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Understanding the sources of precipitation and their impacts is crucial for basin-wide water balance research. Previous research
concentrated on the sources of moisture in Ethiopia. The southern part’s moisture sources, however, were not investigated. The
primary objective of this study is to trace the source of atmospheric moisture in the Abaya-Chamo sub-basin of southern Ethiopia
using numerical water vapor tracers like Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model. Exploring the
possible regions of atmospheric vapor roots and the path of moist air initiating rainfall that reaches the basin was feasible for the year
2018-2020. The anticyclone from the Arabian High, which is positioned in the Arabian and Mediterranean seas, was the primary
source of moisture supply in the study area during the Belg (March to May) season, according to the back trajectory cluster analysis
results. Additionally, the Indian Ocean adds moisture resulting from Mascarene highs brought by equatorial easterlies. Furthermore,
during Kiremt (June to September), air masses from the Congo basin were the potential moisture source region for the study areas in
combination with air masses originating from the Mascarene highs, located in the South Indian Ocean, and the St. Helena high,
centered in the subtropical southern Atlantic Ocean. This study primarily focuses on the complex dynamics of atmospheric moisture
sources around Abaya-Chamo sub-basin of southern Ethiopia, offering insight into seasonal fluctuations and contributing various
components. These findings contribute to basin-specific water balance research by filling gaps in the previous studies.

1. Introduction

The scientific community has shown significant interest in
identifying dominant moisture sources, employing various
methods such as analytical models, isotopes, numerical at-
mospheric water tracers, and model sensitivity experiments
[1]. HYSPLIT model with Graphical User Interfaces and
a 1 x1° climatic dataset derived from the Global Data As-
similation System has been utilized. This input is sourced from
the National Oceanic and Atmospheric Administration
(NOAA) Air Resources Laboratory’s (ARL) archive to de-
termine moisture sources and transport pathways. The Hybrid
Single Particle Lagrangian Integrated Trajectory (HYSPLIT)
model, a numerical water vapor tracer trajectory-based ap-
proach [2], is employed to detect the sources of moisture

available for precipitation. This model has been widely used to
assess global and regional sources in previous research [3-6].

The objective of this study is to trace the source of atmo-
spheric moisture in the Abaya-Chamo sub-basin of southern
Ethiopia using numerical water vapor tracers (HYSPLIT
model).

The Abaya-Chamo sub-basin, situated in the southern
part of Ethiopia within the Rift Valley basin, exhibits a warm
semiarid tropical climate. Annual precipitation ranges from
665mm to 1240 mm, with average temperatures varying
between 8.8°C and 31.2°C [7].

In the southern part of Ethiopia, there is a bimodal
rainfall pattern marked by extended periods of precipitation.
The initial rainy season, known as Belg, occurs from March
to May, while the second major rainy season occurs from
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mid-September to late November. However, from June to
September, known as Kiremt, the area experiences minimal
rainfall. Despite this, the regions consistently receive sub-
stantial rainfall during the specified intervals, playing
a crucial role in shaping the distinctive climatic features of
southern and south-eastern Ethiopia [8-10]. Despite pre-
vious studies in Ethiopia on atmospheric water vapor
transport routes [11, 12], and vapor pathway detection using
the Lagrangian model [13], there is a gap in understanding
the moisture source for the Abaya-Chamo sub-basin, which
has been taken into account.

Understanding precipitation sources and their contri-
butions is vital for basin-wide water balance studies [6],
hydrometeorological studies [5], land and water manage-
ment practices [14], improving climate model parameteri-
zation and precipitation forecast accuracy [15], and for
hydrology and meteorology, nurturing the importance of the
global hydrological cycle in weather systems and water
supplies [1].

The paper is organized as follows: Section 2 describes the
model, data, and methods, with a particular emphasis on the
datasets used in this study and the meteorological model
preprocessing for identifying moisture sources and path-
ways, as well as ways to improve the quality of the trajectory
(frequency analysis and trajectory analysis). Section 3 in-
cludes the findings and discussion, and Section 4 provides
a summary of the findings.

1.1. Description of the Study Area

1.1.1. Location. Abaya-Chamo sub-basin is a component of
the rift valley basin found in the southern portion of Ethiopia
(Figure 1). The altitude of the region varies between 3478 m
above mean sea level (a.m.s.l) (Mount Guge) and 1094 ma.m.s.1
(at the outflow from the Chamo Lake). The area lies between
37°-38° east longitude and 5°-8" north latitude. Abaya-Chamo
sub-basin includes the southern division of the key Ethiopian
rift and neighboring highlands, largely placed in the SNNPR.
The basin covers a surface area of about 18,600 km”.

