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EXECUTIVE SUMMARY 

The Sokoto-Zamfara Catchment, a vital hydrological region in northwestern Nigeria, spans 

across Sokoto, Zamfara, and Kebbi States, covering approximately 45,883 km2 (4,588,300 

hectares). This catchment plays a crucial role in supporting agriculture, water supply, and 

economic activities, but faces growing environmental and water management challenges. 

Increasing pressure from climate variability, land degradation, population growth, and 

unsustainable practices threatens the long-term sustainability of its water resources. 

The topography of the catchment varies significantly, ranging from the rugged terrains of 

Zamfara in the east to the lowland plains of Sokoto and Kebbi in the west. Elevations range 

from 600 meters to around 180 meters, influencing drainage patterns and water availability. 

The Sokoto and Zamfara Rivers, along with their tributaries, flow through the catchment, 

converging into the Rima River, which eventually joins the Niger River. Seasonal flooding is 

a key feature of the region, supporting wetlands, agriculture, and biodiversity, but also posing 

flood risks to settlements and farmlands. 

Water availability is regulated by several dams and reservoirs, including Goronyo, Bakolori, 

Jibia, and Lugu, which store and control seasonal water flow. However, increasing demand for 

irrigation, domestic use, and livestock farming has led to water shortages and competition 

among users. The catchment's distinct wet and dry seasons create fluctuations in river discharge 

and groundwater recharge, making effective water resource management essential. 

The catchmentôs vegetation zones range from open Sudan Savannah in the north to denser 

woodlands in the south, influenced by rainfall patterns and soil characteristics. However, land 

degradation, deforestation, and intensive farming have led to soil erosion, loss of biodiversity, 

and reduced soil fertility. Unchecked urban expansion, particularly in Sokoto, Gusau, and 

Birnin Kebbi, is placing further strain on water resources and land availability. 

Security challenges in some parts of the catchment have disrupted farming and herding 

activities, leading to land use changes, migration, and increased pressure on safer agricultural 

zones. With a rapidly growing population, expected to significantly expand by 2050, the 

demand for food, water, and infrastructure will intensify, requiring sustainable planning and 

intervention strategies. 

Geologically, the Sokoto-Zamfara Catchment is divided into two major formations: 
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¶ The Precambrian Basement Complex, which dominates eastern Zamfara and parts of 

Kebbi, is characterized by rocky outcrops and limited groundwater potential. 

¶ The Sokoto Basin Sediments, prevalent in western Sokoto and Kebbi, consist of porous 

sedimentary rocks that store significant groundwater reserves. 

Soil types across the catchment include: 

¶ Arenosols in the drier northern regions, which are prone to wind erosion and poor water 

retention. 

¶ Vertisols in the floodplains, which are fertile but require careful water management. 

¶ Fluvisols along riverbanks, which support wetland agriculture and fisheries. 

¶ Leptosols in upland areas, which are rocky and less suitable for intensive farming. 

The northern part of the catchment is dominated by pastoralism and subsistence farming, while 

southern regions have more developed agriculture, including irrigated rice, millet, sorghum, 

and vegetable production. Expanding urbanization and infrastructure development are 

transforming land use patterns, increasing competition for farmland, water, and grazing areas. 

The Sokoto-Zamfara Catchment is characterized by semi-arid and sub-humid climates, leading 

to high variability in rainfall and temperature. Rainfall is unevenly distributed, with northern 

areas receiving less than 500 mm annually, while southern parts can exceed 1,000 mm. 

Temperatures are consistently high, leading to high evaporation rates and water loss from 

surface reservoirs and soil moisture. 

Hydrological studies using CHIRPS precipitation data and SCS Rainfall-Runoff models reveal 

significant seasonal variations in streamflow across different sub-catchments: 

¶ Gusau Sub-Catchment receives moderate rainfall but faces intense runoff and soil erosion. 

¶ Sokoto-Zamfara Sub-Catchment experiences severe seasonal water fluctuations, requiring 

enhanced storage and conservation methods. 

¶ Argungu Sub-Catchment benefits from floodplain agriculture, particularly rice farming, 

but is vulnerable to flood risks. 

¶ Binji Sub-Catchment has limited water retention capacity, making it prone to prolonged 

dry seasons. 
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Water quality in the Sokoto-Zamfara Catchment is deteriorating due to agricultural runoff, 

urban wastewater discharge, and industrial activities. Common pollutants include silt, nitrates, 

heavy metals, and microbial contaminants, affecting drinking water sources and aquatic 

ecosystems. 

The catchmentôs groundwater resources vary based on geology, with alluvial aquifers near 

rivers providing stable supplies, while deeper aquifers in sedimentary formations store large 

reserves but require sustainable extraction practices. Overexploitation of groundwater and 

declining recharge rates pose risks for long-term water security, particularly as climate change 

intensifies dry-season stress. 

Climate data analysis indicates that temperatures in the catchment have been rising steadily, 

with projections showing an increase of 3-5ÁC by the end of the century. Rainfall trends remain 

highly variable, increasing the likelihood of droughts, flash floods, and prolonged dry spells. 

These changes will affect crop yields, livestock survival, and overall water availability, 

requiring adaptive management strategies such as climate-smart agriculture and improved 

irrigation systems. 

A GIS-based flood vulnerability assessment identified high-risk zones, particularly in low-

lying floodplains around Sokoto, Shinkafi, and Argungu. Historical flood events have caused 

major disruptions to farming, settlements, and infrastructure, emphasizing the need for early 

warning systems, better drainage networks, and integrated flood management plans. 

Key stakeholders, including government agencies, local communities, and environmental 

organizations, recognize the need for collaborative management of the catchmentôs water and 

land resources. The region is rich in natural resources, but unsustainable practices threaten 

long-term productivity. A comprehensive catchment management plan should integrate: 

¶ Harmonized water policies and stricter environmental regulations. 

¶ Climate-resilient agricultural techniques to improve food security. 

¶ Watershed restoration and sustainable land management to combat soil erosion and 

deforestation. 

¶ Efficient water governance, including improved dam operations and equitable water 

allocation. 
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¶ Investments in renewable energy and agro-processing industries to strengthen the local 

economy. 

By implementing these strategies, the Sokoto-Zamfara Catchment can move toward a future of 

improved water security, environmental stability, and economic resilience, ensuring sustainable 

development for its rapidly growing population. 

Past and Ongoing Development Initiatives in the Catchment Area 

To put the Plan in proper perspective, Table ES 1 depicts some past and ongoing development 

initiatives by different partners in the Sokoto-Zamfara Catchment. 

Table ES 1: Past and Ongoing Initiatives by Governments and Development Partners in the 

Catchment 

LOCATION  PAST INITIATIVE  ONGOING INITIATIVE  

Sokoto State 

  

Project: Goronyo Dam 

Agency: Federal Government of Nigeria 

(via the Federal Ministry of Water 

Resources); managed locally by Sokoto 

RIMA (Rural Water Supply and 

Sanitation Agency) 

Focus: Water supply, irrigation, flood 

control, and urban consumption 

Project: 40 Million Litres Daily 

Water Project 

Agency: Sokoto State Government 

(Ministry of Water Resources); in 

collaboration with development 

partners 

Focus: Urban water supply, 

infrastructure expansion, water 

scarcity reduction 

 

Agency: Sokoto State Government 

(Ministry of Water Resources); 

with technical support possibly 

from UNICEF or other WASH-

focused partners 

Focus: Rural and peri-urban water 

supply, infrastructure rehabilitation, 

public health improvement 

Project: Installation of Solar-Motorized 

Borehole in Kindiru Village 

Agency:USAID & UNICEF 

Focus: Rural water access, sustainable 

energy use, support for livelihoods and 

small businesses 

Project: 40 Water Supply Projects 

in Sokoto State 

Agency: Federal Government of 

Nigeria (Ministry of Water 

Resources & Sanitation); Sokoto 

State Government 

Focus: Clean water access, public 

health, institutional support, rural 

development, employment creation 
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Project: Restoration of 19 Million 

Cubic Meters of Water in Lugu 

Dam 

Agency: Sokoto State Government 

(in collaboration with World Bank 

and ACReSAL Project) 

Focus: Water restoration, 

irrigation, agricultural 

development, environmental 

sustainability 

 

Project: Construction of Water 

Supply Scheme at Kauran Miyo, 

Bodinga LGA 

Agency: Federal Ministry of Water 

Resources; Sokoto RIMA RBDA 

Focus: Rural water supply, 

infrastructure development, 

improving access to clean water in 

remote communities 

Zamfara 

State 

  

Project: Bakalori Dam 

Agency: Federal Government of Nigeria 

(Federal Ministry of Water Resources), 

Sokoto Rima Basin Development 

Authority (SRBDA); historical support 

from the World Bank 

Focus: Irrigation, domestic water supply, 

agricultural productivity, flood control 

Project: Construction of Bilbis 

Irrigation Scheme in Zamfara 

Central 

Agency: Federal Ministry of Water 

Resources; Sokoto RIMA RBDA 

Focus: Irrigation infrastructure, 

agricultural development, water 

supply 

 

Project: Kaura Namoda Water 

Supply Scheme 

Agency: Federal Ministry of Water 

Resources; Sokoto RIMA RBDA 

Focus: Urban water supply, 

infrastructure development, clean 

water access 

 

Project: Transforming Irrigation 

Management in Nigeria 

(TRIMING) 

Agency: World Bank; Federal 

Ministry of Water Resources; 

Zamfara State Government 

Focus: Irrigation infrastructure, 

agricultural productivity, water 

resource management, security 

issues 

Katsina State 

  

Project: Jibia Dam 

Agency: Federal Government of Nigeria 

(through the Federal Ministry of Water 

Project: Katsina State Water 

Supply Projects (2025 Budget) 
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Resources); managed locally by Katsina 

State Government 

Focus Water supply for domestic use, 

irrigation, and drought mitigation 

Agency: Katsina State 

Government, Katsina State Water 

Board 

Focus: Clean water provision, rural 

and urban water supply, 

sustainability 

 

Project: NG-SURWASH (Nigeria 

Sustainable Urban and Rural Water 

Supply, Sanitation and Hygiene 

Programme) 

Agency: Katsina Small Towns 

Water Supply and Sanitation 

Agency (STWSSHA); World Bank 

Focus: Water supply, sanitation, 

hygiene, rural and urban 

development, monitoring, quality 

assurance 

 

Project: Danja Dam Construction 

Agency: Katsina State 

Government, Ministry of Water 

Resources 

Focus: Dam construction, water 

supply, irrigation, infrastructure 

development 

 

Project: Yashe Earth Dam 

Rehabilitation (Kusada) 

Agency: Katsina State 

Government, Ministry of Water 

Resources 

Focus: Dam rehabilitation, water 

supply, irrigation, infrastructure 

maintenance 

Kebbi State 

  

Project: Completion of Bunza Town 

Water Project 

Agency: Federal Ministry of Water 

Resources 

Focus: Provision of clean and 

sustainable water 

Project: Improved Sustainability of 

Integrated WASH Services (I-

WASH) 

Agency: USAID & Green Habitat 

Initiative (GHI) 

Focus: Provision of sustainable 

solar-powered water supply & 

Construction of toilets and 

handwashing facilities security in 

Gwandu LGA 
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Project: Construction of Earth Dam and 

Irrigation Scheme at Gwandu 

Agency: Federal Ministry of Water 

Resources &Sokoto Rima River Basin 

Development Authority (SOKOTO 

RIMA RBDA) 

Focus: Construction of an earth dam for 

water conservation, Irrigation support for 

farming communities & Support for 

livelihoods and food security in Gwandu 

LGA 

Project: Sustainable Urban and 

Rural Water Supply, Sanitation and 

Hygiene (SURWASH) ï Kebbi 

State Assessment 

Agency: World Bank & National 

SURWASH Coordination Unit 

Focus: Upgrade and expansion of 

both urban and rural potable water 

systems & Improved hygiene 

infrastructure and behaviour change 

promotion 

Project: Dangandu Solar-Motorized 

Borehole Project 

Agency: USAID &UNICEF 

Focus: Clean Water Access 

Project: Construction of Water 

Supply Schemes at Mahuta LGA 

Agency: Federal Ministry of Water 

Resources & Sokoto Rima River 

Basin Development Authority 

(RBDA) 

Focus: Development of localized 

water schemes to improve potable 

water access & targeted at 

underserved communities within 

Mahuta LGA 
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Fig E.S.1: Sokoto-Zamfara Catchment Showing Past Interventions (Source: MSL, 2025) 

 

Figure E.S.2: Sokoto-Zamfara Catchment Showing Ongoing Interventions (Source: MSL, 

2025) 
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Despite the numerous initiatives implemented, there remains a widespread concern that many 

interventions within the Sokoto-Zamfara catchment area have not effectively addressed 

development challenges in a holistic manner. Numerous projects appear to lack the necessary 

integrated approach to comprehensively address the interconnected environmental and socio-

economic issues. As a result, the catchment continues to face persistent biophysical and social 

challenges. 

Main Biophysical and Socio-economic Challenges 

Based on biophysical assessments and stakeholder engagement, the following are the key 

biophysical and socio-economic issues facing the Sokoto-Zamfara Catchment: 

Biophysical Challenges 

i. Soil Erosion and Land Degradation: Soil erosion and land degradation are widespread 

in the Sokoto-Zamfara catchment, driven by factors such as heavy rainfall, deforestation, 

and unsustainable farming practices. These issues significantly reduce agricultural 

productivity, contribute to the siltation of water bodies, and heighten the region's 

vulnerability to flooding. 

ii. Floods and Water Management: The Sokoto-Zamfara catchment, particularly the Wurno 

Local Government Area of Sokoto State, is highly susceptible to severe flooding. Repeated 

breaches of the Lugu Irrigation Dam have led to significant environmental and socio-

economic repercussions. Flooding causes widespread damage to homes, agricultural land, 

and infrastructure, displacing communities and resulting in the loss of livelihoods. 

iii. Water Quality and Availability: Water quality in the Sokoto-Zamfara catchment is 

declining due to pollution from agricultural runoff, industrial waste, and inadequate 

sanitation infrastructure. This deterioration of both surface and groundwater quality poses 

significant health risks to local communities and threatens the long-term sustainability of 

water resources. 

iv. Climate Change: The Sokoto-Zamfara catchment is significantly impacted by climate 

change, with erratic rainfall patterns, extended droughts, and rising temperatures. These 

shifts intensify pre-existing environmental issues, further complicating water resource 

management and undermining agricultural productivity in the region. 

Socio-Economic Challenges 
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i. Poverty and Food Insecurity: Poverty and food insecurity are prevalent in the Sokoto-

Zamfara catchment, as much of the population depends on subsistence farming, which is 

highly susceptible to environmental shocks. Frequent floods and droughts result in crop 

failures, food scarcity, and heightened poverty, exacerbating the region's socio-economic 

challenges. 

ii. Infrastructure Deficits: The Sokoto-Zamfara catchment faces a severe lack of basic 

infrastructure, including dependable water supply systems, sanitation facilities, and flood 

control measures. This infrastructure deficit worsens the impact of environmental 

challenges, hindering communities' ability to recover effectively from disasters. 

iii. Health Risks: The combination of poor water quality and insufficient sanitation facilities 

facilitates the spread of waterborne diseases, leading to deteriorating public health. High 

rates of diseases such as malaria and cholera place additional pressure on the already 

limited healthcare resources in the region. 

iv. Displacement and Migration: Frequent flooding and land degradation force numerous 

communities to relocate, resulting in involuntary resettlement and the breakdown of social 

networks. This displacement disrupts local economic activities, heightens social tensions, 

and worsens poverty levels. 

v. Gender-Based Violence (GBV): Displacement and resource scarcity heighten the 

vulnerability to gender-based violence (GBV) and sexual exploitation. This exacerbates 

social instability and hinders progress toward sustainable development, creating additional 

challenges for affected communities. 

Elements of the Catchment Management Plan 

The elements of the Sokoto-Zamfara Catchment Management Plan are captured through the 

lenses of the following strategic vision and objectives: 

Strategic Vision 

The strategic vision for the Sokoto-Zamfara Catchment Management Plan is  

 

To build a climate-resilient, inclusive, and sustainable catchment that restores degraded 

landscapes, secures water and ecosystem services, and improves livelihoods across Sokoto, 

Zamfara, and Kebbi through integrated resource management and strong local and regional 

partnerships. 
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Strategic Objectives 

i. Integrated Water Resource Management:  Develop and implement a comprehensive 

water resource management plan that addresses both surface and groundwater resources. 

Promote sustainable water use practices and improve water allocation efficiency. 

ii. Environmental Conservation and Rehabilitation: Combat land degradation and soil 

erosion through reforestation and sustainable land management practices. Enhance the 

resilience of ecosystems to climate change impacts. 

iii. Socio-Economic Development: Improve agricultural productivity and food security 

through effective irrigation and water management. Support livelihoods and reduce 

poverty by creating opportunities for income generation and employment. 

iv. Stakeholder Engagement and Community Participation: Foster active participation of 

local communities and stakeholders in the planning and implementation of catchment 

management activities. Ensure gender equality and social inclusion in all project 

interventions. 

v. Infrastructure Development and Rehabilitation: Rehabilitate and construct water 

infrastructure, such as dams and boreholes, to enhance water supply and flood control. 

Develop and maintain a robust monitoring and evaluation system to track project progress 

and impact. 

vi. Policy and Institutional Strengthening: Strengthen governance structures and regulatory 

frameworks to support sustainable catchment management. Enhance the capacity of local 

institutions and stakeholders to effectively manage water resources. 

Catchment Policies 

For harmonious relationship and engagement of stakeholders regarding equitable utilization of 

inter-state water resources the following treaties, policies, and laws need to be recognized, and 

ratified treaties further domesticated. 

