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1 INTRODUCTION 

1.1 BACKGROUND AND RATIONALE 

Groundwater is a major component of available fresh water and attains an increasingly important role in 

economic development, for water supply, water security and environmental integrity. Africa relies 

significantly on groundwater resources where approximately 75% of the population depends on these 

resources for essential water needs. However, due to population growth, climate change, and the need to 

address rising food insecurity, the demand for groundwater is expected to rise in the future. This has led 

to an increased focus on transboundary aquifers (TBAs), recognizing the growing strain on available water 

resources. 

n the Horn of Africa, where droughts and heavy rains occur in cycles, Managed Aquifer Recharge (MAR) 

provides a viable solution for maximizing the benefits of seasonal rainfall through controlled groundwater 

replenishment, creating a more sustainable buffer against water scarcity in dry periods. 

Through a Multiphase Programmatic Approach (MPA), the current Project (P174867) Phase I of the 

Regional Program where the Horn of Africa Groundwater for Resilience (HoA GW4R) Program envisages to 

increase sustainable access and management of groundwater (GW) in the Horn of Africa’s countries 

including, the Federal Democratic Republic of Ethiopia, the Republic of Kenya and the Federal Republic of 

Somalia. This multiphase approach is thus a way of structuring a long, large, and complex engagement with 

linked operations for a multi-country program designed to deliver a regional and global public good at 

large. 

The project is also expected to benefit scientists and experts of universities, professional institutions and 

companies in the region that work on groundwater at the transboundary, national, and sub-national levels 

and indirectly also the inhabitants of the IGAD region that will benefit from more sustainable groundwater 

management and increased resilience to climate shocks. 

1.2 OBJECTIVES OF THE STUDY 

To comprehensively assess the viability of the Dawa Transboundary Aquifer System for sustainable 

development, the project’s objectives include but not limited to: 

1. Compile and enhance the existing knowledge of the Dawa sedimentary aquifer system, while 

identifying and addressing key data gaps.  

2. Assess the availability and variability of surface water and groundwater resources, evaluate their 

vulnerability to climate change, and analyze uncertainties related to these assessments. 

3. Develop preliminary plans for water-related infrastructure that will support socio-economic 

development in the region. 

4. Formulate an Aquifer Management Plan (AMP) and Decision Support System (DSS) for the Dawa 

aquifer to guide future groundwater exploration, management, and protection.  
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Moreover, this feasibility study aims to provide recommendations and guidelines for managing the aquifer, 

including addressing environmental and social risks, and exploring the potential for water infrastructure 

development to foster cooperation among the countries sharing the water resource. This includes 

proposing a management arrangement involving technical committees, formal documentation within TAC 

meeting minutes, and the establishment of agreements to guide coordinated use and governance of the 

shared aquifer. 

 

Figure 1-1: Elements of sustainable groundwater management 

1.3 SCOPE OF FINAL REPORT  

This Final Report presents the findings of the assessment and management planning process undertaken 

for the Dawa Transboundary Aquifer (DAWA), a shared groundwater resource extending across Kenya, 

Ethiopia, and Somalia. The report consolidates the results of hydrogeological investigations, water 

resources assessments, groundwater modelling, stakeholder consultations, and institutional analyses 

conducted to support sustainable and coordinated management of the aquifer system. 

The assessment covered the characterization of the physical environment, including climate, geology, 

hydrology, hydrogeology, groundwater recharge and discharge dynamics, and groundwater quality 

conditions. Environmental and socioeconomic conditions within the aquifer area were also reviewed, 

including land use patterns, ecosystem considerations, water-use practices, livelihood systems, 
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institutional arrangements, and transboundary resource-use dynamics relevant to groundwater 

management. 

The study further assessed groundwater and surface water availability, evaluated current and future water 

demands, and developed a conceptual understanding of aquifer functioning through hydrogeological 

analysis and groundwater modelling. These assessments provided the basis for identifying priority 

investment interventions and management actions aimed at enhancing water security, improving drought 

resilience, and supporting sustainable groundwater utilization within the Dawa Aquifer system. 

A key component of the study involved the preparation of an Aquifer Management Plan (AMP), which 

establishes strategic objectives and management measures for the sustainable development, allocation, 

protection, monitoring, and governance of groundwater resources. The study also developed a 

groundwater monitoring framework and a Decision Support System (DSS) to support evidence-based 

planning, operational management, and adaptive decision-making at both national and transboundary 

levels. 

The scope of work undertaken under the study included the following: 

• Review and assessment of the physical, hydrogeological, environmental, and socioeconomic 

conditions of the Dawa Aquifer system; 

• Assessment of groundwater recharge, discharge dynamics, and water quality conditions within the 

study area; 

• Identification and assessment of groundwater abstraction sites for sustainable water supply 

development; 

• Assessment and design of groundwater monitoring well networks with automated monitoring and 

telemetry systems; 

• Assessment of suitable Managed Aquifer Recharge (MAR) interventions, including bank-induced 

infiltration, cascading sand dams, and injection well systems; 

• Technical feasibility assessment of proposed groundwater development and MAR intervention 

sites; 

• Environmental and social feasibility assessment of the proposed interventions; 

• Development of preliminary technical designs and conceptual engineering layouts for production 

wells, monitoring wells, and MAR infrastructure; 

• Preparation of preliminary cost estimates and operation and maintenance considerations; 

• Development of implementation arrangements, procurement considerations, quality assurance 

procedures, and monitoring frameworks; 

• Preparation of a groundwater monitoring and data management framework to support long-term 

aquifer management and decision-making; and 

• Stakeholder consultations and institutional engagement across Kenya, Ethiopia, and Somalia to 

support sustainable and coordinated transboundary groundwater management. 
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1.4 STRUCTURE OF THE REPORT  

This final study report is organized into eight main chapters covering the study context, characterization 
of the Dawa Transboundary Aquifer system, synthesis of key technical findings, aquifer management 
planning, groundwater monitoring arrangements, decision support systems, and supporting technical 
documentation. The report structure is summarized as follows: 

• Chapter 1: Introduction – Presents the background and rationale for the study, outlines the study 

objectives and scope, and describes the overall structure of the report. 

• Chapter 2: Study Area Overview – Describes the location and boundaries of the study area and 

presents the physical environment, including climate, geology, hydrology, hydrogeology, 

groundwater recharge and discharge dynamics, water quality conditions, environmental 

characteristics, socioeconomic profile, institutional arrangements, transboundary resource-use 

dynamics, and the relevance of groundwater within the Dawa Aquifer system. 

• Chapter 3: Synthesis of Key Findings – Summarizes the principal technical findings from the study, 

including hydrogeological characterization, aquifer conceptualization, assessment of surface water 

and groundwater resources, groundwater modelling results, water demand and use patterns, and 

identification of priority investment interventions. 

• Chapter 4: Aquifer Management Plan (AMP) – Presents the proposed management framework for 

the Dawa Aquifer, including management objectives, institutional arrangements, policy and 

regulatory considerations, transboundary cooperation mechanisms, groundwater allocation and 

use strategies, environmental and social safeguards, drought management measures, and 

adaptive management approaches. 

• Chapter 5: Decision Support System (DSS) – Presents the proposed Decision Support System, 

including its objectives, scope, system architecture, scenario analysis capabilities, operational 

framework, application in decision-making, implementation arrangements, and strategic 

recommendations. 

• Chapter 6: References – Lists the references, data sources, technical reports, and other materials 

used in the preparation of the feasibility study. 
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2 STUDY AREA OVERVIEW 

2.1 LOCATION AND BOUNDARIES  

The Dawa Aquifer is a transboundary groundwater system shared between Ethiopia, Kenya, and Somalia, 

located within the larger Genale–Dawa River Basin, which is part of the Juba Watershed. Geographically, it 

extends from Negele in southern Ethiopia through Mandera County in northeastern Kenya to Gedo Region 

in southwestern Somalia. The aquifer covers an estimated 31,000 km², with approximate areal distribution 

as follows: Ethiopia (18,587 km²), Kenya (10,519 km²), and Somalia (1,441 km²). The aquifer lies within a 

mid- to low-altitude zone, sloping gently southeastward from about 1,200 meters above mean sea level 

(amsl) in Ethiopia to around 200 meters amsl near Dolo, Somalia. Natural boundaries are formed by the 

Ethiopian Highlands to the northwest, the Derkali Plateau in Mandera West, and the Sengif antiform to the 

southeast, marking the structural limit of the Luuq–Mandera Basin. Hydrometric boundaries coincide with 

the surface catchments of the Dawa and Genale Rivers, separated by a watershed ridge rising from about 

800 m amsl near the Ethiopia–Somalia border to over 1,200 m amsl in the west. These topographic and 

geological features jointly define the recharge and discharge zones of the aquifer. 

 

Figure 2-1: Location Map for the Dawa Aquifer. It shows the delineated boundary. The Aquifer is shared between three riparian 

countries i.e. Ethiopia, Kenya and Somalia. 
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2.2 PHYSICAL ENVIRONMENT 

2.2.1 CLIMATE 

The Dawa Aquifer area is characterized by semi-arid to arid climatic conditions, with bimodal rainfall 

patterns influenced by the Intertropical Convergence Zone (ITCZ). Average annual rainfall ranges from 250 

mm in the lowlands to about 600 mm in the higher altitudes of Ethiopia. Rainfall is highly variable both 

spatially and seasonally, often resulting in ephemeral recharge episodes. Mean daily temperatures vary 

between 25°C and 35°C, with potential evapotranspiration exceeding 2,000 mm per year, underscoring the 

importance of subsurface water resources in sustaining local livelihoods. 

2.2.2 GEOLOGY 

The Dawa Aquifer is dominantly a carbonate and sedimentary aquifer system, underlain by the 

Precambrian Basement Complex of the Mozambique Belt. Basement rocks consist of gneisses, schists, and 

migmatites, intruded by granitic bodies. Overlying these are the Karroo and Jurassic sedimentary 

sequences, comprising oolitic limestones, dolomitic limestones, sandstones, and marls. Key geological 

formations include: 

• Wajid Formation – cyclically bedded oolitic limestones and dolomites forming major aquifer zones. 

• Garbeharrey Formation – calcareous sandstones and dolomitic limestones. 

• Marehan Formation – fine-grained, micaceous sandstones in the southeastern sector. 

• Anole and Hamanley Formations – locally important aquifer horizons, especially near Kurare and 

Deka Suftu. 

Tectonically, the aquifer lies partly within the Karroo Rift, where the basement dips south-eastward into 

the Luuq–Mandera Basin, forming deep sedimentary troughs exceeding 1,000 meters. Faulting, fracturing, 

and lineament structures exert significant control on groundwater occurrence and movement. 

2.2.3 HYDROLOGY AND SURFACE WATER SYSTEMS 

The hydrology of the Dawa Aquifer system is primarily controlled by the Dawa River and its associated 

tributary network, which together define the surface water regime within the basin. The drainage system 

exhibits a structurally influenced pattern, reflecting the underlying geological and tectonic framework, with 

river courses often aligned along fault-controlled valleys and zones of structural weakness. 

Surface water availability within the basin is highly variable and is largely governed by seasonal rainfall 

patterns, with peak flows occurring during the bimodal rainy seasons. The ephemeral to intermittent 

nature of many tributaries indicates a strong dependence on direct rainfall and limited baseflow 

contribution, particularly in areas underlain by low-permeability basement formations. Conversely, in 
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regions dominated by sedimentary and carbonate lithologies, enhanced infiltration and subsurface storage 

contribute to sustained baseflow conditions along certain reaches of the Dawa River. 

Hydrological analysis indicates a strong interaction between surface water and groundwater systems, 

particularly along alluvial floodplains and structurally controlled zones. These interactions are manifested 

through gaining and losing river reaches, where groundwater discharge contributes to river flow during dry 

periods, and conversely, river water infiltrates into the aquifer system during high-flow conditions. This 

dynamic exchange plays a critical role in regulating aquifer recharge and maintaining ecological flow 

regimes. 

Spatial analysis of drainage density and flow accumulation patterns highlights key zones of concentrated 

runoff, particularly in areas of higher elevation and steeper slopes. These zones are critical for surface 

runoff generation and sediment transport, and they influence downstream recharge processes through 

focused infiltration along river channels and floodplains. Overall, the hydrological regime of the Dawa Basin 

is characterized by strong climatic controls, structural influences, and significant surface water–

groundwater interactions, all of which are fundamental to understanding the recharge dynamics and 

sustainable management of the aquifer system. 

 

Figure 2-2: Existing Hydrometeorological Stations within the larger Dawa Catchment.  
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2.2.4 HYDROGEOLOGY OF THE DAWA AQUIFER 

The Dawa Aquifer system is a heterogeneous, multi-layered hydrogeological system comprising 

unconsolidated sediments, carbonate formations, and clastic units overlying a crystalline basement 

complex. The shallow aquifer is predominantly hosted within unconsolidated sediments, including sands, 

gravels, clays, and marls, which exhibit variable hydraulic properties depending on grain size distribution 

and sorting. These materials form the primary recharge interface and control shallow groundwater storage. 

Underlying this unit, limestone formations constitute a key aquifer horizon, characterized by secondary 

porosity resulting from fracturing and karstification processes. These features significantly enhance 

permeability and facilitate vertical and lateral hydraulic connectivity. The deeper sandstone units represent 

an additional aquifer system, where groundwater movement is controlled by both primary porosity and 

structural features. 

 

Figure 2-3: Map of groundwater bodies within the Dawa Aquifer 

Structural controls play a fundamental role in governing groundwater occurrence and flow. Faults and 

lineaments act as preferential pathways for groundwater movement and recharge. Buffer analysis of these 

features identifies zones of enhanced permeability and groundwater potential. Borehole data further 

corroborate the spatial variability in aquifer productivity, reflecting the combined influence of lithology, 

structural controls, and degree of weathering. The crystalline basement complex acts as a regional 

aquiclude, although localized storage may occur within fractured and weathered zones. Overall, the 
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hydrogeological framework demonstrates strong heterogeneity and anisotropy, necessitating site-specific 

assessment for groundwater development. 

2.2.5 GROUND WATER RECHARGE AND DISCHARGE DYNAMICS 

Recharge to the Dawa Aquifer system occurs through multiple pathways, including direct infiltration of 

rainfall, riverbed infiltration, and localized recharge along structurally controlled zones. The spatial 

distribution of recharge potential reflects the combined influence of topography, soil characteristics, land 

use, and geological conditions. High recharge zones are typically associated with permeable soils, gentle 

slopes, and the presence of unconsolidated sediments or fractured carbonate formations. In contrast, 

areas underlain by low-permeability lithologies exhibit limited recharge capacity. 

 

Figure 2-4: Ground water recharge 

Structural features, particularly faults and lineaments, play a critical role in enhancing recharge by providing 

preferential infiltration pathways. These zones, identified through buffer analysis, represent key targets for 
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groundwater development and Managed Aquifer Recharge (MAR) interventions. River–aquifer interactions 

further contribute to recharge processes. Along losing river reaches, infiltration from surface water bodies 

enhances aquifer replenishment, particularly during peak flow periods. Conversely, groundwater discharge 

supports baseflow conditions in gaining reaches, maintaining hydrological continuity during dry seasons.  

Discharge mechanisms include natural processes such as springs and river seepage, as well as 

anthropogenic abstraction through boreholes. The balance between recharge and discharge processes 

governs aquifer sustainability and is further evaluated through groundwater modelling. The delineation of 

recharge and discharge zones provides a critical foundation for resource management, including 

abstraction planning, protection zoning, and climate resilience strategies. 

2.2.6 WATER QUALITY CONDITIONS 

Groundwater quality within the Dawa Aquifer system shows clear spatial variability driven by 

hydrogeological conditions and groundwater flow processes. Measured electrical conductivity (EC) values 

indicate a progressive increase in salinity from the upper to lower of the basin, ranging from approximately 

1,250–2,000 µS/cm in the Upper Dawa, 1,500–2,000+ µS/cm in the Middle Dawa, and 1,850–2,550 µS/cm 

in the Lower Dawa, reflecting increased mineralization along the flow path. In contrast, the alluvial aquifer 

associated with the Dawa River generally exhibits fresher groundwater conditions, with EC values typically 

below 1,000 µS/cm, due to active recharge. Hydrochemical characteristics are dominated by calcium-

bicarbonate water types in carbonate formations, while more evolved groundwater shows higher salinity 

levels. Localized contamination risks associated with agricultural activities, settlements, and waste disposal 

further influence water quality in shallow zones. Overall, groundwater quality reflects a combination of 

natural geochemical evolution and anthropogenic pressures, highlighting the need for targeted monitoring 

and protection measures. 