1.1.2. Climate. Abaya-Chamo basin is mostly characterized
by a warm semiarid tropical climate, with yearly rainfall
ranging from 665 mm to 1240 mm and average temperatures
varying between 8.8°C and 31.2°C [7]. The climate is more
characterized by a typical bimodal rainfall pattern with peaks
from the end of March to mid of June (Belg season) and from
mid of September to the end of November (Figure 2). Abaya-
Chamo basin also has a high rate of evaporation (about
2300 mm per year in an average) and led by hot temperature
all over the year. The great elevated area of the basin accepts
advanced rainfall as related to the lesser elevated areas sit-
uated in the rift floor [8-10].

1.1.3. Hydrology. Gelana, Bilate, Gidabo, Hare, Baso, and
Amessa are the main rivers that flow into Lake Abaya. Abaya
Lake is also fed by a variety of minor brooks and ephemeral
rivers. Sile, Argoba, Wezeka, and Sego are the rivers that join
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into Lake Chamo, as well as the overflow from Lake Abaya,
which confluences with Kulfo River and finally drain to Lake
Chamo. As a result of the hydrological interconnection be-
tween the two lakes, this basin is classified as a single basin [16].

For Bilate, Gelana, Gidabo, and Hare, the rivers in the
Abaya-Chamo basin provide 383, 119, 189, and 60 mega
cubic meters of water to Abaya Lake, respectively. Due to
large flow of clayey to sandy clay soils transported from the
surrounding mountains, the turbidity is high with brownish
color. The level differences between the Abaya and Chamo
lakes are 62 meters, Abaya Lake higher than Chamo Lake.
The two lakes have been used for transportation, fishing, and
tourism purposes. The lakes have not been sufficiently used
intensively for irrigation [7].

2. Materials and Methods

2.1. Data Analysis. The meteorological daily precipitation
data were gathered from the Ethiopian National Meteo-
rology Institute for stations Abaya-Chamo basin from 1989
to 2019 and these climatological precipitation data have also
been used to describe the climatology of the study area, and
meteorological data for trajectory analysis is collected from
NOAA ARL for the year 2018-2020.

2.2. Methods Used. The HYSPLIT Lagrangian multidi-
mensional air mass velocity method, which has been utilized
for atmospheric trajectory assessment for three vyears
(2018-2020), was used to examine the possible areas of
atmospheric water origin and the path of moist air leading to
rainfall prior to arriving at Abaya-Chamo basin.

This study was carried out with the use of Tcl/Tk GUIs
and the PC Windows-based HYSPLIT (Hybrid Single
Particle Lagrangian Integrated Trajectory) model Version 5
produced by NOAA (National Oceanic and Atmospheric
Administration). The model is based on the Lagrangian
approach, which uses a changing frame of reference for
determining advection and diffusion as air parcels travel
away from their initial source, and the Eulerian methodology
that employs a fixed three-dimensional grid as a frame of [2].

2.2.1. Meteorological Model Preprocessing. HYSPLIT utilizes
a wide range of meteorological model data, from mesoscale
to global scales, in its calculations. These meteorological data
are already prepared for HYSPLIT, and the model was run
through a trajectory simulation. The data include wind speed
and direction, temperature, humidity, and rainfall. The
majority of the data used by HYSPLIT are gridded outcomes
of meteorological models, including several models executed
at NOAA.

The HYSPLIT model was fed one degree by a one-degree
climate data set produced by the global data assimilation
system  [2], https://www.ready.noaa.gov/HYSPLIT.php.
These archives were accessed directly by using any FTP
client. For this study, FileZilla Client has been used.

To compute a trajectory using the HYSPLIT model,
specific inputs are essential, including the initial point,
coordinates, elevation, and meteorological data files sourced
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FIGURE 1: Location of the study area: (a) map of Africa, (b) Ethiopian river basin, and (c) Abaya-Chamo sub-basin.
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F1GURE 2: Monthly circulation of rainfall in mm from different meteorological stations in Abaya-Chamo basin (1989-2019).

from NOAA. The geographical location of Abaya-Chamo
basin is 6.0141° N, 37.54588° E, and elevations of 1000, 1500,
and 2000 meters were utilized in the model. Additionally, the
model requires total run times, with a duration of 10 days

(240 hours) selected in this case, aligning with the average
period of atmospheric water presence [17]. The HYSPLIT
algorithm, along with the GDAS dataset, has been exten-
sively documented [2, 18].