Treaties 

¶ Vienna Convention on the Law of Treaties on principle of binding nature of treaty once 

signed, ratified and inforce (pacta sunt servanda),  

¶ UN Watercourses Convention on non-navigational use of shared watercourses, application 

to surface water and connected groundwater,  

¶ UNECE Water Convention on relevance to both surface and ground water as well as 

application to all uses of the shared watercourse,  
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¶ Niger Basin Water Charter as principal treaty of the Niger River Basin,  

¶ Lake Chad Water Charter as principal treaty of the Lake Chad Basin.   

International Policies That Affect Water Resources 

¶ 1971 Stockholm Declaration on Human Environment 

¶ 1992 Dublin principles on water and sustainable Development, 

¶ 1992 Rio Declaration on Environment and Development and Agenda 21 

¶ 2008 ECOWAS Water Resources Policy 

¶ Draft Articles on the Law of Transboundary Aquifer 

National Laws and Policies 

¶ 1999 Constitution of Federal Republic of Nigeria 

¶ 1993 National Water Resources Act 

¶ 2016 National Water Resources Policy 

¶ 2016 National Policy on Environment 

¶ National Climate Change Policy for Nigeria (2021-2030) 

¶ Nigeria's Agricultural Transformation Agenda (ATA) 

¶ Nigeria's National Forest Policy (2006) 

Plan Components 

To achieve the outlined goal and objectives to ameliorate the challenges in the Sokoto-Zamfara 

catchment, the following are the strategic components or intervention areas of the Plan: 

Component 1: Sustainable conservation, management, and use of water resources: The 

focus will be on sustainable water resource use to support socio-economic development, 

ensuring equitable access to minimize conflicts among communities. Efforts will address 

environmental degradation and mitigate water-related disasters. Development of water storage 

infrastructure will support dry-season activities, while monitoring systems for surface and 

groundwater will promote sustainability and informed decision-making. 

Component 2: Preservation and restoration of critical ecosystems and services for 

sustainable land use; including sustainable agricultural and livestock practices: The 

ecological integrity is crucial for sustainable development, but human activity is straining land 
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resources, particularly through unsustainable fuelwood reliance. This leads to tree felling near 

water sources, causing forest degradation and threatening biodiversity. Such changes increase 

sedimentation and turbidity in water bodies. The management plan will focus on restoring 

degraded ecosystems to enhance land quality and protect water resources. 

Component 3: Improved diversification for enhanced sustainable livelihoods and well-

being: Agriculture is the main livelihood for many in the Sokoto-Zamfara Catchment, but 

small landholdings and unsustainable practices result in low productivity and income. This 

economic pressure drives young men to migrate to urban areas, creating labor shortages in 

agriculture. The plan aims to build capacity for sustainable resource management, diversify 

economic opportunities, and improve access to resources to boost local resilience. 

Component 4: Climate change, disaster risk management, and climate-resilient 

infrastructure:  Agriculture in the Sokoto-Zamfara Catchment is hindered by limited land and 

unsustainable practices, leading to low productivity and increased reliance on natural resources. 

This economic strain drives young men to migrate to urban areas, resulting in labor shortages 

in agriculture and resource management. The Plan aims to build local capacity for sustainable 

resource management, create economic opportunities, and improve access to resources to 

reduce dependency, curb migration, and enhance resilience. 

Component 5: Strengthening institutional mechanisms and project coordination 

mechanisms: Efforts across the Sokoto-Zamfara Catchment are often fragmented due to poor 

coordination and a lack of collaboration mechanisms. Establishing robust coordination, clearly 

defining roles, and empowering local leaders are essential for improving governance. This Plan 

will promote integrated approaches to enhance collective action and drive sustainable 

development within the basin. 

Component 6: Mainstreaming gender equality and social inclusion (GESI) mechanism: 

In the Sokoto-Zamfara Catchment, shifting gender roles have led to women taking on greater 

household and agricultural responsibilities as men migrate for work. This shift presents 

opportunities for supporting women's entrepreneurship, particularly in transitioning to 

commercial agriculture. However, it's crucial to address the socio-economic implications and 

prioritize women's economic empowerment and equitable participation in watershed 

development planning. 

 Component 7: Research and extension: This component will focus on action-oriented 

research in the Sokoto-Zamfara Catchment, aiming to develop an evidence-based watershed 
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management plan. Key areas include Indigenous knowledge, nature-based solutions, soil and 

water conservation, and integrated water management. Research will also explore climate 

change impacts and the role of micro-finance in sustainable livelihoods. Insights will drive 

practical interventions to enhance resilience and sustainability in the region. 

Component 8: Effective coordinated monitoring, evaluation, and reporting mechanism 

and system. The emphasis will be on capacity building to enable effective and regular 

monitoring of watershed services, as well as the systematic monitoring and evaluation of the 

overall watershed management plan. 
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Table ES 2 shows the significant issues in the watershed and the proposed solutions, including 

the local, state, and national implementing partners. 

Table ES 2: Summary of Components and Activities of the Sokoto-Zamfara Catchment Plan 

Component Activities Key Indicators 
Responsibility/ 

Partners 

Sustainable 

conservation, 

management and 

use of water 

resources: 

Rehabilitate existing dams 

and reservoirs (including the 

extensive removal of typha 

grass, to improve water 

retention and release. 

Construct small-scale water 

storage facilities and 

enhance rainwater 

harvesting techniques. 

Establish water allocation 

plans that balance upstream 

and downstream needs. 

Construct embankments and 

improve drainage systems in 

high-risk areas. 

 

Develop early warning 

systems and conduct flood 

risk assessments regularly. 

Strengthen the network of 

groundwater monitoring 

systems and hydromet 

stations 

Enhance public awareness 

and preparedness for flood 

events. 

Implement integrated water 

management practices that 

address seasonal variability, 

optimize groundwater 

recharge, and enhance 

surface water distribution to 

Reports, 

implementation 

and supervisions 

 

 

 

Reports on a 

comprehensive 

water study, 

policy 

enactment, 

implementation 

and enforcement. 

 

Reduction in 

environmental 

risk and disaster 

Better Socio-

economic 

engagement 

 

 

Routine Reports 

 

Reports 

 

 

Three tiers of 

government 

encompassing the 

RBDAôs, FMWR 

and allied 

agencies 

 

 

 

As above, 

NIWRMC 

 

 

 

NHISA, NIMET 

 

 

 

 

NHISA, The three 

tiers of 

government 

encompassing the 

RBDAôs, FMWR 

and allied 

agencies 

 

NHISA, NIMET, 

MOA, CBOôs 
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meet agricultural, domestic, 

and industrial demands. 

 

Define and operationalize a 

set of technical standards for 

water efficiency 

(conservation, reuse, 

recycling) for recreation and 

- 

other uses based on best 

practices 

Assessment of demand and 

supply of drinking water 

Construction and 

maintenance of pipelines 

and water tanks 

Construction of recharge 

structures to rejuvenate 

drying and dried springs. 

Roof rainwater harvesting 

and improved water use 

efficiency 

Conservation and 

preservation of water 

recharge areas, along with 

planting of appropriate tree 

and plant species which 

assist in increasing the 

abundance of water sources. 

 

Preservation and 

restoration of 

critical 

ecosystems and 

services for 

sustainable land 

use (to include 

sustainable 

agricultural and 

livestock 

practices) 

 

Restoration of 30% to 40% 

of degraded land through 

afforestation 

Restore 25% and improve 

agricultural degraded land 

Restore and maintain 

wetlands to stabilize 

hydrological cycles and 

support biodiversity. 
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Enforce the protective 

boundaries of national parks 

and valuable reserves such 

as Nguru 

Increase agricultural 

productivity by 40% 

through climate-smart 

agriculture, capacity 

building, and data gathering 

Improve soil fertility 

management, and apply soil 

and water conservation to 

reduce erosion 

Support smallholder farmers 

through training and access 

to improved technologies 

 

Encourage the use of micro-

irrigation facilities 

Increase in 

agricultural 

productivity 

 

 

 

As above 

 

Increase in 

number of 

farmers. 

 

Increase in 

agricultural 

productivity 

Federal, state and 

local government 

MDAôs on 

agriculture and 

food security, 

livestock, water 

resources and 

environment 

 

 

As above 

 

Bank of 

agriculture, NGOs 

and other 

international 

agencies. CBOs 

 

As above 

Improved 

diversification for 

enhanced 

sustainable 

livelihoods and 

well-being 

 

Ensure the proper conditions 

for the effective 

organization of fish farming 

in floodplains of rivers, 

natural and artificial 

reservoirs; 

Provide training programs 

for sustainable farming, 

fishing, and aquaculture 

practices. 

Facilitate access to credit 

and market opportunities for 

smallholder farmers and 

fisherfolk. 

Develop community-based 

tourism and eco-friendly 

economic activities. 

Improve access to 

sustainable natural 

resources, low-cost energy, 

better sanitation and hygiene 

practices 

 

 

 

Improved quality 

of living. 

 

Improved 

funding 

 

Improved 

income/job 

creation. 

 

Availability of 

renewable energy 

and improved 

standard of 

living. 

 

 

 

 

Federal, state and 

local government 

MDAs, CBOs 

 

Donor agencies, 

banks and 

cooperatives 

 

CBOs and the 

three tiers of 

government 

As above 
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Promote farming of high-

value agricultural products 

such as high yielding 

climate resilience seeds such 

as maize, sorghum, 

SAMNUT-22, millet 

Providing comprehensive 

training on irrigation 

techniques, preparation of 

compost manure, water 

ponds for irrigation, 

Integrated Pest Management 

(IPM) and other technical 

skills to women, men, and 

marginalized communities 

to reduce the pollution of 

the main water resources. 

Promote of multi-year crops 

to improve the average 

income of the people living 

in the catchment. 

Promote the use of water as 

an alternative to road 

transport system 

 

 

Climate change,  

disaster risk 

management, and 

climate-resilient 

infrastructure 

 

Promote the use of local 

runoff of small rivers to 

mass-arrange water bodies 

and provide water measures 

to combat climate change-

induced drought. 

Expand early warning 

systems and enhance the 

capacity for disaster 

response 

Construct resilient 

infrastructure to address 

flood risks and water 

distribution challenges. 

Reduction in 

climate change 

induced disaster 

 

Reduction in 

environmental 

degradation and 

climate change 

disaster 

 

 

 

Improved 

agricultural 

Federal, State and 

local Government  

MDAs, NGOs, 

donor agencies, 

multi-lateral 

financial 

institutions, CBOs 

 

Federal, State and 

local Government  

MDAs, NGOs, 

donor agencies. 
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Support the adoption of 

drought-resistant crop 

varieties and efficient 

irrigation technologies. 

Promote afforestation 

programs to combat 

desertification and stabilize 

soils. 

Implement community-

based initiatives for 

floodplain management and 

watershed protection. 

Prepare risk sensitive Land-

use Plan (RSLUP) and 

implementation for 

identified degraded areas 

Revitalise erosion-affected 

areas, including stream 

banks and gully stabilization 

in the upstream micro-

catchment vulnerable areas 

 

Promote green roads 

through bioengineering in 

erosion-prone areas 

 

Creating a green 

infrastructure system to 

protect ecosystems, ecologic 

corridors and natural 

landscapes in the water 

bodies 

Focus on both structural 

(bioengineering, retaining 

walls) and non-structural 

(hazard/ susceptibility, 

vulnerability, risk maps, 

early warning systems) 

measures for infrastructure 

failure mitigation and 

preparedness 

 

output and 

increased 

employment 

Decrease in soil 

erosion, 

improved NDVI 

Reduction in 

environmental 

degradation. 

Designated 

livelihood areas 

and updated 

reports 

 

Increase in land 

resources 

available for 

livelihoods in 

updated reports. 

 

 

As above 

 

 

 

 

Updated reports 

 

 

 

 

Updated reports 

and increase in 

harmonious 

engagement with 

stakeholders 

Updated reports 
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Undertake hazard and risk 

assessment to minimize the 

risk. 

 

Conducting EIA/IEE of 

major development projects 

to minimize impact on 

ecosystem. 

 

Undertake effective and 

timely review and 

monitoring of infrastructure 

development projects 

 

Strengthening 

institutional 

mechanisms and 

project 

coordination 

mechanisms: 

Establish a regulatory 

framework for integrated 

water resource management 

at the catchment level. 

Strengthen coordination 

among federal, state, and 

local agencies. 

Ensure community 

representation in decision-

making processes and 

management committees. 

Strengthening the watershed 

management committee to 

implement the watershed 

management plan. 

Implementing production-

based incentives and 

monitoring mechanisms for 

agricultural land 

management. 

Developing mechanisms to 

ensure effective 

implementation and 

management of springshed 

and recharge areas, 

particularly on public and 

private land. 

 

Reduced conflict 

and equitable 

distribution of 

water resources 

Reduced conflict 

among 

stakeholders and 

better 

institutional 

collaboration 

 

 

 

 

Increase in 

agricultural 

output 

 

Policy 

formulation and 

Implementation 

Federal, state and 

local government 

MDAs, NGOs, 

donor agencies, 

multi-lateral 

financial 

institutions, 

CBOs. 
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Mainstreaming 

gender equality 

and social 

inclusion (GESI) 

mechanism 

Ensure equitable distribution 

of roles and responsibilities 

to women, men and 

marginalized communities 

during the planning, 

implementation and 

evaluation of any 

projects/plans/activities 

 

Provide training and 

exposure visits to both 

women and men in order to 

enhance their understanding 

on water conservation 

technologies and economic 

development. 

 

Identify vulnerable areas 

and communities (with 

gender and social 

disaggregated data) to 

disaster and climate risk and 

develop focused projects to 

address identified challenges 

 

Promote women and 

marginalized communities 

to leadership positions 

through participatory 

approaches. 

 

Establishing counseling 

centers for handling 

domestic violence, 

grievances, and 

psychosocial services for 

supporting the well-being of 

women, men, and 

marginalized communities. 

 

Comprehensive 

participation of 

all stakeholders 

 

 

Better outputs of 

environmental 

conservation 

 

Updated Reports 

on key social 

issues within a 

community 

 

 

More women 

participation 

 

Improved 

psycho-social 

status of victims 

of abuse 

Federal, state and 

local government 

MDAs, NGOs, 

donor agencies, 

multi-lateral 

financial 

institutions, 

CBOs. 

Research and 

extension 

 

Undertake action research 

on pertinent issues such as: 

V accounting of water 
resources and 

regulation of their 

flow 

V Indigenous 
knowledge and 

practices, 

Increased 

awareness 

 

 

 

 

Federal, state and 

local government 

MDAs, NGOs, 

donor agencies, 

multi-lateral 

financial 

institutions, 

CBOs. 
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V nature-based 

solutions, 

V effectiveness of soil 
conservation 

measures, 

V watershed services 
for IWM, 

V sediment yield, 

V climate change 
impact on 

vegetation and land 

use, 

V pests, 

V micro-finance and 

others for an 

evidence-based 

watershed 

management plan 

and strategies. 

 

 

 

 

 

Increased 

livelihood output 

Effective 

coordinated 

monitoring, 

evaluation, and 

reporting 

mechanism and 

system 

 

Establish a coordinated and 

functional watershed 

management monitoring 

system (to be 

institutionalized in a 

reputable already existing 

institution in the Catchment) 

to include: 

V Periodic monitoring 
of watershed 

services 

V Monitoring the 
work of large 

hydraulic 

V Structures and 
developing rational 

methods for their 

operation. 

V Inclusion of gender 
and social aspects 

in projectsô 

development and 

implementation 

V Monitoring and 
evaluation of the 

plan 

 

Quarterly 

reports, updated 

watershed plans 

Federal, state and 

local government 

MDAs, NGOs, 

donor agencies, 

multi-lateral 

financial 

institutions, 

CBOs, NASRDA, 

NCRS. 
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Figure E.S.3: Sokoto-Zamfara Catchment Showing the Recommended Interventions (Source: 

MSL, 2025) 

  



 

 

Table E.S.3: Lower Catchment of the Sokoto-Zamfara Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Section LGA/Towns Identify 

Challenge 

Proposed 

Intervention 

Appropriate 

Tool(s) For 

Sustained 

Monitoring and 

Evaluation 

Responsible Agency Expected 

Outcome 

Lower Catchment Arewa, 

Dandi, 

Bunza, Suru, 

Kalgo, 

Maiyama, 

Jega, Aleiro, 

Argungu, 

Birnin 

Kebbi 

Flooding of 

farmlands 

during rainy 

season 

River training, 

embankment 

construction, 

floodplain 

zoning 

River modelling, 

flood hazard 

mapping 

NIWA, State Ministry of Water 

Resources, FMEnv. 

Reduced flood 

damage, 

protected 

farmlands, 

secure 

livelihoods 

Tambuwal, 

Kebbe, 

Tureta, 

Shagari, 

Yabo, 

Dange-

Shuni, 

Gummi, 

Bondiga 

Dry season 

water scarcity, 

unreliable 

irrigation 

water 

Rehabilitation 

of small dams, 

installation of 

solar pumps, 

and drilling of 

additional 

Borehole. 

Hydrogeological 

survey, irrigation 

scheduling 

Rural Water Supply Agency, 

ADP,NIWRMC,FMWR,NIHSA 

Improved 

water access 

for agriculture 

and domestic 

use 
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Silame, 

Augie, 

Gudu, Binji, 

Tangaza, 

Goronyo, 

Rabah, 

Wurno 

Land 

degradation 

and desert 

encroachment 

Shelterbelt 

development, 

community 

afforestation 

programs 

Remote sensing 

for land 

degradation, 

nursery devt 

Ministry of Agriculture Forestry 

Department, NCF, ECN.NGO, 

ACReSAL, ,LGAôs 

Slowed 

desertification, 

restored 

vegetation 

cover 

Wamakko, 

Sokoto 

North, 

Sokoto 

South, 

Kware 

Urban 

flooding, poor 

drainage 

Stormwater 

drainage 

system 

upgrades, 

urban flood 

early warning 

GIS flood risk 

mapping, urban 

drainage design 

Urban Planning Authority, 

SEMA, NEMA, FMEnv. 