Zone EC Range (µS/cm) Water Type Interpretation 

Upper Dawa 1,250–2,000 Fresh–slightly brackish Recharge zone 

Middle Dawa 1,500–2,000+ Brackish Transitional 

Lower Dawa 1,850–2,550 Brackish–saline Discharge zone 

Alluvial <1,000 Fresh River-influenced 

2.3 ENVIRONMENTAL CONDITIONS 

2.3.1 ECOSYSTEMS AND BIODIVERSITY 

The Dawa Basin supports a range of ecosystems, including riparian zones, wetlands, savannah grasslands, 

and forested areas, each contributing to regional biodiversity and ecological stability. These ecosystems 

are closely linked to the hydrological regime, with river systems and groundwater availability playing a 
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critical role in sustaining vegetation and wildlife habitats. Riparian ecosystems along the Dawa River are 

particularly important, providing ecological corridors that support biodiversity and maintain ecosystem 

connectivity. Wetlands and floodplain areas serve as critical habitats for various species and contribute to 

natural water storage and filtration processes. However, these ecosystems are vulnerable to changes in 

hydrological conditions, including reduced river flows, groundwater depletion, and climate variability. 

Maintaining ecological integrity requires the protection of key habitats and the preservation of 

environmental flow regimes. 

2.3.2 PROTECTED AND SENSITIVE AREAS 

Protected and environmentally sensitive areas within the Dawa Basin include designated conservation 

zones, wetlands, and ecologically habitats that require special management considerations. These areas 

are critical for biodiversity conservation, ecosystem services provision, and climate resilience. Groundwater 

development and abstraction activities within or near these areas must be carefully managed to prevent 

adverse impacts, including habitat degradation, reduced water availability, and ecological imbalance. The 

establishment of buffer zones around sensitive areas is essential to mitigate potential risks and ensure 

sustainable resource use. 

2.3.3 LAND USE AND LAND COVER 

Land use and land cover within the Dawa Basin are characterized by a mix of agricultural land, pastoral 

areas, settlements, and natural vegetation. Spatial analysis of LULC patterns indicates increasing pressure 

from agricultural expansion, urbanization, and infrastructure development. These land use changes have 

significant implications for hydrological processes, including increased surface runoff, reduced infiltration, 

and heightened risk of groundwater contamination. Agricultural practices, in particular, influence recharge 

rates and water quality through the application of fertilizers and irrigation. Understanding LULC dynamics 

is therefore essential for assessing groundwater recharge potential, identifying contamination risks, and 

supporting sustainable land and water resource management. 

2.3.4 EXISTING ENVIRONMENTAL PRESSURES 

The Dawa Basin is subject to multiple environmental pressures that affect both surface water and 

groundwater systems. These include climate variability, land degradation, deforestation, overgrazing, and 

increasing water demand driven by population growth and socio-economic development. In addition, 

anthropogenic activities such as unregulated groundwater abstraction, improper waste disposal, and 

agricultural intensification contribute to environmental degradation and water quality deterioration. These 

pressures are spatially variable and often concentrated around settlements and areas of intensive land use. 

Addressing these challenges requires an integrated approach that combines sustainable water resource 

management, environmental protection measures, and stakeholder engagement to ensure the long-term 

resilience of the Dawa Aquifer system. 
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2.4 SOCIOECONOMIC PROFILE 

The Dawa Aquifer region supports pastoral and agro-pastoral communities across three countries. 

Livestock production is the predominant livelihood, complemented by small-scale irrigated and rain-fed 

agriculture along the Dawa River. Major settlements include Mandera (Kenya), Dolo Ado (Ethiopia), and 

Belet Xawo (Somalia) — all of which depend heavily on groundwater for domestic and institutional water 

supply. 

Population density is generally low (<50 persons/km²), but local concentrations occur around trading 

centers and irrigation schemes. Access to improved water sources remains limited, and groundwater 

serves over 80–95% of water demand, especially in rural Somalia and northeastern Kenya. 

Economic activities are constrained by erratic rainfall, poor infrastructure, and the high cost of drilling due 

to depth and salinity variations. Nonetheless, the aquifer underpins regional resilience by providing 

relatively reliable water during droughts. 

2.4.1 DEMOGRAPHIC CHARACTERISTICS 

The Dawa Aquifer region supports predominantly pastoral and agro-pastoral communities distributed 

across Ethiopia, Kenya, and Somalia. Livestock keeping forms the principal economic activity, 

supplemented by small-scale irrigated and rain-fed agriculture concentrated along the Dawa River corridor 

and seasonal drainage systems. Major settlements within the aquifer zone include Mandera in Kenya, Dolo 

Ado in Ethiopia, and Belet Xawo in Somalia, where groundwater constitutes the primary source of 

domestic, livestock, and institutional water supply. The region is characterized by dispersed rural 

settlements, low population densities, limited infrastructure, and recurrent drought conditions, all of which 

increase dependence on groundwater resources for livelihoods and water security. Stakeholder 

consultations undertaken across the three countries further indicate that water scarcity, limited access to 

reliable infrastructure, and climate variability remain among the key socio-economic challenges affecting 

local communities. 

2.4.2 LIVELIHOOD SYSTEMS AND WATER USE 

Livelihood systems within the Dawa Aquifer region are primarily based on pastoralism, livestock 

production, and agro-pastoral activities. Communities rely heavily on groundwater and surface water from 

the Dawa River for domestic use, livestock watering, irrigation, and small-scale economic activities. 

Stakeholder consultations across Kenya, Ethiopia, and Somalia highlighted that groundwater abstraction 

through boreholes and shallow wells forms the main source of water supply, particularly during prolonged 

dry periods. Irrigated agriculture occurs mainly along the river corridor, while rain-fed farming is practiced 

opportunistically in areas receiving relatively higher rainfall. Water demand is driven by household 

consumption, livestock needs, irrigation activities, and institutional uses such as schools and health 

facilities. 
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2.4.3 GENDER AND VULNERABLE GROUPS 

The study identified women, children, internally displaced persons (IDPs), pastoral households, and people 

living with disabilities (PLWDs) as among the vulnerable groups within the Dawa Aquifer region. 

Stakeholder consultations revealed that women bear a significant responsibility for household water 

collection and management, particularly in rural communities where access to improved water 

infrastructure is limited. In several areas, long travel distances to water points and unreliable water supply 

disproportionately affect women and children. The consultations also emphasized the need for improved 

gender inclusion in water governance and decision-making processes, as well as targeted consideration of 

vulnerable groups in future groundwater development interventions. 

2.4.4 EXISTING WATER SUPPLY AND SANITATION SERVICES 

Water supply within the Dawa Aquifer region is predominantly dependent on groundwater sources, 

including boreholes, shallow wells, and strategically located communal water points. Surface water from 

the Dawa River supplements water supply, particularly for irrigation and livestock use. However, 

stakeholder consultations across the three countries identified several challenges affecting water access, 

including inadequate infrastructure, seasonal water shortages, high groundwater salinity in some locations, 

limited storage facilities, and long distances to water points. In many rural settlements, sanitation 

infrastructure remains underdeveloped, increasing risks related to water quality and public health. Existing 

interventions by governments, NGOs, and community water management structures play an important 

role in supporting local water service provision, although coverage remains uneven across the basin. 

2.4.5 INSTITUTIONAL AND GOVERNANCE ARRANGEMENTS 

Groundwater management within the Dawa Aquifer region involves multiple national, regional, and local 

institutions across Ethiopia, Kenya, and Somalia. The study notes that differences in institutional capacity, 

legal frameworks, data availability, and governance systems present challenges for coordinated 

transboundary groundwater management. Stakeholder consultations highlighted the role of local 

authorities, water management committees (WMCs), government ministries, NGOs, and community-

based organizations in water resource governance and conflict resolution. The report further emphasizes 

the importance of strengthening cross-border cooperation, data sharing, and harmonized groundwater 

management arrangements to support sustainable utilization of the shared aquifer system. 

2.4.6 TRANSBOUNDARY RESOURCE USE DYNAMICS 

2.4.6.1 Federal Democratic Republic of Ethiopia 

Due to lack of sufficient data to estimate demand, only domestic demand has been estimated based on 

the population data acquired. Table below shows the population and the estimated demand. 

20l/capita/day is used for the estimating rural domestic water demand while 50 l/capita/day has been 
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adopted for the urban centres. The domestic water demand on the Federal Democratic Republic of 

Ethiopian sides is approximately 28 Mm3/year.  

Table 2-1: Domestic Water demand on the Ethiopian side.  

Wareda Region Total Population Domestic Water Demand (Liters) 

Borena Oromia 25,872 517.44 

Borena Oromia 67,911 1,358.22 

Borena Oromia 25,048 500.96 

Borena Oromia 29,507 590.14 

Borena Oromia 29,375 587.50 

Borena Oromia 34,551 1,727.55 

Borena Oromia 27,961 559.22 

Guji Oromia 246,673 4,933.46 

Guji Oromia 294,860 5,897.20 

Guji Oromia 151,127 3,022.54 

Guji Oromia 72,282 1,445.64 

Guji Oromia 87,235 1,744.70 

Guji Oromia 87,769 1,755.38 

Guji Oromia 79,021 1,580.42 

Guji Oromia 9,426 188.52 

Guji Oromia 69,511 1,390.22 

Guji Oromia 109,779 2,195.58 

Guji Oromia 67,139 1,342.78 

Guji Oromia 78,471 1,569.42 

Guji Oromia 69,659 3,482.95 

Guji Oromia 40,578 811.56 

Guji Oromia 86,133 1,722.66 

Guji Oromia 45,320 2,266.00 

Guji Oromia 15,677 313.54 

Guji Oromia 45,286 2,264.30 

West Guji Oromia 238,799 4,775.98 

West Guji Oromia 318,246 6,364.92 

West Guji Oromia 145,203 2,904.06 

West Guji Oromia 205,692 4,113.84 

West Guji Oromia 75,243 1,504.86 

West Guji Oromia 7,197 359.85 

West Guji Oromia 61,487 1,229.74 

Liban Somali 185,589 3,711.78 

Liban Somali 161,962 3,239.24 
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Wareda Region Total Population Domestic Water Demand (Liters) 

Liban Somali 41,301 826.02 

Liban Somali 28,141 562.82 

Liban Somali 33,677 673.54 

Liban Somali 36,253 725.06 

Liban Somali 31,383 627.66 

Daawa Somali 61,674 1,233.48 

Daawa Somali 40,517 810.34 

Total   3,568,535 77,431.09 

 

2.4.6.2 Republic Of Kenya 

Demand figures on the Republic of Kenyan side of Dawa basin were extracted from the Kenya Master Plan 

2030. Water demand is broken down into three main categories: domestic demand, irrigation demand, 

and livestock demand, each measured in million cubic meters per year (Mm³/year). In sub-basin 5HB, the 

domestic demand is notably higher at 9.4 Mm³/year compared to 2.9 Mm³/year in sub-basin 5HA. This 

discrepancy may indicate a larger population or greater water needs per capita in Mandera within the 5HB 

sub-basin.  Irrigation demand is a critical factor in water usage, particularly for agricultural activities. Sub-

basin 5HB shows a substantial irrigation demand of 11.8 Mm³/year, in stark contrast to the minimal 

irrigation demand of only 0.5 Mm³/year observed in sub-basin 5HA. This suggests that 5HB may be more 

agriculturally active or dependent on irrigation for crop production, highlighting the importance of efficient 

water management in this area. 

Table 2-2: Sub-basins covering the catchment on the Kenyan side and the respective demand based on the Master Plan 2030 

No. Sub basin CA 

(km2) 

Major Domestic 

Demand Centre 

Demand 

(Domestic) 

Irrigation 

Demand 

Livestock 

Demand 

Total 

24 5HB 3,272 Mandera 9.4 11.8 4.0 25.2 

25 5HA 6,946 Mandera 2.9 0.5 7.2 10.6 

 

Livestock demand varies between the two sub-basins as well, with 5HB requiring 4.0 Mm³/year for 

livestock, while 5HA has a higher demand of 7.2 Mm³/year. This could be attributed to differences in 

livestock population or the types of livestock kept in each sub-basin. Overall, the total water demand for 

sub-basin 5HB reaches 25.2 Mm³/year, while sub-basin 5HA has a total demand of 10.6 Mm³/year. The 

significant difference in total demand between the two sub-basins reflects the higher agricultural activity 

and domestic needs in 5HB. 
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2.4.6.3 Federal Republic of Somalia 

Similar to the Federal Democratic Republic of Ethiopia, water demand has been estimated based on the 

population of the two districts which partly covers the aquifer. Since we do not have urban and rural 

population, we have adopted an average of 35 l/c/d to estimate the demand. Thus, the estimated domestic 

water demand is approximately 3 MCM/year. This is a preliminary estimate which is to be refined. No 

information is available currently on livestock population and irrigation water demand.  

Table 2-3: Preliminary domestic water demand on the Somali Side 

District  Population Domestic Demand (MCM/year) 

Belet Xaawo 146,573 1.1 

Doolow 85,335 1.9 

2.5 GROUNDWATER RELEVANCE 

Groundwater from the Dawa Aquifer is the primary and often sole water source across much of 

southeastern Ethiopia, northeastern Kenya, and southwestern Somalia. The aquifer sustains: 

• Domestic and livestock supply for over 1 million people across the three countries. 

• Small-scale irrigation and urban water schemes in Dolo Ado, Mandera, and Belet Xawo. 

• Cross-border socio-economic stability, particularly during dry seasons when surface water is 

unavailable. 

Hydrogeologically, boreholes show variable yields (0.2–20 m³/hr.) depending on formation type, with 

higher productivity observed in fractured limestones and sandstones in the southeastern basin. Water 

quality varies from fresh (<1,000 µS/cm) in the upper alluvial sections to brackish (>2,000 µS/cm) in the 

deeper and downstream zones. Given its transboundary nature, the Dawa Aquifer is strategic for regional 

water security, necessitating coordinated management under IGAD’s groundwater governance 

frameworks and national water development strategies in Ethiopia, Kenya, and Somalia. 
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3 SYNTHESIS OF KEY FINDINGS 

3.1  PURPOSE AND SCOPE OF THE SYNTHESIS 

This chapter consolidates and synthesizes the key technical findings of the systematic analysis of the 

assignment and draws the separate threads of investigation into a single, coherent statement of what is 

now known about the aquifer system, how confidently it is known, and what that knowledge implies for 

sustainable development and management of the resource. 

Rather than repeating the detailed analyses presented in the preceding reports, the synthesis distils the 

cumulative evidence base around the core questions that underpin the feasibility case; the physical setting 

and extent of the aquifer, the delineation of its boundary, its hydrogeological structure and conceptual 

functioning, its hydraulic behavior, productivity and quality, the recharge regime and the groundwater 

balance, the spatial distribution of groundwater potential, the response of the system to development and 

climate stress as revealed by numerical modelling and the scale of human dependence on the resource. 

The chapter closes by setting out the principal uncertainties and data gaps that remain, and by establishing 

the technical rationale that links these findings to the monitoring framework presented in Chapter 5. 

3.2  EVOLUTION OF THE KNOWLEDGE BASE 

Understanding of the Dawa Aquifer has matured progressively through the study. The Desk Study 

assembled the foundational context which comprises physical, climatological, hydrogeological, socio-

economic and environmental, and advanced an initial conceptual model together with a first 

characterization of groundwater users, stakeholders, and the legal and regulatory regimes in the three 

Riparian States. The Interim Report advanced this baseline into quantitative territory. It reviewed and re-

delineated the aquifer boundary on geological, hydrometric and structural grounds, characterized four 

distinct groundwater bodies, analyzed existing borehole, geophysical and hydrochemical data, assessed 

surface-water availability and river- aquifer interaction, mapped groundwater potential through multi-

criteria analysis, developed a numerical groundwater model to simulate future scenarios, and screened 

candidate intervention sites. The Feasibility Study then tested the screened options against technical, 

environmental, social, institutional and economic criteria, refined the numerical model, and produced 

preliminary engineering designs for the priority interventions. 

