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EXECUTIVE SUMMARY 

The Rima Catchment in northwestern Nigeria covers 101,961 km2 (10,196,100 hectares) across 

Katsina, Zamfara, and Sokoto states, and is vital for agriculture and ecosystems. It faces 

challenges like water availability variability, land degradation, and security issues. Projected 

population growth by 2050 will increase pressure on its resources. 

The catchment has diverse topography, from upland areas in Zamfara and Katsina to lowland 

floodplains in Sokoto, with elevations ranging from 500 to 200 meters. The Sokoto-Rima River 

system, flowing into the Niger River, is the region's main waterway. It experiences wet and dry 

seasons, with peak river discharge from June to September, influenced by several dams and 

reservoirs. 

Vegetation ranges from Sudan Savannah in the north to Woodland in the south, affected by 

climate, soil, and threats like land degradation and deforestation. Geology, including the 

Precambrian Basement Complex, influences agricultural productivity and water retention. 

Land use is varied, with the northern regions primarily used for grazing and the southern parts 

for intensive agriculture. Wetlands, which provide critical ecological functions, are under 

pressure from water diversion and land conversion. Urbanization, particularly around Sokoto, 

has implications for land and water management. 

Sustainable land and water management are essential to address desertification and water 

scarcity. The NDVI aids in monitoring changes influenced by climate factors. Interventions 

like rainwater harvesting are needed in areas like Kaura Namoda and Argungu. A multi-faceted 

approach is crucial for enhancing resilience in the Rima Catchment. 

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

Catchment 

S/No Locations Past Initiatives Ongoing Initiatives 

1 

Bagudo, Koko-Besse, 

Shanga, Suru, and 

Yauri LGAs, Kebbi 

State 

Project: Large-Scale Rice Farming 

Mobilization (2016) 

Agency: Sokoto Rima River Basin 

Development Authority (SRRBDA) 

and Labana Farms 

Focus: Agricultural Development & 

Food Security 

Project: Strategic Catchment 

Management Plan Development 

(2025) 

Agency: Agro-Climatic Resilience 

in Semi-Arid Landscapes 

(ACReSAL) 

Focus: Sustainable Catchment 

Management, Environmental 

Resilience, Livelihood Support 

2 Sokoto State 

Project: Rima Valley Irrigation 

Project Phase I 

Agency: Federal Government of 

Nigeria 

Project: Rima Valley Irrigation 

Project Phase II Completion 

Agency: Federal Executive Council 

(FEC) of Nigeria 
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Focus: Irrigation Development, 

Agricultural Productivity, Food 

Security 

 

Focus: Large-Scale Irrigation, Food 

Production, Employment 

Generation, Agricultural 

Development 

 

3 
Talata Mafara, 

Zamfara State 

Project: Bakolori Irrigation Scheme 

and Dam Rehabilitation 

Agency: Sokoto Rima River Basin 

Development Authority (SRRBDA), 

TRIMING Project 

Focus: Dam Rehabilitation, 

Irrigation Infrastructure, Water 

Management, Agricultural 

Productivity 

 

Project: Provision of Solar-

Powered Irrigation Systems 

Agency: Sokoto Rima River Basin 

Development Authority (SRRBDA) 

Focus: Renewable Energy, 

Sustainable Irrigation, Climate-

Smart Agriculture, Food Security 

 

4 
Goronyo, Sokoto 

State 

Project: Goronyo Dam Construction 

(Completed in 1992) 

Agency: Sokoto Rima River Basin 

Development Authority (SRRBDA) 

Focus: Flood Control, Water 

Storage, Irrigation Development, 

Agricultural Expansion 

 

Project: Goronyo Dam 

Rehabilitation 

Agency: Sokoto Rima River Basin 

Development Authority (SRRBDA) 

under the TRIMING project 

Focus: Dam Rehabilitation, Water 

Storage Enhancement, Irrigation 

Management, Water Security 

 

5 
Sokoto and Zamfara 

States 

Project: Centre Pivot Irrigation 

Systems Installation (2019) 

Agency: Federal Ministry of Water 

Resources 

Focus: Irrigation Technology, 

Agricultural Efficiency, Food 

Production 

 

Project: Songhai Model Integrated 

Farms Development 

Agency: Sokoto Rima River Basin 

Development Authority (SRRBDA) 

Focus: Integrated Farming, 

Sustainable Agriculture, 

Employment Creation 

 

6 Katsina State 

Project: Zobe Dam Construction 

(1970s 

Agency: Federal Government of 

Nigeria, Local Communities 

Focus: rrigation, Water Supply, 

Agricultural Productivity, 

Community Development 

 

 

7 Katsina State 

Project: Fadama Projects (2008-

2023) 

Agency: National Agricultural 

Development Programme (NADEP), 

Local Farmers, Government 

Agencies 

Focus: Agricultural Productivity, 

Irrigation, Food Security, Rural 

Development 

 

Project: Katsina State Water Supply 

Improvement Project 

Agency: Katsina State Water 

Corporation 

Focus: Water Supply Infrastructure, 

Domestic Water Quality, Public 

Health 

 

8 Zamfara State 

Project: Sustainable Land 

Management Project 

Agency: World Bank 

Focus: Land Degradation Reduction, 

Sustainable Agriculture, Soil Health 

Improvement, Agricultural 

Productivity 

 

Project: Zamfara State Irrigation 

Modernization Project 

Agency: Zamfara State Ministry of 

Agriculture 

Focus: Irrigation Modernization, 

Water Efficiency, Crop Yields 

 

9 Zamfara State 
Project: Women Empowerment 

Programs (2016-2023) 

Project: Environmental Protection 

and Afforestation Program 
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Agency: National Agricultural N-

Power Program, Women's Groups, 

Government Agencies 

Focus: Women Empowerment, 

Agricultural Productivity, Economic 

Empowerment, Gender Equality 

 

Agency: Zamfara State 

Environmental Protection Agency 

(ZASEPA) 

Focus: Reforestation, 

Environmental Conservation, 

Ecosystem Health 

 

10 Sokoto State 

Project: Goronyo Dam Construction 

(1980s) 

Agency: Sokoto State Government, 

Local Communities 

Focus: Irrigation, Flood Control, 

Water Supply, Agricultural 

Productivity 

 

Project: Sokoto State Climate 

Resilience Project 

Agency: Sokoto State Ministry of 

Environment 

Focus: Climate Change Adaptation, 

Resilience Building, Environmental 

Sustainability 

 

11 Sokoto State 

Project: Primary Health Care 

Revitalization (2017-2023) 

Agency: Sokoto State Government, 

Local Healthcare Providers, 

Communities 

Focus: Healthcare Infrastructure, 

Public Health, Community 

Wellbeing 

 

Project: Sustainable Agriculture 

and Agribusiness Development 

Project 

Agency: World Bank 

Focus: Sustainable Agriculture, 

Agribusiness Development, 

Livelihood Improvement, 

Agricultural Productivity 

 

 

Many initiatives in the Rima Catchment have failed to address developmental challenges in an 

integrated way. Numerous projects lack a comprehensive approach to tackle interconnected 

environmental and socio-economic issues. Consequently, the catchment continues to face 

significant biophysical and social challenges. 

Main Biophysical and Socio-economic Challenges 

This region is vital for agriculture, water supply, and livelihoods, supporting diverse 

ecosystems such as wetlands and floodplains. However, it faces several biophysical and socio-

economic challenges that threaten its sustainability. 

Biophysical Challenges: 

1. Climate Variability: The region experiences significant climate variability, including 

fluctuations in rainfall and temperature. These changes adversely affect agricultural 

productivity and water availability. For instance, studies have shown that while cattle and 

sheep populations decreased, goat populations increased, with temperature significantly 

influencing goat populations in certain areas.  

2. Land Degradation: Land degradation occurs through erosion, overgrazing, and loss of 

fertile land, threatening soil health and agriculture. A GIS-based assessment revealed the 
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semi-arid ecosystem's vulnerability, underscoring the necessity for sustainable land 

management practices.  

3. Water Scarcity: The catchment faces water scarcity due to low and variable rainfall, high 

evaporation rates, and increasing aridity. This scarcity is exacerbated by land degradation 

and unsustainable water extraction for irrigation, leading to a decline in both surface and 

groundwater levels. Projections indicate that the region will experience shortages of both 

surface and groundwater, especially with the impacts of climate change.  

4. Flooding: Flooding poses a significant threat to the region, affecting farmlands and 

settlements. A geospatial study of the 2020 flooding along River Rima identified extensive 

farmland affected, highlighting the need for effective flood management strategies. 

5. Water Quality: Pollution from agricultural runoff, urban wastewater discharge, and 

industrial activities affects surface and groundwater quality. Contaminated water sources 

pose health risks to communities and reduce the suitability of water for drinking, irrigation, 

and ecosystem health. 

6. Biodiversity Loss: Wetland degradation, deforestation, and overexploitation of natural 

resources have led to a decline in biodiversity. Loss of species and habitats affects 

ecosystem services such as water purification, flood control, and soil stabilization. 

7. Invasive Species: Invasive plants like Typha grass have proliferated in wetlands and water 

bodies, clogging water channels and reducing water flow. These invasive species 

negatively impact agriculture, fisheries, and water management, leading to reduced 

productivity and increased maintenance costs. 

Socio-economic Challenges: 

1. Agricultural Sustainability: Agriculture is the primary livelihood in the catchment, but 

it faces challenges such as declining soil fertility, water scarcity, and the impacts of climate 

variability. These challenges threaten food security and the livelihoods of farming 

communities. 

2. Irrigation Project Viability: Irrigation projects in the region face viability issues due to 

underutilization, with cultivated areas ranging from 30% to 40% of the proposed irrigation 

land. Challenges include poor participation of younger farmers, inadequate extension 

services, and financial constraints. These issues hinder the sustainability of irrigation 

initiatives aimed at enhancing agricultural productivity.  
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3. Flood-Related Displacement: Flooding leads to the displacement of communities, loss 

of livelihoods, and destruction of infrastructure. The 2020 floods, for example, affected 

significant portions of farmland, disrupting local economies and exacerbating poverty 

levels.  

4. Poverty and Livelihoods: Many communities in the catchment are resource-poor, relying 

heavily on natural resources for their livelihoods. Unsustainable exploitation of these 

resources, coupled with environmental degradation, perpetuates poverty and hampers 

socio-economic development.  

5. Youth Participation in Agriculture: There is a notable lack of youth engagement in 

agricultural activities, leading to an aging farming population. This trend threatens the 

future of agriculture in the region and necessitates interventions to attract younger 

generations to farming.  

6. Water Quality Issues: Water quality is compromised by factors such as high colloidal 

sediment load and occasional high iron levels above WHO standards. These issues affect 

both surface and groundwater, posing health risks and challenges for agricultural use.  

7. Inadequate Infrastructure: The catchment lacks adequate infrastructure for water 

supply, sanitation, and transportation, particularly in rural areas. Poor infrastructure limits 

access to essential services, hampers economic development, and affects the quality of life 

for residents. 

8. Security Challenges: Insecurity, including banditry and communal conflicts, has 

disrupted socio-economic activities and affected land use and migration patterns. 

Insecurity reduces agricultural productivity, disrupts trade, and leads to displacement of 

communities, further exacerbating poverty and food insecurity. 

9. Limited Access to Education and Healthcare: Many areas within the catchment have 

limited access to quality education and healthcare services. Poor access to education and 

healthcare limits opportunities for economic advancement and affects overall well-being, 

perpetuating cycles of poverty. 