Ministry of water Resources 

Reduced urban 

flood risk, 

safer city 

environment 

 

 

Table E.S.4: Middle Catchment of the Sokoto-Zamfara Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Section LGA/Town(s) Challenge Proposed 

Intervention 

Appropriate 

Tool(s) For 

Sustained 

Monitoring and 

Evaluation 

Responsible 

Agency 

Expected 

Outcome 

Middle 

Catchment 

Isa, Shinkafi, 

Kaura-Namoda 

Banditry-related 

land abandonment, 

disrupted farming 

Community 

security support + 

Participatory 

mapping, 

NEMA, State 

Agric Devt 

Restored farming 

activities, 

improved security 
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rehabilitation of 

farmlands 

community 

engagement 

Programme 

(ADP), NSCDC 

Maradun, 

Bakura, Talata-

Mafara 

Seasonal flooding 

of low-lying 

farmlands 

Small-scale flood 

barriers, canal 

desilting 

Topographic survey, 

flood risk models 

NIWA, State 

Ministry of 

Environment 

Minimized flood 

loss, enhanced 

farm productivity 

Maru, Bungudu, 

Anka, 

Bukkuyum 

Soil erosion and 

gully formation on 

farmlands 

Gully erosion 

control (check 

dams, reforestation) 

Drone survey, 

erosion hazard 

mapping 

ACReSAL, 

Forestry Dept, 

State Ministry of 

Works 

Stabilized soils, 

reduced erosion, 

reclaimed 

farmland 

 

 

 

 

 

Table E.S.5: Upper Catchment of the Sokoto-Zamfara Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Section LGA/Town(s) Challenge Proposed 

Intervention 

Appropriate 

Tool(s) For 

Sustained 

Monitoring and 

Evaluation 

Responsible 

Agency 

Expected 

Outcome 
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Upper 

Catchment 

Gusau, Tsafe Gully erosion 

threatening 

farmlands and 

settlements. 

Outdated 

Infrastructure 

Gully 

stabilization 

(check dams, tree 

planting) 

Drone mapping, 

erosion risk 

modeling 

ACReSAL, State 

Ministry of 

Environment 

Controlled gully 

spread, restored 

land for use 

Faskari, Bakori, 

Dandume 

Deforestation 

leading to loss of 

soil fertility 

Agroforestry, 

community 

woodlots 

GIS land use survey, 

nursery 

establishment 

FMAFS Forestry 

Dept, State Agric 

Development Prog 

Enhanced soil 

fertility, 

sustainable 

fuelwood supply 

Funtua Flash floods 

damaging 

infrastructure 

Urban drainage 

improvement, 

flood retention 

basins 

Hydrological 

modeling, urban 

flood mapping 

NEMA, NIWA, 

Local Government 

Councils 

Reduced flood 

risk, safeguarded 

livelihoods and 

infrastructure 

All the 

Town 

High youth 

unemployment and 

limited economic 

opportunities 

Youth agro-

enterprise 

training, off-

season farming 

schemes 

CBO feedback SMEDAN, NDE, 

Kaduna State 

Agricultural 

Development 

Programme (ADP) 

Reduced youth 

unemployment, 

increased rural 

income 
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Expected Outcomes 

The successful implementation of the interventions in the Sokoto-Zamfara SCMP will result 

in: 

¶ Restoration of Degraded Lands, Improved Water Resource Management and Enhanced 

Biodiversity Conservation 

¶ Increased Agricultural Productivity, Livelihood Enhancement and Employment 

Generation 

¶ Strengthened Governance Structures, Community Engagement and Empowerment and 

Capacity Building 

¶ Modern Infrastructure, Data and Monitoring and Climate Adaptation 

¶ Community-Led Initiatives, Gender Inclusion and Empowerment Programs 
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CHAPTER 1 : INTRODUCTION 

1.1 Purpose of the Plan 

The Sokoto-Zamfara Catchment is a critical ecosystem that supports the livelihoods of millions 

of people in Northwestern Nigeria. However, the catchment faces numerous challenges, 

including: 

i. Environmental Degradation: Water Scarcity, Land Degradation and Climate Change. 

ii. Socio-Economic Challenges: High Poverty Rates, Unemployment and Insecurity. 

iii. Institutional Weaknesses: Fragmented Governance, Weak Enforcement and Capacity 

Gaps. 

iv. Technical Limitations: Outdated Infrastructure, Limited Data and Monitoring and 

Climate Resilience. 

1.2 Rationale for a Strategic Catchment Plan 

To address these challenges, the Sokoto-Zamfara Strategic Catchment Management Plan 

proposes a series of strategic interventions: 

i. Environmental Sustainability: Enhance environmental sustainability by 

implementing modern irrigation technologies to reduce water wastage and boost 

agricultural productivity, launching large-scale reforestation and soil conservation 

initiatives to combat land degradation and desertification, and developing climate-

resilient agricultural practices and infrastructure to mitigate climate change impacts. 

ii. Socio-Economic Development: Promotes socio-economic development by 

supporting alternative income-generating activities like agro-processing and 

handicrafts, implementing capacity-building and vocational training programs, 

especially for youth and women, and enhancing security in conflict-prone areas to 

ensure stable agricultural activities and economic growth. 

 

iii. Institutional Strengthening: Focuses on institutional strengthening by establishing 

inter-agency coordination mechanisms for cohesive resource management, enhancing 

regulatory enforcement to protect natural resources, and providing technical and 

financial support to local institutions to improve their capacity in managing water and 

environmental resources. 
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iv. Technical Advancements: Promotes technical advancements by upgrading water 

management infrastructure, developing robust data collection and monitoring 

systems, and investing in climate-resilient infrastructure to enhance efficiency, 

reliability, and adaptive capacity in the face of climate change impacts. 

1.3 Expected Outcomes 

The Sokoto-Zamfara strategic catchment plan is expected to achieve the following outcomes: 

i. Improved water availability, enhanced ecosystem health and climate resilience. 

ii. Reduce poverty rates, increased agricultural productivity and improved access to 

services. 

iii. Enhance governance, strengthened enforcement and capacity building. 

iv. Modernized infrastructure, robust monitoring systems and climate adaptation. 

v. Increased community participation, enhanced gender inclusion and empowerment 

programs. 

1.4 Environmental Roles 

i. Sustainable Water Resource Management: The SCMP enhances sustainable water 

resource management by implementing efficient irrigation and rainwater harvesting 

systems, promoting managed aquifer recharge, and establishing water quality 

monitoring systems. 

ii. Land Degradation and Soil Conservation: Combat land degradation through large-

scale reforestation, terracing, contour farming, cover crops, and agroforestry to reduce 

erosion, improve soil fertility, and minimize chemical fertilizer use. 

iii. Climate Resilience: Enhance climate resilience by promoting drought-resistant crops 

and water conservation, investing in resilient infrastructure, and implementing early 

warning systems for floods and droughts. 

iv. Biodiversity Conservation: Restore degraded ecosystems like wetlands, floodplains, 

and forests to support biodiversity, and strengthen protected area management and 

conservation programs for endangered species. 

v. Community Engagement and Empowerment:  Promote community-led 

conservation and resource management, implement capacity-building and vocational 

training for youth and women, and encourage their participation in resource 

management and economic activities. 



Mecon Geology and Engineering Services Ltd  

 

Page 3 of 193 

 

1.5 Socio-Economic Roles 

i. Economic Development: The plan enhances agricultural productivity through 

improved water storage and sustainable irrigation, supports agribusiness development 

for income growth and job creation, and fosters SME growth in related sectors to 

reduce poverty. It also includes strategies for sustainable exploitation of mineral 

resources like gold and limestone to boost the local economy. 

ii. Community Empowerment: Focuses on community empowerment by offering skill 

training for women and youth to boost employability and entrepreneurship, supporting 

vulnerable groups with education and healthcare, and promoting gender equality 

through policies and programs ensuring equal access to resources. 

iii. Disaster Risk Reduction: The plan focuses on disaster risk reduction by establishing 

early warning systems for floods and droughts, implementing flood and drought 

management strategies like building small earth dams and promoting water 

conservation, and enhancing community-based disaster management practices to 

improve local preparedness and response. 

iv. Sustainable Resource Use: Promotes sustainable resource use through regulations 

for the sustainable extraction of water, minerals, and other natural resources, and 

encourages sustainable land and water management practices to reduce environmental 

degradation and ensure long-term resource availability. 

v. Infrastructure Development: Enhances infrastructure development by constructing 

boreholes, water treatment plants, and sanitation facilities to improve access to clean 

water and sanitation. It also includes initiatives to enhance energy access through 

renewable sources and improve transportation infrastructure for better connectivity 

and market access. 

vi. Policy and Governance: Strengthen governance and ensure effective policy 

implementation, promoting transparency and accountability in resource management 

and project execution. It also emphasizes stakeholder engagement, including local 

communities, in planning and implementation. 

1.6 Governance and Institutional Roles 

i. Governance Structure 

¶ Federal and State Governments: The Federal Ministry of Environment plays a key 

role in overseeing the project, working closely with state governments to implement 

policies and regulations that support sustainable catchment management. The state 
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governments of Sokoto, Zamfara, Kebbi, Katsina, and Niger are actively involved in 

the planning and execution of the SCMP. 

¶ Stakeholder Engagement: The plan emphasizes the importance of engaging all 

stakeholders, including local communities, traditional leaders, and non-governmental 

organizations. This collaborative approach ensures that diverse perspectives are 

considered, leading to more effective and sustainable solutions. 

ii. Institutional Roles 

¶ ACReSAL Project Team: The ACReSAL project team is responsible for 

coordinating the development and implementation of the SCMP. They work closely 

with stakeholders to identify intervention areas, assess resources, and develop 

strategic approaches to managing catchments. 

¶ World Bank: The World Bank provides financial and technical support for the project, 

recognizing the significance of sustainable catchment management in addressing 

environmental challenges and enhancing resilience to climate change. 

¶ Local Communities: Community representatives from the affected regions are 

invited to participate in the planning process. Their input is crucial in developing a 

shared vision for an ideal catchment that promotes peace, considers local opportunities 

and challenges, and is integrated into the catchment management plan. 

iii. Implementation and Monitoring 

¶ Policy Development: The plan includes measures to strengthen governance structures 

and ensure the effective implementation of policies and regulations. This involves 

promoting transparency and accountability in the management of resources and the 

execution of projects. 

¶ Capacity Building: Initiatives are in place to build the capacity of local stakeholders, 

including training programs and workshops, to enhance their ability to manage 

catchment areas sustainably. 

¶ Monitoring and Evaluation: Continuous monitoring and evaluation mechanisms are 

established to assess the effectiveness of the implemented strategies and make 

necessary adjustments. This ensures that the plan remains responsive to changing 

conditions and achieves its intended objectives. 
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CHAPTER 2 : CHARACTERISTICS OF THE CATCHMENTS 

2.1 Location 

2.1.1 Location and Boundary 

The catchment covers the larger parts of Sokoto State, Zamfara State and Kebbi States with 

some parts of Katsina state. The area lies between latitude 11Á26ô02ôôN and 13Á21ô37ôôN, and 

longitude 3Á43ô55ôôE and 7Á20ô59ôôE. It is bounded by the Rima catchment to the North, Gulbin 

Ka catchment to the south and Hadejia-Jamaôre catchment to the East. 

 

Figure 2.1: Sokoto-Zamfara catchment showing the LGAôs (Source: MSL, 2025) 
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2.2 Precipitation, Temperature, Sunshine and Relative Humidity 

The Sokoto-Zamfara Catchment experiences a tropical semi-arid climate characterized by 

distinct wet and dry seasons. Key climatic parameters including precipitation, temperature, 

sunshine duration, and relative humidity play a critical role in shaping the region's hydrological 

behaviour and ecological patterns. These factors influence water availability, agricultural 

productivity, and natural resource sustainability across the catchment. 

 

2.2.1 Precipitation 

The catchment experiences a unimodal rainfall pattern, influenced primarily by the northward 

movement of the Intertropical Convergence Zone (ITCZ). Annual precipitation across the 

catchment varies between 500 mm and 1,200 mm, with the rainy season occurring from late 

May or early June through September or early October. Rainfall intensity is highest between 

July and August, which typically account for the majority of the annual total. The southern and 

eastern parts of the catchment (closer to Kebbi and eastern Zamfara) receive relatively higher 

rainfall compared to the northern sections. 

 

 

Figure 2.2: Annual Precipitation of the Catchment (2000 - 2024) (Source: MSL, 2025) 
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2.2.2 Temperature 

The Sokoto-Zamfara Catchment, experiences a tropical semi-arid climate. Annual 

temperatures range between 20ÁC and 42ÁC. During the dry season (November to April), 

daytime temperatures often rise sharply, reaching peaks of up to 45ÁC, especially between 

March and May, which are typically the hottest months of the year. In contrast, during the rainy 

season (May/June to September/October), temperatures moderate, averaging between 25ÁC 

and 30ÁC due to increased cloud cover and rainfall. Nighttime temperatures during the dry 

season can drop significantly, particularly during the Harmattan period (December to 

February), occasionally falling to as low as 15ÁC. 

 

Figure 2.3: Annual Temperature of the Catchment (2000 -2024) (Source: MSL, 2025) 

 

2.2.3 Sunshine Duration 

The Sokoto-Zamfara Catchment receives abundant sunshine throughout the year, with average 

annual sunshine duration estimated between 3,000 to 3,900 hours. During the dry season 

(November to April), daily sunshine can exceed 9 to 11 hours per day, with March to May 

being the sunniest months. Sunshine hours reduce during the rainy season, particularly in July 

and August, due to cloud cover and more frequent rainfall, though the region still averages 5 

to 7 hours of sunshine per day during this time. The high solar radiation has implications for 

evapotranspiration and also presents a significant potential for solar energy development. 
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Figure 2.4: Annual Sunshine Duration (2000 - 2024) (Source: MSL, 2025) 

2.2.4 Relative Humidity 

Relative humidity in the catchment shows strong seasonal variation. During the dry season, 

especially in the Harmattan period (December to February), humidity levels can fall below 

20%, contributing to the harsh, arid conditions typical of that period. In contrast, during the 

rainy season (June to September), relative humidity increases significantly, often ranging 

between 60% and 80%, peaking in August when rainfall is highest. The increased humidity 

during this period enhances agricultural productivity but also elevates risks related to pest 

outbreaks and waterborne diseases. 
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Figure 2.5: Annual Relative Humidity of the Catchment (2000 - 2021) (Source: MSL, 2025) 

 

2.3 Topography, Drainage, Geology and Soils 

2.3.1 Topography 

The Sokoto-Zamfara Catchment includes Sokoto, Zamfara, and Kebbi states, alongside parts 

of Katsina.  

¶ It features low to moderate relief, with elevations ranging from about 550 meters to 200 

meters.  

¶ The landscape includes flat plains and scattered hills, especially in the southern areas.  

¶ Northern sections have expansive floodplains prone to seasonal flooding.  

¶ The Sokoto-Rima River system is the primary drainage network, with significant water 

availability fluctuations between wet and dry seasons. This variability presents 

challenges for water resource management and necessitates effective conservation 

strategies. 

¶ The interplay of topography and hydrology within the Sokoto-Zamfara Catchment is 

crucial in shaping land use, settlement patterns, and agricultural productivity in the 

region. Figure 2.6 depicts the digital elevation model of the catchment, which severally 

determines the catchment's general disposition. 
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Figure 2.6: Digital Elevation Model (DEM) of the catchment (Source: MSL, 2025) 

2.3.2 Drainage 

The catchment is primarily defined by the Sokoto-Rima River System (consisting of the Rima, 

Sokoto) and Zamfara Rivers, which eventually drain into the Niger River. 

The Rima River originates from the Gusau region in Zamfara State and flows through Sokoto, 

serving as a vital watercourse for irrigation, fishing, and floodplain agriculture. It forms a 

network of distributaries that contribute to seasonal floodplains, supporting local biodiversity 

and livelihoods. 

The Sokoto River, the main river in the catchment, rises from the Funtua highlands in Katsina 

State and follows a northwesterly course before merging with the Rima River near Sokoto. It 

plays a critical role in regional hydrology, particularly in sustaining water supply for agriculture 

and domestic use. 
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The Zamfara River, another key tributary, originates from the elevated regions of Zamfara 

State and contributes significantly to the hydrology of the catchment. It provides an essential 

water source for agricultural activities and supports riparian ecosystems along its course before 

joining the Rima River. 

The rivers in the catchment are highly influenced by seasonal rainfall patterns, with peak flows 

occurring during the rainy season (June to September). Hydrological conditions are further 

shaped by both natural and man-made factors, including reservoirs, irrigation schemes, and 

climate variability. Notable infrastructures such as the Goronyo Dam on the Rima River 

regulate water flow, impacting downstream hydrology and water availability for agricultural 

activities. 