The synthesis below therefore reflects a knowledge base that has progressed from qualitative description, 

through quantitative characterization, to a position where defensible feasibility judgements can be made 

while remaining explicit about the residual uncertainties that detailed design and the proposed monitoring 

programme are intended to resolve. 

3.3  PHYSICAL SETTING AND EXTENT 

The Dawa Aquifer is a transboundary groundwater system shared between Ethiopia, Kenya and Somalia, 

situated within the larger Genale-Dawa River Basin, which forms part of the Juba Watershed. It extends 
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from Negele in southern Ethiopia, through Mandera County in north-eastern Kenya, to the Gedo Region of 

south-western Somalia, covering an estimated 31,000 km² distributed as summarized in Table 1. 

Table 3-1: Areal distribution of the Dawa Aquifer across the three Riparian States. 

Riparian State Aquifer area (km²) Approximate share 

Ethiopia 18,587 60% 

Kenya 10,519 34% 

Somalia 1,441 5% 

Total 31,000 100% 

The aquifer occupies a mid- to low-altitude zone, sloping gently south-eastward from approximately 

1,200m asl in Ethiopia to around 200m asl near Dolo in Somalia. Its natural limits are defined by the 

Ethiopian Highlands to the north-west, the Derkali Plateau in Mandera West, and the Sengif Antiform to 

the south-east, which marks the structural boundary of the Luuq-Mandera Basin. The climate is semi-arid 

to arid, governed by the bimodal rainfall regime of the Intertropical Convergence Zone (ITCZ), mean annual 

rainfall ranges from about 250-300 mm in the southern lowlands to roughly 600-700 mm in the Ethiopian 

highlands, while potential evapotranspiration exceeds 2,000 mm per year. The resulting moisture deficit 

underscores the strategic importance of subsurface storage for sustaining livelihoods. 

3.4 DELINEATION AND REFINEMENT OF THE AQUIFER 

BOUNDARY 

A significant outcome of the study was the refinement of the aquifer boundary. The initial boundary 

inherited from regional datasets (IGRAC) followed largely artificial straight lines and arcs. Through the study 

these were replaced by a boundary that respects the geology, hydrology and structural framework of the 

basin. The re-delineation applied three classes of control:  

• Geological- the extent of water-bearing formations and their contact with the basement. 

• Hydrometric- the surface catchments recharging and discharging the aquifer, and 

• Structural- the dip, plunge and lineament features that govern groundwater movement.  

These controls were derived from the geological maps of Melkamurri, Derkali, Takabba, Wergaduud, 

Damassa and Mandera, the hydrogeological map of Ethiopia, and the Kenya Block 1 Geomorphic Map, with 

final checks against field hydro-geophysical investigations. The resulting boundary is geologically and 

hydrologically defensible and provides the spatial framework for all subsequent characterization. 
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3.5  HYDROGEOLOGICAL CONCEPTUAL MODEL 

3.5.1 GEOLOGICAL FRAMEWORK AND FORMATIONS 

The Dawa Aquifer is a heterogeneous, multi-layered sedimentary and carbonate system overlying the 

Precambrian Basement Complex of the Mozambique Belt. The basement which comprises gneisses, schists, 

quartzites and migmatites intruded by granitic bodies (such as the Dadacha intrusion, acts as a regional 

aquiclude, retaining aquifer potential only in its weathered saprolite and fractured horizons. Above it lies 

the Karroo and Jurassic sequences, whose principal water-bearing units are summarized in Table 2 and the 

map in the figure below. 

Table 3-2:: Principal water-bearing formations of the Dawa Aquifer (collectively the “Dawa Limestone” plus alluvium). 

Formation Hydrogeological character and significance 

Wajid Formation Cyclically bedded oolitic and algal calcarenites and dolomitic 

limestones; the major aquifer unit, forming the basal half of the Lower 

Dawa body. 

Garbeharrey Formation Calcareous sandstones (Busul Member) and dolomitic limestones; an 

important productive horizon in the south-east, up to ~300 m thick. 

Dawa Limestone (oolitic) Oldest limestones, outcropping along the basement contact between 

Negele and Malka Marri; maximum thickness ~350 m. 

Anole and Hamanley 

Formations 

Marls, marly limestone and calcareous sandstones (Anole, up to ~300 

m) and oolitic limestones (Hamanley); the principal exploitable 

medium of the Middle Dawa. 

Marehan Formation Fine-grained, micaceous sandstones in the south-eastern corner, 

overlying the Garbeharrey sandstone. 

Quaternary alluvium Sands and gravels along the Dawa River corridor; the principal recharge 

interface and shallow freshwater store. 
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3.5.2 THE FOUR GROUNDWATER BODIES 

A central contribution of the study is the delineation of four distinct groundwater bodies within the aquifer, 

differentiated by geology, depth, yield, flow regime and water quality. The terminology “Upper”, “Middle”, 

“Lower” and “Alluvial” is spatial and does not imply stratigraphic correlation. Their characteristics are 

consolidated in Table 3-3. 

Table 3-3: Characterization of the four delineated groundwater bodies of the Dawa Aquifer. 

Groundwater 

body 

Area (km²) Depth range (m) Yield 

(m³/hr) 

Flow type EC (µS/cm) 

Upper Dawa 17,744 40-80; 100-150 

(to 200-250) 

< 10 Intergranular; 

+fracture in 

basement 

1,250-1,500 (to 

2,000); fresh-

brackish 

Middle Dawa 4,587 20-50; 50-100; 

~200 

< 20 Intergranular; 

confined 

1,500 to > 2,000; 

brackish 

Dawa Alluvial 872 5-30 < 60 Intergranular; 

unconfined 

< 1,000; fresh 

Lower Dawa 6,417 66-260 < 5 Intergranular; 

confined 

1,500 to > 4,000; 

brackish-saline 
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Figure 3-1: Aquifer Boundary and Structure 

 

 

Figure 3-2: Hydrogeological section from Negele to the Sengif antiform 

Each body has a distinct hydrogeological identity. The Upper Dawa is an extensive, multi-layer limestone- 

basement system in the recharge zone, with shallow water tables (15-30 m) near the basement margin 

and deeper aquifers (200-250 m) within the limestone. The Middle Dawa is a confined system in which the 

Anole Formation forms the main exploitable medium, with the basement lying at least 750 m deep. The 

Dawa Alluvial body is a narrow, shallow, unconfined freshwater aquifer along the lower river course 

between Sathe-Yabicho and Ghiligo, hydraulically distinguished by its riverine recharge boundary and its 

comparatively high yields. The Lower Dawa, founded on the Wajid Formation, is a confined system at the 

discharge end of the aquifer, consistently brackish to saline and increasingly so with depth. 
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3.5.3 GEOPHYSICAL CONFIRMATION 

The conceptual model is corroborated by vertical electrical sounding (VES) surveys, which consistently 

resolve a three-layer geoelectric structure; a resistive surficial layer, a conductive weathered/fractured 

zone of groundwater saturation, and a deeper resistive competent basement or consolidated limestone. 

Soundings at Malkasuftu and Belet Xawo indicate roughly 150m of Garbeharrey calcareous sandstone; VES 

7 at Tawfiq captures the oolitic Wajid Formation from approximately 10m to over 250 m depth; and VES 

24 at Bere Rari resolves the Dawa Limestone to approximately 300 m. Together these confirm the 

formation thicknesses and the layered aquifer architecture inferred from the geology, and underpin the 

longitudinal hydrogeological section from Negele to the Sengif antiform. 

3.5.4 AQUIFER FUNCTIONING 

Functionally, the aquifer follows a classical recharge → transmission → discharge continuum, from the 

Ethiopian Highlands in the north-west, through the central transmission zone, to the Somali lowlands in 

the east. Regional groundwater flow is broadly west to east with south-easterly and north-easterly 

components controlled by the strike and dip of beds, driven by a gentle global hydraulic gradient. This 

continuum is the principal organizing principle of the conceptual model which governs the spatial 

distribution of water quality, the siting of interventions, and the design of the monitoring network 

described in Chapter 5. 

3.6  HYDRAULIC CHARACTERISTICS AND AQUIFER 

PRODUCTIVITY 

Borehole yields vary systematically between the four bodies, from less than 5 m³/hr in the confined Lower 

Dawa to as much as 60 m³/hr in the alluvial aquifer, with the highest productivity observed toward the 

north-east where alluvial deposition, fractured limestones and sandstones, and favorable structure 

coincide. Across the wider system, the indicative range is 0.2-20 m³/hr. Hydraulic parameters are 

constrained by limited pumping-test data, but the available evidence provides defensible first-order values, 

summarized in Table 4. 

Table 3-4:: Indicative hydraulic parameters of the Dawa Aquifer (to be confirmed by aquifer testing). 

Parameter Indicative value Basis 

Transmissivity ~1.61 m²/day Test of borehole C-3861 at Fino, Lower 

Dawa (21.36 m³/hr; 16.21 m 

drawdown) 

Storage coefficient 4.79 × 10⁻³ Cooper- Jacob solution, controlled 

aquifer test (JICA, 1992) 
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Parameter Indicative value Basis 

Specific yield (alluvial) 0.15 Typical of unsorted sands and gravels 

(0.1-0.3 range) 

Hydraulic gradient ~0.004 Static-head difference, recharge 

watershed to discharge zone 

Water rest level (typical) 10-30 m bgl Deepening to > 50 m at the northern 

(Filtu) and southern (Bambo) margins 

3.7  GROUNDWATER QUALITY AND SALINITY ZONATION 

Groundwater quality exhibits a clear spatial pattern that mirrors the recharge-transmission-discharge 

continuum. Electrical conductivity (EC) increases progressively along the flow path as residence time and 

mineralization increase, from fresh and slightly brackish water in the upper basin (1,250-2,000 µS/cm), 

through brackish water in the middle reach (1,500 to over 2,000 µS/cm), to brackish-saline water in the 

lower discharge zone (1,850-2,550 µS/cm, locally higher and rising with depth). The overlap between the 

upper and middle ranges reflects the hydraulic connectivity of the aquifer along the flow path. The alluvial 

aquifer remains comparatively fresh (< 1,000 µS/cm) owing to active river recharge, although seasonal 

variation is expected as baseflow proportion rises. Hydrochemically, calcium-bicarbonate water types 

dominate the carbonate formations, with more evolved, saline waters down-gradient. 

The salinity gradient has direct design implications. Most critically, at the Sala site (Kenya) a shallow saline 

interface requires specialized dual-casing engineering and continuous EC surveillance to prevent saline 

mobilization, a requirement carried through to both the well design and the monitoring framework. 

Localized contamination risks from settlements, agriculture and waste disposal further affect shallow 

groundwater, reinforcing the need for targeted quality monitoring and wellhead protection. 

3.8  RECHARGE, SURFACE-WATER INTERACTION AND THE 

GROUNDWATER BALANCE 

Recharge occurs through direct rainfall infiltration, riverbed infiltration along losing reaches, and localized 

infiltration through structurally controlled zones. Recharge depth, estimated by applying lithology-specific 

infiltration coefficients of 0.34 for limestone, 0.20 for consolidated sediments, 0.15 for sandstone and 0.10 

for basement to mean annual precipitation, ranges from approximately 37 mm/year in the south to about 

200 mm/year in the wetter northern highlands, the principal recharge area being the Hawassa mountain 

ranges in the north-west. 

A defining characteristic of the system, established quantitatively in the Interim Report, is the strength of 

surface water-groundwater interaction. Comparison of river discharge between the Melka Guba gauge 

(upstream, catchment 19,611 km²) and the Melka Siftu gauge some 350 km downstream shows consistent 
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and substantial flow losses along the reach that traverses the aquifer, monthly reductions ranging from 

around 30 MCM to nearly 116 MCM (for example, November 1988: 201.6 MCM at Melka Guba against 

85.7 MCM at Melka Siftu). Flow-duration analysis reinforces the pattern, with losses of approximately 310 

MCM at the 50% exceedance level. While part of these losses reflects evaporation and unrecorded 

abstraction, their magnitude provides strong evidence that river-aquifer transmission loss is an active and 

meaningful recharge process, a finding directly confirmed by the numerical model. 

The calibrated model indicates that river-aquifer exchange is by far the dominant flux, exceeding 1.13 × 

10⁶ m³/day, with diffuse recharge contributing a further 303,189 m³/day under baseline conditions. Total 

baseline inflows and outflows are approximately 1,434,178 m³/day, while baseline groundwater 

abstraction is minimal at 3,107 m³/day. The headline components are summarized in Table 3-5 

Table 3-5: Headline components of the calibrated baseline groundwater balance. 

Water-balance component Rate (m³/day) Role 

River inflow (river → aquifer) > 1,130,000 Dominant 

inflow 

Diffuse recharge (rainfall, infiltration) 303,189 Secondary 

inflow 

Groundwater abstraction (baseline) 3,107 Negligible 

outflow 

Total system flux (in ≈ out) ~ 1,434,178 System 

throughput 

 

The practical significance is twofold. First, because river-aquifer exchange dominates the flux, the regional 

behavior of the aquifer is strongly buffered by, and coupled to, the surface-water regime, a coupling that 

any management or monitoring regime must explicitly account for. Second, the very small share of total 

flux represented by current and proposed abstraction is the foundation of the resilience finding in Section 

3.10. 

3.9  GROUNDWATER POTENTIAL MAPPING 

To translate the characterization into a spatial planning tool, a multi-criteria groundwater-potential analysis 

was undertaken, integrating seven thematic layers through a weighted-overlay procedure in GIS. Lithology 

was the most influential criterion, as set out in Table 3-6. 

Table 3-6: Multi-criteria weighting for groundwater-potential mapping. 
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Criterion Weight Rationale 

Lithology 35.3% Formation permeability is the 

primary control on storage and 

transmission 

Lineament density 23.4% Faults and fractures provide 

preferential flow and recharge 

pathways 

Slope 13.7% Gentle slopes favour infiltration 

over runoff 

Rainfall 10.1% Governs recharge availability 

Soil texture 6.2% Controls near-surface infiltration 

Land use / land cover 5.9% Influences infiltration and 

recharge 

Drainage density 5.4% Indicates runoff versus 

infiltration balance 

 

The resulting map classifies about 73% of the aquifer area as moderate-to-very-high potential. Very-high 

potential covers approximately 2,089 km² (6.7%), high 7,559 km² (24.3%) and moderate 13,308 km² 

(42.7%) with the remaining 8,216 km² (26.3%) of low or very-low potential. Two principal high-potential 

zones emerge and they include the northern sector south of Filtu in Ethiopia, and the trans-border zone 

around Ramu (Kenya) and Sede (Ethiopia), with further favorable areas near the Hawassa mountains and 

parts of Mandera. As an exploratory validation, of the 45 boreholes geolocated within the aquifer, 25 falls 

within the high and very-high potential areas, lending independent support to the mapping. 

3.10 NUMERICAL MODELLING AND SYSTEM RESPONSE TO 

STRESS 

A calibrated MODFLOW model was used to test the response of the aquifer to contrasting future 

conditions. Two compound scenarios were compared against the baseline comprising an original combined 

(climate-stressed) scenario, assuming reduced recharge and increased abstraction and an updated 

combined (intervention) scenario, incorporating a 5% increase in recharge (representing Managed Aquifer 

Recharge enhancement) alongside fifteen additional production wells. The principal results are presented 

in Table 3-7. 
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Table 3-7: Comparative scenario results - climate-stressed versus intervention conditions 

Component (m³/day) Climate-stressed Intervention Interpretation 

Recharge IN 257,711 270,596 ↑ +12,885 (MAR 

enhancement) 

River IN 1,144,073 1,140,961 Slight ↓ (reduced 

river dependence) 

Total IN 1,401,783 1,411,557 ↑ Net inflow 

increase 

Abstraction 4,480 6,430 ↑ +1,950 (15 new 

wells) 

Total OUT 1,401,782 1,411,557 System remains 

balanced 

Mass-balance error ~0.00% ~0.00% Numerically 

stable 

 

Three findings follow. First, the aquifer is highly resilient to abstraction, even under full project 

development, total withdrawals (6,430 m³/day) represent less than 1% of total system flux, inducing no 

detectable drawdown propagation, flow reversal or storage instability. Second, the aquifer is highly 

responsive to recharge enhancement. MAR structures are estimated to raise system recharge by 

approximately 12,885 m³/day, producing measurable basin-scale improvement and a buffer against 

climate variability. Third, the persistence of near-zero mass-balance error across scenarios confirms the 

numerical stability of the calibrated model. As recharge improves, the system's reliance on river-derived 

inflow declines slightly, although river-aquifer exchange remains the dominant control on regional 

dynamics. 
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Figure 3-3: Simulated Piezometric Head Contour Map 

3.11 WATER DEMAND AND SOCIO-ECONOMIC 

DEPENDENCE 

The Dawa Aquifer is the primary, and frequently the sole, water source across much of south-eastern 

Ethiopia, north-eastern Kenya and south-western Somalia. It sustains domestic and livestock supply for 

more than one million people, predominantly pastoralists and agro-pastoralists, supports small-scale 

irrigation and urban supply at Dolo Ado, Mandera and Belet Xawo, and underpins cross-border stability 

during dry seasons. Across much of rural Somalia and north-eastern Kenya, groundwater meets 80-95% of 

total water demand, yet current per-capita access is just 7-13 litres per person per day, well below the 

WHO emergency minimum of 20 L/p/d. Preliminary national demand estimates are summarized in Table 

3-8. They rely on differing data sources and assumptions and are expected to be refined at detailed design. 