10. Gender and Social Inequality:  Gender disparities and social inequalities limit the 

participation of women and marginalized groups in economic activities and decision-

making processes. These inequalities reduce the potential for inclusive economic growth 

and sustainable development, affecting the overall resilience of communities. 
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Fig E.S.1: Rima Catchment Showing the Past Interventions (Source: MSL, 2025)  

 

Fig E.S.2: Rima Catchment Showing the Ongoing Interventions (Source: MSL, 2025)  
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Elements of the Catchment Management Plan 

 

This vision aims to balance the needs of the growing population with the preservation of the 

catchment's ecological integrity and water resources by engaging with the following objectives. 

 Objectives 

Aligning with the vision of the Catchment Plan, the strategic objectives are to: 

1. Advocate for Sustainable Policies and Enforcement: Develop and implement 

mechanisms for the regulation, monitoring, and evaluation of water resource usage.  

Review and strengthen laws to protect water bodies and ecosystems.   Eradicate open 

defecation to enhance water quality. 

2. Improve Water Availability and Quality: Implement desilting of river channels and 

reservoirs, rainwater harvesting, and efficient irrigation systems.  Establish additional 

water quality and monitoring stations within the catchment. 

3. Enhance Biodiversity and Ecosystem Services: Enhance existing ecosystems and 

establish new ones within the catchment. Restore wetlands for erosion and flood control. 

Implement waste-to-energy initiatives for sustainable waste management. 

4. Reduce Soil Erosion and Land Degradation: Enforce sustainable land use policies and 

environmental laws. Restore 45% of degraded lands and optimize land use by at least 50% 

through sustainable irrigation and agriculture. Conduct collaborative research on land 

management and maintain a database on irrigation, geospatial, weather, soil, water quality, 

and land use changes. 

5. Implement Flood Control Measures and Drought Preparedness Strategies: Develop 

and implement short- and long-term land management strategies for uniform restoration. 

Install integrated early warning systems for agriculture, pollution, water quality, and flood 

control. 

6. Mainstream Gender, Security, and Social Inclusion: Promote gender-responsive 

capacity-building programs on alternative energy sources to reduce deforestation. Secure 

donor-funded projects from organizations like the World Bank, Global Environment 

The strategic vision of the Rima Catchment Management Plan is to achieve sustainable and 

equitable management of natural resources within the catchment while ensuring climate 

resilience, environmental protection, economic and social security for all.  
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Facility (GEF), and African Development Bank for natural resource management. Develop 

green areas and recreation centers to promote eco-tourism. 

7. Secure Funding and Partnerships: Improve access to finance and funding opportunities, 

including revolving loans and grants for grassroots associations. Ensure a secure and 

conducive environment to attract foreign direct investment and promote commodity 

exports. 

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  

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

signed, ratified and inforce (pacta sunt servanda),  

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

to surface water and connected groundwater,  

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

application to all uses of the shared watercourse,  

Å Niger Basin Water Charter as principal treaty of the Niger River Basin,  

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

International Policies That Affect Water Resources  

Å 1971 Stockholm Declaration on Human Environment  

Å 1992 Dublin principles on water and sustainable Development,  

Å 1992 Rio Declaration on Environment and Development and Agenda 21  

Å 2008 ECOWAS Water Resources Policy  

Å Draft Articles on the Law of Transboundary Aquifer  

National Laws and Policies  

Å 1999 Constitution of Federal Republic of Nigeria  

Å 1993 National Water Resources Act  

Å 2016 National Water Resources Policy  

Å 2016 National Policy on Environment  

Å National Climate Change Policy for Nigeria (2021-2030)  
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Plan Components 

The Rima Catchment Management Plan aims to address the multifaceted challenges facing the 

catchment by implementing a comprehensive set of components. These components are 

designed to promote sustainable resource management, enhance livelihoods, and build 

resilience against climate change. Below is an outline of each component, incorporating 

information from available sources:  

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

to promote sustainable water resource management in the catchment. Key actions include 

desilting channels, enhancing irrigation efficiency, and establishing water quality monitoring 

stations. We will also strengthen laws to protect water bodies and encourage community 

participation through capacity-building programs. 

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

sustainable land use (to include sustainable agricultural and livestock practices):  The 

goal is to preserve and restore critical ecosystems while promoting sustainable land use. This 

includes enhancing existing systems, implementing waste-to-energy initiatives, and restoring 

wetlands to prevent erosion and flooding. Policies and laws will ensure long-term ecological 

health, supported by collaborative research and a comprehensive database on key 

environmental aspects. 

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

 The objective is to enhance livelihoods by diversifying economic activities, boosting 

agricultural productivity through modern techniques, and promoting sustainable livestock 

practices. Access to financing for small-scale farmers will be improved, along with 

infrastructure development for artisans. Creating a secure environment will attract foreign 

investment and support local exports. 

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

infrastructure: The goal is to enhance resilience to climate change by promoting women-led 

green initiatives and smart farming practices. Efforts will strengthen early warning systems and 

expand renewable energy use. Climate-resilient infrastructure and adaptation strategies in 

agriculture and water management will be developed for long-term sustainability. 
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Component 5: Strengthening institutional and project coordination mechanisms: Strengthening 

coordination mechanisms is vital for effective project implementation, requiring active 

engagement with all stakeholders. Integrated management committees will facilitate 

collaboration, while policies for sustainable resource management will be developed. Capacity-

building programs will enhance stakeholders' project management skills, ensuring smooth 

implementation of activities. 

Component 6: The project emphasizes gender equality and social inclusion (GESI) by 

conducting gender-sensitive capacity-building programs on alternative energy to combat 

deforestation. It aims to empower women and marginalized groups through skill development 

and economic opportunities. Community participation will be prioritized to ensure diverse 

voices are included in decision-making, fostering social inclusion and equitable opportunities. 

Component 7: Mainstreaming gender equality and social inclusion (GESI) mechanism: The 

research and extension component aims to promote evidence-based decision-making through 

collaborative research on land management, water resources, and environmental conservation. 

Extension services will support farmers and communities in adopting sustainable agricultural 

practices. Platforms for sharing research findings will be developed, alongside capacity-

building programs to equip stakeholders with essential skills. 

Component 8: Research and extension:  An effective monitoring and evaluation system is 

essential for tracking project progress through baseline assessments of key performance 

indicators. A comprehensive database will support ongoing assessments, with seasonal data 

collected to evaluate intervention effectiveness. Stakeholder engagement will be prioritized, 

and regular progress reports will ensure transparency and data-driven decision-making. Robust 

reporting mechanisms will facilitate clear communication of project outcomes. 

Table ES2 shows the significant issues in the watershed and the proposed solutions, including 

the local, state, and national implementing partners. 
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Table ES2: Summary of Components and Activities 

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 

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 

Three tiers of government 

encompassing the RBDAôs, 

FMWR and allied agencies 

 

 

 

As above, NIWRMC 

 

 

 

NHISA, NIMET 
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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 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. 

 

 

Routine Reports 

 

Reports 

 

 

 

NHISA, The three tiers of 

government encompassing the 

RBDAôs, FMWR and allied 

agencies 

 

NHISA, NIMET, MOA, CBOôs 
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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. 

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 

 

 

 

 

 

 

 

 

Increase in agricultural 

productivity 

 

 

 

 

 

 

 

 

Federal, state and local 

government MDAôs on 

agriculture and food security, 
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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 

 

 

 

As above 

 

Increase in number of 

farmers. 

 

Increase in agricultural 

productivity 

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. 

 

 

 

Improved quality of living. 

 

Improved funding 

 

 

 

Federal, state and local 

government MDAs, CBOs 
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Develop community-based tourism and eco-friendly 

economic activities. 

Improve access to sustainable natural resources, 

low-cost energy, better sanitation and hygiene 

practices 

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. 

 

Improved income/job 

creation. 

 

Availability of renewable 

energy and improved 

standard of living. 

 

Donor agencies, banks and 

cooperatives 

 

CBOs and the three tiers of 

government 

As above 
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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. 

 

Support the adoption of drought-resistant crop 

varieties and efficient irrigation technologies. 

Promote afforestation programs to combat 

desertification and stabilize soils. 

Reduction in climate 

change induced disaster 

 

Reduction in 

environmental degradation 

and climate change 

disaster 

 

 

 

Improved agricultural 

output and increased 

employment 

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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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 

 

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 

 

 

 

 



Mecon Geology and Engineering Services Ltd  

 

Page xxx of 187 

 

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 

 

Updated reports 

 

 

 

 

Updated reports and 

increase in harmonious 

engagement with 

stakeholders 

Updated reports 

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. 

Reduced conflict and 

equitable distribution of 

water resources 

Reduced conflict among 

stakeholders and better 

institutional collaboration 

 

 

Federal, state and local 

government MDAs, NGOs, 

donor agencies, multi-lateral 

financial institutions, CBOs. 



Mecon Geology and Engineering Services Ltd  

 

Page xxxi of 187 

 

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. 

 

 

 

Increase in agricultural 

output 

 

Policy formulation and 

Implementation 

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. 

 

Comprehensive 

participation of all 

stakeholders 

 

 

Better outputs of 

environmental 

conservation 

Federal, state and local 

government MDAs, NGOs, 

donor agencies, multi-lateral 

financial institutions, CBOs. 
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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. 

 

 

Updated Reports on key 

social issues within a 

community 

 

 

More women participation 

 

Improved psycho-social 

status of victims of abuse 

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, 

V nature-based solutions, 

V effectiveness of soil conservation 

measures, 

V watershed services for IWM, 

Increased awareness 

 

 

 

 

 

Federal, state and local 

government MDAs, NGOs, 

donor agencies, multi-lateral 

financial institutions, CBOs. 
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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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Fig E.S.3: Rima Catchment Showing the Recommended Interventions (Source: MSL, 2025) 
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Table E.S.3: Lower Catchment of the Rima Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Section LGA/Town(s) Challenge Intervention Appropriate 

Tool(s) For 

Sustained 

Monitoring and 

Evaluation 

Responsible Agency Expected 

Outcome 

Lower 

Catchment 

Goronyo, 

Wurno, Rabah, 

Gwadabawa 

Seasonal flooding 

leading to farmland 

loss and 

displacement 

Flood control dikes, 

reforestation along 

riverbanks 

Flood risk maps, 

hydrological 

modelling 

Sokoto RIMA, 

NIHSA, NEMA, 

NIWRMC, 

ACReSAL. FMWR 

Reduced 

flooding, 

protected 

communities 

Sabon Birni, 

Isa, Shinkafi, 

Maradun 

Banditry and 

insecurity affecting 

agricultural 

productivity 

Community 

policing support, 

security-enhanced 

agro-schemes 

Security mapping, 

rural resilience 

frameworks 

State Security 

Council, Agric 

Extension Services, 

LGA 

Enhanced 

security, 

restored farming 

activities 

Gada, Illela, 

Tangaza 

Desertification and 

loss of arable land, 

Loss of 

Biodiversity 

Large-scale tree 

planting, promotion 

of drought-resistant 

crops 

Remote sensing 

(vegetation cover), 

land degradation 

maps, NDVI 

Mapping 

Ministry of 

Environment, 

Forestry Dept, 

ACReSAL, FMAFS, 

Ministry of Tourism 

Reduced land 

degradation, 

improved soil 

fertility 

Kware Poor irrigation 

infrastructure and 

water management 

Rehabilitation of 

irrigation canals, 

introduction of 

efficient water use 

Irrigation system 

diagnostics, water 

balance models 

Sokoto RIMA, 

Ministry of Water 

Resources, FMAFS, 

ACReSAL 

Improved 

irrigation, 

enhanced crop 

yields 
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Table E.S.4: Middle Catchment of the Rima Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Section LGA/Town(s) Challenge Intervention Appropriate 

Tool(s) For 

Sustained 

Monitoring 

and 

Evaluation 

Responsible Agency Expected Outcome 

Middle 

catchmen

t 

Kaura-

Namoda, 

Birni-

Magaji/Kiyawa

, Bungudu, 

Gusau 

Gully 

erosion 

damaging 

farmlands 

and 

infrastructur

e 

Gully 

reclamation, 

check dam 

construction, 

contour 

bunding 

Erosion risk 

mapping, drone 

survey, GIS 

terrain analysis 

ACReSAL, State Min. of 

Environment. 