 

Figure 2.7: Drainage Map of Sokoto-Zamfara Catchment showing dams (Source: MSL, 2025) 

STATES OF INFLUENCE 

1. Sokoto state 

2. Zamfara State 

3. Kebbi state 
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4. Katsina State 

Table 2.1: Morphometric Analysis of Sokoto-Zamfara Catchment 

  Morphometric Parameters 

Area(sq.km) A 45,883.443223 

Perimeter(km) P 1,704.615141 

Drainage 

Density(km/sq.km) 

D = Lu/A 0.1156 

Stream Frequency Fs = Nu/A 0.0127 

Texture Ratio T = N1/P 0.1725 

Basin Length(km) Lb 407.9686 

Elongation Ratio Re = 2ã(A/ˊ/Lb) 11.9696 

Circulatory Ratio Rc = (4 ˊ A) /P2 0.1984 

Form Factor Ratio Rf = A/Lb
2 0.2757 

 

Stream Order 

(u) 

Number of 

Streams (Nu) 

Total Length of 

Streams in km 

(Lu) 

Log (Nu) Log (Lu) 

1 294 2,659.460139 2.4683 3.4247 

2 120 1,056.986047 2.0791 3.0236 

3 99 923.163985 1.9956 2.9652 

4 30 299.090023 1.4771 2.4756 

5 43 369.866101 1.6334 2.5670 

 

Bifurcation Ratio (Rb) Mean Bifurcation Ratio 

1st order/2nd 

order 

2nd order/3rd  

order 

3rd order/4th 

order 

4th order/5th 

order 

 

2.45 1.2121 3.3 0.6976 1.9149 

 

2.3.3 Geology and Soils 

The Sokoto-Zamfara Catchment, spanning Sokoto, Zamfara, Kebbi, and parts of Katsina states, 

is underlain by diverse geological formations that influence soil development, water retention, 

and land use potential.   

¶ The geology of the region is primarily composed of sedimentary formations, while the 

soils exhibit variations ranging from fertile alluvial deposits to arid sandy types.  

¶ These geological and soil characteristics play a crucial role in shaping the agricultural 

and hydrological dynamics of the catchment. 
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2.3.3.1 Geology 

The geological framework of the Sokoto-Zamfara Catchment can be categorized into two 

major provinces: the Precambrian Basement Complex and the Sokoto Basin sediments. 

1. Precambrian Basement Complex (Southern Area) 

The southern part of the catchment, covering Katsina, Zamfara, and Kebbi States, features 

Precambrian Basement Complex rocks like granites and gneisses. This elevated, rugged 

terrain has shallow, less fertile soils due to weathering and limited groundwater recharge 

from the low permeability of the bedrock. 

2. Sokoto Basin Sediments (Northern Area) 

The northern catchment, including Sokoto and Kebbi States, is part of the Sokoto Basin, 

characterized by Tertiary and Quaternary sediments like sandstones and claystones. These 

sediments, formed through fluvial processes, create a gently undulating landscape. The 

basin's porous sandstones play a significant role in groundwater storage and recharge. 

 

Figure 2.8: Geological Map of Sokoto-Zamfara Catchment (Source: MSL, 2025) 
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2.3.3.2 Soil Types 

In the Sokoto-Zamfara Catchment, soils have been systematically classified following the FAO 

soil classification framework, which considers essential factors such as formation processes, 

underlying parent materials, and specific landscape positions. The primary soil types identified 

include Arenosols, Vertisols, Gleysols, Fluvisols, and Leptosols, each characterized by distinct 

physical and chemical properties that influence water retention, nutrient availability, and 

suitability for various vegetation and crop types. 

1. Arenosols 

Location: Found mainly in the northern catchment, especially Sokoto and Kebbi States. 

Characteristics: Sandy, coarse-textured soils in arid regions, low water-holding capacity, 

and high permeability. Agricultural Use: Suitable for drought-resistant crops like millet 

and sorghum, needing fertilizers and irrigation for better yields. 

2. Vertisols 

Location: Found in floodplains and depressions across the catchment. 

Characteristics: Clay-rich soils that shrink and swell with moisture changes. They are 

highly fertile but prone to waterlogging. 

Agricultural Use: Ideal for rice and other crops that tolerate wet conditions but require 

careful management to avoid soil cracking. 

3. Gleysols 

Location: Found in waterlogged areas, particularly near floodplains. 

Characteristics: Hydromorphic soils with poor drainage and prolonged water saturation. 

Agricultural Use: Suitable for paddy rice cultivation but require drainage improvements. 

4. Fluvisols 

Location: Common along riverbanks and floodplains. 

Characteristics: Young soils formed from recent river deposits with high fertility. 

Agricultural Use: Used for flood-recession agriculture, supporting crops like rice, maize, 

and vegetables. 

5. Leptosols 

Location: Found in the rugged, elevated areas of Katsina, Zamfara, and Kebbi States. 

Characteristics: Shallow, stony soils on hard rock substrates with limited agricultural 

potential. 
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Agricultural Use: Primarily used for grazing and forest land with minimal cultivation 

potential. 

Sustainable agricultural practices and soil conservation measures are essential to maximizing 

productivity while mitigating environmental risks such as erosion, desertification, and 

waterlogging. Fig 2.9 is a map of the soil characterisation of the catchment. 

 

 

Figure 2.9: Soil Map of Sokoto-Zamfara Catchment (Source: MSL, 2025) 

The varied geology and soil types in the catchment influence land use, were fertile alluvial soils 

support agriculture, while sandy soils in the north pose cultivation challenges. Effective land 

and water management, particularly irrigation, is crucial to optimize productivity and prevent 

soil degradation. Groundwater in the Chad Basin offers irrigation opportunities, but over-

exploitation raises sustainability concerns amid climate change. 
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2.4 Land Use and Land Cover 

The Sokoto-Zamfara Catchment features a diverse landscape shaped by natural processes and 

human activities. Key land uses include agriculture, livestock grazing, and wetlands. Human-

induced changes like deforestation and land cultivation have significantly impacted the 

environment and water resources. 

 

Figure 2.10: Land Use and Land Cover of Sokoto-Zamfara Catchment 2017 and 2023 (Source: MSL, 

2025) 

2.4.1 Natural Vegetation 

The natural vegetation cover of the Sokoto-Zamfara catchment varies across different areas 

due to climatic conditions and soil characteristics. 

¶ Northern Area (Sokoto State) 

The northern part of the catchment in Sokoto State is characterized by Sudan savannah 

vegetation. This semi-arid region features scattered drought-resistant trees such as Acacia and 

Baobab, interspersed with short grasses. The vegetation is adapted to the dry climate and sandy 

soils, making it suitable for pastoral activities. However, human activities like overgrazing, 

fuelwood harvesting, and desertification have led to a gradual decline in vegetation cover. 
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¶ Central Area (Kebbi State) 

The central portion of the catchment, covering Kebbi State, represents a transitional zone 

between the Sudan and Guinea savannahs. The vegetation includes a mix of grasslands and 

scattered trees such as locust bean, shea butter, and tamarind. The moderate rainfall in this area 

supports a more diverse plant cover than the northern region, but agricultural expansion and 

deforestation continue to impact the natural vegetation. 

¶ Southern Area (Zamfara State) 

The southern part of the catchment, particularly in Zamfara State, falls within the Guinea 

savannah zone, which is characterized by a denser tree population and taller grasses. Dominant 

tree species include neem, shea butter, and locust bean. The relatively higher rainfall and fertile 

soils make this area favorable for farming, but increasing agricultural activities have 

contributed to deforestation and habitat loss. 

2.4.2 Agricultural Land Use 

Agriculture is the primary land use in the Sokoto-Zamfara catchment, with extensive farming 

activities shaping the landscape. The expansion of cultivated land, especially in fertile 

floodplain areas, has significantly influenced the regionôs environment and economy. 

¶ Rainfed Agriculture (Kebbi and Zamfara States) 

The majority of agriculture in the catchment is rainfed, particularly in Kebbi and Zamfara 

States, where relatively fertile soils, including Alfisols, support crop cultivation. Farmers in 

these areas grow staple crops such as millet, sorghum, maize, groundnuts, and cowpeas. 

However, dependence on seasonal rainfall makes agriculture vulnerable to climatic 

fluctuations, particularly in drier areas where droughts periodically reduce crop yields. 

¶ Irrigated Agriculture (Sokoto and Zamfara States) 

The floodplains of the Sokoto River and its tributaries in Sokoto and Zamfara States provide 

favorable conditions for irrigated farming. Irrigation systems support the cultivation of water-

intensive crops such as rice, onions, vegetables, and wheat. While irrigation has boosted 
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agricultural productivity, it has also led to increased pressure on water resources, particularly 

in the dry season, contributing to conflicts over water use between farmers and pastoralists. 

¶ Fallow and Shifting Cultivation (Northern Sokoto and Parts of Zamfara State) 

In areas with less fertile soils, particularly in northern Sokoto and parts of Zamfara State, 

traditional fallow and shifting cultivation practices are still employed. Farmers leave land 

uncultivated for regeneration before resuming farming. However, rising population pressure 

has led to shorter fallow periods, resulting in soil degradation, reduced fertility, and declining 

agricultural yields over time. 

2.4.3 Wetlands 

The wetlands of the Sokoto-Zamfara catchment are significant land cover features, particularly 

in Sokoto, Zamfara, and Kebbi States. These wetlands, sustained by the Sokoto River and its 

tributaries, play a crucial role in supporting biodiversity, regulating water flow, and sustaining 

local livelihoods. 

¶ Ecological Significance (Sokoto, Zamfara, and Kebbi States) 

The wetlands provide essential habitats for various bird species, aquatic plants, and fish 

populations, serving as critical breeding and feeding grounds. They also function as natural 

flood regulators, absorbing excess water during the rainy season and gradually releasing it in 

the dry season. This process helps maintain water availability for surrounding communities, 

supports groundwater recharge, and reduces the risk of flooding. 

¶ Agricultural Use (Sokoto, Zamfara, and Kebbi States) 

Wetland agriculture, especially rice farming, thrives in the Sokoto River floodplains due to 

seasonal flooding that enhances soil nutrients. In Kebbi State, large-scale rice farming has 

grown thanks to these favorable conditions. However, unsustainable practices and water 

diversion jeopardize the wetlands' long-term sustainability, highlighting the need for better 

management. 
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2.4.4 Grazing Land and Pastoralism 

Livestock grazing is a major land use in the Sokoto-Zamfara catchment, particularly in the 

northern and central regions, where pastoralism serves as a key livelihood. Nomadic and semi-

nomadic herders move across the area in search of pasture for their cattle, sheep, and goats. 

Grazing lands include the natural grasslands of the savannah and marginal lands unsuitable for 

crop cultivation. 

¶ Pastoralism in Northern Areas (Sokoto and Kebbi States) 

The drier northern parts of Sokoto and Kebbi States support a significant number of 

pastoralists. However, overgrazing has contributed to land degradation and vegetation loss in 

some areas. This problem is further intensified by climatic factors such as reduced rainfall and 

more frequent droughts, leading to declining pasture availability. 

¶ Conflict with Agricultural Land (Sokoto, Zamfara, and Kebbi States) 

The expansion of cropland into traditional grazing areas has led to increasing competition for 

land and resources between farmers and herders. As both groups struggle to access fertile land 

and waterðespecially during dry seasonsðdisputes over land use have become more frequent. 

This ongoing competition highlights the need for improved land management and conflict 

resolution strategies to balance the needs of both agricultural and pastoral communities. 

2.4.5 Human Settlements 

Human settlements in the Sokoto-Zamfara catchment are primarily concentrated around river 

systems and fertile agricultural zones. Population density is higher in the southern parts of the 

catchment, particularly in Sokoto, Zamfara, and Kebbi States, where both urban and rural 

settlements thrive. 

¶ Urban Areas (Sokoto, Zamfara, and Kebbi States) 

Major urban centers such as Sokoto, Gusau, and Birnin Kebbi serve as economic hubs, 

supporting trade, manufacturing, and services. The expansion of these urban areas is exerting 

pressure on surrounding agricultural and grazing lands. In recent years, urban sprawl has led 

to the conversion of peri-urban farmland into residential and commercial developments, 

reducing available land for food production and livestock grazing. 
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¶ Rural Settlements (Sokoto, Zamfara, and Kebbi States) 

Most rural settlements in the catchment consist of small villages and hamlets closely tied to 

agricultural activities. These settlements depend on farming and livestock rearing for their 

livelihoods. However, many rural areas face challenges such as limited access to essential 

infrastructure, including roads, schools, and healthcare facilities. This lack of infrastructure 

hinders socio-economic development and contributes to rural-urban migration. 

2.4.6 Forest and Woodland Areas 

Small patches of forests and woodlands are present in the southern parts of the Sokoto-Zamfara 

catchment, particularly in Zamfara, Kebbi, and parts of Sokoto State. These areas are mainly 

found in protected reserves or as remnants of the original savannah woodlands. 

¶ Deforestation (Zamfara, Kebbi, and Sokoto States) 

Deforestation has been widespread across the catchment due to agricultural expansion, 

overgrazing, and high demand for firewood and charcoal production. This has led to 

biodiversity loss, increased soil erosion, and the degradation of water catchment areas, making 

the land more susceptible to desertification. 

¶ Reforestation Efforts (Sokoto, Zamfara, and Kebbi States) 

To combat deforestation, various reforestation and afforestation projects have been introduced, 

particularly in areas at risk of desertification, such as northern Sokoto and parts of Zamfara and 

Kebbi States. These initiatives focus on restoring degraded lands, improving soil fertility, and 

enhancing water retention through tree-planting campaigns and sustainable land management 

practices. Fig 2.11 shows the vegetative map of the catchment. 
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Figure 2.11: Vegetation Map of Sokoto-Zamfara Catchment (Source: MSL, 2025) 

2.4.7: Biodiversity 

 

Ecosystem 

Type / Zone 

Representative 

Flora 

Representative 

Fauna 

Ecosystem 

Services 

Key Biodiversity 

Challenges 

Sudan & 

Sahel 

Savanna 

Acacia senegal, 

Acacia nilotica, 

Vitellaria paradoxa, 

Parkia biglobosa, 

Adansonia digitata, 

grasses 

(Andropogon, 

Pennisetum) 

Patas monkey, 

Roan antelope 

(now rare), 

warthogs, African 

civet, rodents 

- Livestock 

grazing- 

Fuelwood- Soil 

fertility & 

erosion control- 

Medicinal & 

food products 

- Deforestation- 

Overgrazing- 

Habitat loss- 

Firewood 

exploitation 

Riparian 

Forests & 

Riverbanks 

Khaya senegalensis, 

Ficus spp., 

Tamarindus indica, 

Dum Palm 

(Hyphaene thebaica) 

Crocodiles, otters, 

fish e.g., tilapia, 

catfish; birds like 

pied kingfisher, 

African fish eagle 

- Water 

purification- 

Erosion control- 

Biodiversity 

corridors- 

- Sand mining- 

Riparian 

degradation- 

Agrochemical 

runoff 
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Livelihoods 

from fisheries 

Wetlands & 

Floodplains 

Typha domingensis, 

Nymphaea lotus, 

Echinochloa spp., 

Oryza 

longistaminata 

Black-crowned 

crane, white-faced 

whistling duck, 

Nile crocodile, 

frogs, West African 

mud turtle 

- Flood 

buffering- Dry 

season grazing- 

Fish breeding 

habitats- 

Migratory bird 

refuge 

- Typha invasion- 

Wetland 

encroachment- 

Water abstraction 

Aquatic 

Ecosystems 

(Rivers, 

Dams) 

Aquatic 

macrophytes, wild 

rice 

Tilapia 

(Oreochromis 

niloticus), Catfish 

(Clarias 

gariepinus), Labeo 

species 

- Fisheries & 

food- Water 

supply- 

Economic trade- 

Aquatic 

biodiversity 

- Dam impacts- 

Pollution- 

Declining fish 

stocks 

Inland 

Forest 

Patches 

Anogeissus 

leiocarpa, Daniellia 

oliveri, Vitellaria 

paradoxa 

African civet, 

parrots, small 

monkeys 

- Non-timber 

products- 

Cultural values- 

Carbon 

sequestration 

- Charcoal 

production- 

Fragmentation- 

Poaching 

Agro-

ecological 

Systems 

Millet, sorghum, 

cowpea, groundnut, 

rice 

Sokoto Gudali 

cattle, Red Sokoto 

goats, West African 

dwarf sheep, local 

poultry 

- Food & 

nutrition- Seed 

& breed 

conservation- 

Soil fertility- 

Livelihood 

diversity 

- Genetic erosion- 

Agrochemical 

use- Climate 

stress on crops 

and livestock 

 

2.5 Hydrology and Water Resources 

2.5.1 Hydrology 

The hydrology of the Sokoto-Zamfara catchment is shaped by its river network, seasonal 

flooding, groundwater systems, and wetlands. The primary rivers in the basin are the Rima, 

Sokoto, and Zamfara Rivers. These play a crucial role in the regionôs water dynamics, 

influencing agriculture, water supply, and floodplain ecosystems. 

2.5.2 Hydrograph/Water Budget of The Catchment 

The hydrographs and water budgets of this strategic catchment are characterized by a semi-arid 

climate with high temperatures and low rainfall. Rainfall is seasonal, concentrated between 

June and October, with the majority of precipitation occurring during this wet season. As 
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illustrated in Figures 2.12, 2.13 2.14 and 2.15, the catchment's hydrographs and water budget 

graphs exhibit homogeneous hydrologic characteristics. Key features include: 

Å Peak flows in August. 

Å High evapotranspiration rates (Figure 5) 

Å Seasonal runoff patterns 

The catchment experiences a peak flow time of four months, with a dry season almost as long 

as the rainy season. Evapotranspiration consistently exceeds precipitation, leading to a low 

average water budget of 103.00mm and water surplus for only four months. Table 1 

summarizes the hydrologic catchment parameters.  In general, there is a need for alternative 

water supply solutions. 