Table 3-8:: Indicative national groundwater-demand findings (to be refined at detailed design). 
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Riparian State Indicative water-demand findings 

Ethiopia Domestic demand ≈ 28 Mm³/yr (20 L/c/d rural; 50 L/c/d urban), from 

available population data; livestock and irrigation demand not yet 

quantified. 

Kenya From the Kenya Master Plan 2030 for sub-basins 5HB (≈ 25.2 Mm³/yr) 

and 5HA (≈ 10.6 Mm³/yr), centred on Mandera; includes domestic, 

irrigation and livestock. 

Somalia Preliminary domestic demand ≈ 3 Mm³/yr for Belet Xaawo and Doolow 

(35 L/c/d assumed); livestock and irrigation demand not yet available. 

3.12 SCREENING AND SELECTION OF INTERVENTION 

SITES 

The site-selection logic flows directly from the characterization. For Managed Aquifer Recharge, slope 

analysis along the main Dawa tributaries identified eight preliminary candidate sites (D1-D8) with bed 

gradients below 4%, the threshold suited to sand-dam development. Successive screening on soil texture, 

settlement and agricultural proximity, and river cross-section reduced these to three priority MAR sites: 

D3 (a subsurface dam in a flat, sandy-clay setting) and D6 and D7 (sand dams on moderately incised reaches 

near the main river). For groundwater abstraction and monitoring, fifteen candidate areas- five per country 

were identified in zones of moderate-to-very-high potential and population concentration. 

From these, three priority pilot sites were confirmed, chosen so as to collectively represent the full 

recharge-transmission-discharge continuum and to provide complementary data for the transboundary 

Decision Support System. This requirement shaped the allocation of one priority site per country, as 

summarized in Table 3-9 

Table 3-9: Priority pilot sites and their representation of the aquifer continuum. 

Country Priority site Hydrogeological zone Salient characteristics 

Ethiopia Guji Recharge Shallow-to-moderate alluvial-

sandstone aquifer; fresh Ca-

HCO₃ water; design yield 10-20 

L/s. 

Kenya Sala Transmission Shallow saline interface requiring 

grouted steel casing (≥40 m) and 
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Country Priority site Hydrogeological zone Salient characteristics 

continuous EC control; design 

yield 5-15 L/s. 

Somalia Alqalam Discharge Shallowest alluvial aquifer (~20 

m); clay aquitard protection; 

highest aggregate demand; 

design yield 10-25 L/s. 

3.13 CONSOLIDATED RESOURCE ASSESSMENT 

Taken together, the findings support a clear and defensible assessment. The Dawa Aquifer is an extensive, 

multi-layered system of four distinct groundwater bodies, with substantial storage, pronounced buffering 

capacity, and some 73% of its area of moderate-to-very-high groundwater potential. River-aquifer 

exchange dominates the flux and current abstraction is negligible, so the system can sustain the proposed 

scale of development without measurable regional impact, while its water balance can be actively 

improved through Managed Aquifer Recharge. Groundwater quality is generally serviceable but 

deteriorates predictably along the flow path, requiring site-specific salinity management, most acutely at 

Sala. Against acute and worsening human dependence on a resource delivering far below emergency 

service standards, the evidence establishes that sustainable, equitable and climate-resilient development 

of the Dawa Aquifer is technically warranted, provided that abstraction is matched by systematic 

monitoring and adaptive management. 

3.14 KEY UNCERTAINTIES AND DATA GAPS 

In keeping with good practice, the synthesis is explicit about the limits of present knowledge. The principal 

residual uncertainties are: 

• Scanty pumping-test and borehole-log data constrain the estimation of transmissivity, storativity 

and sustainable yield; the hydraulic parameters in Table 3.4 rest on a small number of records and 

require confirmation through the ground-truthing drilling and aquifer-testing programme. 

Detailed test pumping is recommended to verify the boundary and the four-body characterization. 

• Subsurface lithology and screen intervals at the priority sites remain provisional pending borehole 

logs and geophysical confirmation. 

• Recharge magnitude and sources are not fully constrained; the lithology-coefficient method gives 

a defensible rate range but the absolute volumetric estimates require revision, and isotopic 

characterization (δ¹⁸O, δ²H, ¹⁴C and tritium) at the recharge zone is needed to quantify recharge 

and residence times. 

• Surface-water records are sparse: most rainfall stations lie outside the aquifer boundary, the 

downstream Melka Siftu gauge has only a single year of data, and gauging of river-aquifer losses is 

incomplete - limiting the precision of the surface-water-groundwater balance. 
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• Water-quality records are often descriptive (“fresh”, “saline”) rather than analytical, and demand 

estimates exclude livestock and irrigation for Ethiopia and Somalia; both require harmonized 

refinement. 

• Transboundary data remain fragmented, with no formal data-sharing mechanism in place - a 

structural gap constraining regional model calibration and joint management. 

These gaps are not impediments to proceeding, but they define the priorities for the monitoring framework 

set out in Chapter 4, the ground-truthing campaign, and the stage-gate conditions governing the transition 

to construction. 

3.15 IMPLICATIONS FOR MONITORING AND MANAGEMENT 

The synthesis carries a direct implication for the monitoring programme. Because the aquifer's behavior is 

governed by a recharge-transmission-discharge continuum across four distinct groundwater bodies, 

dominated by river-aquifer exchange, and exposed to a predictable salinity gradient, an effective network 

must resolve conditions along the full continuum, capture vertical as well as lateral variation in head and 

quality, and track the surface water-groundwater coupling that controls the system. It must also generate 

the very data needed to close the uncertainties identified above- hydraulic parameters, recharge rates, the 

saline interface, and river losses- and to validate the numerical model on which management decisions 

depend. These requirements provide the technical foundation for the Groundwater Monitoring 

Framework presented in chapter 4. 
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4 AQUIFER MANAGEMENT PLAN (AMP) 

4.1 INTRODUCTION 

The Dawa Aquifer is one of the most strategically important groundwater reserves in the Horn of Africa, 

sustaining rapidly growing border towns, refugee populations, pastoralist communities, humanitarian 

operations, and cross-border trade between Ethiopia, Kenya, and Somalia. As climate variability intensifies 

and pressures on local water supplies increase, the long-term security of this shared aquifer has become a 

critical regional priority. 

Recognizing its significance, the three countries have committed to a cooperative 10-Year Joint 

Management Program designed to secure the Dawa Aquifer for current and future generations. This 

program establishes a coordinated framework for sustainable abstraction, water quality protection, 

scientific monitoring, and transparent data-sharing, supported by modern hydrogeological tools and 

harmonized policies. It brings together technical institutions, local authorities, development partners, and 

community stakeholders to safeguard the aquifer while enabling equitable socio-economic development 

across borders. 

Over the next decade, the program will deliver a robust scientific understanding of the aquifer, enforce 

protection zones around critical recharge and abstraction areas, build a real-time monitoring network, and 

introduce shared operating rules to prevent over-extraction and contamination. Through these measures, 

Ethiopia, Kenya, and Somalia will strengthen their drought resilience, enhance water security for border 

communities, and set a regional model for transboundary aquifer cooperation. 

The Dawa Aquifer is a lifeline and this program is the roadmap to protect it. It presents an actionable 10-

year implementation model for the Tri-Country Dawa Aquifer Management Plan (AMP), structured in four 

phases with milestones, responsible agencies, budget categories, and expected outcomes. 

The AMP will not be implemented in isolation, but within the framework of existing national water acts, 

strategic plans, transboundary policies and water resources regulations. In this regard, an overview of the 

legal and policy framework with regard to water resources management is provided in the next subsection. 

4.1.1 SIX STRATEGIC PILLARS AND ALIGNMENT WITH HOA GW4R PDO 

The AMP directly delivers on the Program Development Objective (PDO) of the HoA GW4R Program — 

increasing sustainable access to and management of groundwater for climate resilience 

Table 4-1: Six Strategic Pillars  
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Pillar Description 

(i) Drought Resilience Buffer border towns, refugees and pastoralists against 

multi-year droughts via MAR, adaptive abstraction and 

early warning. 

(ii) Equitable Socio-Economic 

Development 

Fair allocation across Ethiopia, Kenya and Somalia; 

recognition of nomadic, refugee and IDP needs. 

(iii) Sustainable Abstraction Adaptive thresholds and stage-gated permitting 

grounded in MODFLOW outputs. 

(iv) Water Quality Protection Three-tier zoning, geogenic and anthropogenic risk 

control, Sala saline-interface safeguards. 

(v) Governance & Policy DTC, JTC, Tripartite MoU, harmonised regulations. 

(vi) Data & Monitoring Nested cluster network, GSM telemetry, IGAD DSS, 

CBGM. 

Pillars (i), (iii) and (iv) align with the PDO's resilience and management dimensions; pillars (ii) and (vi) align 

with regional cooperation and knowledge-management dimensions; pillar (v) provides the institutional 

vehicle for delivery 

 

4.2 EXISTING COUNTRY LEGAL AND POLICY FRAMEWORKS 

4.2.1 KENYA 

Water Act 2016 (Cap. 372) 

"Water resource" is defined to include any lake, pond, swamp, marsh, stream, watercourse, estuary, 

aquifer, artesian basin or other body of flowing or standing water, whether above or below the ground, 

and includes transboundary waters within the territorial jurisdiction of Kenya. This brings the Kenyan 

portion of any shared aquifer fully within the regulatory regime. 
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"Transboundary waters" is separately defined as "water resources shared between Kenya and another 

State." 

Section 20(2)(a) obliges the Water Resources Authority (WRA), when prescribing water resource 

classification criteria and quality objectives, to take into account "trans-boundary considerations" alongside 

strategic, ecological, and vulnerability factors. This is the Act's most direct, substantive transboundary 

aquifer-specific provision. 

Section 12(h) gives the Authority an explicit mandate to "coordinate with other regional, national and 

international bodies for the better regulation of the management and use of water resources”. This is the 

most compelling clause for bilateral and multilateral aquifer cooperation. 

However, the basin area governance architecture (Sections 24–28) is organised around surface water 

catchments, creating a structural mismatch with groundwater basin boundaries that leaves transboundary 

aquifer management institutionally under-anchored at the sub-national level. 

National Water Policy — Sessional Paper No. 1 of 2021 

The Policy acknowledges transboundary water governance as a challenge but treats it within the general 

water resources management policy rather than in a discrete section on shared aquifers. The policy: 

• Acknowledges that Kenya shares a significant proportion of its water resources with neighbouring 

states and commits to strengthening management and governance of transboundary water 

resources through bilateral and multilateral cooperation, data sharing, and institutional capacity 

building. 

• Recognises that the potential of groundwater resources has not been fully determined and utilized 

and calls for improved groundwater assessment, integrated surface/groundwater management, 

and managed aquifer recharge. 

• References the EAC Protocol, IGAD frameworks, and SDG 6.5 (transboundary water cooperation) 

as relevant benchmarks. 

A notable documented gap in the policy is that, although the National Water Policy recognizes that Kenya 

has shared water resources, no specific proposals for the management of shared groundwater resources 

are included in the policy objectives. 

Water Resources Regulations 2025 

Overall, the regulations are domestically focused, but has regulations that help manage transboundary 

aquifers. 
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The regulations cover groundwater development authorisation, borehole test pumping, issuance of 

groundwater use permits, artificial groundwater recharge, water quality monitoring, and effluent disposal 

controls.  

On management, the regulations requires the Authority to determine allocation plans for specific aquifers 

hence providing the technical basis through which sustainable yields of transboundary aquifers can be 

managed on the Kenyan side. 

The process of approval for managed aquifer recharge (MAR) is laid here, and includes prior authorisation, 

supported by a full hydrogeological assessment of aquifer parameters, water quality evolution, and 

impacts, including on a transboundary shared system. 

The Kenyan regulations lay down comprehensive data collection and annual reporting requirements on 

permit holders, including abstracting data, water levels, quality. These bode well for the monitoring 

requirements essential for transboundary aquifer management. 

The key operational gap in these regulations is the fact that they contains no provision for notification of 

co-riparian states, bilateral data sharing, or transboundary-specific permit conditions derived from 

international obligations. 

Transboundary Water Policy Direction 

There is no transboundary water policy yet, however, certain key elements from government 

communications point to the direction the policy may take. The National Water Resources Strategy 2020-

2025 defines transboundary waters as aquifers, and lake and river basins shared by two or more countries. 

It proposes actions to promote cooperation in the management of shared water resources and identifies 

management of transboundary resources as a key challenge. 

The Ministry of Water Sanitation and Irrigation Strategic Plan 2023–2027 identifies management, 

protection, and conservation of national and transboundary water resources as a Key Result Area. It 

identifies gaps that include weak transboundary water governance and unresolved status of frameworks 

and reliance on outdated treaties. 

4.2.2 ETHIOPIA 

Ethiopia Water Act 2000 

Proclamation 197/2000 establishes the national legal machinery needed for aquifer management, 

including  public ownership, basin-based planning, permits, inventories, information systems, pollution 

control, and supervision. It states that all water resources are common property of the Ethiopian people 

and the state. 
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Water-resource development must be based on the national Water Resources Policy, relevant Basin Master 

Plan Studies, and water laws. The supervising body must maintain a national water-resource inventory 

covering occurrence, availability, location, quantity and quality, seasonal demands, and water use data. 

Management of Ethiopian water resources is to be carried out through a permit system. A permit is 

required to construct waterworks, supply water, transfer abstracted water, or discharge waste into water 

resources, subject to exceptions. 

The gap here is there is no explicit duty for joint aquifer assessment, prior notification, cross-border 

monitoring, or data exchange with neighbouring countries. 

Ethiopian Water Resources Management Policy 

The 1999 Water Resources Management Policy has a specific section on Ground Water Resources. It 

requires Ethiopia to identify the spatial and temporal occurrence and distribution of groundwater, focus 

on drought-and water-scarce areas, base abstraction on sustainable yield as determined by competent 

authorities, develop norms and guidelines for sustainable and rechargeable groundwater management, 

and foster conjunctive use of surface water and groundwater. There is no explicit mention of transboundary 

aquifer here, but these are directly applicable to shared aquifers. 

The policy also has a section on Transboundary Waters. It calls for Ethiopia to study its national 

development interests in the allocation and use of transboundary waters, promote integrated frameworks 

for joint utilization and equitable cooperation, promote Ethiopia’s entitlement based on accepted 

international norms and conventions endorsed by Ethiopia, foster fair regional cooperation with riparian 

countries based on equitable and reasonable use, and comply with international covenants adopted by 

Ethiopia. 

Draft National Water Policy and Strategy, March 2020 

The 2020 document is in draft, but it is useful because it shows the direction of government thinking and 

contains a dedicated chapter on Trans-boundary Water Resources. It calls for bilateral and multilateral 

consultation, data collection and decision-support systems at basin, sub-basin, and national levels to 

support planning and management of transboundary resources. The draft also calls for stronger water-use 

data systems for monitoring and assessment of the transboundary resource base. 

It promotes involvement of basin institutions in planning, management and decision-making on 

transboundary water resources and promotes peaceful dispute prevention, management and resolution in 

transboundary-water development. 

The draft separately states that trans-regional rivers, aquifers, lakes, reservoirs and other water bodies 

crossing two or more Ethiopian regions should be determined and administered by the Federal 

Government. 
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The main drawback here is its draft legal status, but is quite comprehensive for transboundary management 

relevance. 