State ADP,  

Stabilized soils, 

protected 

infrastructure, 

restored land 

 Zarmi, Jabia, 

Kaita, Batsari 

Deforestatio

n and 

fuelwood 

pressure 

leading to 

habitat loss 

Community 

forestry 

programs, 

woodlot 

establishment

, clean 

cookstove 

promotion 

Satellite 

monitoring of 

forest cover, 

community 

forest plans 

Forestry Dept, Rural Dev 

Agencies. LGA, NGO, 

ACReSAL 

Restored vegetation, 

reduced 

deforestation, 

improved energy 

security 

 Daura, 

Sandamu, 

MaiôAdua 

Water 

scarcity 

impacting 

Drilling of 

Solar-

powered 

boreholes, 

Hydrogeologica

l surveys, 

groundwater 

Rural Water Supply 

Agency, Agric. Dev 

Improved water 

availability, increased 

crop production 
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dry season 

farming 

small earth 

dams, 

rainwater 

harvesting 

recharge 

mapping 

Program, NIHSA, 

NIWEMC, FMWR 

 Giwa Crop-pest 

outbreaks 

(e.g. quelea 

birds, 

locusts) 

Integrated 

pest 

management 

(IPM), early 

warning 

systems 

Remote sensing 

pest 

monitoring, 

mobile alert 

systems 

Agric. Research 

Institutes, State Agric 

Dept, LGA 

Reduced crop losses, 

better pest control 

 

 

Table E.S.6: Upper Catchment of the Rima 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 

Upper 

Catchment 

Tsafe, Faskari, 

Bakori, 

Malumfashi, 

Kankara, 

Danmusa, 

Musawa, Matazu 

Soil erosion on 

slopes, land 

degradation 

Loss of 

biodiversity 

Gully stabilization, 

reforestation, 

terracing. 

Establish protected 

areas for biodiversity, 

alongside 

GIS erosion 

mapping, slope 

stabilization design 

ACReSAL, State 

Ministry of 

Environment, 

State ministry of 

Tourism 

Reduced erosion, 

stabilized 

farmlands, 

improved soil 

health 
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community-led 

reforestation projects. 

Dutsinma, 

Safana, Kurfi, 

Kankiya, 

Kusada, 

Charanchi, 

Bindawa 

Water scarcity for 

domestic and 

agricultural use 

Small dam 

construction, solar 

boreholes, rainwater 

harvesting 

Hydrogeological 

surveys, water 

balance modelling 

Rural Water 

Supply Agency, 

ADP, NIHSA, 

NIWRMC, 

FMWR. 

Enhanced water 

availability, 

improved 

livelihoods 

Zango, Dutsi, 

Nani, Mashi, 

Ingawa-Roni 

Deforestation and 

loss of 

biodiversity 

Community 

woodlots, 

agroforestry 

schemes, fuel-

efficient cookstoves 

Satellite forest 

cover  

monitoring, 

community action 

plans 
 

Forestry 

Department, 

FMAFS, NGO, 

State ministry of 

Environment. 

Restored tree 

cover, reduced 

wood fuel demand, 

biodiversity 

protection 

Katsina, 

Batagarawa, 

Rimi, Tsanyawa, 

Shanono 

Urban expansion 

leading to flood 

risk and drainage 

problems 

Diversification of 

Livelihoods 

Improved urban 

drainage, flood 

control channels 

Encourage alternative 

livelihood 

opportunities such as 

ecotourism, non-

timber forest 

products, and small-

scale agro-processing 

industries 

LiDAR flood risk 

mapping, urban 

drainage modelling 

Urban Planning 

Authority, 

SEMA, NEMA, 

FMEnv 

Reduced flood 

vulnerability, safer 

settlements 
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 All the Towns 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 

Expected Outcome 

The successful implementation of the interventions outlined in the Rima Strategic Catchment Management Plan is expected to yield the following 

outcomes: 

Å Improved Water Availability 

Å Enhanced Agricultural Resilience 

Å Ecosystem Restoration and Biodiversity Enhancement 

Å Strengthened Governance and Stakeholder Engagement 

Å Reduced Flood Vulnerability 

Å Socio-Economic Development 
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CHAPTER 1 : INTRODUCTION 

1.1 Purpose of the Plan 

The Rima catchment is a significant ecosystem in northwestern Nigeria that supports the 

livelihood of millions of people within the region.  The purpose for the Plan is developed to 

provide a strategic framework for the sustainable management of water resources within the 

Rima Catchment. The catchment faces a multitude challenge that threaten its sustainability and 

well-being of the inhabitants. Some of these challenges include the following:  

i. Water Scarcity and Over-Extraction: Increased demand for water due to population growth 

and agricultural expansion is straining available resources. 

ii. Pollution and Water Quality Degradation: Agricultural runoff, urban wastewater discharge, 

and industrial effluents contaminate surface and groundwater sources, posing risks to 

human health and aquatic ecosystems. 

iii. Deforestation and Land Degradation: Unsustainable land use practices, including 

deforestation and overgrazing, lead to soil erosion and reduced water retention capacity. 

iv. Climate Change Impacts: Unpredictable rainfall patterns, extreme weather events, and 

prolonged droughts affect water availability and agricultural productivity. 

v. Poor Catchment Governance and Institutional Gaps: Weak enforcement of water 

management policies, lack of coordination among stakeholders, and inadequate funding 

hinder effective conservation efforts. 

vi. Conflicts Over Water Use: Competition between different water users (agriculture, 

industry, and domestic use) leads to disputes, particularly during periods of scarcity. 

vii. Sedimentation and Siltation: Excessive soil erosion leads to sediment accumulation in 

rivers and reservoirs, reducing water storage capacity and flow efficiency. 

1.2 Rationale for a Strategic Catchment Plan 

The Rima Strategic Catchment Management Plan is developed based on the need to address 

critical environmental, hydrological, and socio-economic challenges affecting the catchment. 

The plan is designed to: 

a. Promote Sustainable Water Resource Management: Ensuring the availability of water 

for various uses, including domestic consumption, agriculture, industry, and ecosystems, 

while preventing over-extraction and depletion. 
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b. Enhance Climate Resilience: The catchment faces increasing threats from climate 

change, including erratic rainfall, droughts, and flooding. The plan aims to implement 

strategies that mitigate these impacts and enhance water security. 

c. Prevent Environmental Degradation: Addressing deforestation, soil erosion, land 

degradation, and water pollution to maintain the ecological balance of the catchment. 

d. Improve Agricultural Productivity:  Since agriculture is a major activity in the 

catchment, the plan promotes sustainable farming practices, improved irrigation systems, 

and better watershed management. 

e. Ensure Equitable Access to Water Resources: Reducing conflicts over water use by 

establishing policies that balance the needs of different water users, including farmers, 

pastoralists, and urban populations. 

f. Support Economic Growth and Livelihoods: Providing a framework for sustainable 

economic activities, such as fishing, irrigation farming, and eco-tourism, while protecting 

natural resources. 

g. Strengthen Governance and Stakeholder Collaboration: Improving coordination 

among government agencies, local communities, NGOs, and private sector actors to ensure 

effective water and land management policies. 

1.3 Expected Outcomes 

The Rima strategic catchment plan is expected to achieve the following outcomes:  

a) Improved Water Availability and Quality 

b) Enhanced Ecosystem Services 

c) Sustainable Socio-Economic Development 

d) Climate Change Adaptation and Mitigation 

e) Effective Governance and Stakeholder Engagement 

f) Enhanced Monitoring and Evaluation 

g) Improved Health and Social Well-being 

1.4 Environmental Roles 

The environmental component of the Rima SCMP is designed to improve ecological health, 

water resources, and biodiversity of the catchment the following integrated approaches:  

1. Water Resources Management: The Rima SCMP promotes efficient water use, reduces 

pollution, and develops strategies to enhance water availability for sustainable 

management. 
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2. Ecosystem Protection and Restoration: Protect and restore ecosystems, enhance 

biodiversity, and promote sustainable land management to strengthen agricultural 

resilience. 

3. Climate Change Adaptation and Mitigation: Implement adaptive water management, 

promote carbon sequestration, and encourage climate-resilient farming practices. 

4. Wetland and Floodplain Management: Protect and restore wetlands, implement 

sustainable floodplain management, and support integrated river basin management to 

reduce flood risks. 

5. Pollution Control and Environmental Health: Implement pollution control, monitor its 

impact, and promote sustainable practices to protect ecosystems and environmental health. 

6. Sustainable Land Use Planning: Develop and enforce land use regulations, promote 

ecosystem-based planning, and engage local communities in land management.  

7. Environmental Education and Awareness: The SCMP promotes environmental 

awareness, conservation, and sustainable resource use through public education, training, 

and collaboration with communities, government, and stakeholders.  

1.5 Socio-Economic Roles 

The Rima SCMP is designed to address not only environmental challenges but also socio-

economic issues to ensure comprehensive and sustainable development. Below are the key 

socio-economic roles of the plan: 

1. Sustainable Livelihoods and Food Security: The SCMP promotes sustainable farming, 

provides credit to small farmers, and supports eco-friendly livestock practices to enhance 

livelihoods and food security. 

2. Economic Diversification: Promote non-agricultural activities and value-added agro-

processing to boost economic value and create jobs. 

3. Poverty Reduction and Social Inclusion: promotes the implementation of targeted 

programs to reduce poverty, promotes gender equality and develop  programs to address 

youth unemployment. 

4. Improved Infrastructure and Services: The SCMP enhances access to clean water, 

sanitation, transportation, and sustainable energy to improve public health and 

infrastructure.  

5. Stakeholder Engagement and Community Participation: Encourage stakeholder 

participation in planning and implementation, while offering training and capacity-

building for local communities. 
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6. Market Access and Trade: improves market access for agricultural products and other 

goods and supports cross-border trade with neighbouring countries to enhance economic 

opportunities. 

7. Health and Social Well-being: Enhance access to healthcare services, particularly in rural 

areas and ensures the implementation of social protection programs to support vulnerable 

groups. 

1.6 Governance and Institutional Roles 

The governance and institutional roles of the Rima SCMP promotes accountability, conflict 

resolution, capacity building, and adaptive management, providing the foundation for long-

term ecological and socio-economic sustainability through the following: 

1. Multi-Stakeholder Engagement and Collaboration: The SCMP fosters inclusive 

decision-making, encourages participatory governance in resource management, and 

promotes partnerships with businesses and stakeholders.  

