoing monitoring and assess-
ment of temperature trends, as well as proactive measures to mitigate the impacts
of climate variability and change on local ecosystems, communities, and infra-
structure. Several studies on climate change have reported that changes in tem-
perature may have imperative hydrological consequences, both indirect and di-
rect, through prompting potential evaporation, total evaporation and soil mois-
ture [6] [7].
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Figure 3. Temporal analysis of temperature trends and anomalies in Hanang District, Manyara
Region, Tanzania (1981-2023): (a) Annual Temperature Trend (1981-2023); (b) Annual Temper-
ature Trend Anomaly (1981-2023); (c) March to May Temperature Trend Anomaly (1981-2023);
(d) October to December Temperature Trend Anomaly (1981-2023).

3.3.2. March to May (MAM) Period

The trend line plot for the MAM period (Figure 3(c)) exhibits a positive slope of
0.0276, indicating a slight upward trend in temperatures during this season. The
R-squared value of 0.1199 suggests that approximately 11.99% of the variability in
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MAM temperatures can be explained by the linear trend observed. Temperature
anomalies during the MAM period range from a minimum of —2.2°C to a maxi-
mum of 2.4°C, indicating significant variability in temperature deviations from

the long-term average.

3.3.3. October to December (OND) Period

The OND trend line plot (Figure 3(d)) also shows a positive slope, with a steeper
rate of increase compared to the MAM period, reflected in a slope value of 0.0499.
The R-squared value of 0.3924 indicates that approximately 39.24% of the varia-
bility in OND temperatures can be attributed to the observed trend. Temperature
anomalies during the OND period vary from a minimum of —2.4°C to a maximum
of 2.0°C, indicating notable deviations from the long-term average, with temper-
atures tending to be warmer overall. These findings suggest distinct seasonal tem-
perature trends, with both the MAM and OND periods exhibiting positive anom-
alies and upward temperature trends. While the explanatory power of the trend
lines is relatively modest, the consistent positive slopes and variability in temper-
ature anomalies underscore the importance of considering seasonal variations in
temperature when assessing long-term climate trends. Scholars have suggested
that, given the complexity of temperature anomalies, further research may focus
on understanding the underlying drivers of these seasonal temperature patterns
and their implications for regional climate dynamics and ecosystem functioning
[47].

3.4. Wind Analysis

Table 2 and Figure 4 indicates the wind rose statistics for annual, March to May
(MAM) and October to December (OND) for climatology period of 1991-2020.
The observed directions were SSE (South South East), EEN (East East North), SE
(South East) and E (East) wind direction. Based on the wind rose statistics pro-
vided for the annual, March to May (MAM), and October to December (OND)
periods from 1991 to 2020, we can observe that the predominant wind direction
(SSE - EEN) accounts for the majority of occurrences, with varying wind speed
ranges. Wind speeds between 2.1 m/s and 5.7 m/s constitute the largest percentage
of occurrences (36.8% to 39.2%). For MAM wind distribution, the predominant
wind direction is SE - E. The wind speeds between 2.1 m/s and 3.6 m/s have the
highest percentage of occurrences (40.1%). For OND, the predominant wind di-
rection is SSE - EEN, consistent with the other periods. Wind speeds between 3.6
m/s and 5.7 m/s have the highest percentage of occurrences (44.7%). Wind pat-
terns can have significant impacts on local weather patterns, including rainfall
distribution, wind speed and direction, and temperature variations. The prevail-
ing wind directions across all periods are generally consistent, suggesting a certain
regularity in wind patterns. The moderate wind speeds in the range of 2.1 m/s to
5.7 m/s are quite common, especially during the months of November and De-
cember. Wind blowing from the SSE - EEN direction, which is predominant,

could potentially influence soil erosion particularly if coupled with heavy rainfall.
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Numerous researchers have emphasized the influence of high wind speed on

evaporation processes which destabilizes the boundary layer and causes deep con-

vection, and hereafter, intensifies rainfall [48]. These rainfall patterns, especially

the intense rainfall in November, could have significant implications for the oc-

currence of the landslides and floods in the study area.

Table 2. Wind distribution in the study area.

Item Wind speed range (m/s) Percentage Wind direction
Annual Calm 0.9 SSE - EEN
>5.7 3.4 SSE - EEN
3.6-57 39.2 SSE - EEN
2.1-3.6 36.8 SSE - EEN
0.5-2.1 19.7 SSE - EEN
MAM Calm 0.8 SE-E
>5.7 3.3 SE-E
3.6-57 36.3 SE-E
2.1-3.6 40.1 SE-E
0.5-2.1 10.5 SE-E
OND Calm 1.0 SSE - EEN
>5.7 3.8 SSE - EEN
3.6-57 44.7 SSE - EEN
2.1-3.6 30.5 SSE - EEN
0.5-2.1 20.0 SSE - EEN
""""" NORTH
: 25‘.1%
,,,,,, 5 N
TS S WIND SPEED
(m/s)
............. [J=5.70
Il 360-5.70
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Figure 4. Wind rose to show wind direction in Hanang District, Manyara Region, Tanzania
(1990-2020). (a) Annual Windrose; (b) Annual wind frequency distribution; (c¢) MAM
Windrose; (d) MAM wind frequency distribution; () OND Windrose; (f) OND wind fre-
quency distribution.

4. Conclusion and Recommendation

The comprehensive analysis of rainfall, wind and temperature trends in the

Hanang District, Manyara Region, Tanzania, spanning the period from 1981 to
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2023, reveals significant insights into the region’s climatic dynamics. The exami-
nation of annual rainfall data indicates an upward trend in precipitation levels,
accompanied by notable variability in rainfall patterns, including seasonal anom-
alies and deviations from historical averages. Concurrently, the analysis of tem-
perature trends highlights a consistent warming trend, with both annual mean
temperatures and seasonal anomalies exhibiting positive slopes over the observed
period. Notably, the occurrence of extreme events, such as the landslide and floods
event in December 2023 and the highest historical temperature recorded in the
same year, underscores the significance of recent climate variability and its poten-
tial impacts on local ecosystems and communities. These findings underscore the
importance of continued monitoring and assessment of climate trends, as well as
the implementation of proactive measures to mitigate the impacts of climate var-
iability and change. The occurrence of a landslide and flood event on December
3rd, 2023, underscores the need for proactive measures to mitigate landslide haz-
ards in the region. The combination of elevated rainfall, anomalies in rainfall pat-
terns, and potentially unfavourable terrain characteristics may have contributed
to increased landslide risk during this period. Future research should focus on
integrating rainfall and temperature data with comprehensive landslide suscepti-
bility assessments, considering factors such as terrain stability, land cover, and
land use practices. Implementing early warning systems, land use planning strat-
egies, and infrastructure improvements can help mitigate the impacts of landslide
events and enhance community resilience to natural hazards in the Hanang Dis-

trict and similar regions.
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