 

Figure 2.12: Hydrograph of Sokoto-Zamfara Strategic Catchment (Source: MSL, 2025) 

Based on HEC-HMS modelling for Strategic catchment.  
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Figure 2.13: 40 - Year Summary Hydrograph of Sokoto-Zamfara Strategic Catchment (Source: MSL, 

2025) 

 

 

Figure 2.14: Hydrograph of Gulbin Strategic Catchment for Specific Year (Source: MSL, 2025) 
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Figure 2.15: Water Budget for Sokoto-Zamfara Strategic Catchment (Source: MSL, 2025) 

2.5.2.1 The Sokoto Zamfara Strategic Catchment 

The Sokoto-Zamfara Strategic catchment consists of the Sokoto and Zamfara sub-catchments, 

influenced by a complex river system and seasonal flooding. The Sokoto River, a key tributary 

of the Niger, flows through Gusau, where the Gusau Dam creates a reservoir. The Sokoto Dam 

further alters the flow, impacting water availability downstream. The Zamfara River supports 

local agriculture, emphasizing the importance of these waterways for livelihoods. 

2.5.2.2 Water Resources Assessment Concept in the Catchment 

Water demand in the Sokoto-Zamfara Catchment exceeds supply, posing challenges for 

sustainable management. 

¶ Factors like climatic variability, population growth, and weak regulations contribute to 

this pressure. 

¶  Declining flow from the Sokoto and Zamfara Rivers results from siltation, 

sedimentation, and water regulation from reservoirs. Invasive aquatic weeds, 

especially Typha grass, further disrupt water flow.  

¶ Conflicts arise among agriculture, domestic use, and industry, highlighting the need 

for an integrated water resource management strategy. 

2.5.2.3 Stream Flow and Seasonal Variability 

Stream flow in the Sokoto-Zamfara Catchment exhibits strong seasonal variations, largely 

influenced by rainfall distribution. The hydrological regime is characterized by distinct wet and 
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dry season fluctuations, which impact river discharge, groundwater recharge, and floodplain 

dynamics. 

a) Wet Season Flow 

The wet season (June to September) marks the peak of river discharge within the catchment, 

driven by monsoonal rainfall and surface runoff contributions. Rainfall is more intense in the 

upstream areas of Zamfara and Kebbi States, where runoff from elevated terrains feeds into the 

Sokoto and Zamfara Rivers and their tributaries. Peak flows typically occur between July and 

September, supporting floodplain agriculture and replenishing groundwater reserves. 

Sokoto River: The Sokoto River experiences a sharp rise in discharge during the wet season, 

with flow rates ranging between 50 and 200 cubic meters per second (mį/s), depending on 

rainfall intensity. Flooding is common along its lower courses, particularly in Sokoto State, 

where extensive floodplains temporarily store excess water. 

Tributary Contributions: The Ka, Zamfara, and Gagere Rivers serve as important seasonal 

tributaries to the Sokoto River system, providing short-lived but intense water inflows. These 

tributaries support rain-fed agriculture, local fisheries, and wetland ecosystems. 

b) Dry Season Flow 

From October to April, river discharge declines significantly as rainfall ceases. Water 

availability becomes dependent on groundwater contributions, wetland residual storage, and 

controlled releases from major reservoirs. Flow rates can drop below 15 mį/s in smaller 

tributaries, raising concerns about irrigation water shortages and livestock water access. 

Bakolori and Goronyo Dams: These major hydrological structures play a crucial role in 

regulating dry-season flows by storing and gradually releasing water. However, increased 

upstream water withdrawals for irrigation and domestic use have led to reduced downstream 

water availability, affecting farming communities. 

Floodplain Reservoirs: The floodplains of Sokoto and Zamfara States act as natural seasonal 

reservoirs, providing essential moisture for dry-season farming and livestock grazing. 

However, changing rainfall patterns, increasing water abstraction, and sedimentation are 

reducing their storage capacity over time. 
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2.5.2.4 Discharge Measurements 

Continuous monitoring of river discharge is crucial for effective water resource management, 

especially in a catchment with high seasonal variability like Sokoto-Zamfara. Discharge 

measurements provide insights into: 

¶ Water availability trends 

¶ Flood risks and mitigation strategies 

¶ Long-term hydrological changes 

The Nigeria Hydrological Services Agency (NIHSA) and state water management bodies 

conduct periodic river flow assessments. These measurements guide irrigation scheduling, 

reservoir operations, and flood control planning to optimize water use. 

2.5.2.5 Surface Water Resource Potential 

Nigeria's average annual precipitation is about 1,150mm, with Hydrological Area 1 (HA-1) 

receiving 767mm/year. Only 24% contributes to surface runoff, resulting in 10.7 BCM of 

internal surface water generation. Approximately 71.4% of Nigeriaôs surface water resources 

rely on transboundary inflows, totalling 26.7 BCM/year. 

The total renewable groundwater recharge in HA-1 is estimated at 5 BCM/year, reinforcing the 

need for sustainable groundwater management strategies. Fig 2.16 shows the entire HA 1 area 

encapsulating the Sokoto-Zamfara strategic Catchment. 



Mecon Geology and Engineering Services Ltd  

 

Page 28 of 193 

 

 

Figure 2.16 Water Resources of the catchment 

Table 2.2: Table below shows the water resource potential for HA-1 
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Water Resources Potential 

Total Water Resources Potential 

Including inflow from outside Nigeria (BCM 

/year) 

37.4 

Only internal generation in Nigeria (BCM 

/year) 

10.7 

Surface Water Resources Potential 

Including inflow from outside Nigeria (BCM 

/year) 

35.1 

Only internal generation in Nigeria (BCM 

/year) 

8.4 

Groundwater Resources Potential 

Groundwater Recharge (BCM 

/year) 

5 

Runoff Condition Only internal generation in Nigeria 

Precipitation (P) (mm/ 

year) 
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Total Runoff (RO) (mm/ 

year) 

62 

Groundwater Recharge (GRE) (mm/ year) 37 

Loss of Recharge (LOS) (mm/ 

year) 

18 

Runoff Rate (RO/P) (%) 8.1 

Recharge Rate (GRE/P) (%) 4.8 

Loss Rate (LOS/P) (%) 2.3 

Total Water Res. Rate ((RO+LOS)/P) (%) 10.4 

Source JICA Project Team 

2.5.3 Hydrogeological Disposition of the Catchment 

The hydrogeological disposition of the catchment and its hydrogeological units and aquiferous 

layers make up part of the water resources of the catchment, as seen and explained in figure 

2.17. 

 

Figure 2.17: Hydrogeological province Map of the Catchment (Source: MSL, 2025) 

2.5.3.1 Groundwater Recharge 

Groundwater recharge in the Sokoto-Zamfara Catchment is declining due to climate change, 

increased water use, and land-use changes. Areas with shallow aquifers and high 

evapotranspiration are particularly vulnerable. The impact of reduced recharge is more severe 

in regions with low natural recharge rates. 
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Groundwater depletion is less severe near rivers due to subsurface flow, while inland areas like 

Zamfara, Kebbi, and Sokoto States face greater risks due to minimal recharge and reliance on 

seasonal rainfall. Tailored climate adaptation strategies are essential for these regions. While 

interventions may include: 

¶ Enhancing artificial groundwater recharge through floodplain storage and managed aquifer 

recharge (MAR) techniques. 

¶ Implementing water conservation practices to reduce over-extraction for irrigation and 

domestic use. 

¶ Strengthening monitoring networks to track groundwater trends and inform sustainable 

management strategies 

 

2.6 Water Demand for Sokoto-Zamfara Catchment 

2.6.1 Water Availability by Sub-Basin 

The water resources availability (cumulative annual flow volume) under natural conditions, 

by sub-basin are as follows: 

Sokoto Sub basin : 1600, - 2100MCM/year 

Zamfara Sub-basin: 1100 ï 1700MCM/year 

Bakalori dam: Reservoir capacity 450MCM 

 

2.6.2 Water Use and Demands 

Current and future water demand for Sokoto-Zamfara Catchment were estimated utilizing the 

methodology adopted in the NWRMP (JICA Team, 2014). The demand-related data obtained 

was based on the State level. The States considered are Sokoto, Zamfara, kebbi and part of 

Katsina. 

The water demand is divided into the following categories: 

¶ Municipal water demand (including domestic, commercial, and industrial). 

¶ Irrigation water demand. 

¶ Livestock water demand. 

¶ Aquaculture water demand. 
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2.6.2.1 Municipal water demand 

Municipal water consists of drinking, cooking, bathing, flushing, and washing water, and also 

other water usage in our daily lives. Municipal demand increases by not only increase in 

population served but also with improvement in living standards. 

Daily average domestic water consumption is calculated by multiplying the population served 

by per capita consumption (lit/cap/day). 

Municipal water use within the catchment area is mostly met by groundwater scheme, though 

there exist surface water treatment facilities in major state capitals, but areas of coverage is 

low. 

2.6.2.2 Livestock Indices and Water Demand 

The north of the country has a significantly larger number of livestock than the south due to 

frequent droughts that limit crop farming. Scant annual precipitation results in low surface 

water availability, forcing livestock to rely on well water. Livestock water consumption 

depends on atmospheric temperature, weight, and available grazing.  

¶ Because 80% of the weight of grazing grass is nothing but water, and if a cattle graze 

and browse 20 kg/day, it is equivalent to drink 16 liter of water that can maintain a day 

of an adult cow with her live weight of 240kg (0.15 l / kg live weight). 

¶  In an extreme drought year, with an annual rainfall of 400mm or less, grass cover 

becomes so thinner over grazing field that adult cattle cannot graze more than 5kg a 

day. In such a case it should drink at least 11 liter of water at watering spots a day to 

maintain its body.  

¶ Moreover, moving/ walking livestock require more water, about double as much as the 

staying one. That the reason why adult cattle needs 25 ~ 35 liter of water per day on 

average depending on its live weight and its activities. 

¶  As to other ruminants like goats and sheep. The situations are similar to the case of 

cattle. The following table shows a standard of livestock water requirement in the 

tropical zone shown in one of livestock guidebook published by FAO in 1960s. Of 

course, domestically kept livestock and nomadic one has different standard in a strict 

sense: 
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Table 2.3: Water requirement per head of livestock 

Livestock 

specie 

Live 

Weight 

(kg) 

Maintaining* 

need (L/day) 

Uptake 

from 

grazing 

Grass/ feeds 

(L/day) 

Gross 

water 

Drink  

(L/day) 

Annual (m3) 

requirement 

Cattle 250 60 38.4 21.6 7.9 

Goat 30 6.6 4.3 2.3 0.8 

Sheep 40 8.8 6.8 2.0 0.7 

Pig 90 20 16.7 3.3 1.2 

Donkey 110 24 15.6 8.4 3.1 

Camel 350 80 55.4 24.6 9.0 

Horse 300 70 47.8 22.2 8.1 

Fowl 2 0.4 0.292 0.108 0.039 

Source: FAO Livestock Guide-book in Tropical African Countries, 1960 

Table 2.4: Number of livestock heads/ fowls in 2009 / 2010 

Livestock 

Heads 

Cattle Goats Sheep Pigs Poultry  Donke

ys 

Camel

s 

Horse

s 

Kebbi 440,469 1,974,18

9 

1,063,89

4 

140,50

0 

3,598,76

0 

14,726 18,057 4,174 

Sokoto 1,427,08

0 

3,155,58

4 

3,194,83

7 

35,000 3,848,50

1 

73,107 20,162 0 

Zamfara 458,720 2,334,97

9 

2,115,10

5 

12,975 6,941,23

9 

13,748 44,421 96,285 

Total 2,326,2

69 

7,464,7

52 

6,373,8

36 

188,47

5 

14,388,5

00 

101,58

1 

82,640 100,45

9 

Source: Jica Team 

Table 2.5: Estimated growth rate of livestock heads during the period 2010 ~ 2030 

Specie Formula of linear regression Annual growth rate 

Cattle: Y= 121.3 X + 15,470.2 0.681%/year 

Goats: Y= 1352.2 X + 41,466.8 2.011%/year 

Sheep: Y= 1372.3 X + 20,327.7 3.000%/year 

Pigs: Y= 268.3 X + 7,411.7 2.154%/year 

Fowls: Y= 1265.9 X + 79,006.1 1.227%/year 
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Table 2.6: Corresponding livestock water requirement projected in 2050 

WATER DEMAND (M3) FOR EACH LIVESTOCK IN THE SOKOTO -ZAMFARA CATCHMENT PROJECTED TO 2050  

  2010 2015 2020 2025 2030 2035 2040 2045 2050 

Cattle 18314716 18946884 19600872 20277434 20977349 21701422 22450489 23225411 24027081 

Goats 6330109 6992721 7724693 8533285 9426518 10413250 11503271 12707390 14037552 

Sheep 4729386 5482655 6355899 7368229 8541797 9902284 11479461 13307842 15427436 

Pigs 225039 250907 279748 311904 347757 387731 432299 481991 537395 

Poultry  561152 613947 671709 734905 804047 879695 962459 1053010 1152081 

Donkeys 312565 346792 384767 426900 473647 525514 583059 646906 717745 

Camels 742025 823279 913431 1013455 1124432 1247562 1384174 1535746 1703916 

Horses 806686 895021 993029 1101769 1222417 1356276 1504793 1669573 1852398 

 

TOTAL  

          

32,021,678  

          

34,352,206  

          

36,924,149  

          

39,767,883  

         

42,917,965  

          

46,413,734  

          

50,300,006  

          

54,627,870  

          

59,455,603  

Source: JICA 2014 MP  

Table 2.7: Breakdown of water requirement into hydrological area (HA) 

 

HA  

Water Demand (MCM)  

2010 2030 2050 

1 49.2 63.9 78.6 

 

 

2.6.2.3 Aquaculture water demand 

Basic Data for 2030 projection: Area of farm ponds by Fishery Statistics of Nigeria, Inventory 

of Private and Government Fish Harm and Hatcheries (Dec. 2004) published in 2007 

Table 2.8: Fish Farm Pond 

State Number of 

Fish Farm 

Water Area of Farm 

Pond (ha) 

Brackish Water Area of Farm 

Pond (ha) 

KEBBI  56 57.7 0 

SOKOTO 9 14.2 0 

ZAMFARA  9 37.5 0 

TOTAL  74 109 0 

 

Annual water supply per hectare is calculated based on groundwater replacing the bottom 50cm 

of spoiled water with fish excretes and feed, totalling 0.03 MCM per ha per year. About 75-

85% of pond water comes from shallow wells, with the rest from surface runoff and stagnant 

water. Water quality must meet requirements: free from detergents and chemicals, neutral pH, 

and dissolved oxygen above 4 ppm. Groundwater is preferred due to its colder temperatures, 

which result in higher oxygen content. 
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The inland fish farming is projected to supply 1.73 kg/year/person by 2030, slightly above the 

current consumption of 1.62 kg. With a target yield of 10 t/ha, it surpasses rice yields. However, 

high initial investments and marketing challenges limit production, expecting less than 500,000 

tons/year from the feasible 1.4 million ha available in Nigeria. 
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Table 2.9: Projected Water Demand for Inland Aquaculture 

Realistic 

Aquaculture 

Water 

Demand 

Allocation 

Based on 

Catchment 

Area 

Covering 

State 

State Water 

Demand for 

Aquaculture 

2010 

Water 

Demand for 

Aquaculture 

2015 

Water 

Demand for 

Aquaculture 

2020 

Water 

Demand for 

Aquaculture 

2025 

Water 

Demand for 

Aquaculture 

2030 

Water 

Demand for 

Aquaculture 

2035 

Water 

Demand for 

Aquaculture 

2040 

Water 

Demand for 

Aquaculture 

2045 

Water 

Demand for 

Aquaculture 

2050 

40% KEBBI 2.74 3.86 4.14 4.26 4.39 4.53 4.66 4.79 4.92 

65% SOKOTO 1.10 1.54 1.66 1.70 1.76 1.81 1.86 1.92 1.97 

60% ZAMFARA 2.67 3.76 4.04 4.16 4.28 4.41 4.54 4.67 4.80 

10% KATSINA 0.34 0.49 0.52 0.54 0.55 0.57 0.59 0.60 0.62 

Total 

Aquaculture 

Water 

Demand 

 
6.86 9.65 10.35 10.66 10.99 11.32 11.65 11.98 12.31 

Source: JICA 2014 MP  
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2.6.2.4 Irrigation water demand 

Several small-scale irrigation systems, either formal or informal, exist in the Sokoto-Zamfara 

Catchment. Local people take the initiative to develop the Fadama irrigation schemes, mostly 

utilizing surface water, either diverted from streams by gravity or lifted with small diesel pumps.  

The irrigation water demand was extracted from the Nigeria National Water Resources Master 

Plan (NNWRMP 2013). Table 2.1 shows the irrigation water demand for Sokoto-Zamfara 

Catchment area by Sub-Basins. The irrigation water demands in this table are for rice only (the 

most conservative estimate) and vegetables only, which is the most optimistic water demand 

requirement for irrigation.  