2. Institutional Coordination and Management: Encourages the creation of catchment 

management authorities, fosters collaboration among government ministries and agencies, 

and ensures local development plans align with catchment management objectives. 

3. Policy Development and Implementation: Supports the development of policies, 

regulations, and legal frameworks for land use, water management, conservation, and 

environmental protection within the catchment area. 

4. Monitoring, Evaluation, and Accountability: The SCMP encourages strong monitoring 

and evaluation systems, ensures transparency through regular progress reports, and 

promotes efficient fund usage and proper governance. 

5. Conflict Resolution and Consensus Building: The SCMP creates conflict resolution 

mechanisms and encourages consensus-building among local communities, government, 

and other stakeholders. 

6. Capacity Building and Knowledge Sharing: The SCMP fosters collaboration with 

research institutions and universities to gather data on ecosystems, water resources, and 

socio-economic conditions, while promoting awareness of sustainable catchment 

management. 

7. Financial Management and Resource Mobilization: The SCMP supports the 

development of institutions for sustainable financing and ensures efficient resource 

allocation to priority areas of the plan. 
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8. Legitimacy and Stakeholder Trust: The SCMP provides feedback opportunities to build 

trust in governance and promotes cultural sensitivity and inclusivity for vulnerable groups 

within the catchment. 

9. Adaptive Governance: The SCMP uses an adaptive governance model that offers 

flexibility for adjustments and integrates lessons learned and innovative approaches to 

catchment management. 

1.7 Catchment Policies 

For harmonious relationship and engagement of stakeholders regarding equitable utilization of 

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

recognized, and ratified treaties further domesticated. 

Treaties 

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

signed, ratified and inforce (pacta sunt servanda),  

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

application to surface water and connected groundwater,  

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

application to all uses of the shared watercourse,  

Å Niger Basin Water Charter as principal treaty of the Niger River Basin,  

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

International Policies That Affect Water Resources 

¶ Stockholm Declaration on Human Environment (1971) 

¶ Dublin principles on water and sustainable Development (1992) 

¶ Rio Declaration on Environment and Development and Agenda 21 (1992) 

¶ ECOWAS Water Resources Policy (2008) 

¶ Draft Articles on the Law of Transboundary Aquifer 

National Laws and Policies 

¶ Constitution of Federal Republic of Nigeria (1999) 
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¶ National Water Resources Act (1993) 

¶ National Water Resources Policy (2016) 

¶ National Policy on Environment (2016) 

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

¶ National Agricultural Policy (2016) 

¶ Nigeria's Agricultural Transformation Agenda (ATA) 

¶ Nigeria's National Forest Policy (2006) 

The Strategic Catchment Management Plan (SCMP) can align with Nigeria's National Water 

Resources Policy (2016) for sustainable water management and environmental protection. It 

also integrates with the National Environmental Policy (1999) to promote conservation and 

restoration. Additionally, the SCMP supports the National Agricultural Policy (2016) by 

fostering sustainable agricultural practices and enhancing food security. 

The SCMP can integrate with the Niger Basin Authority's Water Charter and ECOWAS Water 

Resources Policy to promote sustainable water management in the region. It can also align with 

Nigeria's Agricultural Transformation Agenda to enhance food security and support sustainable 

practices, as well as the National Forest Policy for forest conservation. 

1.8 Integration Mechanisms 

¶ Establish a coordination committee: Set up a committee comprising representatives from 

relevant government agencies, regional organizations, and stakeholders to ensure 

coordination and integration. 

¶ Conduct policy gap analysis: Identify gaps and inconsistencies between the Strategic 

Catchment Management Plan and existing policies and develop strategies to address them. 

¶ Develop a monitoring and evaluation framework: Establish a framework to track progress, 

identify challenges, and adjust ensure the plan's alignment with national and regional 

policies. 

¶ Engage stakeholders: Involve stakeholders, including government agencies, regional 

organizations, and local communities, in the planning and implementation process to 

ensure ownership and buy-in. 
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¶ The catchment area spans parts of Sokoto, Zamfara, and Katsina States, bounded by 

adjacent catchments. It experiences distinct wet and dry seasons, with annual rainfall 

varying from 300-600 mm in the northern regions to 800-1,000 mm in the south.  

¶ Temperatures are consistently high, ranging from 30ÁC to 40ÁC, particularly peaking from 

March to May. The area sees significant diurnal variations, especially in the north. 

¶  Relative humidity is higher during the wet season, exceeding 60%, which supports 

agriculture. The impact of seasonal patterns significantly influences water availability and 

agricultural activities in the region. 

¶ The catchment area is well-acquainted with various development and intervention 

initiatives, including the Multisectoral Crisis Recovery Projects (MCRP) aimed at 

rehabilitating and enhancing critical infrastructure such as roads, bridges, hospitals, and 

water resources. The Niger basin Authority and the Sokoto-Rima Basin Authority as well, 

and the Rural Access and Mobility Project, FMWR-TRIMING project among others.  

The Strategic Catchment Management Plan aims to integrate key components of the catchment, 

which spans Sokoto, Zamfara, and Katsina States. It experiences distinct wet (300-1,000 mm 

rainfall) and dry seasons, with high temperatures (30ÁC to 40ÁC) and significant diurnal 

variations. The plan seeks to ensure strategic, cohesive growth by addressing the 

interconnectedness of these factors and avoiding isolated interventions. 

Several noteworthy examples of successful strategic catchment management plans include 

South Africa's National Water Act, the Mpanga Catchment Conservation Project, and the River 

Rwizi Catchment Management Plan, all located in Uganda. Additionally, the Tana Catchment 

Area Management Plan, the Ngarelan Springs Catchment Area Management Plan, and the Dik 

Dik Catchment Management Plan are prominent initiatives in Kenya. 
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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 Katsina State. The 

area lies between latitude 11Á37ô11ôôN and 15Á08ô48ôôN, and longitude 4Á53ô08ôôE and 

09Á26ô40ôôE (Figure 2.1). It is bounded by the Sokoto Zamfara catchment to the Southwest, 

Sarkin Pawa catchment to the south and Hadejia-Jamaôare catchment to the southeast. 

 

Figure 2.1: Rima catchment showing the LGAs (Source: MSL, 2025) 

2.2 Precipitation, Temperature, Sunshine and Relative Humidity 

2.2.1 Precipitation 

The Rima Catchment has a seasonal precipitation pattern with a wet season and a dry season. 

Annual rainfall ranges from 300 to 600 mm in the northern semi-arid regions and 800 to 1,000 

mm in the southern areas, supporting more reliable agriculture. The dry season lasts from 

October to April, characterized by the Harmattan winds, leading to increased reliance on 

groundwater as water sources diminish. 
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Figure 2.2: Annual precipitation of Rima Catchment (2000 - 2021) (Source: CHIRPS, 2015) 

2.2.2 Temperature 

The Rima Catchment has a hot semi-arid climate (Kºppen BSh) with temperatures ranging 

from 27ÁC to 30ÁC. The hottest months are March to May, exceeding 40ÁC, while cooler 

Harmattan conditions occur from December to February, with nighttime temperatures dropping 

below 20ÁC in the north. 

Over the past two decades, temperature trends show gradual warming in the catchment, 

affecting evapotranspiration, water balance, and agricultural productivity. Extreme heat occurs 

during the pre-rainy season, with some moderation during the rainy season.. 

 

Figure 2.3: Annual Average Temperature for Rima Catchment (2000 - 2023) (Source: MSL, 2025) 
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2.2.3 Sunshine Duration 

The Rima Catchment area experiences high sunshine duration year-round, averaging 2,800 to 

3,200 hours annually, peaking during the dry season. This consistent solar exposure 

significantly impacts evapotranspiration, agricultural productivity, and water availability. 

Long-term data shows stability in sunshine duration, aiding irrigation and renewable energy 

planning. 

 

 

Figure 2.4: Annual Average Sunshine Duration in the Catchment (Source MSL, 2025) 

 

2.2.4 Relative Humidity 

Relative humidity in the Rima Catchment varies seasonally, with low values (20%ï40%) 

during the dry Harmattan season and peaks (70%ï90%) in the rainy season due to moisture-

laden winds. Long-term trends indicate a slight decline in average humidity, potentially linked 

to rising temperatures and land use changes, affecting water loss and ecosystem resilience.  
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Figure 2.5: Annual Average Relative Humidity of the Catchment (Source: MSL, 2025) 

 

2.3 Topography, Drainage, Geology and Soils 

2.3.1 Drainage 

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

and Sokoto Rivers (refer to Figure 2.6), 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 north-westerly 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. 

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. 
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Figure 2.6: Drainage Map of Rima Catchment showing dams (Source: MSL, 2025) 

2.3.2 Topography 

¶ The Rima Catchment spans across Katsina, Zamfara, and Sokoto states, covering a 

variety of topographical and hydrological features (see Figure 2.7Figure 2.7).  

¶ It plays a crucial role in the hydrological and ecological dynamics of northern Nigeria, 

influencing agricultural activities, flood patterns, and ecosystem sustainability. 

¶ The catchment generally exhibits low to moderate relief, with elevations ranging from 

approximately 500 meters in the upper parts of the basin (such as in Katsina and 

Zamfara states) to around 250 meters in the lower parts near Sokoto.  

¶ The region is characterized primarily by flat plains with scattered hills and inselbergs 

(isolated rocky outcrops). 

¶ The southern portions of the catchment in Katsina and Zamfara feature more elevated 

terrains, with occasional hills and ridges that influence localized water flow patterns. 

Moving northward, the terrain becomes increasingly flat, forming expansive 

floodplains, especially within Sokoto, which are prone to seasonal flooding.  
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¶ The Sokoto-Rima River system is the major drainage feature of the catchment, with 

numerous tributaries and seasonal streams contributing to its flow, especially during the 

rainy season. However, water availability fluctuates significantly between wet and dry 

seasons, making sustainable water management a critical challenge in the catchment. 

 

Figure 2.7: Digital Elevation Model (DEM) of the catchment (Source: MSL, 2025) 

STATES OF INFLUENCE 

1. KATSINA STATE 

2. ZAMFARA STATE 

3. SOKOTO STATE 

2.3.3 Geology and Soil Types 

¶ The Rima Catchment, spanning Katsina, Zamfara, and Sokoto States, is underlain by 

diverse geological formations that influence soil development, water retention, and land 

use potential.  
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¶ 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. 

2.3.3.1 Geology  

The geological framework of the Rima Catchment as shown in Figure 2.8 can be categorized 

into two major provinces: the Precambrian Basement Complex and the Sokoto Basin 

sediments. 

1. The southern catchment area, covering parts of Katsina and Zamfara States, is 

characterized by Precambrian Basement Complex rocks like granites and gneisses. The 

rugged terrain results in shallow, less fertile soils and limited groundwater recharge due to 

low rock permeability.. 

2. The northern part of the catchment in Sokoto State is part of the Sokoto Basin, a significant 

sedimentary area in northwestern Nigeria. It features Tertiary and Quaternary sediments, 

such as sandstones and claystones. These deposits formed over time through fluvial 

processes, resulting in a gently undulating landscape. The sedimentary nature of the 

Sokoto Basin, particularly its porous and permeable sandstones, contributes significantly 

to groundwater storage and recharge in this region. 
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Figure 2.8: Geological Map of Rima Catchment (Source: MSL, 2025) 

2.3.3.2 Soil Types 

In the Rima Catchment, soils are classified using the FAO framework, highlighting factors like 

formation processes and parent materials. Key soil types include Arenosols, Vertisols, 

Gleysols, Fluvisols, and Leptosols, each with unique properties affecting water retention and 

agricultural potential. This classification aids in understanding soil distribution and its 

implications for land use and environmental management.). 