Ethiopia Water Resources Management Regulations No. 115/2005 

The 2005 Regulations operationalise Proclamation 197/2000. The Regulations are practical and 

groundwater-relevant, but not transboundary-specific. 

They specify water-use permit applications by location, intended place of use, intended use, monthly and 

annual volume required, method and manner of use, and feasibility studies/maps where required.  These 

includes for works that change watercourse direction, affect flow, speed or velocity, or hinder waterworks.  

Despite these rules that are relevant to transboundary aquifers, the gap is that there is no explicit 

transboundary aquifer monitoring protocol, no joint database requirement, no border-aquifer abstraction 

threshold, and no duty to notify neighbouring states. 

Basins High Council Proclamation No. 1375/2025 

A 2025 federal law established the Basins High Council for the Implementation of Integrated Water 

Resource Management. The law states that Ethiopia owns domestic and transboundary rivers and that 

improved joint planning, synergised execution, and monitoring/evaluation are needed for water-related 

development projects of national importance involving different regions or sector. 

This is not a transboundary aquifer policy, but it strengthens the institutional framework for integrated 

water-resource management. It could be useful for coordinating aquifers that cross regional boundaries 

inside Ethiopia and for aligning national positions on international shared-water issues. 

Overall, the overarching gap is that Ethiopia does not appear to have a stand-alone, enacted Transboundary 

Aquifer Policy. 

4.2.3 SOMALIA 

Somalia’s framework is less consolidated and the federal water law and policy framework is under revision, 

with the clearest operational transboundary-aquifer references only being in the National Water Resource 

Strategy 2021–2025. 

Somalia Water Act 2011 

The Water Act of 2011 is in place, but appears to be not fully operationalised. Its provisions had not been 

implemented as of early 2021 because of legislative issues around the law’s structure.  

National Water Resource Strategy 2021–2025 (NWRS) 
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The strategy says Somalia’s water sector is updating its core legal instrument, the Water Act. The NWRS 

vision is sustainable, equitable and secure water for national unity, growth and well-being, in harmony with 

nature. Further, the strategy identifies deteriorating groundwater quality caused by overexploitation, 

population growth and pollution as a major challenge, worsened by climate change. 

The NWRS includes a sub-strategy to establish a basis for transboundary basin management and to develop 

agreed principles for transboundary water-resource management and cooperation. It states that Somalia’s 

transboundary water resources include both surface water and groundwater, and that Somalia shares 

transboundary aquifers with Ethiopia and Kenya.  

It further sets out that shared waters should generate benefits, and calls for a Somali perspective and policy 

principles on transboundary water management, focused on regional development and benefit sharing, as 

well as capacity in basin management, transboundary water management and negotiation skills in federal 

ministries. 

In what is aligned to this project, the strategy calls for background studies to build common understanding 

and support future cross-border discussions, including engagement with regional structures to develop 

instruments underpinning transboundary agreements for basins and aquifers.  

Overall, the intended result is an agreed approach to strengthen transboundary basin and aquifer 

management, with trust between neighbouring states forming the basis for international agreement and 

appears to be more useful than the older Water Act. The transboundary aquifer policy is therefore best 

described as emerging and here is where the gap is. 

Another glaring gap is the fact that there is no Somali Water Resources Regulations instrument comparable 

to Ethiopia’s 2005 Water Resources Management Regulations and Kenya’s 2025 Water Resources 

Regulations. 

 

4.3 THE DAWA ALLUVIAL AQUIFER WITHIN THE MANAGEMENT 

FRAMEWORKS 

The Dawa Aquifer System comprises several hydrogeological units - the Upper Dawa, Middle Dawa, Lower 

Dawa, and the Dawa Alluvial Aquifer. While each unit plays a role in the regional groundwater balance, it is 

the Dawa Alluvial Aquifer that holds the greatest strategic importance for Ethiopia, Kenya, and Somalia. 

This narrow but highly productive alluvial corridor supplies water to the major border towns, refugee 

populations, pastoralist communities, livestock markets, and humanitarian operations that depend on 

year-round groundwater availability. 

The alluvial aquifer’s shallow depth, high transmissivity, and strong hydraulic connectivity with the Dawa 

River make it both exceptionally valuable and particularly vulnerable. Localized over-abstraction, 
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unregulated well drilling, or degradation of water quality can rapidly propagate impacts along the corridor, 

leading to well failures, declining yields, and deterioration of drinking-water suitability. For this reason, the 

majority of operational management actions over the 10-year period are centred on the Dawa Alluvial 

Aquifer, including: 

• abstraction controls and joint extraction guidelines; 

• zoning of water-quality protection areas; 

• establishment of priority monitoring boreholes; 

• annual audits of abstraction and recharge; and 

• artificial recharge and watershed protection pilots. 

While the emphasis is operationally on the alluvial aquifer, the broader Dawa Aquifer suite cannot be 

managed in isolation. Over longer timeframes, pressure changes or water-quality deterioration in the 

Upper, Middle, or Lower Dawa aquifers can influence the alluvial system through vertical leakage, boundary 

interactions, or shifts in the hydraulic gradient. 

4.4 THE DAWA AQUIFER MANAGEMENT PLAN 

The Dawa Transboundary Aquifer Management Plan is proposed against a background of differing policy, 

legal, institutional and technical readiness among Kenya, Ethiopia and Somalia. Although all three countries 

recognise the strategic importance of groundwater for drought resilience, livelihoods and water security, 

their national frameworks for groundwater regulation, transboundary-water cooperation, data 

management and aquifer protection are at different levels of development. For this reason, the Plan should 

not be introduced as a single, fully formed joint-management system to be implemented immediately. It 

should instead be advanced through a phased and adaptive process that allows the countries to strengthen 

their national frameworks while also undertaking selected early joint activities to build confidence, maintain 

momentum and demonstrate practical value. 

The first phase should therefore combine governance formation with basin-wide technical capacity 

grounding. This would include the formulation of initial governance structures, designation of national focal 

institutions, establishment of a tripartite coordination mechanism, and preparation of a basin-wide 

baseline assessment of the Dawa aquifer system. To avoid the process becoming purely administrative, an 

early joint monitoring network should also be launched during this phase, even if initially modest, using 

selected priority monitoring boreholes and harmonised field protocols. This would create a practical basis 

for collaboration while the countries continue aligning their policies and mandates. 

The second phase should move from initial coordination to stronger technical management. It should 

include updating the numerical groundwater model using the baseline data and early monitoring results, 

while beginning priority groundwater-protection infrastructure. Such infrastructure may include protection 

of recharge-sensitive areas, sanitary protection of strategic boreholes, improvement of vulnerable water 

points, and measures to reduce contamination risks in key abstraction zones. This phase links the 
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institutional process with visible field-level interventions, helping to sustain stakeholder and political 

interest. 

The third phase should focus on scaling up protection and monitoring, while consolidating the regulatory 

basis for aquifer management. By this stage, the monitoring network should be expanded and made more 

systematic, with regular groundwater-level, abstraction and water-quality data collection. Groundwater-

protection infrastructure should also be scaled up across priority zones. At the same time, the countries 

should progress toward harmonised or mutually compatible groundwater-protection regulations, including 

borehole registration, abstraction permitting, water-quality safeguards, data-reporting requirements and 

protection-zone controls. 

The fourth phase should then focus on optimisation and long-term sustainability. With governance 

structures, monitoring systems, updated models, protection measures and regulatory instruments in place, 

the countries would be better positioned to optimise abstraction, identify sustainable development zones, 

coordinate drought-response actions, and jointly plan water-supply investments. This final phase should 

promote cooperative groundwater development, not as isolated national projects, but as mutually 

beneficial interventions that strengthen regional water security, reduce conflict risks and support equitable 

use of the Dawa aquifer. 

Such an approach requires adequate time, hence the plan covers a 10-year period.  As such, the 10-year 

plan adopts a dual-layered governance structure: 

1. Intensive, proactive management of the Dawa Alluvial Aquifer, where risks and extraction 

pressures are highest; and 

2. Basin-wide monitoring, modelling, and coordinated data sharing across all four aquifer units, 

ensuring long-term understanding and protection of the entire groundwater system. 

This approach ensures that while immediate operational controls are applied where they matter most, the 

basin-wide hydrogeological context remains fully understood and jointly governed. The plan is presented 

in Table 4-2. 

Details of implementation during the ground-truthing and exploratory drilling program within parts of the 

aquifer in each country will be provided by each transboundary state, in accordance with their aspirations 

and local community engagement, and harmonised for the success of the projects. 
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Table 4-2: Aquifer Management Plan  

Planning 

Stage 

Objective Activities Milestones/ KPI Responsible 

Parties 

Timeframe 

Phase 1 

Formulation of 

governance 

structures 

• Form the Dawa Aquifer Joint Technical 

Committee (JTC) under IGAD 

• Set up national focal points (water 

authorities of Ethiopia, Kenya, Somalia) 

• Develop a Tripartite Memorandum of 

Understanding (MoU) on joint aquifer 

management 

• MoU signed 

• Joint Technical 

Committee operational 

National water 

authorities, IGAD 

Year 1 

Conduct a basin-

wide baseline 

assessment 

• Compile all drilling logs (government, NGO, 

private sources) 

• Compete borehole inventory 

• Consolidate all historical water quality data 

• Joint borehole database National and 

regional water 

authorities, IGAD 

Year 1 

Launch a joint 

monitoring 

network 

• Use DSS to select stress areas 

• Select existing boreholes in these areas to 

form monitoring network 

• Install monitoring boreholes with water level 

and EC loggers 

• Joint monitoring 

network 

• Up to 15 monitoring 

boreholes equipped 

National & 

regional water 

authorities, IGAD 

Year 2 
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Planning 

Stage 

Objective Activities Milestones/ KPI Responsible 

Parties 

Timeframe 

Phase 2 Update numerical 

groundwater 

model 

• Recalibrate the MODFLOW based on 

new/additional data 

• Model able to predict 

present and future 

scenarios better for 

improved DSS 

• Aquifer drought 

response prediction 

Joint Technical 

Committee 

Year 3 

Groundwater 

protection - 

infrastructure 

• Construction of MAR recharge sites • MAR projects 

completed 

Joint Technical 

Committee 

operational 

Year 3 

Phase 3 Scaling up of 

protection and 

monitoring 

infrastructure 

• More MAR sites developed 

• New dedicated monitoring wells installed 

based on emergng scenarios from the model 

• Additional MAR sites 

• No of dedicated 

monitoring wells 

constructed and 

installed 

National and 

regional water 

authorities 

Years 4-6 

Groundwater 

protection - 

regulations 

• Joint regulations on activities in identified 

pototection zone 

• Jont monitoring of activities 

• Protection measures 

outlined 

• Joint reports 

National and 

regional water 

authorities, IGAD 

Years 5-7 



CONSULTING SERVICE OF THE FEASIBILITY STUDY FOR GROUNDWATER DEVELOPMENT AND MANAGEMENT IN THE DAWA SEDIMENTARY DJ-IGAD-332243-

CS-QCBS 

42 | P a g e  

Planning 

Stage 

Objective Activities Milestones/ KPI Responsible 

Parties 

Timeframe 

Phase 4 Optimisation and 

sustainability 

• Re-run of model after MAR activities 

• Update recharge estimates 

• Upgrade the MoU for long term 

management 

• Report of state of Dawa Aquifer covering the 

first 10-year plannig cycle 

• Develop new 10-year plan 

• Re-calibtrated model 

• Updatedd scenarios for 

the long term 

• Status report 

• Next plan developed 

Joint Technical 

Committee 

operational 

Years 8-10 
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4.5 GOVERNANCE AND INSTITUTIONAL ARRANGEMENTS 

4.5.1 DAWA TRANSBOUNDARY COMMISION (DTC) 

The Dawa Transboundary Commission (DTC) is established under the auspices of IGAD as the supreme 

governance organ of the AMP, following the recommendation of the Feasibility Report (§9). 

• Mandate: joint planning, conflict resolution, investment mobilisation, adoption of joint regulations, 

approval of the annual State of the Dawa Aquifer Report, formal endorsement of stage-gate 

progressions. 

• Composition: three Commissioners (one per Member State at Director-General or equivalent 

rank), the IGAD Water Unit Secretariat (non-voting secretary), with observer status for the World 

Bank and donor partners. 

• Decision rules: consensus of the three Commissioners; unresolved matters escalated to the IGAD 

Council of Ministers. 

• Meeting cadence: ordinary sessions twice yearly; extraordinary sessions on request of any 

Commissioner. 

• Secretariat: IGAD Water Unit (IWU) hosted in Djibouti, supported by IGAD-GWC and ICPAC 

4.5.2 JOINT TECHNICAL COMMITTEE (JTC) 

The Joint Technical Committee (JTC) is the technical executive arm reporting to the DTC. It comprises senior 

hydrogeologists nominated by each National Focal Point, the regional DSS manager, and the IGAD-GWC 

technical lead. It meets quarterly, reviews monitoring data, manages the DSS, prepares regulatory 

proposals for DTC approval, and chairs the GTWG. 

4.5.3 NATIONAL FOCAL POINTS AND AUTHORITIES 

Table 4-3:  National focal points and field-level institutional roles. 

Country National Focal Point Sub-national / Field Authorities 

Ethiopia Ministry of Water and Energy (MoWE) — 

Hydrogeology and Groundwater Monitoring 

Directorate 

Somali Regional Water Bureau; 

Oromia Regional Water Bureau 
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Country National Focal Point Sub-national / Field Authorities 

Kenya Water Resources Authority (WRA) Mandera, Wajir and Marsabit 

County Water Departments 

Somalia Ministry of Energy and Water Resources 

(MoEWR) 

Jubaland State Ministry of Water; 

FAO/UNICEF implementing 

partners 

 

4.5.4 REGIONAL GROUNDWATER TECHNICAL WORKING GROUP (GTWG) 

The GTWG provides the regional platform for technical exchange. It comprises senior technical staff from 

the three states, IGAD-GWC, ICPAC and invited specialists. Its mandate covers harmonisation of monitoring 

SOPs, joint analysis of DSS outputs, peer review of the State of the Dawa Aquifer Report, and coordination 

of training and capacity-building activities. 

 

4.5.5  COMMUNITY-LEVEL GOVERNANCE 

Day-to-day management at borehole and water-point level rests with Water User Associations (WUAs) and 

Borehole Committees. To ensure inclusive governance and to address documented gender burdens 

(Interim Report §6), the AMP mandates: 

• Minimum 40% female participation in every WUA and Borehole Committee — applied as an 

eligibility condition for project support (Feasibility Report §9). 

• Standing seats for nomadic-pastoralist representatives, refugee/IDP representatives, and persons 

with disabilities where relevant. 

• Mandatory training in financial management, basic O&M, mobile-based CBGM reporting and 

conflict-sensitive water-point management. 

• Integration of customary elder-led mediation with formal Grievance Redress Mechanism (Chapter 

11.5). 
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4.5.6 TRIPARTITE MEMORANDUM OF UNDERSTANDING 

The Tripartite MoU is the binding legal instrument that gives effect to the AMP. Its key articles are drafted 

at Annex A1. Signing schedule: initialled at the Final Validation Workshop (Month 12); ratified by each state 

within Year 1; deposited with the IGAD Secretariat by end of Year 1 Q4. Dispute resolution proceeds 

through:  

(i) DTC consensus; ( 

(ii) IGAD Council of Ministers mediation;  

(iii) reference to recognized international arbitration consistent with each state's water law. 

 

Figure 4-1: Governance Structure 
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4.6 RISKS AND CHALLENGES TO THE REALIZATION OF THE 

PLAN 

While this 10-year program provides a clear roadmap for sustainable, cooperative management of the 

Dawa Aquifer, its success depends on addressing several crosscutting risks and operational challenges that 

could hinder full implementation. Understanding these risks early allows the three countries to prepare 

mitigation strategies and maintain program momentum. 

4.6.1 INSTITUTIONAL AND GOVERNANCE CHALLENGES 

The effectiveness of the program relies on strong and consistent cooperation among Ethiopia, Kenya, and 

Somalia. Differences in institutional capacity, varying national priorities, and political transitions may affect 

continuity. Sustained commitment to the Joint Technical Committee, regular data sharing, and adherence 

to common abstraction rules will be essential to prevent fragmentation. 