Public irrigation schemes mostly utilize surface water, whereas Fadama farming and some 

small-scale private irrigation systems in floodplains mainly use groundwater flows that occur 

after flood recession. The small-scale private irrigation systems outside floodplains mostly 

utilize groundwater for irrigation purposes 

 

2.6.2.5 Water Demand of Existing Irrigation Schemes in Sokoto-Zamfara 

Catchment  

Table 2.10: Water Demand of Existing Irrigation Schemes in Sokoto-Zamfara Catchment  

Catchment Water Source 
Irrigated Area 

(ha) 

Wet Season 

Water 

Demand 

(MCM) 

Dry Season 

Water 

Demand 

(MCM) 

 Total Water 

Demand 

(MCM) 

Sokoto-Zamfara 

Surface Water 23,862 137 92 229 

under flow  7,817   29.5 29.5 

Ground Water 3827 14.4 14.4 28.8 

Total         287.3 

Source: Jica Team 
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Table 2.11: Net Irrigation Requirement (for Existing Irrigation scheme)  

Hydrological Area: HA-1 Wet Season 
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1) Rice               

ETo (Potential 

Evapotranspiration) 

mm 81 92 133 161 175 155 137 123 118 120 96 82  

Kc      0.17 0.69 1.04 0.99 0.61 0.15    

  Etcrop  (ETo×Kc) mm     30 107 142 122 72 18    

  Percoration mm     30 30 60 60 30 30    

  Land Preparation mm     75 75        

  = + +  m     135 212 202 182 102 48   881 

  Effective rainfall mm 0 0 2 4 18 40 82 100 56 6 0 0  

  Net Irrigation 

Requirement 

mm     117 172 120 82 46 42   579 

2) Other Cereal               

ETo (Potential 

Evapotranspiration) 

m 81 92 133 161 175 155 137 123 118 120 96 82  

Kc      0.11 0.41 0.75 0.85 0.54 0.14    

  Etcrop  (ETo×Kc) mm     19 64 103 105 64 17    

  Pre-Irrigation mm     30 30        

  = +  mm     49 94 103 105 64 17   432 

  Effective rainfall mm     13 28 57 70 39 4    

  Net Irrigation 

Requirement 

m     36 66 46 35 25 13   221 

 

Hydrological Area: HA-1 Dry Season 
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1) Rice               

ETo (Potential 

Evapotranspiration) 

mm              

Kc               

  Etcrop  

(ETo×Kc) 

mm              

  Percoration mm              

  Land 

Preparation 

mm              

  = + +  mm              

  Effective 

rainfall  

mm              

  Net Irrigation 

Requirement 

mm              

2) Other Cereal               

ETo (Potential 

Evapotranspiration) 

mm 81 92 133 161 175 155 137 123 118 120 96 82  

Kc  0.88 0.85 0.39 0.05       0.15 0.52  
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  Etcrop  

(ETo×Kc) 

mm 71 78 52 8       14 43  

  Pre-Irrigation  mm           30 30  

  = +  mm 71 78 52 8       44 73 326 

  Effective 

rainfall  

mm 0 0 1 3       0 0  

  Net Irrigation 

Requirement 

m 71 78 51 5       44 73 322 

 

2.6.2.6 Water Demand of Existing Irrigation Schemes in Sokoto-Zamfara 

Catchment 

Table 2.12: Water Demand of Existing Irrigation Schemes in Sokoto-Zamfara Catchment  

Catchment Water Source 
Irrigated 

Area (ha) 

Wet Season 

Water 

Demand 

(MCM) 

Dry Season 

Water 

Demand 

(MCM) 

 Total Water 

Demand 

(MCM) 

Sokoto-

Zamfara 

Surface Water 23,862 137 92 229 

under flow  7,817   29.5 29.5 

Ground Water 3827 14.4 14.4 28.8 

Total         287.3 

Source: Jica Team 

 

Table 2.13: Net Irrigation Requirement (for Existing Irrigation scheme) 

Hydrological Area: HA-1 Wet Season 
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1) Rice               

ETo (Potential 

Evapotranspirat

ion) 

m

m 

8

1 

9

2 

13

3 

16

1 

17

5 

15

5 

13

7 

12

3 

11

8 

12

0 

9

6 

8

2 

 

Kc      0.1

7 

0.6

9 

1.0

4 

0.9

9 

0.6

1 

0.1

5 

   

  Etcrop  

(ETo×Kc) 

m

m 

    30 10

7 

14

2 

12

2 

72 18    

  Percoration m

m 

    30 30 60 60 30 30    

  Land 

Preparation 

m

m 

    75 75        

  

= + +  

m     13

5 

21

2 

20

2 

18

2 

10

2 

48   88

1 
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  Effective 

rainfall 

m

m 

0 0 2 4 18 40 82 10

0 

56 6 0 0  

  Net 

Irrigation 

Requirement 

m

m 

    11

7 

17

2 

12

0 

82 46 42   57

9 

2) Other Cereal               

ETo (Potential 

Evapotranspirat

ion) 

m 8

1 

9

2 

13

3 

16

1 

17

5 

15

5 

13

7 

12

3 

11

8 

12

0 

9

6 

8

2 

 

Kc      0.1

1 

0.4

1 

0.7

5 

0.8

5 

0.5

4 

0.1

4 

   

  Etcrop  

(ETo×Kc) 

m

m 

    19 64 10

3 

10

5 

64 17    

  Pre-

Irrigation 

m

m 

    30 30        

  = +  m

m 

    49 94 10

3 

10

5 

64 17   43

2 

  Effective 

rainfall 

m

m 

    13 28 57 70 39 4    

  Net 

Irrigation 

Requirement 

m     36 66 46 35 25 13   22

1 

 

 

Hydrological Area: HA-1 Dry Season 
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Kc               

  Etcrop  

(ETo×Kc) 

m

m 

             

  

Percoration 

m

m 

             

  Land 

Preparation 
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m 

             

  

= + +  

m

m 

             

  Effective 

rainfall  

m

m 

             

  Net 

Irrigation 

Requirement 

m

m 
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2) Other 

Cereal 

              

ETo (Potential 

Evapotranspir

ation) 

m

m 

81 92 13

3 

16

1 

17

5 

15

5 

13

7 

12

3 

11

8 

12

0 

96 82  

Kc  0.8

8 

0.8

5 

0.3

9 

0.0

5 

      0.1

5 

0.5

2 

 

  Etcrop  

(ETo×Kc) 

m

m 

71 78 52 8       14 43  

  Pre-

Irrigation  

m

m 

          30 30  

  = +  m

m 

71 78 52 8       44 73 32

6 

  Effective 

rainfall  

m

m 

0 0 1 3       0 0  

  Net 

Irrigation 

Requirement 

m 71 78 51 5       44 73 32

2 

 

2.6.3 Water Demand under Climate change 

Table 2.14: Water Demand under Climate change 

Catchment Water Source 
Irrigated 

Area (ha) 

Wet Season 

Water 

Demand 

(MCM) 

Dry Season 

Water 

Demand 

(MCM) 

 Total Water 

Demand 

(MCM) 

Sokoto-

Zamfara 

Surface Water 23,846 193.5 87.6 281.1 

under flow  14,731   72 72 

Ground Water 8334 46 41 87 

Total         440.1 

Source: JICA Project Team 

 

Table 2.15: Net Irrigation Requirement (under Climate Change) 

Hydrological Area: HA-1 Wet Season 
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96 8
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Kc      0.1

7 

0.6

9 

1.0

4 

0.9

9 

0.6

1 

0.1

5 

   

  Etcrop  

(ETo×Kc) 

m     35 12

5 

16

6 

14

3 

84 21    

  Percoration m     30 30 60 60 30 30    

  Land 

Preparation 

M     75 75        

  

= + +  

M     14

0 

23

0 

22

6 

20

3 

11

4 

51   96

4 

  Effective 

rainfall 

M 0 0 2 4 18 40 82 10

0 

56 6 0 0  

  Net 

Irrigation 

Requirement 

m     12

2 

19

0 

14

4 

10

3 

58 45   66

2 

2) Other Cereal               

ETo (Potential 

Evapotranspirat

ion) 

m 9

5 

10

7 

15

5 

18

8 

20

4 

18

1 

16

0 

14

4 

13

8 

14

0 

11

2 

9

6 

 

Kc      0.1

1 

0.4

1 

0.7

5 

0.8

5 

0.5

4 

0.1

4 

   

  Etcrop  

(ETo×Kc) 

m     22 74 12

0 

12

2 

75 20    

  Pre-

Irrigation 

m

m 

    30 30        

  = +  m     52 10

4 

12

0 

12

2 

75 20   49

3 

  Effective 

rainfall 

m

m 

    13 28 57 70 39 4    

  Net 

Irrigation 

Requirement 

m     39 76 63 52 36 16   28

2 

Source: JICA Project Team 

Hydrological Area: HA-1 Dry Season 
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= + +  

m              

  Effective 

rainfall 

m              

  Net 

Irrigation 

Requirement 

m

m 

             

2) Other Cereal               

ETo (Potential 

Evapotranspira

tion) 

m

m 

95 10

7 

15

5 

18

8 

20

4 

18

1 

16

0 

14

4 

13

8 

14

0 

11

2 

96  

Kc  0.8

8 

0.8

5 

0.3

9 

0.0

5 

      0.1

5 

0.5

2 

 

  Etcrop  

(ETo×Kc) 

m 84 91 60 9       17 50  

  Pre-

Irrigation 

m           30 30  

  = +  m 84 91 60 9       47 80 37

1 

  Effective 

rainfall 

m 0 0 1 3       0 0  

  Net 

Irrigation 

Requirement 

m

m 

84 91 59 6       47 80 36

7 

Source: JICA Project Team 

 

2.6.4 Total Water Demand 

 

Table 2.16: Water Balance analysis of the Catchment 

WATER BALANCE ANALYSIS FOR SOKOTO-ZAMFARA CATCHMENT 

WATER DEMAND (CUBIC METER)  2025 2050 

MUNICIPAL  273,666,051 495,130,684 

LIVESTOCK  39,767,883 59,455,603 

AQUACULTURE  10,658,056 12,307,985 

IRRIGATION  287,300,000 440,100,000 

TOTAL  611,391,990 1,006,994,271 

    
AVAILABLE WATER RESOURCES 

(CUBIC METER)  2,167,093,800 2,167,093,800 

    
WATER BALANCE (CUBIC METER)  1,555,701,810 1,160,099,529 

SOURCE: JICA 2014 MP AND GHI Water and Watershed Management 2022 
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2.6.5 Infrastructure and Assets 

Table 2.17: Catchment Infrastructure and Assets 

Infrastructure  Location  Importance Risk Factor 

Zobe Dam 
Katsina State, 

Dutsin-Ma LGA 

Irrigation, water supply, flood 

control 

Drought, 

sedimentation 

Jibia Dam 
Katsina State, Jibia 

LGA 

Domestic & industrial water 

supply, irrigation 

Sedimentation, 

insecurity 

Bakolori Dam 
Zamfara State, 

Maradun LGA 

Major irrigation dam, 

domestic/industrial water 

supply 

Erosion, climate 

variability 

Goronyo Dam 
Sokoto State, 

Goronyo LGA 

Irrigation, domestic/industrial 

water supply, flood control 

Sedimentation, 

flooding 

Sabke Irrigation Project 
Katsina State, 

MaiôAdua LGA 

Year-round farming, 

improved food production 

Infrastructure 

degradation 

Bakolori Irrigation 

Scheme 

Zamfara State, 

Bakura & Talata 

Mafara LGAs 

Large-scale food production, 

multiple cropping seasons 

Flooding, 

management issues 

Wurno Irrigation Scheme 
Sokoto State, 

Wurno LGA 

Year-round farming, food 

security 

Drought, inadequate 

maintenance 

Kware Irrigation Scheme 
Sokoto State, 

Kware LGA 

Irrigation, improved food 

security 

Drought, poor 

funding 

Goronyo Irrigation 

Scheme 

Sokoto State, 

Goronyo LGA 

Large-scale irrigation, crop 

productivity 

Sedimentation, 

climate risks 

Zauro Polder Irrigation 

Project 

Kebbi State, Birnin 

Kebbi LGA 

Year-round cultivation, rural 

livelihoods 
Climate variability 

Funtua Silo 
Katsina State, 

Funtua LGA 

Grain storage for food 

security 

Vandalism, poor 

maintenance 

Gusau Storage Facility 
Zamfara State, 

Gusau LGA 

Grain preservation, food 

availability 

Pest infestation, 

management 

Sokoto Agricultural 

Storage 

Sokoto State, 

Sokoto North LGA 
Post-harvest grain stability 

Storage capacity 

limitations 

Kebbi Grain Reserve 
Kebbi State, Birnin 

Kebbi LGA 

Grain storage, price 

stabilization 

Market volatility, 

access challenges 

Katsina Grain Reserve 
Katsina State, 

Katsina LGA 
Food security, price control Storage degradation 

Bakolori Hydroelectric 

Power Plant 

Zamfara State, 

Maradun LGA 

Regional electricity 

generation 

Maintenance, 

hydrological risks 

Goronyo Hydropower 

(Potential) 

Sokoto State, 

Goronyo LGA 

Undeveloped but viable 

hydropower source 

Feasibility 

challenges 

Kainji Hydroelectric 

Station (Shared asset) 

Kebbi State 

(Ngaski LGA) / 

Niger State 

Major regional power source 
Water level 

fluctuations 

Kuyambana Game Reserve 
Zamfara State, 

Maru LGA 
Conservation, eco-tourism 

Deforestation, 

poaching 
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Kwiambana Forest 

Reserve 

Katsina State, 

Safana LGA 
Biodiversity, eco-tourism 

Logging, 

encroachment 

Gashaka-Gumti National 

Park (extension) 

Kebbi State, 

Ngaski LGA 

Biodiversity, eco-tourism, 

research 

Insecurity, low 

funding 

Sokoto Forest Reserve 
Sokoto State, 

Sokoto South LGA 

Eco-tourism, biodiversity 

preservation 
Urban encroachment 

Argungu Fishing Festival 

Site 

Kebbi State, 

Argungu LGA 

UNESCO-recognized cultural 

site, economic boost via 

tourism 

Pollution, seasonal 

flooding 

Emir of Katsina Palace 
Katsina State, 

Katsina LGA 
Cultural heritage, tourism Urban pressure 

Gobir Kingdom Ruins 
Sokoto State, 

Sabon Birni LGA 

Archaeological and heritage 

site 
Neglect, erosion 

Sokoto Museum and 

Sultanôs Palace 

Sokoto State, 

Sokoto North LGA 

Cultural landmark, Islamic 

history preservation 

Urban development 

pressures 

Gidan Sarki (Old Prison) Sokoto State 
Colonial-era structure, 

heritage attraction 
Dilapidation 

Kurmi Market Sokoto State 
Traditional trade hub, cultural 

tourism 

Modernization 

pressures 

Gusau Emirôs Palace Zamfara State 
Cultural events, governance 

symbol 

Neglect, limited 

tourism 

infrastructure 

Kwiambana Ruins Zamfara State 
UNESCO tentative site, 

historical value 

Erosion, lack of 

tourism facilities 

Sokoto-Rima Wetlands 
Sokoto & Zamfara 

States 

Biodiversity, fishing, flood 

control 

Invasive species 

(e.g., Typha grass) 

Flood Control 

Embankments/Levees 

Sokoto-Rima 

River Basin 
Seasonal flood mitigation 

Structural 

deterioration 

Katsina City Walls and 

Gates 

Katsina State, 

Katsina LGA 

Historic defense 

infrastructure, tourism 

Weathering, 

vandalism 

 

2.7 Water Quality 

2.7.1 Surface Water Quality 

The Sokoto-Zamfara Catchment faces increasing risks of surface water pollution due to 

agricultural runoff, industrial activities, urban wastewater discharge, and natural sedimentation 

processes. The catchment is home to major agricultural irrigation schemes and growing urban 

centers, both of which contribute to surface water contamination. 

Key sources of pollution in the catchment include: 

¶ Agricultural Runoff: Fertilizer and pesticide-laden runoff from irrigation schemes such 

as Bakolori and Jibiya Irrigation Projects significantly impact water quality. Crops like 
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rice and cotton require heavy fertilizer application, leading to an accumulation of nitrogen 

and phosphorus in water bodies. 

¶ Urban Wastewater Discharge: Many towns in the Sokoto-Zamfara Catchment, including 

Sokoto, Gusau, Funtua, and Kaura Namoda, have poorly regulated sewage disposal 

systems. Untreated wastewater from households and businesses drains into rivers, 

increasing microbial contamination. 

¶ Industrial Pollution: Urban centers such as Sokoto and Gusau host tanneries, textile 

industries, and slaughterhouses. These industries release pollutants like heavy metals 

(chromium, cadmium, and lead) into nearby rivers. Many industrial waste treatment 

systems are non-functional or inadequate, resulting in direct discharge of toxic effluents 

into waterways. 

¶ Siltation and Vegetation Encroachment: The Sokoto River and its tributaries are 

increasingly affected by siltation from deforestation and soil erosion, while invasive 

aquatic plants like typha grass further degrade water flow and quality. 

Studies indicate that heavy metal concentrations in some surface water sources exceed WHO 

permissible limits, posing risks to human health and aquatic ecosystems. In particular, water 

quality deterioration in the Sokoto River and its tributaries has been linked to industrial and 

domestic waste disposal upstream. Addressing these issues requires stricter pollution control 

measures and improved waste management strategies. 

2.7.2 Groundwater Quality 

Groundwater quality in the Sokoto-Zamfara Catchment varies across different aquifer systems, 

with major concerns including salinity, fluoride contamination, nitrates, and heavy metal 

presence. Given the regionôs reliance on groundwater for drinking, agriculture, and industry, 

maintaining groundwater quality is critical for sustainability. 

i. Groundwater Electrical Conductivity 

Electrical conductivity (EC) is a key indicator of dissolved salts in groundwater. In the Sokoto 

Basin Aquifer System, groundwater tends to have higher salinity levels compared to other 

regions due to natural mineralization of the sedimentary rock formations. 

¶ Areas with shallow aquifers near urban centers, such as Sokoto, Gusau, and Birnin Kebbi, 

exhibit higher EC values (>1,000 ÕS/cm) due to anthropogenic pollution and over-

extraction. 