Soil types in the catchment include: 

1. Arenosols  

Arenosols are sandy, arid-region soils found mainly in northern Sokoto State, characterized by 

low water retention and organic matter. They support drought-resistant crops like millet and 

sorghum but need fertilizers and irrigation for better productivity. 
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2. Vertisols 

Location: Found in floodplains and depressions across the catchment. it contains Clay-rich 

soils that shrink and swell with moisture changes. They are highly fertile but prone to 

waterlogging. It is 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. It a hydromorphic soil 

with poor drainage and prolonged water saturation. It is Suitable for paddy rice cultivation but 

require drainage improvements. 

4. Fluvisols 

Location: Common along riverbanks and floodplains. They are young soils formed from recent 

river deposits with high fertility. Agriculturally it is used for flood-recession agriculture, 

supporting crops like rice, maize, and vegetables. 

5. Leptosols 

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

stony soils on hard rock substrates with limited agricultural potential. 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. 
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Figure 2.9 Soil Map of Rima Catchment (Source: MSL, 2025) 

Varied geology and soil types across the catchment influence land use patterns. Fertile alluvial 

soils support agriculture, while sandy soils pose challenges due to low fertility. Effective land 

and water management, especially irrigation, is vital to optimize agricultural potential and 

combat soil degradation in the north. 

The groundwater potential in the sedimentary areas of the Chad Basin provides opportunities 

for irrigation and water supply, but over-exploitation of this resource could lead to long-term 

sustainability concerns, especially in the face of climate change. 
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2.4 Land Use and Land Cover 

The Rima catchment features a diverse landscape influenced by climate, geology, and human 

activities. Key land uses include agriculture, livestock grazing, wetlands, and settlements. 

Human-induced changes like deforestation and cultivated land expansion have significantly 

impacted the environment and water resources. 

 

 

Figure 2.10: Land Use and Land Cover of Rima Catchment 2017 and 2023 (Source: MSL, 2025) 
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2.4.1 Natural Vegetation 

The natural vegetation cover (Figure 2.11) of the Rima catchment varies from north to south, 

influenced largely by climatic gradients and soil types. 

¶ Northern Area (Sokoto State) 

The northern catchment area, especially in Sokoto State, features Sudan savannah with 

scattered Acacia trees and grasslands. Its semi-arid climate limits dense vegetation, making it 

suitable for pastoral grazing. However, desertification, overgrazing, and fuelwood collection 

are leading to vegetation degradation. 

Å Central Area (Katsina State) 

The central part of the catchment, covering Katsina State, exhibits a transitional zone between 

the Sudan savannah and Guinea savannah. This area supports a mix of grasslands and scattered 

trees such as baobab, shea butter, and tamarind. The slightly higher rainfall compared to the 

north allows for a richer vegetation cover, though land clearing for agriculture is a major factor 

reducing natural vegetation. 

Å Southern Area (Zamfara State) 

The southern parts of the catchment, particularly in Zamfara State, fall within the Guinea 

savannah zone, which supports a denser and more diverse range of plant species. Trees such as 

neem, locust bean, and shea butter dominate the landscape, along with a mixture of tall grasses. 

The relatively higher rainfall and better soil quality favour agriculture, leading to increasing 

deforestation and land conversion for farming. 

2.4.2 Agricultural Land Use 

Agriculture is the dominant land use in the Rima catchment. Over the past several decades, the 

expansion of agricultural activities has significantly transformed the landscape, particularly in 

the fertile regions along river floodplains. 

Å Rainfed Agriculture (Katsina and Zamfara States) 

In Katsina and Zamfara States, most agriculture is rainfed, particularly on Alfisols suitable for 

millet, sorghum, maize, groundnuts, and cowpeas. This reliance on seasonal rainfall makes 

farming vulnerable to climatic variability and periodic droughts, especially in the drier northern 

regions. 
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Å Irrigated Agriculture (Sokoto and Zamfara States) 

The floodplains of the Rima River in Sokoto and Zamfara States support irrigated farming of 

high-value crops like rice and vegetables. While irrigation boosts agricultural productivity, it 

also strains water resources during the dry season, causing conflicts between farmers and 

pastoralists. 

Å Fallow and Shifting Cultivation (Northern Katsina and Parts of Zamfara State) 

In some areas with poorer soils, particularly in northern Katsina and parts of Zamfara State, 

fallow and shifting cultivation practices are still observed. Farmers allow land to rest and 

regenerate before cultivation, but increasing population pressure has led to shorter fallow 

periods, resulting in soil degradation and declining yields. 

2.4.3 Wetlands 

The wetlands of the Rima catchment are significant land cover features, particularly in Sokoto 

and Zamfara States. These wetlands are fed by the Rima River and its tributaries, playing a 

crucial role in supporting biodiversity and local livelihoods. 

¶ Ecological Significance (Sokoto and Zamfara States) 

The wetlands provide a habitat for various bird species, aquatic plants, and fish 

populations, making them essential breeding and feeding grounds. They also act as 

natural flood regulators, storing excess water during the rainy season and gradually 

releasing it during the dry season. This hydrological function helps maintain water 

availability for surrounding communities and ecosystems. 

¶ Agricultural Use (Sokoto and Zamfara States) 

Wetland agriculture, particularly rice farming, is a common practice in the floodplains 

of the Rima River. The seasonal flooding replenishes soil nutrients and ensures moisture 

availability for crops even in drier months. However, increasing pressure from 

unsustainable farming practices, overgrazing, and upstream water diversion for 

irrigation poses a threat to the long-term viability of these wetlands. 

2.4.4 Grazing Land and Pastoralism 

Livestock Grazing 
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Livestock grazing is a major land use in the catchment, especially in the northern and central 

parts where pastoralism is an important livelihood activity. Nomadic and semi-nomadic herders 

move across the region in search of pasture for their cattle, sheep, and goats. Grazing lands 

include the natural grasslands of the savannah and areas of marginal land not suitable for crop 

cultivation. 

ǒ Pastoralism in Northern Areas The drier northern regions of Yobe and Jigawa States are home 

to large numbers of pastoralists. However, overgrazing has led to land degradation and the loss 

of vegetation cover in some areas. This has been exacerbated by climatic factors such as 

reduced rainfall and increased frequency of droughts. 

ǒ Conflict with Agricultural Land The expansion of croplands into traditional grazing areas has 

led to increasing competition for land and resources between farmers and herders. Conflicts 

over land use are becoming more common as both groups struggle to access fertile land and 

water, particularly in times of scarcity. 

2.4.5 Human Settlements 

Human settlements in the Rima Catchment are concentrated around river systems and fertile 

agricultural zones. The population density is higher in the southern parts of the catchment, 

particularly in Sokoto State, which has major urban and rural settlements. 

ǒ Urban Areas Major urban centers such as Sokoto and Gusau serve as hubs for economic 

activities, including trade, manufacturing, and services. The expansion of these urban areas is 

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

has led to the conversion of peri-urban agricultural land into residential and commercial 

developments. 

ǒ Rural Settlements Most rural settlements in the catchment are small villages or hamlets that 

are closely tied to agricultural production. Access to basic infrastructure such as roads, schools, 

and healthcare facilities is limited in many rural areas, impacting the socio-economic 

development of these regions. 
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2.4.6 Forest and Woodland Areas 

2.4.6.1 Forest and Woodland Areas 

Small patches of forests and woodlands are found in the southern parts of the Rima catchment, 

particularly in Zamfara and parts of Katsina State. These areas are mostly located in protected 

reserves or exist as remnants of the original savannah woodlands. 

2.4.6.2 Deforestation (Katsina and Zamfara States) 

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

desertification. 

2.4.6.3 Reforestation Efforts (Sokoto, Katsina, and Zamfara States) 

In response to deforestation, several reforestation and afforestation projects have been 

introduced, particularly in areas at risk of desertification, such as northern Katsina and Sokoto 

States. These efforts focus on restoring degraded lands, improving soil fertility, and enhancing 

water retention in the landscape, often through tree-planting initiatives and sustainable land 

management practices. 
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Figure 2.11: Vegetation Map of Rima Catchment (Source: MSL, 2025) 

 

2.4.7 Biodiversity 

Category Description 

Ecosystem Types - Sudan and Sahel Savanna (dominant)- Riverine ecosystems 

(Rima River and tributaries) 

- Seasonal floodplains and wetlands (e.g., Dutsin Ma, Rima 

valley) 

- Fadama lands 

Flora (Plant 

Diversity) 

- Savanna Vegetation: Acacia nilotica, Acacia senegal, Baobab 

(Adansonia digitata), Shea (Vitellaria paradoxa), Neem 

(Azadirachta indica) 

- Grasses: Andropogon gayanus, Hyparrhenia rufa 

- Wetlands/Riparian Plants: Typha domingensis, Wild Rice 

(Oryza longistaminata), Water Lily (Nymphaea lotus) 

Fauna (Wildlife) - Mammals: Roan antelope (Hippotragus equinus), Red-fronted 

gazelle (Eudorcas rufifrons), Warthog (Phacochoerus africanus), 

Hyenas (Crocuta crocuta, Hyaena hyaena) 
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- Birds: Å Migratory: Black-crowned crane, Spur-winged plover, 

White-faced whistling duck Å Riparian/Savanna: Pied kingfisher, 

Grey heron, Marabou stork 

Fish Resources - Key species: Oreochromis niloticus (Tilapia), Clarias 

gariepinus (Catfish), Heterotis niloticus- Support artisanal 

fisheries and local protein supply 

Reptiles & 

Amphibians 

- Reptiles: Nile Crocodile (Crocodylus niloticus), Freshwater 

turtles 

- Amphibians: African bullfrog (Pyxicephalus adspersus), other 

frogs inhabiting wetlands and rice fields 

Agro-Biodiversity - Crops: Å Cereals: Millet, sorghum, maize, rice Å Legumes: 

Cowpea, groundnut Å Vegetables: Tomato, onion, pepper- 

Livestock: Å Cattle (White Fulani breed) Å Sheep, goats, camels 

Wetlands & Aquatic 

Ecosystems 

- Seasonal floodplains provide: Å Fish spawning habitats Å Bird 

migration stopovers Å Seasonal livestock grazing Å Water 

filtration and erosion control Å Agricultural buffer zones 

Ecological Functions - Biodiversity supports: Å Soil fertility and structure (via plant 

roots and litter) Å Water filtration Å Pollination and pest control Å 

Groundwater recharge Å Carbon sequestration 

Community Use of 

Biodiversity 

- Fuelwood collection (Acacia, Shea)- Traditional medicine (e.g., 

neem, baobab leaves)- Fishing and hunting- Grazing- Local crop 

and seed preservation practices 

Key Biodiversity 

Areas 

- Rima River corridor- Kwiambana Forest Reserve (Zamfara)- 

Dutsin Ma Wetlands (Katsina)- Seasonal floodplains along Rima 

and Gagere rivers 

Conservation 

Challenges 

- Overgrazing and drought pressure- Land conversion and 

deforestation- Illegal fishing and wildlife hunting- Drying 

wetlands from climate variability and irrigation abstraction 

Legal/Institutional 

Protection 

- Forest Reserves and community-managed lands under state 

laws (limited enforcement)- Environmental regulations under 

NESREA and State Ministries of Environment 
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2.5 Hydrology and Water Resources 

2.5.1 Hydrology 

The hydrology of the Rima Catchment is shaped by its major river systems, seasonal flood 

dynamics, groundwater resources, and the interaction between surface and subsurface water 

flows. The catchment is primarily influenced by the Rima River and its tributaries, which 

sustain agriculture, livestock, and local economies. However, water availability is highly 

seasonal, with distinct wet and dry periods affecting both river flows and groundwater recharge. 

a) River Systems 

Rima River: The Rima River serves as the backbone of the catchment, originating in the 

highlands of Katsina State and flowing northwest through Zamfara and Sokoto before merging 

with the Sokoto River. This river is seasonal, experiencing high flows from June to September 

during the rainy season, while drastically reducing in volume during the dry months. Its flow 

is significantly influenced by rainfall variability and upstream water management 

infrastructure, such as the Goronyo Dam, which regulates water availability for irrigation and 

domestic use. 