4.6.2 LIMITED FINANCIAL AND TECHNICAL RESOURCES 

The program requires long-term investments in monitoring networks, laboratory capacity, borehole 

rehabilitation, groundwater modelling, and community engagement. Budget constraints at national and 

county levels, combined with competition for donor funding, may slow implementation. Building resilient 

financing mechanisms and seeking multi-year support from development partners will be key. 

4.6.3 HYDROGEOLOGICAL UNCERTAINTY 

Despite improved monitoring, the Dawa Aquifer remains a complex and partially unmapped system. 

Recharge processes, deep-flow boundaries, and cross-border hydraulic connections may not be fully 

understood for several years. These uncertainties could affect sustainable yield estimates or the 

performance of boreholes during prolonged droughts. Continuous updates to the groundwater model are 

necessary to reduce this risk. 

4.6.4 CLIMATE VARIABILITY AND EXTREME DROUGHTS 

Recurring droughts, intensified by climate change, can significantly alter groundwater levels and recharge 

patterns. Severe multi-year droughts may push abstraction beyond sustainable levels, particularly around 

towns, refugee settlements, and livestock corridors. Emergency abstraction rules and drought-response 

strategies must remain flexible and adaptive. 
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4.6.5 WATER QUALITY DEGRADATION 

Rising nitrates, salinity intrusion, and microbial contamination pose persistent threats, especially near high-

density settlements, alluvial zones, and shallow wells. Unregulated sanitation systems, fuel leakage at gas 

stations, and poor borehole construction practices can undermine aquifer protection zones. Consistent 

enforcement and regular water-quality surveillance are critical. 

4.6.6 SECURITY AND ACCESSIBILITY CONSTRAINTS 

Parts of the Dawa Basin face intermittent insecurity, which may limit field operations, field sampling, 

borehole inspections, and maintenance of monitoring equipment. Operational planning must incorporate 

security assessments, remote-sensing tools, and community-based monitoring options. 

4.6.7 RAPID POPULATION GROWTH AND HUMANITARIAN PRESSURES 

Border towns such as Mandera, Suftu and Belet Hawo and Doolow / Dolow Ado continue to grow rapidly, 

driven by migration, trade, and humanitarian dynamics. Water demand may increase faster than planned, 

potentially exceeding abstraction caps unless supply augmentation or demand-management measures are 

introduced. 

4.6.8 DATA ASYMMETRY 

Differences in monitoring coverage, technical capacity, and data quality between countries could lead to 

uneven assessments of resource status. 

4.6.9 IMPLICATIONS FOR THE PROGRAM 

If not addressed early, these risks may lead to: 

• acceleration of water-level decline in the alluvial corridor; 

• localised salinity increases; 

• conflicts between users during extended droughts; 

• failure to detect early warning signals due to weak monitoring; and 

• loss of trust in shared institutional arrangements. 
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4.6.10 RISK MITIGATION MATRIX 

The coordinated risk-mitigation strategies provided in the Risk Matrix offer a structured approach for 

preventing and responding to these challenges, ensuring that the shared vision of equitable and 

sustainable groundwater use remains achievable. 

Table 4-4: Risk mitigation matrix  

Risk Likelihood Impact Mitigation Measures Responsible Parties Timeframe 

Fragmented 

national 

regulations 

Medium High Develop harmonized 

abstraction guidelines; 

establish joint oversight 

committee; Formalize 

cooperation through 

MoUs; Annual joint 

planning sessions; 

Establish data-sharing 

protocols; Engage high-

level ministries to secure 

political ownership 

Joint Water 

Authorities ; IGAD 

Years 1–3 

Insufficient 

long-term 

financing 

High High Multi-donor financing 

facility; phased 

investment model; 

Develop multi-year 

budget frameworks- 

Prepare donor 

investment packages- 

Integrate activities into 

national water-sector 

budgets; Explore climate 

finance and resilience 

funds 

National Ministries; 

Development 

Partners 

Years 1–10 

Climate-driven 

recharge 

variability 

High High Expand monitoring 

network; adopt adaptive 

extraction thresholds; 

invest in MAR pilots 

Joint technical 

team 

Years 2–10 

Unregulated 

private drilling 

High Medium Register all wells; enforce 

drilling permits; 

County/Regional 

Water Authorities 

Years 1–5 
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Risk Likelihood Impact Mitigation Measures Responsible Parties Timeframe 

community awareness 

campaigns 

Security/access 

restrictions 

Medium Medium Remote sensing 

monitoring; periodic 

escorted missions; 

decentralised local data 

collectors 

National Security;  

Water Agencies 

Years 1–10 

Data quality 

inconsistency 

Medium High Standardized sampling 

protocols; joint audits; 

shared QA/QC 

procedures 

Transboundary 

Data Committee 

Years 1–4 

Limited local 

expertise in 

hydrogeology, 

GIS, modelling, 

and lab analysis 

Medium Medium Training programs and 

scholarships- Joint 

technical workshops- 

Deploy regional 

groundwater specialists- 

Outsource specialized 

tasks when needed 

Water agencies; 

Universities; 

Development 

partners 

Years 1-4 

Limited 

understanding 

of aquifer 

boundaries, 

recharge 

zones, and 

sustainable 

yields 

Medium High Continue 

hydrogeological mapping 

and drilling 

investigations; Update 

groundwater model 

every 3–5 years; Expand 

monitoring network 

Water agencies; 

JTC; Consultants 

Years 1-5 

Logger 

breakdowns, 

missing data, 

poorly 

maintained 

boreholes 

Medium Medium Preventive maintenance 

schedules-; Spare parts 

inventory; Digital data 

backup 

Water agencies; 

Monitoring teams 

Years 1-10 
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4.7 MONITORING & EVALUATION FRAMEWORK (M&E) 

This M&E framework provides a structured system for tracking progress, evaluating effectiveness, and 

ensuring accountability throughout the 10-year implementation period. It combines annual performance 

monitoring, mid-term evaluation, and a comprehensive end-of-program assessment.  

The M& E objectives include: 

1. Track implementation progress of all planned management actions. 

2. Assess changes in groundwater levels, quality, and abstraction across the four Dawa aquifer units. 

3. Ensure compliance with jointly agreed abstraction and data-sharing protocols. 

4. Identify emerging risks early, especially in the highly vulnerable alluvial corridor. 

5. Improve decision-making through evidence-based annual reviews and adaptive management. 

The proposed M&E activities schedule is presented in Table 4-5. The Joint Transboundary Technical 

Committee will use the M&E findings to design the next phase. 

Table 4-5: M&E reporting schedule 

Reporting Level Description Timeline 

Quarterly Monitoring Briefs Abstraction data, groundwater levels, 

telemetry reports, anomalies 

Every 3 months 

Annual Implementation Report Progress against KPIs, financial 

tracking, adaptive actions 

End of each calendar year 

Mid-Term Review (MTR) Deep evaluation of effectiveness, 

gaps, and adjustments 

End of Year 5 

End-Term Evaluation (ETE) Comprehensive assessment of 

aquifer conditions and program 

outcomes 

End of Year 10 
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4.8 DROUGHT AND CRISIS MANAGEMENT 

4.8.1 DROUGHT TRIGGER FRAMEWORK 

Drought is declared when any two of the following are simultaneously observed for ≥ 30 days: 

• 3-month Standardised Precipitation Index (SPI) < −1.5 across at least two clusters. 

• Cumulative recharge deficit > 30% relative to the rolling 5-year mean. 

• Median groundwater level > 3 m below the 10-year rolling baseline at sentinel boreholes. 

• ICPAC seasonal outlook predicts below-average rainfall with confidence ≥ 65%. 

4.8.2 EMERGENCY ABSTRACTION RULES 

Upon a declared drought, the JTC activates emergency rules (DTC notified within 48 hours): 

• Suspension of all new abstraction licences. 

• Mandatory 20% reduction of irrigation abstraction; protection of domestic and livestock supplies. 

• Priority allocation of pumped volumes to: (1) domestic potable supply for vulnerable populations 
(refugees, IDPs, women-headed households); (2) livestock survival rations; (3) institutional WASH 
(schools, clinics). 

• Activation of MAR storage; controlled release from sand dams. 

• Daily monitoring frequency at sentinel boreholes; weekly JTC drought situation report. 

4.8.3 COORDINATION WITH HUMANITARIAN OPERATIONS 

The DTC liaises with UNHCR, IOM, WFP, FAO, OCHA and the national disaster authorities to align water-

resource actions with humanitarian operations. Refugee camps (Dollo Ado linkages) and IDP sites 

(Borena/Liben woreda; Kabasa, Ladan in Somalia) receive priority service delivery. Cross-border movement 

of pastoralists is facilitated through pre-agreed mobility corridors (Chapter 12.1). 

4.8.4 WATER TRUCKING PROTOCOLS 

Where pumped supply is insufficient, water trucking is activated under a costed protocol. Reference cost 

benchmarks documented during the Interim Report consultations: Mandera ~800 Birr/truck (Ethiopia 

side); Somalia ~10 KES/jerrycan (Interim Report §6). Trucking targets the most-vulnerable settlements first; 
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contracts include a Code of Conduct, GBV safeguards (Chapter 11.6) and price ceilings to prevent 

profiteering. 

4.8.5 CROSS-BORDER EMERGENCY COORDINATION 

The DTC chairs cross-border emergency operations during droughts. Member States agree, in advance 

through the MoU, to reciprocal access for nomadic pastoralists, mutual sharing of operational hydrological 

data, and unimpeded passage for humanitarian water-trucking convoys. 

4.8.6 POST-DROUGHT RECOVERY PLANNING 

Within 90 days of the lifting of a drought declaration, the JTC publishes a Recovery Note covering: damage 

assessment to boreholes and MAR structures; abstraction normalization schedule; livestock restocking 

support; recharge re-estimation; lessons learned. The DTC reviews and endorses adaptive amendments to 

the AMP. 

4.9 ENVIRONMENTAL AND SOCIAL SAFEGUARDS 

4.9.1 WORLD BANK ESF COMPLIANCE 

The AMP applies the World Bank Environmental and Social Framework (ESF) across all ten Environmental 

and Social Standards (ESS): 

Table 4-6: World Bank Environmental and Social Framework (ESF) 

ESS Title Applicability to AMP 

ESS1 Assessment and Management of 

E&S Risks 

Applied to all interventions; project-level 

ESIA/ESMP. 

ESS2 Labour and Working Conditions Labour Management Procedures (LMP) for 

contractors and operators. 

ESS3 Resource Efficiency, Pollution 

Prevention 

Spill management, waste protocols at MAR sites. 

ESS4 Community Health and Safety GBV plan, road safety, water-point queue safety. 
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ESS Title Applicability to AMP 

ESS5 Land Acquisition, Resettlement Full replacement value compensation; RAP where 

triggered. 

ESS6 Biodiversity and Living Natural 

Resources 

GDE protection via Q-env; recharge-zone 

vegetation. 

ESS7 Indigenous Peoples / Vulnerable 

Groups 

Indigenous Peoples Plan (IPP) where applicable; 

provisions for pastoralists, refugees, IDPs. 

ESS8 Cultural Heritage Chance-find procedures; tangible & intangible 

heritage assessment. 

ESS9 Financial Intermediaries Applicable to multi-donor financing facility. 

ESS10 Stakeholder Engagement and 

Information Disclosure 

SEP aligned with each national GW4R project SEP. 

4.9.2 E&S APPRAISAL PROCEDURES FOR FUTURE INTERVENTIONS 

Every new intervention proposed under the AMP shall follow the four-step appraisal procedure below: 

Step 1 — Screening: Standardised checklist applied by the JTC E&S Officer covering land take, vulnerable 

groups, GDEs, cultural heritage, GBV risk, transboundary impacts and security. 

Step 2 — Risk classification: Low / Substantial / High based on screening; classification confirmed by the 

DTC. 

Step 3 — Instruments triggered: based on risk class: 

1. Low — Site-specific ESMP only. 

2. Substantial — ESIA + ESMP + RAP (if land take) + SEP update. 

3. High — Full ESIA + ESMP + RAP + IPP (if vulnerable groups) + LMP + GBV Action 

Plan + public consultation. 

Step 4 — Public disclosure: draft instruments disclosed locally in Oromo / Somali / English for ≥ 30 days; 

comments incorporated; final instruments published on the IGAD portal. 
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4.9.3 E&S MANAGEMENT PROCEDURES 

ESMPs are implemented by the contractor under the supervision of the national focal point's E&S unit and 

the JTC E&S Officer. Monthly site reports; quarterly compliance audits; annual independent E&S audit. 

Non-compliance triggers a corrective action plan and, in serious cases, suspension of works. 

4.9.4 E&S MONITORING PROCEDURES 

Table 4-7: E&S Monitoring Procedures 

Indicator Frequency Threshold / Target 

GBV cases reported via GRM Monthly All cases referred to survivor-support 

pathway within 48 h. 

Grievances received vs resolved Monthly ≥ 95% closure within 30 days. 

Resettlement compensation paid Per project 100% paid at full replacement value 

before displacement. 

Female participation in WUAs Quarterly ≥ 40% (mandatory). 

Chance finds reported As they occur Works halted until cleared by national 

heritage authority. 

Worker safety (LTIFR) Monthly < industry benchmark. 

4.9.5 GRIEVANCE REDRESS MECHANISM (GRM) 

A four-tier GRM is established to address complaints quickly and transparently: 

• Tier 1 — Community: WUA / Borehole Committee chair receives grievance; resolves within 7 days. 

• Tier 2 — Project: Contractor / National E&S Officer; resolves within 14 days. 

• Tier 3 — National: National Focal Point grievance desk; resolves within 30 days. 

• Tier 4 — Regional: JTC / DTC review (transboundary cases); resolves within 60 days. 
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A dedicated confidential GBV channel operates in parallel, with female intake officers, survivor-centred 

protocols and referral to recognized support providers (no requirement to use the standard GRM 

channels). 

4.9.6 GENDER-BASED VIOLENCE (GBV) PREVENTION AND RESPONSE PLAN 

• Risk hotspots identified: water-point queues, long fetching treks (18–30 km — Interim Report §6), 

refugee/IDP camps, contractor work-camp interfaces. 

• Code of Conduct: all contractors and personnel sign a Code of Conduct prohibiting sexual 

exploitation, harassment and abuse; breach is grounds for immediate dismissal. 

• Survivor support pathway: medical, psychosocial, legal and safe-shelter referrals via accredited 

national service providers; survivor's choice respected at every step. 

• Mitigation by design: reduce trek distances through strategic siting; provide lighting at water 

points; separate male/female access where required by community; female caretakers at sensitive 

sites. 

4.9.7 LAND ACQUISITION AND RESETTLEMENT (ESS5) 

Where any intervention involves involuntary land acquisition or restriction of use, ESS5 procedures apply: 

a Resettlement Action Plan (RAP) at full replacement value (not depreciated); livelihood restoration; 

consultation with affected persons; grievance mechanism; vulnerable household tracking. No land take or 

asset displacement proceeds without prior, full and documented compensation. 

4.9.8 CULTURAL HERITAGE AND CHANCE FINDS (ESS8) 

A chance-finds procedure is included in every contract: works are halted in the vicinity of any discovery; 

national heritage authority notified within 24 h; resumption only after written clearance. Intangible 

heritage (sacred trees, water-spirits, customary water sites) is identified during ESIA consultations. 

4.9.9 CROSS-BORDER E&S HARMONISATION 

The DTC coordinates a harmonised E&S regime across the three states, recognising the World Bank ESF as 

the common floor. Where national requirements are more stringent, the higher standard prevails. Annex 

A1 of the MoU records this commitment. 
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4.9.10 PROVISIONS FOR VULNERABLE GROUPS 

This chapter directly addresses the TOR requirement for explicit attention to nomadic and vulnerable groups 

— previously nominal only. 

4.9.11 NOMADIC PASTORALISTS 

• Mobility corridors — pre-agreed cross-border livestock routes mapped and protected from new 

fencing or fragmentation. 

• Seasonal water-point access — specific community boreholes designated as pastoralist access 

points with no charge during drought emergencies. 

• Livestock troughs — every priority production well includes a separate livestock watering trough, 

sited downstream of the human collection point to prevent contamination. 

• Customary governance integration — clan elders and customary water authorities have standing 

seats on the relevant WUAs. 

4.9.12 REFUGEE POPULATIONS 

The AMP recognises explicit linkages to refugee operations in Dollo Ado (Ethiopia) and the Dadaab complex 

(Kenya), as well as urban refugee populations along the corridor. Service inclusion measures include: 

coordination with UNHCR on borehole siting and yields; integration of refugee water demand into the JTC's 

annual allocation review; protection of refugee access to community boreholes; and a non-discrimination 

clause in WUA constitutions. 

