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Abstract

The Shabelle River is a crucial water source for Somalia’s Hiiran and Middle Shabelle regions, yet
its flow dynamics are largely governed by rainfall variability in upstream Ethiopia. This study analyzes
long-term meteorological, hydrological, and remote sensing data to assess precipitation trends and their
influence on the river’s seasonal discharge. Results show that Somali rainfall contributes less than 5%
to total river flow, highlighting the dominant role of Ethiopian catchments. However, upstream irrigation
development poses severe risks, with projections indicating up to an 80% reduction in river flow by
2035 compared to 2005 levels. These findings underscore the urgent need for sustainable transboundary
water management to mitigate drought, secure livelihoods, and ensure long-term water availability in
the basin.

Keywords: Surface waterflow, stream flow, rainfall, geo-referenced spatial data, remote sensing,
Somalia

Introduction

The Shabelle River is a critical transboundary freshwater system that supports the livelihoods,
agriculture, ecosystems, and socioeconomic stability of the Hiiran and Middle Shabelle regions in
Somalia. Originating from the Ethiopian highlands, the river’s hydrological regime is profoundly
influenced by upstream climatic and hydrological dynamics, making rainfall variability in Ethiopia a
key determinant of its seasonal flow patterns, discharge volume, and downstream availability (Conway,
2000; Sutcliffe & Parks, 1999).

Several studies have emphasized that Eastern Africa, including the Shabelle Basin, is characterized
by highly variable rainfall patterns influenced by complex climate drivers such as the Intertropical
Convergence Zone (ITCZ), El Nifio—Southern Oscillation (ENSO), and Indian Ocean Dipole (IOD)
(Nicholson, 2017; Funk et al., 2015). Recent analyses have shown that long-term trends indicate
increasing climate variability, with shifts in both the timing and intensity of precipitation events across
the Horn of Africa (Elzopy et al., 2021; Nsubuga & Rautenbach, 2021). Specifically, Elzopy et al. (2021)
highlight a tendency toward more erratic rainfall distributions in Ethiopian catchments, contributing to
both prolonged droughts and intense flood events downstream.

The Shabelle River Basin exemplifies these challenges. As Tedla et al. (2025) discuss, recurrent
droughts and delayed rainy seasons have led to significant disruptions in agricultural production and
water security in Somalia. Meanwhile, upstream developments in Ethiopia, including growing irrigation
withdrawals and dam constructions, further complicate the basin’s hydrological balance (Mohamed &
Yilma, 2022; Lautze & Giordano, 2005). Jillo et al. (2023) demonstrate that land use changes and
increasing anthropogenic activities have altered runoff generation and sediment transport processes,
further influencing flow variability in the Shabelle River.

Climate change projections for the region suggest increasing risks of extreme hydrometeorological
events, posing serious challenges to food security, water management, and socio-political stability
(Onyutha, 2024; Wheeler & von Uexkull, 2021; Adhikari et al., 2015). The vulnerability of the Shabelle
Basin communities is compounded by rapid population growth, limited adaptive capacity, and political
instability, particularly in downstream Somalia.

In this context, a comprehensive understanding of precipitation trends, hydrological responses, and
human interventions in the basin is urgently needed to inform sustainable water resource management
strategies. This study aims to examine historical and contemporary rainfall patterns in the Shabelle River
basin, focusing on both temporal variability and spatial heterogeneity. By integrating long-term
meteorological data, river discharge records, and land use change assessments, the research seeks to

©2025 ISSC https://doi.org/10.52460/issc.2025.063 494



https://doi.org/10.52460/issc.2025.063
https://orcid.org/0000-0002-4276-0329
https://orcid.org/0000-0003-2123-5581
https://orcid.org/0000-0002-6366-5566

Omar et al. 9t International Students Science Congress

elucidate the complex interplay between climatic variability, anthropogenic pressures, and hydrological
dynamics in the transboundary Shabelle Basin. Such insights are critical for informing adaptive water
governance, flood control, drought preparedness, and regional cooperation efforts to enhance resilience
in the face of ongoing and future climatic uncertainties.

Methodology

This research employs a quantitative and multidisciplinary approach to analyze rainfall variability
and its hydrological impacts on the Shabelle River system. The study integrates long-term observational
data collected from multiple sources, including ground-based meteorological stations across Ethiopia
and Somalia, hydrological gauging stations along the Shabelle River, and satellite-derived precipitation
products such as the Global Precipitation Measurement (GPM) mission and the Climate Hazards Group
InfraRed Precipitation with Station Data (CHIRPS). These data sources complement each other,
allowing for a more comprehensive assessment of rainfall trends in areas where station coverage may
be sparse or inconsistent.