Tributary Network: The catchment is fed by several key tributaries, including the Bunsuru, 

Gagere, and Ka Rivers, which contribute to local water supplies and enhance agricultural 

productivity in the floodplains. Many of these tributaries are ephemeral, flowing only during 

the rainy season and drying up in the dry months, making them important yet unpredictable 

water sources for communities relying on surface water. 

b) Flooding and Wetlands 

Seasonal Floodplains: Unlike the permanent wetlands of the Hadejia-Nguru region, the Rima 

Catchment is characterized by vast seasonal floodplains, particularly in the Sokoto-Rima basin. 

These floodplains play a crucial role in water storage and soil moisture retention, supporting 

floodplain agriculture and grazing lands. The periodic inundation of these plains replenishes 

soil nutrients, making them ideal for farming activities once the waters recede. 

Wetland Ecosystems: While not as extensive as those in other parts of northern Nigeria, the 

wetland areas around the Goronyo Reservoir and surrounding lowlands provide critical habitats 

for aquatic life and migratory birds. These wetlands also serve as natural buffers against 

excessive flooding, reducing the impact of high river flows during the peak rainy season. 
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c) Groundwater Resources 

Groundwater is essential for communities in the Rima Catchment, especially in Sokoto and 

Zamfara States, where surface water varies year-round.  

¶ Major aquifers in the Sokoto Basin offer good water storage, while deep boreholes 

access confined aquifers for stable supplies.  

¶ Katsina State has basement complex aquifers, but water extraction is more difficult. 

The region's hydrology balances seasonal water availability, human demands, and 

floodplain processes.  

¶ Sustainable water management strategies are vital for adapting to climate variability 

and increasing consumption. 

2.5.2 Hydrograph/Water Budget of The Catchment 

The hydrographs and water budgets of the Rima strategic catchment are examined in detail. 

The catchment exhibits uniform hydrologic characteristics, with river flow peaking in August 

and September during the wet season. Significant discharge occurs from May to October, 

especially in the five months leading up to peak flow, leading up to peak flow, followed by a 

four-month dry season. 

 

Figure 2.12: Hydrograph of Rima Strategic catchment 

Based on HEC-HMS modelling for Strategic catchment.  
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Evapotranspiration exceeds precipitation most of the year, resulting in a low average water 

budget of 84.69mm. Notably, water surplus occurs for only four months, indicating prolonged 

water shortages and emphasizing the need for alternative water supply solutions to mitigate 

these challenges. 

 

Figure 2.13: 40 - Year Summary Hydrograph of Rima Strategic catchment 

 

Figure 2.14: Hydrograph of Rima Strategic Catchment for Specific Year 
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Figure 2.15: Water Budget for Rima Strategic Catchment 

 

Figure 2.16: Monthly Actual Evapotranspiration Distribution for the Catchment 

Prospects 

¶ Significant potential for agricultural development is plausible in the catchment, with 

opportunities for irrigation and dry-season farming. Groundwater exploration and 

management. Groundwater flow plays a crucial role in maintaining base flow in the Rima 

River during the dry season. 

¶ Effective management of water resources is essential to ensure sustainable development 

and mitigate the impacts of climate variability. Watershed restoration and protection 

involve revitalizing and preserving the natural functions of the watershed to maintain its 
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ecological integrity, water quality, and biodiversity can help alleviate water scarcity issues 

in the region. 

Table 2.1: Summary of Discharge, Rainfall and Evapotranspiration Data for Rima Strategic 

YEAR PPT ET Synthetic Peak Runoff (m3/s) 

Jan 0.00 1.99 0.00 

Feb 0.01 1.40 0.01 

Mar 0.46 1.73 0.48 

Apr 3.37 4.72 3.63 

May 35.38 27.64 42.59 

Jun 72.98 71.03 102.27 

Jul 158.21 128.06 218.21 

Aug 195.52 124.43 297.95 

Sep 112.71 99.65 219.18 

Oct 9.58 33.64 42.29 

Nov 0.06 6.20 1.25 

Dec 0.00 3.10 0.02 

 

2.5.2.1 Stream Flow and Seasonal Variability 

Stream flow in the Rima Catchment exhibits strong seasonal variations, closely linked to 

rainfall distribution across the region. The hydrological regime is characterized by pronounced 

wet and dry season fluctuations, impacting river discharge, groundwater recharge, and 

floodplain dynamics. 

a) Wet Season Flow 

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

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

upstream portions of the catchment (Katsina and Zamfara States), where runoff from hilly 
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terrain feeds into the Rima River and its tributaries. Peak flows are observed between July and 

September, sustaining floodplain agriculture and replenishing groundwater reserves. 

Rima River: The Rima River experiences a sharp increase in flow during the wet season, with 

discharge rates varying between 40 and 180 cubic meters per second (mį/s), depending on 

rainfall intensity. Flooding is common along the river's middle and lower courses, particularly 

in Sokoto State, where the expansive floodplains temporarily store excess water. 

Tributary Contributions: The Bunsuru, Gagere, and Ka Rivers act as important seasonal 

feeders to the Rima system, contributing significantly to local hydrological processes. These 

tributaries provide short-lived but intense water inflows, supporting wet-season agriculture and 

sustaining local ecosystems. 

b) Dry Season Flow 

From October to April, river discharge drops significantly due to reduced rainfall, relying on 

groundwater and reservoirs. Flow rates can fall below 10 mį/s in smaller tributaries, raising 

water scarcity concerns for irrigation and livestock. 

The Goronyo Dam regulates dry-season flows by storing and releasing water, but increased 

upstream irrigation reduces downstream availability for river-fed agriculture. Seasonal 

floodplains in Sokoto and Zamfara States provide crucial moisture for dry-season farming, but 

their extent is diminishing due to changing hydrological patterns. 

2.5.2.2 Discharge Measurements 

Monitoring river discharge is vital for effective water resource management, especially in areas 

with significant seasonal variability. Measurements by the Nigeria Hydrological Services 

Agency (NIHSA) provide critical insights for irrigation, reservoir management, and flood 

control. 

2.5.2.3 Surface Water Resource Potential 

The country's average precipitation is about 1,150mm, with Hydrological Area 1 receiving 

767mm/year. Only 24% of this precipitation becomes runoff, with 10.7 BCM/year 

generated internally.  

¶ The total water resources potential is estimated at 37.4 BCM/year, including 26.7 

BCM/year from neighboring countries.  

¶ Approximately 71.4% of surface water resources depend on these external sources. 
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Groundwater recharge data is primarily available at the Hydrological Area scale. 

¶ Hydrological Area 1 covers Rima Catchment, Sokoto- Zamfara Catchment, Golbin- 

Ka Catchment and Malenda Catchment Areas. As such the current surface and 

groundwater potential at HA level can be considered as a grand total of the above-

mentioned catchments. 

 

Figure 2.17: Water Resources of the catchment 

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

  HA-1 

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 

I!π м 
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Runoff Condition Only internal generation in Nigeria 

Precipitation (P) (mm/ 

year) 

767 

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 

 

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 

2.18. 

 

Figure 2.18: Hydrogeological province Map of the Catchment (Source: MSL, 2025) 

2.5.3.1 Groundwater Recharge 

Groundwater recharge within the Rima Catchment has been experiencing a gradual decline, 

primarily due to the impacts of climate change, unsustainable water abstraction, and land-use 

changes. 
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¶ The degree of this decline varies across the catchment, with some areas more severely 

affected than others. Given the regionôs reliance on groundwater for both domestic and 

agricultural use, understanding the spatial variations in recharge rates is crucial for 

sustainable water management. 

¶ Recharge rates are naturally higher in areas where precipitation is more abundant and 

where surface water bodies contribute to infiltration. However, in semi-arid regions of 

the catchment, such as eastern Sokoto, Zamfara, and parts of Katsina State, 

groundwater recharge is relatively low, making these areas more vulnerable to 

declining water tables. 

2.6 Water Demand for Rima Catchment 

The Rima Catchment is divided into several sub-basins, each with distinct hydrological 

characteristics and water availability patterns. 

2.6.1 Water Availability by Sub-Basin 

Kaura Namoda Sub-Basin 

 
600 to 800 mm/year 

Sokoto-Rima Sub-Basin 

 
800 to 1,000 mm/year 

Gwadabawa Sub-Basin 

 
400 to 600 mm/year 

Argungu Sub-Basin 800 to 1,000 mm/year 

 

 

2.6.2 Water Use and Demands 

Current and future water demand for Rima Catchment were estimated utilizing the 

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

were based on the State level. The States considered are Sokoto, Zamfara, Katsina and part 

of Jigawa and Kano (Figure 2.19). 
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Figure 2.19: Map showing Rima Catchment on Nigeria Map 

The water demand (refer to Figure 2.20 and Figure 2.21) is divided into the following categories: 

¶ Municipal water demand  

¶ Irrigation water demand. 

¶ Livestock water demand. 