4.9.13 INTERNALLY DISPLACED PERSONS (IDPS) 

Stakeholder consultations (Interim Report §6) documented severe IDP pressure, in particular: 

• Ethiopia — Borena Zone, Liben woreda: 20,000+ IDPs displaced by drought and conflict. 

• Somalia — Kabasa and Ladan camps: chronic WASH gaps in informal settlements. 

The AMP provides for: priority restoration of IDP-serving boreholes; co-financing of WASH infrastructure 

with humanitarian partners; inclusion of IDP representatives on Borehole Committees; and special tariffs 

(or tariff waivers) for IDP households during humanitarian emergencies. 
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4.9.14 WOMEN AND GIRLS 

• Burden reduction — strategic siting of water points to reduce trekking from documented 18–30 

km to < 1 km wherever feasible. 

• Safe access — lighting at water points, no isolated routes, GBV risk assessment at every site. 

• Voice in governance — mandatory ≥ 40% female participation in WUAs and Borehole Committees, 

with at least one woman in a chair/treasurer/secretary role. 

• Menstrual hygiene — design of community water points includes private collection and washing 

spaces. 

4.9.15 CHILDREN 

School WASH infrastructure is prioritised at schools serving project communities. Queue safety protocols 

(adult supervision, child-priority access) reduce drop-out due to water collection. Health screening for 

fluoride exposure includes paediatric coverage. 

4.9.16 PERSONS WITH DISABILITIES 

Every new water point is designed for accessibility (ramps, low-effort hand pumps or solar-pumped taps, 

accessible queue arrangement). At least one accessible water point per cluster. WUAs include a standing 

seat for a representative of persons with disabilities. 

4.10 STAKEHOLDER ENGAGEMENT AND CAPACITY 

BUILDING 

4.10.1 KSFG AND REGIONAL PLATFORM FOR GROUNDWATER COLLABORATION 

(PGWC) 

The Key Stakeholder Focus Group (KSFG) — established during Task 1 of the feasibility study — continues 

into the implementation phase as the standing technical advisory body to the JTC. The PGWC, hosted by 

IGAD, provides the wider regional platform for peer review, knowledge exchange and harmonisation with 

parallel transboundary aquifer programmes in the Horn of Africa. 



CONSULTING SERVICE OF THE FEASIBILITY STUDY FOR GROUNDWATER DEVELOPMENT AND MANAGEMENT IN THE 

DAWA SEDIMENTARY DJ-IGAD-332243-CS-QCBS 

58 | P a g e  

4.10.2 LOCAL CONSULTATIONS 

The Interim Report (§6) documents 730+ participants engaged through Focus Group Discussions (FGDs) 

and Key Informant Interviews (KIIs) across Mandera (Kenya), Oromia and the Somali Region (Ethiopia), and 

Jubaland (Somalia). The AMP commits to continuing rolling consultations — minimum two community 

engagements per priority site per year — with explicit female and youth representation and integration of 

customary leaders. 

4.10.3 COMMUNICATION AND DISCLOSURE 

Public dashboards on the IGAD portal publish non-sensitive aquifer indicators (head levels, EC trends, MAR 

performance) in Oromo, Somali and English. The annual State of the Dawa Aquifer Report is launched at a 

public regional event each year. 

4.10.4 CONFLICT RESOLUTION 

Customary mediation (elder-led, clan dialogue committees) and formal mechanisms (national courts, GRM, 

DTC) are integrated through a published Conflict-Sensitive Engagement Protocol developed jointly with 

civil society and customary authorities. Special attention is given to upstream–downstream tensions and 

farmer–herder conflicts. 

4.11  CONCLUSION 

The Dawa Aquifer Management Plan represents a unique opportunity for Ethiopia, Kenya, and Somalia to 

safeguard one of the most strategically important shared groundwater systems in the Horn of Africa. The 

Dawa alluvial aquifer, in particular, underpins the water security of rapidly growing border towns, extensive 

pastoralist communities, refugee settlements, and major humanitarian operations. Its sustainable 

management is therefore not only a technical objective, but a direct investment in regional stability, public 

health, and climate resilience. By committing to a joint framework, the three countries acknowledge the 

interdependence of their water futures and the critical role that shared aquifers play in supporting 

livelihoods and ecosystems across political boundaries. 

At the same time, the challenges ahead are significant. Climate variability is intensifying, demand for 

groundwater continues to grow, and pressures from over-abstraction, pollution, and weak monitoring 

persist. Effective implementation of this plan will require consistent data sharing, adherence to agreed 

abstraction guidelines, protection of key recharge and water quality zones, and transparent decision-

making across all riparian states. Strengthening institutional capacity, ensuring adequate financing, and 

integrating environmental and social safeguards will be essential to avoid degradation of the resource. 

Moreover, the countries must be prepared to coordinate crisis-response actions during droughts, enabling 

rapid but responsible adjustments to pumping, humanitarian allocation, and groundwater protection 

measures. 
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Ultimately, the success of this plan will depend on long-term political commitment and genuine 

cooperation between the three nations. Sustained implementation will not only protect the Dawa Aquifer 

itself but will also create a model of transboundary groundwater governance that can be replicated 

elsewhere across the IGAD region. By working together, Ethiopia, Kenya, and Somalia have the opportunity 

to demonstrate that shared aquifers can be managed equitably and sustainably, even under conditions of 

environmental stress and socio-economic pressure. If fully realized, this plan will help secure reliable water 

supplies for the millions who rely on the Dawa system today, while safeguarding the aquifer for future 

generations. 

 

. 
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5 DECISION SUPPORT SYSTEM (DSS)  

The development of the Dawa Aquifer requires a balance between increasing groundwater utilization to 

support socio-economic development and maintaining the long-term sustainability of the resource. While 

groundwater modelling provides a detailed understanding of aquifer behaviour under various conditions, 

the interpretation of model outputs can often be complex for planners, water managers, and decision-

makers. To bridge this gap, a Decision Support System (DSS) was developed as an integral component of 

the groundwater assessment framework. 

The DSS serves as a practical decision-making platform that converts complex groundwater model outputs 

into actionable management recommendations. It integrates groundwater modelling results, water 

balance analyses, environmental scenarios, abstraction strategies, sustainability indicators, and 

management objectives into a single framework that enables objective evaluation of groundwater 

development options. 

The system was specifically designed to support the identification of sustainable groundwater abstraction 

limits within the Dawa Aquifer while ensuring that future development does not compromise aquifer 

resilience, groundwater-dependent ecosystems, river flows, or future water security. By combining 

scientific evidence with management criteria, the DSS provides a transparent and defensible basis for 

groundwater planning, allocation, and investment decisions. 

 

5.1 CONCEPTUAL BASIS OF THE DSS 

The DSS is founded on the principle that groundwater development decisions should be informed by 

quantitative assessments of aquifer response to abstraction and environmental change. Rather than 

relying on fixed abstraction targets or expert judgement alone, the system uses outputs generated from 

the calibrated numerical groundwater model to evaluate the consequences of alternative management 

strategies. 

The groundwater modelling exercise demonstrated that the Dawa Aquifer is a hydraulically connected and 

dynamically balanced system dominated by strong river-aquifer interactions. Model results showed that 

groundwater recharge, river leakage, and groundwater abstraction collectively govern aquifer behaviour. 

Furthermore, predictive simulations indicated that the aquifer remains relatively resilient under moderate 

climatic and abstraction stresses, although excessive development could potentially alter river-aquifer 

dynamics and reduce long-term sustainability. 

The DSS therefore provides a structured mechanism for translating these technical findings into practical 

groundwater management decisions. The system evaluates multiple groundwater development scenarios 

and ranks them according to their ability to maximize water supply while maintaining acceptable 

environmental and sustainability thresholds. 
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Figure 5-1: Workflow adopted in the DSS for groundwater management planning  

5.2 INTEGRATION WITH THE GROUNDWATER NUMERICAL 

MODEL 

The DSS is directly linked to the groundwater numerical model developed using MODFLOW within the 

Model Muse environment. The model represents the Dawa Aquifer as a multi-layered hydrogeological 

system comprising the alluvial aquifer, upper aquifer system, middle aquifer system, and deeper confined 

aquifer units underlain by a low-permeability basement complex. The groundwater model incorporated: 

• Spatially distributed recharge estimates derived from rainfall, evapotranspiration, and runoff 

analyses; 

• River-aquifer interactions simulated through the MODFLOW River Package; 

• Groundwater abstractions represented through the Well Package; 

• General Head Boundaries representing regional groundwater flow exchanges; 

• Hydrostratigraphic variability and aquifer hydraulic properties derived from geological and 

hydrogeological investigations. 

The model was calibrated using observed groundwater levels and the PEST parameter estimation 

framework. Calibration results yielded residuals ranging from approximately -6.78 m to +5.90 m and an 

RMSE of approximately 4.97 m, indicating an acceptable level of agreement between simulated and 

observed groundwater conditions. The calibrated model therefore provides a reliable representation of 

groundwater flow processes and forms the scientific foundation upon which the DSS operates. 



CONSULTING SERVICE OF THE FEASIBILITY STUDY FOR GROUNDWATER DEVELOPMENT AND MANAGEMENT IN THE 

DAWA SEDIMENTARY DJ-IGAD-332243-CS-QCBS 

62 | P a g e  

The DSS automatically utilizes pre-computed outputs from the calibrated MODFLOW groundwater model, 

including recharge volumes, groundwater abstractions, river leakage, groundwater levels, water balance 

components, abstraction–recharge relationships, and aquifer stress indicators. Importantly, the DSS does 

not rerun the MODFLOW model during scenario evaluation. Instead, it employs pre-calculated sensitivity 

coefficients (response functions) derived from the baseline model to estimate the effects of changes in 

abstraction, recharge, and other management variables. This response-function approach enables the DSS 

to rapidly evaluate multiple groundwater development scenarios while maintaining consistency with the 

calibrated numerical model and significantly reducing computational time. 

5.3 BASELINE CONDITIONS AND MODEL PARAMETERS 

The baseline scenario represents the calibrated groundwater flow system under existing hydrogeological, 

climatic, and groundwater abstraction conditions within the Dawa Aquifer. It serves as the reference 

condition against which all groundwater development strategies, climate change scenarios, abstraction 

scenarios, and management interventions were evaluated within the Decision Support System (DSS). The 

baseline model provides a quantitative representation of the current groundwater system and establishes 

the foundation for assessing the sustainability of future groundwater development options. 

The groundwater model was developed using MODFLOW within the ModelMuse environment and was 

constructed based on the conceptual hydrogeological understanding of the Dawa Basin. The model 

represents a vertically stratified groundwater system comprising four principal aquifer units: the Dawa 

Alluvial Aquifer, the Upper Dawa Basin Aquifer, the Middle Dawa Basin Aquifer, and the Lower Dawa Basin 

Aquifer, all underlain by a low-permeability Precambrian basement that acts as a no-flow boundary. The 

model domain covers approximately 31,000 km² and was discretized into 49,769 active computational cells 

to adequately capture the spatial variability of groundwater flow, recharge, river-aquifer interaction, and 

abstraction impacts throughout the basin. 

Recharge was simulated using the MODFLOW Recharge (RCH) Package and was derived from a remote 

sensing-based water balance approach utilizing CHIRPS rainfall data, MODIS evapotranspiration data, and 

TerraClimate runoff datasets. Long-term recharge estimates indicate an average annual recharge of 

approximately 110.7 Mm³/year, equivalent to approximately 303,189 m³/day entering the groundwater 

system. Recharge is spatially distributed across the basin and is concentrated in alluvial deposits, 

floodplains, and areas exhibiting favourable infiltration characteristics. Analysis of recharge dynamics 

indicates that groundwater replenishment is strongly seasonal, with the majority of recharge occurring 

during the long rainy season, particularly in April, while recharge remains negligible during extended dry 

periods. 

Groundwater abstraction was incorporated using the MODFLOW Well (WEL) Package based on available 

borehole inventories, water supply records, and field investigations. The baseline abstraction rate is 

estimated at approximately 1.1 Mm³/year (3,106.8 m³/day) distributed among 26 registered wells within 

the basin. Relative to the overall groundwater fluxes, current abstraction remains extremely low and 

accounts for less than one percent of total groundwater outflows. This indicates that present-day 

groundwater utilization exerts minimal stress on the regional aquifer system. However, for groundwater 
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development planning purposes, the DSS evaluates abstraction scenarios significantly higher than current 

utilization levels in order to assess the long-term development potential of the aquifer. 

River-aquifer interaction was represented using the MODFLOW River (RIV) Package. Model results indicate 

that the Dawa River and its tributaries constitute the dominant hydrological control within the basin. Under 

baseline conditions, river leakage contributes approximately 1,128,989 m³/day of inflow to the 

groundwater system, while groundwater discharge to rivers amounts to approximately 1,428,832 m³/day. 

These large exchange fluxes demonstrate strong hydraulic connectivity between surface water and 

groundwater and confirm that river-aquifer interaction is the primary mechanism controlling groundwater 

dynamics within the basin. The modelling results are further supported by observed reductions in river 

discharge between Melka Guba and Melka Siftu, providing independent evidence of significant 

transmission losses and groundwater recharge along the river corridor. 

The groundwater model was calibrated using the PEST parameter estimation algorithm to ensure that 

simulated groundwater levels accurately reproduced observed field conditions. Calibration results yielded 

residuals ranging between -6.78 m and +5.90 m with a mean bias of approximately -1.79 m and a Root 

Mean Square Error (RMSE) of approximately 4.97 m. These statistics fall well within accepted ranges for 

regional groundwater models and indicate a satisfactory representation of groundwater flow processes 

across the basin. Furthermore, the model achieved excellent numerical convergence with a water balance 

discrepancy of only 0.10 m³/day and a percent error of approximately 0.00%, confirming the stability and 

reliability of the model simulations. 

The baseline water balance demonstrates that the aquifer system is currently operating under a state of 

dynamic equilibrium. Total groundwater inflows were estimated at approximately 1,434,178 m³/day, while 

total outflows were approximately 1,434,178 m³/day, resulting in a virtually balanced system. Recharge 

contributes approximately 21% of total inflows, while river-aquifer interaction accounts for the majority of 

groundwater fluxes. Groundwater abstraction remains insignificant relative to the total volume of water 

moving through the system. Consequently, groundwater development within the basin is presently 

constrained more by management considerations and environmental sustainability requirements than by 

the physical availability of groundwater resources. 

Within the DSS framework, the baseline scenario assumes a recharge factor of 1.0 and a groundwater 

demand factor of 1.0, representing current climatic conditions and existing abstraction levels. This baseline 

scenario provides the benchmark against which all alternative environmental scenarios and groundwater 

management strategies are assessed. The results indicate that the Dawa Aquifer possesses significant 

untapped groundwater development potential while maintaining acceptable sustainability conditions, 

thereby providing a robust basis for evaluating future groundwater abstraction strategies. 

Table 5-1: Summary of Baseline Model Parameters Used in the DSS 

Parameter Value Unit Description 

Aquifer System Dawa Aquifer - Groundwater system represented in 

the numerical model 
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Parameter Value Unit Description 

Modelling Platform MODFLOW 

(ModelMuse) 

- Groundwater flow simulation 

platform 

Model Domain Area 31,000 km² Total area represented in the model 

Active Model Cells 49,769 Cells Number of active computational cells 

Number of Aquifer Layers 4 Layers Hydrostratigraphic units represented 

in the model 

Average Annual Recharge 110.7 Mm³/year Long-term renewable groundwater 

recharge 

Recharge Flux 303,189 m³/day Groundwater recharge entering the 

system 

Existing Groundwater Abstraction 1.1 Mm³/year Current estimated groundwater use 

Existing Groundwater Abstraction 3,106.8 m³/day Daily abstraction rate 

Registered Wells 26 Wells Groundwater abstraction points 

represented in the model 

River Inflow to Aquifer 1,128,989 m³/day Recharge contributed through river 

leakage 

River Outflow from Aquifer 1,428,832 m³/day Groundwater discharge to rivers 

Total Groundwater Inflow 1,434,178 m³/day Total groundwater inflow 

Total Groundwater Outflow 1,434,178 m³/day Total groundwater outflow 

Water Balance Error 0.10 m³/day Numerical mass balance discrepancy 

Water Balance Error 0.00 % Model convergence indicator 
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Parameter Value Unit Description 

Calibration Method PEST - Automated parameter estimation 

procedure 

Residual Range -6.78 to +5.90 m Difference between observed and 

simulated groundwater levels 

Mean Bias -1.79 m Average calibration residual 

RMSE 4.97 m Calibration accuracy indicator 

Recharge Factor (Baseline DSS) 1.00 - Existing recharge conditions 

Demand Factor (Baseline DSS) 1.00 - Existing abstraction conditions 

Existing Reference Abstraction for 

DSS Evaluation 

100 Mm³/year Benchmark abstraction used in 

strategy comparisons 

The baseline model results indicate that the Dawa Aquifer is currently underutilized relative to its 

renewable groundwater resources. Available recharge substantially exceeds existing groundwater 

abstraction, while the strong hydraulic connection between the river system and aquifer provides an 

additional mechanism for aquifer replenishment. These characteristics provide favourable conditions for 

future groundwater development provided that abstraction remains within environmentally sustainable 

limits. The baseline scenario therefore establishes a scientifically robust reference condition for evaluating 

groundwater management strategies and forms the basis of all subsequent analyses performed within the 

Decision Support System. 