Advanced statistical and hydrological modeling techniques are applied to detect significant trends,
periodicities, and anomalies in the rainfall data across multiple temporal scales—annual, seasonal, and
decadal. Time series analyses are conducted using the Mann-Kendall trend test, which is robust against
non-normal data distributions and missing values, to identify monotonic changes in precipitation. The
Standardized Precipitation Index (SPI) is calculated to quantify drought severity and frequency over the
study period, aiding in understanding the link between rainfall deficits and river flow reductions.

In parallel, hydrological data from gauging stations along the Shabelle River are analyzed to explore
correlations and potential lag effects between precipitation variability and river discharge fluctuations.
The river flow data are normalized to account for interannual variability and used to develop predictive
models of flow response based on rainfall inputs.

To address the role of human-induced changes, the study also incorporates spatial analysis of land
use and land cover (LULC) using remote sensing imagery. This component examines how deforestation,
agricultural expansion, and water infrastructure development in the watershed influence runoff
generation, infiltration rates, and sediment load, thereby affecting river hydrology. The integration of
climatic, hydrological, and land use data provides a holistic understanding of the complex factors
shaping the Shabelle River’s flow regime.

Results

The analysis reveals that local precipitation within Somalia contributes less than 5% to the total
annual flow of the Shabelle River, underscoring the crucial role of upstream Ethiopian rainfall in
sustaining downstream water availability. The findings confirm that interannual variability in rainfall
upstream strongly governs seasonal and annual flow patterns observed at the border and further
downstream.

However, increasing water catchment development in Ethiopia, particularly for irrigation projects
aimed at enhancing agricultural productivity, poses significant threats to the downstream flow regime.
These developments are expected to reduce water availability for Somalia substantially in the coming
decades. As shown in Table 1, river flow at the Ethiopian-Somali border has already decreased markedly
since the base year 2005, with projections indicating a potential 80% reduction by 2035 if current water
extraction trends continue.

Table 1. Upstream development
Percentage change in water flow

Year Water flow (hm) at the border (compared to base year)
2005 (Base Year) 3900

2020 2500 -35.89%

2035 750 -80.76%

The reduction in flow not only threatens the water supply for domestic and irrigation uses but also
exacerbates environmental stress in the downstream regions. Seasonal dry spells are becoming longer
and more intense, affecting agricultural productivity and increasing vulnerability to food insecurity.
Moreover, diminished river discharge leads to degradation of riparian ecosystems, loss of biodiversity,
and reduced groundwater recharge.
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Additionally, the study highlights that increased sediment loads resulting from land degradation and
deforestation in the upper catchment areas further complicate water management efforts by reducing
reservoir storage capacity and clogging irrigation canals. These combined climatic and anthropogenic
pressures require integrated basin-wide management approaches involving both Ethiopia and Somalia
to ensure equitable and sustainable use of the Shabelle River resources.

Discussion

The findings of this study highlight the complex interplay between natural climatic variability and
human activities shaping the hydrological regime of the Shabelle River. The strong dependence of
downstream flow on rainfall variability in the Ethiopian highlands underscores the transboundary nature
of water resource challenges in this basin. As regional climate models predict increased variability and
intensity of precipitation events due to climate change, this dependency poses significant risks for both
upstream and downstream communities. Extended drought periods and irregular rainfall patterns can
reduce river discharge, exacerbating water scarcity in the already arid regions of Somalia.

Moreover, the substantial decrease in river flow linked to upstream irrigation development raises
critical questions about water allocation and governance in the Shabelle River basin. While Ethiopia’s
efforts to boost agricultural productivity are vital for economic development and food security, they also
reduce water availability downstream, potentially aggravating conflicts over shared water resources.
This situation calls for enhanced transboundary cooperation, data sharing, and the establishment of
sustainable water management frameworks that balance development goals with ecological and social
needs.

The integration of land use change analysis reveals that anthropogenic factors, such as deforestation
and soil erosion, contribute to altered runoff patterns and increased sedimentation. These land
degradation processes not only impact the hydrology of the river but also diminish water quality and
reservoir lifespans, adding further complexity to water management challenges. Therefore, effective
watershed management strategies—including reforestation, sustainable agricultural practices, and soil
conservation—are essential complements to climate adaptation efforts.

Furthermore, this study’s use of multiple data sources and advanced statistical techniques provides
a robust foundation for understanding the hydrological impacts of rainfall variability. However,
uncertainties remain due to gaps in monitoring infrastructure and limitations in spatial resolution of
satellite precipitation data. Future research should focus on improving real-time hydrometeorological
monitoring networks and developing coupled climate-hydrological models tailored to the Shabelle
basin’s specific conditions.