¶ Aquaculture water demand. 
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Figure 2.20: Daily Municipal Water Demand for Rima Catchment 

 

Figure 2.21: Water capacity for Rima Catchment 

 

2.6.3 Livestock Indices and Water Demand 

Projected water demand for inland aquaculture in Nigeria shows an increase from 4.56 million 

cubic meters in 2010 to 8.19 million cubic meters by 2050 across various states. Katsina's 

demand grows from 2.41 to 4.33 million cubic meters, while Sokoto and Zamfara also see 

increases. In the Rima Catchment area, small-scale irrigation systems, primarily Fadama 

schemes, use surface and groundwater. Irrigation water demand data focuses on rice and 

vegetables, reflecting conservative and optimistic estimates. 
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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 25

0 
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 11

0 
24 15.6 8.4 3.1 

Camel 35

0 
80 55.4 24.6 9.0 

Horse 
30

0 
70 47.8 22.2 8.1 

Fowl 2 0.4 0.292 
0.10

8 
0.039 

Source: FAO Livestock Guide-book in Tropical African Countries, 1960 
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Table 2.4: Number of livestock heads/ fowls in 2009 / 2010 

Livestock 

Heads 
Cattle Goats Sheep Pigs Poultry  Donkeys Camels Horses 

Katsina 1,676,024 4,488,812 4,336,486 0 5,204,109 6,108 0 0 

Kebbi 440,469 1,974,189 1,063,894 140,500 3,598,760 14,726 18,057 4,174 

Sokoto 1,427,080 3,155,584 3,194,837 35,000 3,848,501 73,107 20,162 0 

Zamfara 458,720 2,334,979 2,115,105 12,975 6,941,239 13,748 44,421 96,285 

Total 4,002,293 11,953,564 10,710,322 188,475 19,592,609 107,689 82,640 100,459 

 

 

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 

 

Table 2.6: Corresponding livestock water requirement projected to 2050 

²!¢9w 59a!b5 όaоύ Chw 9!/I [L±9{¢h/Y Lb ¢I9 wLa! /!¢/Ia9b¢ twhW9/¢95 ¢h нлрл 

 нлмл нлмр нлнл нлнр нлол нлор нлпл нлпр нлрл 

/ŀǧƭŜ пллннфо пмплппл пнуоорр ппомнло прупмрр птпноус пфлслтф рлтрпнм рнрлслф 

Dƻŀǘǎ ммфрорсп монлпуму мпрутлрл мсммофсу мтуллтму мфссплол нмтнноуу ноффснлс нсрлулоф 

{ƘŜŜǇ млтмлонн мнпмсмфф мпофоттт мссусооо мфопплоо ннпнрлос нрффстсо олмотото опфотптр 

tƛƎǎ мууптр нмлмпл нопнфр нсмннс нфмнрп онптоо оснлсл плосту прллул 

tƻǳƭǘǊȅ мфрфнслф нмпорфпн нопрнтлм нрсрфнло нултоолл олтмпрнн оослпноу остсруну плннпутл 

5ƻƴƪŜȅǎ млтсуф ммфпум монрср мптлум мсомут мумлрт нллууо нннуум нптнут 

/ŀƳŜƭǎ унспл фмсуф млмтол ммнусф мнрннф моуфпн мрпмрт мтмлот муфтст 

IƻǊǎŜǎ мллпрф мммпсл мносср мотнлт мрнном мсуфлм мутофс нлтфмт нолсур 

¢h¢![ псΣтоуΣлрм рмΣтолΣмсф ртΣолфΣмот соΣрпфΣлфл тлΣропΣмлс туΣорфΣслс утΣмооΣфсо фсΣфулΣопм млуΣлоуΣумн 

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 
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2.6.4 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). 

Table 2.8: Fish Farm Pond 

State  Number of 

Fish Farm  

Water Area of 

Farm Pond (ha)  

Brackish Water Area of 

Farm Pond (ha)  

KATSINA  7 29 0 

KEBBI  56 57.7 0 

SOKOTO  9 14.2 0 

ZAMFARA  9 37.5 0 

TOTAL  81 138 0 

Source: JICA 2014 MP  

Annual water supply per hectare is estimated at 0.03 MCM, with 75-85% sourced from shallow 

wells and the remainder from surface runoff. Water quality must be free of detergents and 

chemicals, with a neutral pH and dissolved oxygen above 4 ppm for replacement. Groundwater 

is preferred due to its higher oxygen content, especially in colder temperatures. 

The envisaged inland fish farming in Nigeria aims to supply 1.73 kg/year/person by 2030, 

assuming a population of 257 million and a growth rate of 0.75%. The target yield is 10 t/ha, 

surpassing rice yields, but requires higher initial investments. With 1.4 million ha suitable for 

fish culture, projections suggest less than 500 thousand tons/year due to investment and 

marketing challenges. 
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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 

70% KATSINA 2.41 3.40 3.64 3.75 3.87 3.98 4.10 4.21 4.33 

35% SOKOTO 0.59 0.83 0.89 0.92 0.95 0.97 1.00 1.03 1.06 

35% ZAMFARA 1.56 2.20 2.35 2.42 2.50 2.57 2.65 2.72 2.80 

Total Aquaculture Water 

Demand 
 4.56 6.42 6.89 7.09 7.31 7.53 7.75 7.97 8.19 
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2.6.5 Irrigation water demand 

Several small-scale irrigation systems, both formal and informal, exist in Rima Catchment. 

Local communities develop Fadama schemes mostly using surface water, either by gravity 

diversion or small diesel pumps. The irrigation water demand data comes from the Nigeria 

National Water Resources Master Plan (NNWRMP 2013). The table outlines water demands 

for rice, the most conservative estimate, and vegetables, the most optimistic 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. 

Table 2.11 to   
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Table 2.13 shows Surface Water Demand, Underflow Water Demand and Groundwater 

Demand.  

Table 2.10: Surface Water Demand of Existing Irrigation Schemes in Rima Catchment 

 

 

HA 

 

Area 

(km2) 

(only 

inside 

Nigeria) 

 

 

Catchment 

 

 

 

SHA 

SHA 

divided by 

National 

Boundary 

 

 

SHA 

Area 

(km2) 

Public 

Irrigation 

Irrigated 

Area 

(ha) 

Wet 

Season 

Diversion 

Water 

Req. 

(m3/ha) 

Dry 

Season 

Diversion 

Water 

Req. 

(m3/ha) 

Wet 

Season 

Water 

Demand 

(MCM) 

Dry 

Season 

Water 

Demand 

(MCM) 

Surface 

Water 

Total 

(A) 

(MCM) 

   
106081 

106081_e 2,220.30       

   106081_i 4,132.30 1400 5,737 3,864 8 5.4 13.4 

    106082_e 80,006.80       

   106082 106082_i1 1,322.20 0 5,737 3,864 13.4 4.9 12.3 

    106082_i2 6,043.40 1280      

   106083 106083 412.5 1308 5,737 3,864 7.5 5.1 12.6 

  Rima 
106085 

106085_e 290.3       

1 124,684.60  106085_i 1,499.60 0 5,737 3,864 0 0 0 

    1060861_e 6,067.90       

   1060861 1060861_i1 164.7 0 5,737 3,864 17.2 11.6 28.8 

    1060861_i2 548 3000      

   1060863 1060863 3,509.30 50 5,737 3,864 0.3 0.2 0.5 

   
106087 

106087_e 632.3       

   106087_i 1,216.50 0 5,737 3,864 0 0 0 

   1060881 1060881 5,750.60 160 5,737 3,864 0.9 0.6 1.5 

   1060883 1060883 2,513.80 0 5,737 3,864 0 0 0 

   106089 106089 8,354.10 0 5,737 3,864 0 0 0 

 Total     7,198   17 11 69.1 

Source: JICA Team 

Note: e = outside Nigeria, i = inside Nigeria  

Table 2.11: Surface Water Demand of Existing Irrigation Schemes in Rima Catchment 

  Catchment   SHA 

divided by 

National 

Boundary 

Inside (I) 

or 

Outside 

(O) 

Nigeria 

Public 

Irrigation 

Irrigated 

Wet 

Seazon 

Diversion 

Water 

Req. 

Dry 

Seazon 

Diversion 

Water 

Req. 

Wet 

Seazon 

Water 

Demand 

Dry 

Seazon 

Water 

Demand 

Surface 

Water 

Total (A) 

HA   SHA Area (ha) (m3/ha) (m3/ha) (MCM) (MCM) (MCM) 

      106081_e O             

      106081_i I 1400           

    106081   Wurno 700 5,737 3,864 4 2.7 6.7 

        Kware 300 5,737 3,864 1.7 1.2 2.9 

        Kalmalo 400 5,737 3,864 2.3 1.5 3.8 

      106082_e O             
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      106082_i1 I 0           

      106082_i2 I 1280           

    106082   Sabke 540 5,737 3,864 3.1 2.1 5.2 

        Ajiwa 500 5,737 3,864 2.9 1.9 4.8 

   Rima     Mashigi 0 5,737 3,864 0 0 0 

1       Mangwal 0 5,737 3,864 0 0 0 

        Deberam 240 5,737 3,864 1.4 0.9 2.3 

    106083 106083 I 1308           

        Goronyo 120 5,737 3,864 0.7 0.5 1.2 

        Middle 

Rima 

1188 5,737 3,864 6.8 4.6 11.4 

    Valley 

    106085 106085_e O             

    106085_i I 0           

      1060861_e O             

    1060861 1060861_i1 I 0         0 

      1060861_i2 I 3000           

        Jibiya 3000 5,737 3,864 17.2 11.6 28.8 

    1060863 1060863 I 50           

        Raddewa 50 5,737 3,864 0.3 0.2 0.5 

    106087 106087_e O             

      106087_i I 0     0 0 0 

    1060881 1060881 I 160           

        Zobe 60 5,737 3,864 0.3 0.2 0.5 

        Makere 100 5,737 3,864 0.6 0.4 1 

    1060883 1060883 I 0     0 0 0 

    106089 106089 I 0           

        Gagere 0 5,737 3,864 0 0 0 

    Total     7,198     184.6 124.6 69.1 

Source: JICA Team 

Note: e = outside Nigeria, i = inside Nigeria  

 

Table 2.12: Underflow Water Demand of Existing Irrigation Schemes in Rima Catchment 

      SHA   Private 

Small 

Irrigation 

Area(2) 

(ha) 

  Dry 

Seazon 

Diversion 

Water 

Req. 

(m3/ha) 

    

  Catchment   divided by 

National 

Boundary 

Fadama 

Irrigation 

Area (ha) 

Area 

Sub-

total 

(ha) 

Underflow 

Total (B) 

(MCM) 

Total 

(A)+(B) 

(MCM) 

HA   SHA           

    106081 106081_e             

    106081_i 1,291 892 2,183 3,757 8.2 21.6 

      106082_e             

    106082 106082_i1 983 679 1,662 3,757 6.2 6.2 
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   Rima   106082_i2 187 129 316 3,757 1.2 1.2 

    106083 106083 177 122 299 3,757 1.1 13.7 

    106085 106085_e             

1   106085_i 409 283 692 3,757 2.6 2.6 

      1060861_e             

    1060861 1060861_i1 50 34 84 3,757 0.3 0.3 

      1060861_i2 0 0 0 3,757 0 0 

    1060863 1060863 0 0 0 3,757 0 0.5 

    106087 106087_e             

    106087_i 148 102 250 3,757 0.9 0.9 

    1060881 1060881 360 249 609 3,757 2.3 3.8 

    1060883 1060883 324 224 548 3,757 2.1 2.1 

    106089 106089 424 293 717 3,757 2.7 2.7 

    Total   4,353 3,007 7,360   27.6 96.7 

Source: JICA Team 

Note: e = outside Nigeria, i = inside Nigeria  
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Table 2.13: Groundwater Demand of Existing Irrigation Schemes in Rima Catchment 

          Wet 

Seazon 

Diversion 

Water 

Req. 

(m3/ha) 

Dry 

Seazon 

Diversion 

Water 

Req. 

(m3/ha) 

      

  Catchment   SHA 

divided by 

National 

Boundary 

Private 

Small 

Irrigation 

Area(1) 

(ha) 

Wet 

Seazon 

Water 

Demand 

(MCM) 

Dry 

Seazon 

Water 

Demand 

(MCM) 

Ground 

Water 

Total 

(MCM) 

HA   SHA           

    106081 106081_e             

    106081_i 309 3,772 3,757 1.2 1.2 2.4 

1     106082_e             

    106082 106082_i1 0 3,772 3,757 0 0 0 

      106082_i2 1,240 3,772 3,757 4.7 4.7 9.4 

    106083 106083 0 3,772 3,757 0 0 0 

  Rima 106085 106085_e             

    106085_i 0 3,772 3,757 0 0 0 

      1060861_e             

    1060861 1060861_i1 0 3,772 3,757 0 0 0 

      1060861_i2 58 3,772 3,757 0.2 0.2 0.4 

    1060863 1060863 515 3,772 3,757 1.9 1.9 3.8 

    106087 106087_e             

    106087_i 0 3,772 3,757 0 0 0 

    1060881 1060881 541 3,772 3,757 2 2 4 

    1060883 1060883 478 3,772 3,757 1.8 1.8 3.6 

  106089 106089 1,290 3,772 3,757 4.9 4.8 9.7 

    Total   4,431     16.7 16.6 33.3 

Source: JICA Team 

Note: e = outside Nigeria, i = inside Nigeria  

2.6.6 Irrigation Water Demand Projection 

Rima Catchment located within HA-1 in northern Nigeria belongs to semi-arid zone with 

scanty annual rainfall, however, rice cultivation during rainy season is widely practiced with 

so far learnt ample experiences/ performances. In dry season, wheat and other cereal crops as 

well as vegetables are mainly cultivated because of huge water requirement for rice cultivation 

and high cost of diesel to fuel the water generators. 