Mecon Geology and Engineering Services Ltd  

 

Page 46 of 193 

 

¶ In contrast, groundwater in more remote rural areas tends to have lower salinity and better 

overall quality. 

ii. Fluoride distribution 

Fluoride concentrations in groundwater within the Sokoto-Zamfara Catchment show spatial 

variations, with some areas exceeding the WHO-recommended limit of 1.5 mg/L. High 

fluoride levels are particularly observed in the deeper aquifers of the Sokoto Basin, leading to 

potential risks of dental and skeletal fluorosis among communities that rely on deep boreholes 

for drinking water. 

iii.  Nitrates distribution  

Nitrate contamination is increasingly becoming a challenge due to poor sanitation practices, 

agricultural activities, and livestock waste disposal. 

¶ Urban areas such as Sokoto, Gusau, and Funtua have recorded higher nitrate 

concentrations due to leaking septic tanks and open waste dumping. 

¶ Fertilizer use in irrigated farmlands around Bakolori and Goronyo dams contributes to 

nitrate leaching into shallow aquifers, raising concerns about drinking water safety. 

¶ WHO and Nigerian standards set a maximum allowable limit of 50 mg/L for nitrates in 

drinking water, but some locations within the catchment have exceeded this threshold, 

indicating the need for better groundwater protection measures. 

iv. Heavy metals and other metals 

Groundwater in the Sokoto-Zamfara Catchment is vulnerable to contamination from heavy 

metals, particularly in areas downstream of industrial and mining activities. 

¶ Tanneries in Sokoto and other industrial areas discharge chromium, cadmium, and lead, 

which can seep into groundwater. 

¶ Informal gold mining activities in Zamfara State have led to mercury and lead 

contamination, posing severe health risks, especially for children. 

¶ While heavy metal concentrations remain within safe limits in some areas, localized 

contamination hotspots have been identified near industrial zones and mining sites. 
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Table 2.18: Health risks of heavy metals in ground water 

Heavy 

metal 

Recommended 

Limits (mg/l) 

Impacts on Humans (Long-term exposure) 

Arsenic 0.01 
Cancer of the bladder, lungs, skin, kidney, liver and more 

Death 

Cadmium 0.003 Renal dysfunction, lung disease and lung cancer, bone 

defects, and high blood pressure 

Chromium 0.05 Skin irritation, ulceration, liver and kidney damage, 

Damage to circulatory and nervous tissue 

Lead 0.01 Problems in the synthesis of hemoglobin, effects on the 

kidneys, gastrointestinal tract, joints and reproductive 

system, and acute or chronic damage to the nervous 

system. 

Mercury 0.002 Kidney damage Permanent nervous system damage 

Nickel 0.02 Decreased body weight, heart and liver damage, and skin 

irritation 

Source: SAP by SMEC 2019 

2.7.3 Surface Water Resources 

The Sokoto-Zamfara Catchment in northwestern Nigeria is part of the Sokoto-Rima River 

Basin and features a semi-arid climate.  

¶ About 80% of annual rainfall occurs from June to September, supporting rain-fed 

agriculture. However, the long dry season from October to May leads to reduced surface 

water availability, causing many tributaries to dry up. 

¶ The Sokoto-Zamfara Catchment's hydrology is shaped by the Sokoto River and its 

tributaries, including the Ka, Bunsuru, and Zamfara Rivers. 

¶  These rivers create floodplains and wetlands vital for agriculture and livestock. 

Seasonal flooding recharges groundwater, supporting local communities during dry 

months. 
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Groundwater recharge in the Sokoto-Zamfara Catchment mainly occurs through seasonal 

flooding and localized rainfall in depressions. Alluvial deposits along riverbanks enhance water 

retention, supporting agriculture and fisheries. However, rising water demand for irrigation, 

urban, and industrial use strains both surface and groundwater resources. 

The Sokoto-Zamfara Catchment features key water management infrastructure, such as the 

Bakolori and Goronyo Dams, which aid irrigation but alter natural river flows. Climate 

variability, land use changes, and unsustainable groundwater use have led to reduced water 

availability, impacting livelihoods and increasing water scarcity risks. 

To ensure sustainable water resource management in the Sokoto-Zamfara Catchment, it is 

essential to implement integrated water management strategies that balance water supply with 

demand while preserving the ecological integrity of the river system. 

2.7.3.1 River flow patterns 

The Sokoto-Zamfara Catchment, part of Hydrological Area 1, has a seasonal river flow 

influenced by rainfall variability and human activities.  

¶ Peak discharge occurs from June to September during the wet season, while flow 

declines sharply in the dry season from October to May as many tributaries dry up. 

¶ The Sokoto-Zamfara Catchment's river system is primarily rain-fed, making it sensitive 

to precipitation changes.  

¶ The southern region has more consistent flow due to higher rainfall, while the north 

faces greater seasonal variability.  

¶ Over-extraction of groundwater for various uses has decreased dry-season flows, 

leading to water scarcity. 

The Bakolori Dam in the Sokoto-Zamfara Catchment regulate river flow for agriculture and 

urban water supply, but they disrupt natural hydrological cycles. This reduces downstream 

flows, alters sediment transport, and impacts aquatic ecosystems, further limiting groundwater 

recharge and water availability. 

As climate variability intensifies and water demand increases, maintaining sustainable river 

flows in the Sokoto-Zamfara Catchment requires integrated water resource management 

strategies. These include promoting efficient irrigation techniques, improving watershed 



Mecon Geology and Engineering Services Ltd  

 

Page 49 of 193 

 

conservation efforts, and developing policies that balance water use with ecological 

preservation. 

 

 

Figure 2.18: River flow graphs for the catchment (Source: MSL 2025) 

2.7.3.2 Relation between flows and floodplain infiltration 

Floodplains in the Sokoto-Zamfara Catchment are vital for groundwater recharge and 

ecosystem sustainability. During the wet season, floodwaters spread across these areas, 
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allowing water to infiltrate aquifers. This recharge is crucial for maintaining groundwater 

levels, supporting agriculture and domestic needs during the dry season. 

The efficiency of floodplain infiltration in the Sokoto-Zamfara Catchment is influenced by soil 

type, vegetation cover, and sediment dynamics.  

¶ Sandy and loamy soils allow higher infiltration rates, while clayey soils lead to surface 

runoff. 

¶  Land degradation from deforestation and overgrazing has reduced infiltration capacity. 

Human interventions, like dam construction, have disrupted natural floodplain 

connectivity, impacting groundwater recharge. Although some irrigation systems 

support dry-season agriculture, they alter natural hydrology.  

¶ Prioritizing the restoration of floodplain areas through soil conservation and sustainable 

practices is crucial to ensure long-term water sustainability. 

2.7.3.3 Impact of changed flow patterns 

Shifts in river flow patterns within the Sokoto-Zamfara Catchment have led to significant 

environmental and socio-economic consequences. Various factors, including climate 

variability, land use changes, and hydrological infrastructure developments, have contributed 

to these alterations, disrupting natural hydrological processes and affecting water availability. 

Key Impacts of Changing Flow Patterns: 

¶ Increased Flow Variability: Climate change has intensified rainfall fluctuations, leading 

to prolonged droughts followed by extreme flood events. This unpredictability poses 

challenges for agriculture, livestock management, and domestic water supply, making 

water resource planning more difficult. 

¶ Reduced Dry-Season Baseflow: Unsustainable groundwater extraction, combined with 

deforestation and soil degradation, has reduced river baseflow during dry months. This has 

exacerbated water scarcity, particularly in rural areas that rely on river-fed wells and 

boreholes for water. 

¶ Flooding and Erosion: The increase in surface runoff due to land degradation has 

heightened flood risks in low-lying areas, leading to soil erosion, loss of fertile farmland, 

and damage to settlements and infrastructure. Uncontrolled urban expansion along 

riverbanks has further worsened these problems. 
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¶ Impact of Dams and Water Diversion: Reservoirs such as the Goronyo and Bakolori 

Dams play a crucial role in storing water for irrigation and municipal use. However, these 

structures have significantly altered downstream hydrological regimes by reducing 

seasonal flooding, disrupting sediment transport, and affecting aquatic ecosystems. 

Addressing these challenges requires the adoption of adaptive water management strategies, 

such as regulating groundwater extraction, implementing soil conservation measures, and 

promoting sustainable irrigation practices. Reforestation and afforestation programs can also 

help stabilize soil conditions, reduce runoff, and restore natural hydrological processes in the 

Sokoto-Zamfara Catchment. 

2.7.3.4 Groundwater Resources 

Groundwater that flows across the boundary is called as trans-boundary groundwater. 

Groundwater flows following regional topography and aquifer structure. If aquifer extends 

beyond boundary, there is a possibility that groundwater can flow through the boundary. In 

case of Nigeria, trans-boundary groundwater is limited in sedimentary rock area because:   

Aquifer system in Basement Complex is divided into isolated small aquifers. Therefore, 

groundwater cannot flow in regional scale passing through boundary within small aquifers.   

Aquifers extend in large area in sedimentary rock area. Therefore, groundwater can flow 

passing through the boundary in large scale.   

Table 2.19: Ground water recharge; 

Item Hydrological area 

HA-1 

Area(km2) 135,128 

Average 768 

precipitation (mm/year) 

Average groundwater recharge   

(mm/year) 37 

Percentage of precipitation to recharge 

(%) 

4.8 

Source JICA Project Team 
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Table 2.20: Groundwater Recharge by Aquifer; 

Age Formation Groundwater 

Recharge 

(mm/year) 

HA-1 

Eocene Gwandu Formation 24 

 

Paleocene 

Kalambaina Formation Sokoto 

group) 

1 

Dange Formation Sokoto group  1 

Wurno Formation Rima Group  18 

 

Maestrichitian 
Dukamaje Formation Rima Group

 

34 

Taloka Formation Rima Group  6 

Ill Formation 10 

Gundumi Formation 10 

Pre-Cambria Basement complex 40 

Source: JICA 2014 MP 

2.7.4 Sokoto Basin (HA-1)  

Situation on trans-boundary groundwater is explained below on Sokoto basin and Chad 

basin where groundwater is flowing in large scale.  

Sokoto Basin  

There is multiple aquifer system in Sokoto Bain as shown in Table 2.21.  

Table 2.21: Aquifer of Sokoto Basin 

Period  Formation  Lithology  

Tertiary  Gwandu Formation  Partially consolidated sand and 

clay  

Kalambaina Formation Sokoto 

Group   

Limestone and volcanic shale  

Wurno Formation Rima Group   Fine sandstone, silt  

Cretaceous  Illo Formation  Sandstone, conglomerate  

Gundumi Formation   Sandstone, conglomerate  

Source: JICA Project Team   
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Section  A  - B  

Source: The Study for Groundwater 

Development in Sokoto State, 1990, JICA  

Figure 2.19 Groundwater Flow in Sokoto Basin 

Table 2.22: Aquifer Model 

 

Model 

 

Symbol 

 

Aquifer type 

Thick

ness of 

aquife

r 

Permeabili

ty 

coefficient 

(k or K) 

Static 

groundwat

er level 

 

Weathere

d aquifer 

Weathered 

High 

permeabili

ty 

WH  

Weathered 

Basement rock 

and weathered 

part of the 

other type 

rocks 

 

 

50m 

0.86 m/day  

 

GL-10m 

Weathered 

Middle 

permeabili

ty 

WM 0.17 m/day 

Weathered 

Low 

permeabili

ty 

WL 0.086 

m/day 

 

 

Multiple 

aquifer 

Multiple 

High 

permeabili

ty 

MH  

Sandstone or 

sandy 

formation 

within 

alternation of 

sandstone and 

shale 

 

 

200m 

0.43 m/day  

 

GL-50m 

Multiple 

Middle 

permeabili

ty 

MM 0.086 

m/day 

Multiple 

Low 

permeabil

ity 

ML 0.043 

m/day 

Source: JICA Project Team 

 

  

  

A 

B 
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Table 2.23: Relation between Aquifer Type and Aquifer Model 

Age Permeabilit

y 

Aquifer  scale Aquifer  

model 

 

 

Quaternar

y 

Large Large (sand/clay alternation of coastal 

plain) 

MH  

Middle Middle (san/clay alternation of coastal 

plain) 

MM  

Middle Small sand layer (alluvial plain along 

river) 

WH-WM  

small Small (silt/clay alternation) WL  

 

 

Tertiary  

Large Large (sandstone/claystone 

alternation) 

MH  

Middle Middle (sandstone/ claystone 

alternation) 

MM  

Middle Small (sandstone) WH-WM  

Small Small (claystone) WL  

 

 

Cretaceous 

Large Large (sandstone/shale 

alternation) 

MM  

Middle Middle (sandstone/shale 

alternation) 

ML  

Middle Small (sandstone) WH-WM  

Small Small (shale) WL  

Basement Middle Weathered rock WM  

Volcanic High Small WH 

Source: JICA Project Team 

Table 2.24 Groundwater Development Potential by Aquifer 

 

Age 

 

Formation 

 

Lithology 

 

Aquifer Characteristics 

Ground- 

water 

recharg

e 

(mm/ye

ar) 

 

Aquif

er 

Mode

l 

HA-1  Niger North 

 

Eocene 

Gwandu 

Formation 

 

Sand and 

clay. 

Aquifer with large outcropping 

area of maximum thickness of 

300m. Basal 

sandstone form good aquifer. 

 

24 

 

MM 

 

 

 

Kalambaina 

Formation 

Limestone, 

calcareous 

shale. 

Sandstone form perched 

aquifers, which provide 

groundwater to shallow wells. 

 

1 

 

ML 
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Paleocene 

(Sokoto 

group) 

Dange 

Formation 

Sokoto 

group  

 

Shale and 

limestone at 

bottom. 

 

Aquitard confining underlying 

aquifer. 

 

1 

 

WL 

Wurno 

Formation 

(Rima 

Group  

Fine 

sandstone 

and 

Dukamaje 

clay stone at 

the top. 

Confined aquifer of medium to 

coarse sand with recharge area 

of 330 km2. 

 

18 

 

MM 

 

 

 

 

Maestri- 

chitian 

Dukamaje 

Formation 

(Rima Group

 

Shale, 

limestone, 

clay stone. 

 

Aquitard with thickness of less 

than 20m. 

 

34 

 

WL 

Taloka 

Formation 

(Rima 

Group  

Sandstone 

and 

claystone. 

Argillaceous aquifer with low 

capacity of 1 5m3/hours. 

Maximum thickness is 180m. 

 

6 

 

ML 

Ill  

Formation 

Sandstone Unconfined and confined 

aquifer with wide recharge area. 

10 MM 

Gundumi 

Formation 

Sandstone 

and 

conglomerat

e. 

Unconfined and confined 

aquifer with wide recharge area. 

10 MM 

 

Pre-

Cambria 

Basement 

complex 

Granite, 

gneiss, 

schist, 

phyllite, 

quartzite. 

Meta-sedimentary rock form 

better aquifer than gneiss and 

migmatite 

 

40 

 

WM 

Source: JICA 2014 MP 

Table 2.25 Optimum Yield of Borehole Field 

 

Aquifer  

type 

Urban/small urban/small town 

Motorized pump 

Optimum yield of 

boreholes field 

m3/day  

Population to be 

supplied (persons) 

WH 1,000 10,000 

WM  500 5,000 

WL  400 4,000 

MH  1,500 15,000 

MM  1,000 10,000 
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ML  900 9,000 

Source: JICA Project Team.  

Where First letter: 

W = Water Table (Unconfined aquifer) 

M = Mixed (Semi-confined aquifer) 

Second Letter: 

H = High permeability 

M = Medium permeability 

L = Low Permeability 

2.7.4.1 Numbers of Boreholes in States Covering Sokoto-Zamfara Catchment 

 

Figure 2.20 shows an image of borehole field distribution. Density of dots shows 

density of distribution of borehole fields. 

 

Figure 2.20 Density of Distribution of Borehole Fields (2030) by LGA (Source: JICA Project Team) 
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2.7.4.2 Groundwater Recharge and Demand Balance 

 

Figure 2.21: Balance of Groundwater Demand and Recharge in 2030 (Modified: MSL, 2025) 



Mecon Geology and Engineering Services Ltd  

 

Page 58 of 193 

 

 

Figure 2.22: Balance of Groundwater Demand and Recharge in 2030 by Effect of Climate 

Change (Modified: MSL, 2025) 

2.8 Climate Change Impact On Water and Land Resources 

2.8.1 Historical and Future Climatic Trends 

Temperature and rainfall trends for the Sokoto-Zamfara catchment were forecast (projected) 

from 2023 to 2050 based on the monthly and annual data from 1981 to 2022 (for temperature 

and rainfall) and 1990 to 2022 (for evapotranspiration), deploying the growth rate schema in 

Excel. It is of the following specifications: 

Growth Rate = (ending value - beginning value/beginning value) x 100.  

This above rate is then used to extrapolate for each of the projected periods by multiplying it 

with the ending value. The formula is thus able to explore the data generation process by linking 

each value to the previous period, which aids a graphical depiction of trends over time. It needs 

to be noted that growth may be of different forms, including simple growth and exponential 

growth. What has been used, however, is the simple growth projection, given the nature of the 

data when explored from the point of view of period to period.  
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Excel was used to plot the trends indicated by the projection, just to indicate the annual increase 

in temperature and not for the projection.  

The temperature and rainfall data were sourced from the National Aeronautics and Space 

Administration data-access-viewer. These are comparable with existing local data from the 

Nigerian Meteorological Society. 

2.8.2 Annual Rainfall and Temperature for Sokoto-Zamfara Catchment 

2.8.2.1 Rainfall Trends 

Figure 2.23 is the annual rainfall trend for the Sokoto-Zamfara Catchment (1981-2050). From 

the figure, the slope of -1.3387 indicates a declining trend in annual rainfall over time (1981-

2050). On average, rainfall decreases by 1.34 mm per year during the rainy season.  