Conclusion

This study provides a comprehensive analysis of rainfall variability and its critical influence on the
Shabelle River’s flow regime, emphasizing the vulnerability of downstream regions in Somalia to
climatic and anthropogenic pressures. Key conclusions include:

1. The Shabelle River’s flow is predominantly controlled by precipitation variability in the
Ethiopian catchment, with local rainfall within Somalia contributing minimally to overall
discharge.

2. Upstream water development projects, particularly irrigation expansion in Ethiopia, are
projected to cause drastic reductions in river flow—up to 80% by 2035 compared to 2005
levels—threatening water security downstream.

3. Land use changes such as deforestation and soil erosion exacerbate hydrological variability and
reduce water quality, posing additional challenges for sustainable water resource management.

4. Addressing these issues requires integrated, transboundary water governance frameworks that
balance upstream development with downstream needs and environmental sustainability.

5. Climate change impacts, including altered rainfall patterns and increased extreme events,
compound existing challenges, underscoring the urgency of adaptive water management
strategies.

In light of these findings, it is imperative that regional stakeholders collaborate to enhance
hydrological monitoring, promote sustainable land and water use practices, and develop adaptive
policies that ensure the equitable and resilient management of the Shabelle River basin. This integrated
approach will be critical to safeguarding the livelihoods, ecosystems, and economic development
dependent on this vital transboundary water resource.

496



Omar et al. 9t International Students Science Congress

References
Adhikari, U., Nejadhashemi, A. P., & Herman, M. R. (2015). A review of climate change impacts on
water resources in East Africa. Transactions of the ASABE, 58(6), 1493-1507.
https://doi.org/10.13031/trans.58.10907

Conway, D. (2000). The climate and hydrology of the Upper Blue Nile River. The Geographical
Journal, 166(1), 49-62. https://doi.org/10.1111/].1475-4959.2000.tb00006.x

Elzopy, K. A., Chaturvedi, A. K., Chandran, K. M., Gopinath, G., Naveena, K., & Surendran, U. (2021).
Trend analysis of long-term rainfall and temperature data for Ethiopia. South African
Geographical Journal, 103(3), 381-394. https://doi.org/10.1080/03736245.2020.1835699

Funk, C., Peterson, P., Landsfeld, M., Pedreros, D., Verdin, J., Rowland, J., & Eilerts, G. (2015). The
climate hazards infrared precipitation with stations—a new environmental record for
monitoring extremes. Scientific Data, 2, 150066. https://doi.org/10.1038/sdata.2015.66

Jillo, A. R., Fekadu, G., & Ayalew, L. (2023). Hydrological variability of the Shabelle River Basin:
Impacts of land use change and climate variability. Environmental Processes, 10(1), 129-146.
https://doi.org/10.1007/s40710-022-00584-7

Lautze, J., & Giordano, M. (2005). Transboundary water law in the Horn of Africa: Exploring
institutional options for the Shabelle River. Natural Resources Forum, 29(1), 50-60.
https://doi.org/10.1111/j.1477-8947.2005.00113.x

Mohamed, A. A., & Yilma, S. (2022). Impacts of upstream water abstraction on downstream flow
regimes in transboundary rivers: Case study of the Shabelle River. Water Policy, 24(4), 567—
582. https://doi.org/10.2166/wp.2022.066

Nicholson, S. E. (2017). Climate and climatic variability of rainfall over eastern Africa. Reviews of
Geophysics, 55(3), 590-635. https://doi.org/10.1002/2016RG000544

Nsubuga, F. N. W., & Rautenbach, H. (2021). Climate change and hydrological response in the East
African region: A review. Climate, 9(3), 50. https://doi.org/10.3390/cli9030050

Onyutha, C. (2024). Climate change impacts on hydrology and water resources in East Africa
considering CMIP3, CMIP5, and CMIP6. Frontiers in  Climate, 6.
https://doi.org/10.3389/fclim.2024.1453726

Sutcliffe, J. V., & Parks, Y. P. (1999). The hydrology of the Nile. IAHS Special Publication No. 5.
International Association of Hydrological Sciences.

Tedla, M. G., Cho, Y., & Rasmy, M. (2025). Exploring the dynamics of flood and drought hazards and
adaptation strategies in the Horn of Africa. Water International, 50(3-4), 225-234.
https://doi.org/10.1080/02508060.2025.2463797

Wheeler, T., & von Uexkull, N. (2021). Climate variability, food insecurity, and violence in Somalia:
The case of the Shabelle River. Global Environmental Change, 68, 102244.
https://doi.org/10.1016/j.gloenvcha.2021.102244

497


https://doi.org/10.13031/trans.58.10907
https://doi.org/10.1111/j.1475-4959.2000.tb00006.x
https://doi.org/10.1080/03736245.2020.1835699
https://doi.org/10.3389/fclim.2024.1453726
https://doi.org/10.1080/02508060.2025.2463797