2.2.2. Frequency Analysis. One of the methods of analyzing
several trajectory output files is to use frequency analysis. In
this analytical methodology, multiple trajectories were
consolidated into a single output file, with each file con-
taining a particular path generated from a distinct run of the
trajectory model. In this study, frequency analysis has been
performed for the rainy seasons of Belg (March-May),
Kiremt (June-mid-September), and other rainy periods
(September-November).

The two processes are accomplished by execute display
of frequency analysis. The first step is to count how many
trajectories are included in every grid cell that spans the
whole region of the grid resolution set at one degree by
default. Different resolutions are selectable from the menu.
The ratio of the amount of trajectories (T) that traveled
through each (i, j) grid cell and the total number (N) of
trajectories studied results in the trajectory frequency (F) as
follows:

Fiyj =100 ) Ti, < (1)

If the residence time radio button is not set to Yes, each
trajectory in the source location grid cell is counted only
once, and each trajectory is counted once for each inter-
secting grid cell as follows:

Y Ti,j<1. (2)

In the latter segment of execute display, the display for
the output of trajectory frequency is triggered to open au-
tomatically. This display shows the flow in all directions
throughout the season.

2.2.3. Cluster Analysis. To further analyze the paths and
validate the reliability of the trajectory analysis, a huge set of
trajectories incoming at the research location was subjected
to cluster analysis, grouping analogous trajectories together.
This analysis was conducted for both the source locations
and all similar trajectories.

This method involves combining close trajectories and
representing such groupings, referred to as clusters, by their
average trajectories. In a cluster, the disparities between
trajectories are reduced, whereas disparities among clusters
are emphasized. Trajectories are joined computationally
until the overall change of the separate routes around their
group average begins to rise. This happens after two or more
clusters are merged.

Using the cluster analysis tool included in the HYSPLIT
model, many homogenous air mass trajectories were
combined into clusters, and the mean of each cluster was
utilized to display the dominating trajectory patterns in
this study.

2.2.4. Clustering Equations. The spatial variance (SV) be-
tween each endpoint (k) along the trajectory (j) inside its
cluster (i) is estimated during the clustering process as
follows:
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SVi, j = Y k(pj.k - Mi, k)"2. (3)

The sum over the amount of destination along the
trajectory is calculated, where P and M represent the po-
sition vectors for the individual trajectory and its cluster
average trajectory, correspondingly. The cluster spatial
variance (CSV) is obtained by summing the spatial variances
of all trajectories within the cluster as follows:

CSVi= Y jSVi,j. (4)

The sum of the CSV for all clusters adds up to provide the
total spatial variance (TSV) as follows:

TSV = ) iCSVj, k. (5)

Clustering begins with each trajectory being assigned to
a specific cluster, in order that here are i clusters per j=1
trajectory in every cluster. The amount of cluster stay de-
creased in one iteration when two clusters joined. In order
that after the second repetition, there will be i-1 groups, with
one cluster comprising of two paths and the remaining
clusters each having one trajectory. This procedure persists
until there is only a solitary cluster remaining.

During every repetition, the total sum of variances (TSV)
is calculated for each possible combination of merging
clusters. This involves adding the trajectories from Cluster 1
to those in Cluster 2, Cluster 3, and so on until the TSV is
computed for all remaining combinations of clusters. This
results in (i-i)/2 computations per iteration. The combi-
nation with the lowest TSV is selected and carried forward to
the next iteration. This process continues until there is only
one cluster remaining. Enormous clusters of trajectories
move comparatively slower to complete the clustering
process. The TSV increases rapidly at first and then peaks for
the remainder of the iterations until toward the end of the
computation, when different clusters begin to combine and
the TSV increases again.

The HYSPLIT model’s calculations of a single backward
trajectory are not exact but may have considerable ambi-
guity. The predicted horizontal ambiguity of the HYSPLIT
trajectory estimation is 10-20% of the journey distance [16].
The accuracy of the trajectory analyses would be increased by
performing a statistical analysis that involves examining
a substantial number of trajectories incoming at Abaya-
Chamo sub-basin [19].

To increase the validity of the air mass history and the
dependability of the HYSPLIT-generated back trajectories,
several quality control procedures were employed in this
study [20].