An RĮ of 0.0596 indicates a very weak correlation between the year and annual rainfall. This 

means that while there is a slight declining trend, year-to-year variability is high, and other 

factors may influence rainfall patterns. This decline could be due to climate change, which is 

often associated with reduced rainfall in semi-arid regions like the Sokoto-Zamfara Catchment. 

Comparison of Historical and Projected Periods 

¶ The Historical Period (1981-2022) shows natural variability in rainfall, with some 

wetter and drier years.  

¶ The declining trend suggests that rainfall may have already started to decrease during 

this period. During the projected Period (2023-2050) the declining trend continues, 

leading to lower average annual rainfall. Increased variability and more frequent 

extreme events (e.g., droughts or heavy rainfall) may occur due to climate change. 

¶ A declining trend in rainfall could lead to water scarcity, affecting rain-agriculture, 

ecosystems, and human populations in the Sokoto-Zamfara Catchment. 

¶ The high variability and declining trend highlight the need for climate adaptation 

strategies, such as improved water management, drought-resistant crops, Shift to early-

maturing and drought-resistant crops, Introduction of irrigation support systems, 

Climate-smart agricultural practices, and infrastructure to handle extreme weather 

events.  
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Figure 2.23 Annual rainfall trend for Sokoto-Zamfara Catchment (1981-2050) (Source: MSL, 2025). 

2.8.2.2 Temperature Trends 

Figure 2.24 presents a time series analysis of temperature trends from 1981 to 2022, with 

projections extending to 2050.   

The long-term mean temperature for the historical period (1981-2022) is 27.14ÁC. The linear 

trend line indicates a warming trend with a slope of 0.0262ÁC per year. The coefficient of 

determination (RĮ = 0.656) suggests that this linear trend can explain approximately 65.6% of 

the temperature variations, implying a significant warming pattern. The long-term mean for the 

projected period (2023-2050) is 28.04. This shows that the projected long-term mean for 2023ï

2050 (28.04Á C), which is noticeably higher than the 1981ï2022 mean, indicates expected 

continued warming. The overall long-term mean (1981-2050) of 27.50Á C lies between the two 

earlier periods, reinforcing the trend of increasing temperatures over time. This will lead to 

higher average temperatures. Increased variability and more frequent extreme heat events may 

occur due to climate change. 

¶ The steady temperature rise can impact climate-sensitive sectors like agriculture, water 

resources, and human health. 
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¶ Higher temperatures could exacerbate heat stress, particularly during the hottest 

months, increasing the risk of heat-related illnesses. Crop yields, especially for heat-

sensitive crops, will be affected negatively.  

¶ There would be reduced soil moisture due to high evaporation rates, impacting rain-fed 

agriculture. Water demand for irrigation, livestock, and human consumption. This will 

put stress on the local ecosystems, affecting biodiversity and species survival. 

The projected increase in mean temperature indicates the need for adaptation and mitigation 

strategies, especially in regions vulnerable to heat stress. 

 

 

Figure 2.24 Trends in mean annual temperature for Sokoto-Zamfara Catchment (1981- 2050) 

(Source: MSL, 2025) 
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Figure 2.25 Annual evapotranspiration trend for Sokoto-Zamfara Catchment (1981-2050) (Source: 

MSL, 2025). 

2.8.3 Projected Mean Annual Temperature for Sokoto-Zamfara Catchment 

Figure 2.26 presents a time series analysis of temperature trends from 1981 to 2022, with 

projections extending to 2050.   

The long-term mean temperature for the historical period (1981-2022) is 27.14ÁC. The linear 

trend line indicates a warming trend with a slope of 0.0262ÁC per year. The coefficient of 

determination (RĮ = 0.656) suggests that this linear trend can explain approximately 65.6% of 

the temperature variations, implying a significant warming pattern. The long-term mean for the 

projected period (2023-2050) is 28.04. This shows that the projected long-term mean for 2023ï

2050 (28.04Á C), which is noticeably higher than the 1981ï2022 mean, indicates expected 

continued warming. The overall long-term mean (1981-2050) of 27.50Á C lies between the two 

earlier periods, reinforcing the trend of increasing temperatures over time. This will lead to 

higher average temperatures. Increased variability and more frequent extreme heat events may 

occur due to climate change. 

The steady temperature rise can impact climate-sensitive sectors like agriculture, water 

resources, and human health. 
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Higher temperatures could exacerbate heat stress, particularly during the hottest months, 

increasing the risk of heat-related illnesses. Crop yields, especially for heat-sensitive crops, 

will be affected negatively. There would be reduced soil moisture due to high evaporation rates, 

impacting rain-fed agriculture. Water demand for irrigation, livestock, and human 

consumption. This will put stress on the local ecosystems, affecting biodiversity and species 

survival. 

The projected increase in mean temperature indicates the need for adaptation and mitigation 

strategies, especially in regions vulnerable to heat stress. 

 

 

Figure 2.26 Trends in mean annual temperature for Sokoto-Zamfara Catchment (1981- 2050) 

(Source: MSL, 2025) 

 

2.8.4 Analysis of Downscaled Output of GCMs 

In order to explore the possible change in climate conditions in future, the statistically 

downscaled output of GCMs, which is provided by CCAFS, are analyzed. The statistical 

downscaling as well as bias correction was conducted utilizing the spatial distribution of 
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parameters provided by Worldclim3 dataset. The available dataset by CCAFS includes the 

average monthly precipitation and air temperature with 30 year running averages from 2020s 

to 2080s. As for the emission scenarios, the followings are available. 

ü A1B: High economic growth with globalization utilizing balanced energy sources 

ü A2: High economic growth with globalization 

ü B1: Low economic growth with globalization 

At this moment, the down scaled output of the following seven (7) GCM are available 

for download. 

ü CCCMA-GCM3.1 

ü CRIRO-MK3.0 

ü IPSL-CM4 

ü MPI-ECHAM5 

ü MRI-CCSM3.0 

ü UKMO-HADCM3 

ü UKMO-HADGEM1 

The down scale data for A1B scenario with grid scale of 10 minute are spatially 

averaged for each HA and other related catchment areas outside Nigeria for further 

analysis. 

ü In general, the average change among the different outputs from the GCMs is much 

smaller than the standard deviation. This indicates that there is a lot of uncertainty on 

the change in precipitation. 

ü For all HAs, the precipitation tends to decrease during MAM (March, April, May) and 

increase during JJA (June, July, August) and SON (September, October, November). 

ü The rate of change increases gradually with time in general, which amplifies the initial 

direction of change. 

In order to explore the possible change in climate conditions in the future, the statistically 

downscaled output of seven Global Climate Models (GCMs) has been analysed using 

emission scenario A1B. This scenario assumes high economic growth with globalization 

utilizing balanced energy sources. The change in precipitation and temperature averaged 

over the 7 GCM results for three-time horizons are shown in Figure 2.27 and Figure 2.28 

respectively.  
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The approach used in NWRMP for identifying the representative 30 year running average time 

frame is also followed in this study. The target years of this study are 2035 and 2065. 

Considering that the project life time is usually 50 years for civil works, it means that 2035 

plus 50 years should be the longest time frame to be considered. For the average condition of 

the time horizon between 2015 and 2085(=2035+50), the results for 2050s from the output of 

the GCMs can be applied. These GCM results describe the 30-year running average of 2040 to 

2069. Similarly, for the average condition of the time horizon between 2015 and 2115 

(=2065+50), the results for 2080s from the output of the GCMs can be applied. These results 

describe the 30-year running average of 2070 to 2099.  

This study assumes that the change in precipitation for each season is set at the average value 

of the output of the GCMs. The change in annual mean air temperature is set at the annual 

average value of the output of the GCMs. The change factors are summarized in below Table 

2.26.   

Table 2.26: Overview of change factors for the two target years 

Parameter  Season  2035  2065  

P (%)  DJF  +12.3  +17.1 

MAM  -0.5  -2.1  

JJA  +7.9  +12.0 

SON  +7.6  +11.7 

T (°C)  Annual  +2.5  +3.9  

    Source: JICA 2014 MP 
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Figure 2.27:Average changes in precipitation derived from outputs of 7 GCMs (source: JICA,2014) 
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Figure 2.28: Average changes in temperature derived from outputs of 7 GCMs (source: JICA 2014), 
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2.8.5 Evapotranspiration 

Figure 2.29 depicts the annual evapotranspiration (ET) trend for the Sokoto-Zamfara 

Catchment from 1981 to 2050.  

Figure 2.29 shows a negative slope of -1.7569, indicating a gradual decline in annual 

evapotranspiration over time. On average, evapotranspiration decreases by 1.76 mm per year. 

This decline could be due to reduced rainfall, increased temperatures, or changes in land use. 

An RĮ of 0.3218 indicates a weak to moderate correlation between the year and annual 

evapotranspiration. This explains 32.18% of the variation in annual evapotranspiration, 

indicating the influence of other climatic and environmental factors. 

The long-term mean for the historical Period (1981-2022) is 733.65 mm, which is higher than 

the long-term mean; this drops to 675.42 mm during the projected period (2023-2050). By the 

projection, evapotranspiration will continue to decline during the projected period.  

The declining evapotranspiration has implications for agriculture, water resources, and the 

local ecosystem.  

Reduced evapotranspiration may affect crop yields, particularly for rain-fed agriculture, which 

relies on natural water availability. Lower evapotranspiration could reduce the recharge of 

groundwater and surface water bodies, impacting water availability for human consumption, 

livestock, and ecosystems. Reduced evapotranspiration could stress local ecosystems, affecting 

plant growth and biodiversity. Changes in water availability may alter the composition and 

distribution of plant and animal species. 

Farmers may need to adopt irrigation and water conservation practices to mitigate the impact 

of reduced evapotranspiration, and water management strategies will be crucial to address 

potential water scarcity. 
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Figure 2.29 Annual evapotranspiration trend for Sokoto-Zamfara Catchment (1981-2050). 

2.8.6 Major Impacts of Climate Change 

Climate change poses severe and far-reaching challenges across multiple sectors within the 

Sokoto-Zamfara Catchment, significantly impacting the socio-economic fabric, public health, 

and critical infrastructure. These effects are increasingly evident through disrupted agricultural 

productivity, heightened vulnerability of communities, and strain on essential services. Table 

2.27 outlines key climate-related impacts observed and projected in the catchment area, 

drawing attention to the urgent need for integrated and adaptive management strategies. 
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Table 2.27: Key Impacts of Climate Change 

S/No. Impacts Details 

1 Economic 

- Agricultural losses due to erratic rainfall, rising temperatures, 

and soil degradation reduce crop yields (e.g., rice, sorghum, 

millet). 

- Fishing and livestock income drop during drought/flood years. 

- Higher food prices affect affordability. 

2 Social 

- Increased migration from degraded areas to urban centers or safer 

zones. 

- Rising tension between farmers and herders over shrinking water 

and grazing resources. 

- Livelihood insecurity pushes rural populations into poverty. 

3 Environmental 

- Desertification encroaching from the north, degrading forests and 

pastures. 

- Wetland shrinkage (e.g., Sokoto-Rima floodplains) reduces 

biodiversity and ecosystem services. 

- Deforestation accelerates due to fuelwood dependence. 

4 Health Impact 

- Heat-related illnesses rising due to increased average 

temperatures (projected +3ï5°C). 

- Flooding leads to outbreaks of waterborne diseases (cholera, 

diarrhea) and vector-borne diseases (malaria). 

- Drought reduces water access, affecting hygiene. 

5 
Infrastructure & 

Services 

- Urban flooding in cities like Sokoto and Argungu damages roads, 

housing, and drainage systems. 

- Irrigation infrastructure (e.g., Bakolori, Goronyo) stressed by low 

inflows and sedimentation. 

- Energy services affected by declining hydropower potential. 

 

2.8.7 National and International Climate Change Frameworks/Agreements 

The NWRMP (JICA,2014) investigated the climate change effects on Nigeria. The long-term 

trend of rainfall and air temperature in the past in Nigeria has been considered based on 

meteorological datasets collected from NIMET and was summarised as follows: 

× There is a linear tendency of increase in air temperature in the last 50 years; 

× There is a linear tendency for a decrease in rainfall in the last 50 years. However, the 

variation by decades is much larger than the linear decreasing rate; 

× Generally, most parts of the country show evidence of long-term temperature increase; 

× Annual rainfall showed a decrease of 2 to 8mm/ year across many parts of the country. 

According to JICA studies 2014, it was found that the annual rainfall does not change over the 

coming 35 years. However, the temperature changes by 2.6ÁC over the time frame. 
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2.8.7.1 Climate Change Scenarios 

For the possible future climate conditions, climate change scenarios in Nigeria have been 

discussed as shown below. 

According to the 4th IPCC report (2007), it is expected that the increase of air temperature in 

West Africa area in 2100 would be about 3-5 degree Celsius in the case of A1B scenario, which 

is about 1.5 times higher than the average in the world. 

As for the precipitation, the predictions of precipitation by different GCM models vary very 

much. Itis difficult to conclude the general tendency for the change in precipitation. 

2.8.7.2 Nigeriaôs First National Communication on Climate Change 

In the Nigeriaôs First National Communication (2003), the climate change scenarios in 

Nigeria have been discussed based on several GCM model output. The following findings 

were noted. 

¶ The most significant changes are with respect to temperature and temperature-related 

parameters. 

¶ There has been an observed trend towards aridity in Sub-Saharan West Africa. This trend 

will be put on hold or reversed as the century progresses. There are possibilities, however, 

that the additional water need created by higher temperatures may not be met by the 

increases in precipitation. 

¶ The difference in climate conditions from coastal areas to the northern part of the country 

could become more significant. 

2.8.7.3 Nigeriaôs Second National Communication on Climate Change 

Nigeria's Second National Communication (SNC) on Climate Change is a key step in 

addressing climate impacts in line with the Paris Agreement and UNFCCC. It offers a thorough 

analysis of greenhouse gas emissions, climate vulnerability, and adaptation and mitigation 

strategies relevant to Nigeria's unique context. 

The findings of the SNC highlight the escalating risks posed by climate change to Nigeriaôs 

ecosystems, economy, and communities, particularly vulnerable populations. Some of the key 

findings are listed below; 

i. Greenhouse Gas (GHG) Inventory and Emissions Trends 

ii. Vulnerability and Impacts of Climate Change 
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iii. Adaptation Measures and Challenges 

iv. Mitigation Strategies and Potential 

v. Barriers to Climate Action 

vi. International Cooperation and Support Needs 

Some of the outcomes and Future Steps are also presented below; 

i. Strengthening Policy Frameworks 

ii. Public Awareness and Community Engagement 

iii. Focus on Renewable Energy Expansion 

iv. Capacity Building and Research Development 

2.8.7.4 Nigeriaôs Third National Communication on Climate Change 

The Third National Communication on climate change showcases Nigeria's commitment to 

addressing greenhouse gas emissions and climate vulnerabilities. It highlights that the 

Agriculture, Forestry, and Other Land Use (AFOLU) sector accounts for 60.1% of emissions, 

with projections of a 58% increase by 2035. Nigeria faces risks such as drought, desertification, 

flooding, and reduced agricultural productivity. 

Key findings and outcomes were similar to the second National Communication with some 

improvement such as; 

i. Capacity Building, Technology Transfer, and Financial Needs 

ii. Enhanced Policy Framework and Institutional Coordination 

iii. Scaling Up Renewable Energy and Green Economy Initiatives 

iv. Strengthening Community Engagement and Resilience Building 

v. Research, Innovation, and Monitoring Systems 
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2.8.7.5 The Paris Agreement 

Since becoming a member of the United Nations Framework Convention on Climate Change 

(UNFCCC) in 1994, Nigeria has ratified the Kyoto Protocol in 2004 and the Paris Agreement 

in 2007. 

The Paris Agreement is a legally binding international treaty on climate change. It was adopted 

by 196 Parties at the UN Climate Change Conference (COP21) in Paris, France, on the 12th of 

December, 2015. It came into effect on the 4 of November, 2016 

Its overarching goal is to cease ñthe increase in the global average temperature to well below 

2ÁC above pre-industrial levelsò and pursue efforts ñto limit the temperature increase to 1.5ÁC 

above pre-industrial levels.ò 

2.9 Flood and Drought Vulnerability 

The Flood Vulnerability was performed through GIS analysis to determine the vulnerable 

locations using the weighted Overlay process. Weighted vulnerability analysis allows us to 

answer questions that are impacted by many factors and assign varying weights to each of the 

factors. The result gives more information than binary analysis, as it ranks locations based on 

the vulnerability rather than giving only a vulnerable/not vulnerable result.   

 

Figure 2.30: The flow chat of the methodology (Source: MSL, 2025) 

http://resources.arcgis.com/en/help/main/10.1/index.html#//009z000000s1000000
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Various factors that influence or contribute to flooding were incorporated into the model for 

determining vulnerable areas. For this study, slope, elevation, proximity to rivers, Land 

use/Land cover and rain fall datasets were used. Before performing the weighted overlay, 

standardization is carried out by reclassifying each layer. This gives the layers a common scale 

(i.e. 1 to 5, 1 to 9, etc.) that will be preserved in the final overlay. Finally, the weight of each 

layer is assigned, the layers are combined in a weighted overlay, and the results are analysed. 

See Fig. 1 for a graphical depiction of the model used to carry out the flood vulnerability model 

exercise.  

2.9.1 Elevation 

Elevation is crucial in flood modelling as it affects the flow, direction, and extent of 

floodwaters. Models use elevation data to predict water movement and identify vulnerable 

areas. The terrain's slope and gradient influence the speed and direction of water flow. Water 

naturally flows from higher to lower elevations due to gravity. 

 

Figure 2.31 Digital Elevation Model of the Catchment (Source: MSL, 2025) 




























































































































