5.4 DSS STRUCTURE AND COMPONENTS 

The DSS consists of four interconnected components that collectively support groundwater management 

decision-making. 
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Figure 5-2: Conceptual Framework of the Decision Support System (DSS) for Sustainable Groundwater Management in the Dawa 

Aquifer.  

5.4.1 GROUNDWATER DATABASE MODULE 

The groundwater database module serves as the central repository for all groundwater model outputs and 

supporting hydrogeological information. It stores information relating to recharge, abstraction, 

groundwater levels, river-aquifer exchange fluxes, water balance components, aquifer characteristics, and 

groundwater development scenarios. The database provides the information required to evaluate 

groundwater resource availability and supports the automated calculation of sustainability indicators used 

by the DSS. 

5.4.2 ENVIRONMENTAL SCENARIO MODULE 

Groundwater systems are inherently sensitive to climatic variability and changing water demands. To 

account for future uncertainty, the DSS incorporates a series of environmental and development scenarios 

that allow users to assess groundwater system performance under different conditions. The environmental 

scenarios considered include: 

• Baseline Scenario - Represents existing recharge conditions and current groundwater 

development levels. 
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• Dry Climate Scenario -Represents a reduction in recharge resulting from prolonged drought 

conditions or climate change impacts. This scenario evaluates aquifer resilience under reduced 

groundwater replenishment. 

• Wet Climate Scenario -Represents increased recharge associated with wetter climatic conditions 

and enhanced infiltration. 

• High Exploitation Scenario - Represents increased groundwater abstraction resulting from 

population growth, agricultural expansion, industrial development, and increased water demand. 

• Combined Climate-Abstraction Scenario -Represents the simultaneous occurrence of reduced 

recharge and increased groundwater abstraction, thereby providing a stress-test assessment of 

aquifer sustainability. 

These scenarios were informed by predictive MODFLOW simulations and provide a framework for 

evaluating groundwater management options under a range of future conditions. 

5.4.3 GROUNDWATER DEVELOPMENT STRATEGY MODULE 

The groundwater development strategy module evaluates alternative groundwater abstraction policies 

using Percentage Streamflow Depletion (PST) criteria. The selection of PST-based strategies was informed 

by the modelling results, which demonstrated that river-aquifer interaction is the dominant process 

controlling groundwater dynamics within the Dawa Basin. Because groundwater abstraction can influence 

river flows through induced depletion, the DSS incorporates streamflow depletion thresholds as a measure 

of environmental sustainability. 

The following management strategies were evaluated: 

Strategy PST Threshold Development Philosophy 

S01 60% PST Depletion Limit Highly conservative development 

S02 50% PST Depletion Limit Moderate development 

S03 40% PST Depletion Limit Intermediate development 

S04 30% PST Depletion Limit Enhanced groundwater development 

Each strategy represents a different balance between groundwater utilization and environmental 

protection. 
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5.5 DSS EVALUATION METHODOLOGY 

The Decision Support System (DSS) employs a structured multi-criteria evaluation framework to assess and 

rank alternative groundwater development strategies within the Dawa Aquifer. The methodology was 

developed to ensure that groundwater management decisions are based not only on groundwater 

availability but also on environmental sustainability, infrastructure requirements, climate resilience, and 

long-term resource security. By integrating outputs from the calibrated MODFLOW groundwater model 

with sustainability indicators and management objectives, the DSS provides a transparent and scientifically 

defensible mechanism for evaluating groundwater development options. 

 

Figure 5-3: Multi-Criteria DSS Evaluation Methodology for Groundwater Development Strategy Assessment 

The evaluation process begins with the extraction of key outputs from the calibrated groundwater model. 

These outputs include groundwater recharge estimates, groundwater abstraction volumes, groundwater 

level responses, river-aquifer exchange fluxes, water balance components, and environmental 

performance indicators generated under each management scenario. The model outputs provide the 

quantitative basis for assessing the performance of alternative groundwater development strategies. 

For each groundwater development strategy, the DSS calculates a set of performance indicators that 

collectively represent the technical, environmental, and socio-economic implications of groundwater 

development. These indicators are selected to capture the most important factors influencing 

groundwater sustainability within the Dawa Basin and to ensure that the evaluation process considers both 

resource utilization and environmental protection objectives. 
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5.5.1 SUSTAINABLE GROUNDWATER ABSTRACTION 

The first evaluation criterion is sustainable groundwater abstraction potential. This indicator measures the 

quantity of groundwater that can be abstracted under a given management strategy while remaining 

within acceptable environmental and operational limits. The indicator is derived directly from groundwater 

model simulations and represents the maximum abstraction volume that can be maintained without 

causing unacceptable declines in groundwater levels or significant impacts on river-aquifer interactions. 

Strategies capable of supporting higher sustainable abstraction volumes receive higher performance 

scores, provided that sustainability thresholds are maintained. 

5.5.2 GROUNDWATER RECHARGE AVAILABILITY 

Groundwater recharge represents the renewable component of the groundwater resource and forms the 

fundamental constraint on long-term groundwater development. Recharge estimates generated from the 

groundwater model are used to assess the capacity of the aquifer to replenish groundwater withdrawn 

through abstraction. Strategies operating under conditions of higher recharge availability generally 

demonstrate greater sustainability and resilience. Consequently, recharge availability serves as a critical 

indicator in determining the long-term viability of groundwater development options. 

5.5.3 GROUNDWATER STRESS RATIO 

The groundwater stress ratio provides a direct measure of the pressure imposed on the aquifer system by 

groundwater abstraction. This indicator expresses the proportion of renewable groundwater resources 

being utilized under each strategy. Lower stress ratios indicate sustainable groundwater use and greater 

resource security, while higher stress ratios indicate increasing pressure on the aquifer and a greater risk 

of long-term depletion. Within the DSS framework, stress ratios approaching or exceeding unity indicate 

that groundwater withdrawals are approaching or exceeding renewable recharge and therefore represent 

potentially unsustainable development conditions. 

5.5.4 ENVIRONMENTAL SUSTAINABILITY ASSESSMENT 

Environmental sustainability is evaluated through the Percentage Streamflow Depletion (PST) framework. 

The groundwater model demonstrated that river-aquifer interaction constitutes the dominant hydrological 

process within the Dawa Basin and therefore any increase in groundwater abstraction has the potential to 

affect river flows and groundwater-dependent ecosystems. 

The environmental sustainability criterion assesses the degree to which groundwater abstraction 

influences river systems, ecological functions, and environmental flow requirements. Strategies associated 

with lower streamflow depletion and reduced ecological impacts receive higher environmental 

sustainability scores, whereas strategies causing greater environmental stress receive lower scores. 
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5.5.5 INFRASTRUCTURE AND DEVELOPMENT REQUIREMENTS 

Groundwater development is influenced not only by resource availability but also by the practical and 

financial requirements associated with implementing development strategies. The DSS therefore 

incorporates an assessment of infrastructure requirements, including borehole development, pumping 

systems, water transmission infrastructure, monitoring systems, operation and maintenance 

requirements, and overall implementation costs. Strategies requiring lower capital investment and 

reduced operational complexity are generally considered more favourable from an implementation 

perspective and therefore receive higher scores within this criterion. 

5.5.6 CLIMATE RESILIENCE 

Climate variability represents one of the most significant sources of uncertainty affecting future 

groundwater resources. To account for this uncertainty, the DSS evaluates the performance of each 

groundwater development strategy under a range of climate scenarios, including dry climate conditions, 

wet climate conditions, and combined climate-development stress scenarios. The climate resilience 

indicator measures the ability of a strategy to maintain acceptable performance under changing recharge 

conditions. Strategies that continue to provide sustainable groundwater yields under reduced recharge 

conditions demonstrate higher resilience and receive higher scores within the DSS evaluation framework. 

5.5.7 INDICATOR NORMALIZATION AND WEIGHTING 

The performance indicators used within the DSS are expressed in different units and scales. To facilitate 

comparison and aggregation, all indicator values are normalized to a common dimensionless scale ranging 

from 0 to 1. This process ensures that no single indicator dominates the evaluation solely because of 

differences in measurement units. Following normalization, weighting factors are assigned to each 

criterion to reflect their relative importance in achieving sustainable groundwater development objectives. 

The weighting process enables decision-makers to prioritize specific management objectives while 

maintaining a balanced evaluation framework. 

The weighted indicators are subsequently combined to calculate an overall performance score for each 

groundwater development strategy. The overall score represents the integrated performance of the 

strategy across all evaluation criteria and provides the basis for strategy comparison and ranking. 

5.5.8 STRATEGY RANKING AND SELECTION 

Following the calculation of weighted performance scores, the DSS ranks all groundwater development 

strategies according to their overall performance. Strategies achieving higher scores demonstrate superior 

performance in terms of groundwater availability, sustainability, environmental protection, 

implementation feasibility, and climate resilience. 
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The highest-ranked strategy is identified as the preferred groundwater management option and forms the 

basis for groundwater development recommendations within the Dawa Aquifer. However, the DSS also 

allows decision-makers to compare alternative strategies and evaluate trade-offs between water supply 

objectives, environmental protection requirements, and implementation considerations. 

This structured evaluation framework ensures that groundwater management decisions are transparent, 

reproducible, scientifically defensible, and aligned with the long-term sustainability objectives established 

for the Dawa Aquifer. 

5.6 DSS DASHBOARD AND VISUALIZATION 

The DSS dashboard provides a user-friendly interface that enables decision-makers to visualize model 

outputs and management recommendations in real time. The dashboard displays: 

• Active environmental scenario; 

• Groundwater recharge conditions; 

• Groundwater abstraction targets; 

• Aquifer stress indicators; 

• Water balance information; 

• Strategy performance scores; 

• Strategy rankings; 

• Recommended management option; 

• Sustainability indicators. 

Users can modify environmental assumptions and immediately assess how groundwater development 

recommendations change under alternative conditions. This functionality enables rapid scenario testing 

and facilitates informed stakeholder discussions during groundwater planning exercises. 
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Figure 5-4: Web-based DSS platform  

 

5.6.1 HOW IT WAS BUILT 

The system is a decoupled two-tier application. The frontend is a Next.js (React) application that holds the 

calculation engine and the entire decision interface, built to the U.S. Web Design System for an accessible, 

government-grade presentation. The backend is a Java Spring Boot REST API that owns persistence 

(PostgreSQL) and authentication (JSON Web Tokens). Data is organised as versioned model runs, each a 

dated, attributable dataset of model inputs, conditions and strategies, with exactly one published as the 

active dataset, giving full provenance and an audit trail. The frontend consumes the backend over HTTP, 

so the two are developed, scaled and deployed independently. The system starts empty by design and 

populates the moment the first model run is published. 

5.6.2 THE DECISION ENGINE 

The engine is a pure, deterministic module that, for a selected set of conditions, evaluates every 

management strategy and returns a ranked recommendation. It uses three inputs: the model inputs 

(available recharge, existing abstraction, outflow terms, etc.); the conditions, expressed as dimensionless 

factors, recharge and demand/exploitation (with hydraulic-conductivity and boundary terms retained for 

completeness), where 1.0 is the baseline; and the strategies, each carrying a base optimised abstraction, 

sensitivity coefficients (response to a +10% change in a factor) and cost/sustainability indices. 

For each strategy, the adjusted abstraction under the active conditions is the base value shifted by every 

factor’s deviation from baseline (scaled by the strategy’s sensitivity) plus a demand effect at half-elasticity, 

with negatives clamped to zero: 

adjusted = max( 0, 

      base 

• + ((recharge   − 1) / 0.1) · sens_recharge 

• + ((hydraulicK − 1) / 0.1) · sens_K 

• + ((boundary   − 1) / 0.1) · sens_boundary 

• + (demand − 1) · base · 0.5 ) 

The (factor − 1) / 0.1 term counts the number of 10% steps from baseline, so each step applies one 

sensitivity coefficient. Two interpretation metrics follow directly: 

stress ratio          = adjusted / available_recharge 

increase vs existing  = (adjusted − existing_abstraction) / existing_abstraction 
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Strategies are scored by min–max normalising adjusted abstraction across the evaluated set onto a 0–100 

scale, and ranked (rank 1 is the recommendation): 

score = (adjusted − min_adjusted) / (max_adjusted − min_adjusted) × 100      (= 50 if all equal) 

Cost and sustainability are surfaced for context but do not influence the ranking. Results are graded with 

fixed bands — score ≥ 75 High / ≥ 50 Medium / else Low, and stress ratio ≤ 0.75 Low / ≤ 0.90 Moderate / 

else High — and a steady-state water balance is reported alongside for context. 

5.6.3 CAPABILITIES 

The interface offers public read access and role-based administration to create, edit, validate, publish, 

version and permanently delete model runs. Analysts get live what-if analysis over the model inputs, side-

by-side comparison of model runs, exportable decision reports (PDF and Excel), and an offline map of the 

Dawa aquifer boundary rendered from the GIS shapefile. Deleting the active dataset returns the system to 

its empty state until a new run is published. 

5.6.4 USER GUIDELINE 

The system is a public, web-based tool. No sign-in is needed to view results; an administrator account is 

required only to add or change the underlying data, which is held as published model runs. 

5.6.4.1 For everyone (no sign-in) 

• Decision console: the home page shows the recommended strategy, the key indicators (expected 

abstraction, stress ratio, increase vs existing, cost) and the full strategy ranking. 

• Conditions: use the selector to evaluate the strategies under different recharge / demand 

conditions; the recommendation and figures update immediately. 

• What-if analysis: choose Change inputs, adjust the highlighted model inputs, then Run calculation 

to see a baseline-vs-your-changes comparison. This is a private sandbox and never changes the 

published data. 

• Aquifer map: the Dawa aquifer boundary, the steady-state water balance, and base model facts. 

• Reports: export the current decision as a PDF (print) or an Excel workbook from the Export menu. 

5.6.4.2 For administrators (sign-in required) 

• The system is empty until the first model run is published. To add data: Sign in → Administration 

→ New model run, fill in the model inputs, conditions and strategies, then Validate & publish. The 

console populates immediately. 

• Each run is versioned and dated; exactly one is active at a time. Publishing a new run replaces the 

active one, and deleting the active run returns the system to its empty state. 

• Every change is recorded in the audit log. Published runs are immutable — to revise figures, create 

and publish a new run. 
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5.7 SIGNIFICANCE OF THE DSS FOR GROUNDWATER 

MANAGEMENT 

The DSS provides an important planning tool for groundwater governance and resource management 

within the Dawa Basin. It establishes a transparent framework for evaluating groundwater development 

proposals and ensures that abstraction decisions are based on scientific evidence rather than subjective 

judgement. The system can be used to support: 

• Groundwater allocation planning; 

• Licensing and regulation of groundwater abstraction; 

• Climate change adaptation planning; 

• Managed Aquifer Recharge (MAR) planning; 

• Investment prioritization; 

• Water security assessments; 

• Development of groundwater management strategies; 

• Monitoring and evaluation of groundwater resource sustainability. 

By linking hydrogeological understanding, groundwater modelling, environmental sustainability objectives, 

and management priorities, the DSS provides a practical mechanism for ensuring that groundwater 

development contributes to long-term economic growth while safeguarding the integrity of the aquifer 

system. 
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