To begin, the initial task involved computing the flight
paths for three altitudes: 1000, 1500, and 2000 meters above
the surface. These altitudes corresponded to barometric
surfaces approximately at 900, 850, and 800 hPa. At these
pressure levels, the resolution errors are negligible, sug-
gesting that these errors are negligible, increasing the ac-
curacy level of the results. Second, the percentage of a grid
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cell that a path is acceptable to transport in one advection
time step, TRATIO (0.25), was employed in this in-
vestigation. The trajectory calculation inaccuracy of the
HYSPLIT model is decreased by smaller TRATIO values.
Third, numerical examination of a large number of trajec-
tories incoming at the research location was used to confirm
the accuracy of the trajectory analysis (trajectory cluster
analysis). In order to aggregate trajectories with similar
paths, the HYSPLIT model does a trajectory group analysis.

These flight paths that were computed close to one
another are combined in the cluster analysis and those
clusters are represented by their mean trajectory; when the
disparities between clusters increases, the differences be-
tween paths within a cluster decrease. Trajectories are joined
computationally to reduce the number of clusters until the
entire spatial variance (TSV) begins to rise noticeably. This
normally happens after different clusters are merged. This
amount of clusters is then picked because the ideal cluster
numbers are considered for selecting and mixing compa-
rable trajectories. The general flowchart of the study is
depicted in Figure 3.

3. Results and Discussion
3.1. Frequency Analysis

3.1.1. Belg Season. The result of frequency analysis execute
display gives the information about two routes. The initial
step is to tally how many trajectories fall within each grid cell
that covers the region. At the grid resolution of 0.25° and the
count of flight paths that fall within each grid cell, covering
the respective areas, there are 288, 288, and 288 trajectories
for the years 2018, 2019, and 2020 of March to May (Belg
season), respectively. The next portion executes the display
and opens the display of the trajectory frequency output,
which indicates the flow in all directions during the season
(Figure 4).

Trajectory is believed to pass through a grid square if
there is at least one endpoint that falls within the grid square
and the result also prevails that what percent of the tra-
jectories pass through any given grid square. So, the blue
color indicates more than 10% of the trajectories passing in
a grid square and the green color represents the trajectory
that pass more than 1% in a grid square.

3.1.2. Kiremt Season. The frequency analysis outcome at
0.25° grid resolution and the number of paths inside each
grid cell that covers the area are 276, 276, and 276 trajectories
for the Kiremt seasons of 2018, 2019, and 2020, respectively
(Figures 5(a)-5(c)). If at least one endpoint of a trajectory
lies within the grid rectangle, it is assumed that the trajectory
passes through it.

The outcome also determines what percentage of path
travels over every given grid box, with blue indicating more
than 10% of trajectories passing via a grid box and green
indicating more than 1% of trajectories that traverse a spe-
cific grid square.

3.2. Cluster Analysis

3.2.1. Mean Cluster Analysis for Belg Season. The distribu-
tion of vapor trajectories (cluster means) for rainfall times
between March and May for the years 2018, 2019, and 2020 is
presented in Figure 6. The numbers in brackets show the
cluster numbers (15°-5™) including the percentages of all
trajectories allocated to every of the five clusters. The out-
come for the 2018 Belg season, as indicated in Figure 6(a), in
the Arabian sea and Indian ocean contributes about 29% and
28%, respectively.

For 2019, Figure 6(b) reveals that the Indian Ocean and
Arabian Sea contribute more about 37% and 35%, re-
spectively, while the southern Indian Ocean and the Med-
iterranean Sea added less about 4% and 1% over the study
area for the Belg season, respectively.

Figure 6(c) for 2020 represents the Arabian Sea con-
tributing more than 33%, despite the fact that the southern
Indian Ocean and Red Sea contribute less than about 9% and
6%, respectively, for Belg season over the study area. Due to
the presence of overlapping branches and the repeated entry
and exit of parcels in the target region, the cumulative
numbers do not reach 100% as there is some discrepancy.
Due to the presence of overlapping branches and the re-
peated entry and exit of parcels in the target region, the
cumulative numbers do not reach 100% as there is some
discrepancy.

The possible source of precipitation for the study area
from March to May (Belg season) 2020 is shown in Figure 7;
the lines represent the starting points of the calculated
backward trajectories for 10 days. The star shows the study
area’s location. The results of each of the five clusters are
given in the left and right columns.

The result prevails that the potential moisture source for
the study areas during Belg season is anticyclone from the
Arabian High, which is located in Arabian Sea, Mediterranean
Sea, and the Indian Ocean owing to Mascarene Highs carried
by the equatorial easterlies. This is because the Azores High,
located in the northeast Atlantic, experiences a diminished
intensity compared to its usual strength. Consequently, it
yields to the southward movement of midlatitude storms,
which traverse across the Mediterranean Sea and extend into
the Middle East [21]. The circulation anomalies linked to these
storms that propagate eastwards cause the Arabian High to
shift in a southward direction, relocating it towards the
northwestern Indian Ocean. This displacement of the Arabian
High into the Indian Ocean results in an amplified transport
of moisture towards Ethiopia, leading to an increase in rainfall
during the Belg season [22].

Diro et al. [22] also confirmed that during the Belg rainy
season, the significant weather patterns linked to variations
in rainfall are characterized by the Arabian High abnormal
humidity over eastern Africa, and deviations in low-level
winds originating from the Indian Ocean [11, 12].

3.2.2. Mean Cluster Analysis for Kiremt Season. In the
Kiremt season, Figure 8 depicts the circulation of air mass
trajectories (cluster means) for rainfall days. The numbers in
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FIGURE 6: Mean cluster analysis for Belg seasons: (a) 2018, (b) 2019, and (c) 2020.
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FIGURE 7: Potential source areas of precipitation in the study area in Belg season 2020: (a) 1** cluster, (b) 2" cluster, (c) 3' cluster, (d) 4™
cluster, and (e) 5™ cluster.
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FIGURE 8: Vapor trajectories (cluster means) for Kiremt: (a) 2018, (b) 2019, and (c) 2020.

the brackets represent the number of clusters (1-5), and the
numbers inside represent the proportion of all trajectories
belonging to each of the five groupings. The result shows that
for the year 2018 (Figure 8(a)), the South Indian Ocean
(south-easterlies) contributes more than about 41% and
South Atlantic Ocean (southwesterly) contributes less than
2% for Kiremt season over the study area. For the year 2019,
Figure 8(b) reveals that the Indian Ocean and Congo basin
contribute more than about 37% and 16%, respectively,
whereas the South Atlantic Ocean added about 12% over the
study area for the Kiremt season, respectively. Figure 8(c) for
the year 2020 represents that the South Indian Ocean
contributes more than about 39% and the South Atlantic
Ocean and Congo basin contribute less about 18% and 7%,
respectively, for Kiremt season over the study area.

Due to the presence of overlapping branches and the
repeated entry and exit of parcels in the target region, the
cumulative numbers do not reach 100% as there is some
discrepancy. Figure 9 depicts the Kiremt season’s possible
precipitation source for Abaya-Chamo sub-basin. The lines
represent the beginning places for 10 days calculating their
previous movement or origin. The star on the map denotes
the specific location of the study area. The outcomes of each
of the five clusters are displayed in the left and right columns.

The potential moisture source regions for the study areas
during Kiremt season are the Mascarene High which are
found in South Indian Ocean and the anticyclone in the
subtropical southern Atlantic Ocean (St. Helena high).
Furthermore, the continental source like air masses that
originated from Congo basin is responsible for the Kiremt
season rainfall. This was attributed in part to the excessive
specific humidity and in part to the enormous amount of air
passing through these pathways. Despite the excessive

specific humidity of the Gulf of Guinea low-level air current,
the net moisture input from the Congo basin was considered
substantially lower than that from the other regions. This is
because just a small part of the air reaching Ethiopia comes
from the Congo basin [13].

The enhancement of the gentle winds originating from
the west over Central Africa and Western equatorial Africa
could potentially result in a direct impact of the intensifying
movement of air from the Gulf of Guinea towards Ethiopia.
The link between stronger westerly over Africa’s Central
Region and increased Kiremt rainfall in Ethiopia might be
attributed to direct or incidental factors such as deviations in
convection, which are linked to the ITCZ position and
strength [3, 21, 23-26]. The size and strength of the sub-
tropical high-pressure systems known as the Mascarene and
St Helena cells are commonly associated with the rainfall
patterns in Ethiopia. When sea surface temperatures (SSTs)
are low in these regions, it leads to the reinforcement of the
St Helena and Mascarene highs, which, in turn, facilitates
greater moisture transport towards Ethiopia.

Consequently, the rainfall in Ethiopia tends to be am-
plified when there is a strengthening of both the Mascarene
and St. Helena subtropical high-pressure systems, along with
the accompanying Mozambique ridge. The main outcome of
this strengthening is an intensified south-to-north airflow
across the equator, which promotes a more vigorous mon-
soon season over the Horn of Africa. Previously, wet summers
in Ethiopia were linked in general, a reinforcement of the
summer circulation pattern leads to a strengthening of var-
ious atmospheric phenomena. This strengthening involves
intensified pressure gradients from north to south across
Africa, heightened intensity of the Intertropical Convergence
Zone (ITCZ), increased strength of low-level westerly winds,
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(d)

FIGURE 9: Potential source areas of precipitation in the study area in Kiremt season 2020: (a) 1** cluster, (b) 2" cluster, (c) 3™ cluster, (d) 4™

cluster, and (e) 5™ cluster.

enhanced intensity of the Somali Jet, and an augmentation of
the upper-level Tropical Easterly Jet. Conversely, a weakening
of the summer circulation would have the opposite effect on
these atmospheric features [21, 26].

3.3. HYSPLIT Model Result at Different Barometric Surfaces.
The back-calculated trajectories in Figure 6 and the tra-
jectory cluster analysis in Figure 8, both at barometric
surfaces (850 hPa), along with a path at three other baro-
metric surfaces (900, 850, and 800 hPa), illustrate that there
is no distinction in the paths and origins of air masses across

various atmospheric layers, suggesting a barotropic nature of
the atmosphere. As a result, the selection of the pressure level
for the HYSPLIT trajectories is unlikely to alter the out-
comes, indicating consistency in the results.

As seen in the trajectory map (Figure 10), most of
the air entering the Abaya-Chamo basin via the African
lands to the south originates from the Indian Ocean.
Although the prevailing direction of the air mass in-
dicates that it originates from the southwest, implying an
Atlantic source, it is important to note that there is
a minor contribution to this airflow from the Congo basin
as well.
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TaBLE 1: Summary of HYSPLIT model output for the year 2018-2020 indicating the possible moisture source regions respective to their

percentage contribution at different seasons.

Year March to May June to August September to November
Indian Ocean 68% South Indian Ocean 96% South Indian Ocean 87%
2018 Arabian Sea 31% South Atlantic Ocean 2% Arabian Sea 13%
Mediterranean Sea 1% Congo basin 2%
Indian Ocean 60% South Indian Ocean 75% South Indian Ocean 83%
2019 Arabian Sea 39% Congo basin 12% Arabian Sea 17%
Mediterranean Sea 1% South Atlantic Ocean 13%
Indian Ocean 59% South Indian Ocean 62% South Indian Ocean 87%
2020 Arabian Sea 33% Congo basin 9% Arabian Sea 12%
Mediterranean Sea 9% South Atlantic Ocean 29%

The summarized findings in Table 1 imply that for the
indicated years during March to May, Indian Ocean is the
main origin of humidity, followed by Arabian Sea and
Mediterranean Sea. Furthermore, during June to August,
South Indian Ocean is the major moisture source region
followed by South Atlantic Ocean and Congo basin. For
the period of September to November, South Indian
Ocean is the main moisture source region while Arabian
Sea contributes less moisture for Abaya-Chamo
basin [27].

4. Conclusion

The HYSPLIT model has provided valuable insight into the
moisture sources that contribute to the Abaya-Chamo Basin
during various rain seasons. The study has shown that the
basin receives moisture from both oceanic and continental
sources with different regions contributing during different
seasons. During the Belg season (March to May), the
Arabian high anticyclone located in the Arabian and
Mediterranean Seas is a potential moisture source. The
Indian Ocean, especially the Mascarene Highs carried by the
equatorial easterlies, also contributes moisture during this
season. The combination of these two sources results in the
basin receiving substantial moisture. During the Kiremt
season (June to September), Mascarene Highs located in the
South Indian Ocean, St. Helena high centered in the sub-
tropical southern Atlantic Ocean, and the Congo basin are
the potential moisture sources for the Abaya-Chamo Basin.
These multiple sources likely contribute to the variability in
rainfall patterns observed during this season. Throughout
the months from September to November, the South Indian
Ocean and Arabian Sea are the potential moisture sources.
These sources are anticipated to contribute to the basin’s
rainfall picks.

The findings of this study may be scientifically used for
water resource management and agriculture in the Abaya-
Chamo Basin. Understanding the sources of moisture that
initiates the rainfall basin can help in providing valuable
information for water allocation and crop management.
As climate change continues to impact rainfall patterns in
the region, this information will be crucial in developing
adaptation strategies to ensure sustainable water and food
security for the communities living in and around
the basin.
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