Current Cropping Pattern 

The following Table 2.14 and Table 2.15 shows the current cropping rate set 

based on RBDAôs materials and cropping acreages of large-scale irrigation 

schemes. 
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Table 2.14: Current Cropping Pattern (%) 

 

HA  

Irrigation  scheme (%) Small -scale private  irrigation  (%) 

Wet Season Dry Season Wet Season Dry  Season 

Paddy Upland Paddy Upland Paddy Upland Paddy Upland  

1 40 25 5 60 20 50 0 70 

         

 

Table 2.15: HA-1 Existing Cropping Pattern 

Scheme Crop 
Wet season 

Area (ha) 

Dry season 

Area (ha) 

Crop intensity Developed 

Area (ha) Wet (%) Dry (%) 

Shagari 
Rice 50 0 25 0 

200 Others 110 80 55 40 

Middle Rima Valley 
Rice 80 0 7 0 

1,188 Others 1,000 950 84 80 

Bakalori  
Rice 7,200 0 90 0 

8,000 Others 800 4,000 10 50 

Jibiya 
Rice 0  0 0 

3,000 Others 2,700 1,500 90 50 

Zauro Polder 
Rice 85 0 85 0 

100 Others 15 15 15 15 

Niger Valley 
Rice 0 700 0 10 

7,000 Others 1,400 6,300 20 90 

Total 
Rice 7,335 700 38 4 

19,488 Others 5,025 11,895 26 61 

Source: Inventory survey, Data collected from SRRBDA, Interview at Project site 

Table 2.16: Proposed Cropping Pattern (%) 

 

HA  

Irrigation  scheme (%) Small -scale private  irrigation  (%) 

Wet Season Dry Season Wet Season Dry  Season 

Paddy Upland Paddy Upland Paddy Paddy Upland Paddy 

1 40 60 0 50 10 75 0 75 

Source: JICA Team 

a) Crop coefficient (Kc) 

Crop coefficient (Kc) on growth stage is selected based on FAO technical text. Wind condition 

is clam or weak. 
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Rice 

HA  Season Initial  stage(1)  

First  month 15 

days 

Initial  stage(2)  

Second month 30 

days 

Middle  

stage 

 

30 days 

Tardive  stage 30 

days 

Common  Wet 1.1 1.1 1.05 0.95 

Common  Dry  1.1 1.1 1.25 1.0 

 

Maize 

HA  Season Sowing 

time  

ETo 

(mm/  

day) 

Irrigation 

interval  

Initial 

stage (1)  

30days 

Initial 

stage (2)  

30days 

Middle 

stage 

30days 

Tardive 

stage 

30days 

HA -1 Wet May 5.8 7 0.44 0.75 1.05 0.55 

 Dry  Nov.  3.2 7 0.58 0.87 1.15 0.60 

Wheat  

HA  Season Sowing 

time  

ETo 

(mm  

/day) 

Irrigation 

interval  

Initial 

stage (1) 

30days 

Initial 

stage (2) 

30days 

Middle 

stage 

30days 

Tardive 

stage 

30days 

HA -1 Dry  Dec. 2.7 7 0.6 0.88 1.15 0.2 
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2.6.7 Total Water Demand 

Table 2.17 show Water Balance Analysis for Rima Catchment 

Table 2.17: Water Balance Analysis for Rima Catchment 

WATER BALANCE ANALYSIS FOR RIMA CATCHMENT  

WATER DEMAND (CUBIC METER)   2025 2050 

MUNICIPAL               333,929,779                     604,162,918  

LIVESTOCK                 63,549,090                     108,038,812  

AQUACULTURE                    7,090,904                         8,188,617  

IRRIGATION               130,000,000                     307,800,000  

TOTAL              534,569,773                 1,028,190,346  

        

AVAILABLE WATER RESOURCES (CUBIC METER)              992,164,400                     992,164,400  

        

WATER BALANCE (CUBIC METER)              457,594,627                     (36,025,946) 

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

Table 2.18 shows Catchment Infrastructure and Assets of Rima Catchment Area.  

Table 2.18: Catchment Infrastructure and Assets 

S/No. Infrastructure  Location Importance Risk Factor 

1 Water Management 

Infrastructure 

Rima River Basin Regulates water flow, supports 

agriculture and domestic use 

Siltation, water loss, climate change impacts 

2 Goronyo Dam Sokoto State Provides irrigation water, supports 

domestic water supply 

Siltation, reduced downstream flow, climate 

variability 

3 Bakolori Dam Zamfara State Supports irrigation and domestic water 

supply 

Inefficiencies in irrigation canals, water loss 

4 Jibia Dam Katsina State Provides irrigation and drinking water Evaporation losses, sediment accumulation 

5 Kwalkwalawa Dam Katsina State Stores water for irrigation and drinking Climate variability, water loss 

6 Lugu Dam Katsina State Supports irrigation and drinking water 

supply 

Climate variability, water loss 

7 Shagari Dam Katsina State Stores water for irrigation and drinking Climate variability, water loss 

8 Energy Infrastructure Various locations within the 

catchment 

Supports power generation and 

distribution 

Climate variability, infrastructure degradation 

9 Agricultural Infrastructure Rima River floodplains Supports floodplain farming (Fadama 

agriculture) 

Climate variability, water scarcity 

10 Traditional Water Storage Various locations within the 

catchment 

Supports small-scale irrigation, 

livestock watering 

Climate variability, water loss 

11 Earth Dams and Ponds 

(Rijiya Systems) 

Katsina and Zamfara States Stores rainwater for irrigation, 

livestock, and domestic use 

Climate variability, water loss 
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12 Fadama (Floodplain) 

Farming 

Rima River Basin, Goronyo 

Floodplain, Sokoto Wetlands 

Utilizes seasonal floodwaters for 

agriculture Climate variability, water 

scarcity 

    

 

13 Water Harvesting 

Techniques 

Arid areas Improves soil moisture retention Climate variability, water loss 

14 Cultural and Tourism 

Infrastructure 

Various locations within the 

catchment 

Supports tourism and cultural activities Climate variability, infrastructure degradation 

15 Sultan of Sokotoôs Palace Sokoto State Historical and cultural significance Climate variability, infrastructure degradation 

16 Shehu Uthman Dan Fodio 

Tomb 

Sokoto State Historical and cultural significance Climate variability, infrastructure degradation 

17 Sokoto Central Mosque Sokoto State Religious and cultural significance Climate variability, infrastructure degradation 

18 Argungu Fishing Festival Kebbi State Cultural and economic significance Climate variability, infrastructure degradation 

19 Katsina Emirate Palace Katsina State Historical and cultural significance Climate variability, infrastructure degradation 

20 Gobarau Minaret Katsina State Historical and cultural significance Climate variability, infrastructure degradation 

21 Kurmi Market Sokoto State Economic and cultural significance Climate variability, infrastructure degradation 

22 Zamfaraôs Ancient City 

Walls and Ruins 

Zamfara State Historical and cultural significance Climate variability, infrastructure degradation 

23 Goronyo Dam 

(Recreational) 

Sokoto State Recreational and tourism significance Climate variability, infrastructure degradation 

24 Dutsi Rock Paintings Katsina State Archaeological and cultural 

significance 

Climate variability, infrastructure degradation 
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2.7 Water Quality 

This study analyzed the hydrochemistry of surface water along the River-Rima floodplain. Five 

sampling sites were selected, and 30 water samples were collected over two periods. The results 

showed that BOD, TDS, Mg2+, and Fe3+ exceeded WHO and SON guidelines for drinking 

water. Coliform analysis revealed the presence of Enterobacter aerogene, Escherichia coli, and 

Citrobacter freundii, indicating unsafe water quality. Principal component analysis identified 

pollutant wash-off and rock weathering as influencing factors. Human activities, particularly 

agriculture and municipal sewage, contributed to elevated Cl-, NO3-, and PO42- levels. 

sewage. 

Table 2.19: Water Quality Status of Some Rivers within Rima Catchment Area 

N State River Name Code Wet Season Dry 

Season 

NFA 

1 
Zamfara 

River Sokoto at Gusau WTP SW/002 Good Poor Ni 

2 River Gagre at intake Kaura 

Namoda WTP 
SW/003 Good Poor Ni, Zn 

3 Sokoto River Rima at Sokoto WTP SW/001 Good Poor - 

River Sokoto at Sokoto WTP SW/002 Good Poor Fe, Ni 

4 Katsina River Sokoto at Ajiwa Dam SW/001 Good Poor Ni 

Note: The number of sampling of water quality is only two times (one in wet season and another in dry 

season). This table shows only preliminary evaluation based on the results of these limited samples. 

Criteria: 

Good quality  : BOD = < 3 and 6=<DO (based on Nigeria Standard Values for surface 

water- recreation & fisheries) Moderate : 3<BOD = <6 and 4=<DO < 6 (based on Nigeria 

Standard Values for surface water- irrigation & reuse) Poor: BOD > 6 or DO < 4 (proposed by 

JICA Project Team) 

NFA: need further assessment because of the presence of higher values in the samples than the standard  

(abdulqadir musa et al) collected 30 samples at selected points to test the quality of water in river rima. His 

findings revealed that  

 

2.7.1 Surface Water Quality 

The Rima Catchment faces increasing risks of surface water pollution due to rapid 

urbanization, industrial activities, and agricultural expansion (refer to Table 2.20). While it is 

less industrialized compared to the Hadejia Catchment, several factors contribute to water 

quality deterioration in the region. Some of the major sources of pollution in the Rima 

Catchment include: 
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Agricultural Runoff: Large-scale irrigated agriculture, particularly in areas around the 

Goronyo Dam and Bakolori Irrigation Scheme, results in the leaching of fertilizers and 

pesticides into the Rima River system. The heavy use of nitrogen-based fertilizers and 

herbicides contributes to nutrient loading, leading to eutrophication and potential 

contamination of drinking water sources. 

Urban Wastewater Discharge: Towns such as Sokoto, Gusau, and Katsina discharge 

untreated or poorly treated sewage into rivers. Many urban centers lack adequate wastewater 

treatment infrastructure, allowing domestic waste and pathogens to enter watercourses. 

Industrial Effluents: While industrialization in the Rima Catchment is not as advanced as in 

Kano, there are tanneries, textile processing plants, and abattoirs in urban centers like Sokoto 

and Gusau. Effluents from these industries introduce heavy metals such as chromium, 

cadmium, and lead into the water. 

Mining Activities: Artisanal mining in Zamfara State, especially gold mining, has led to 

contamination of water sources with lead, mercury, and arsenic, posing a significant health 

hazard to communities relying on these water sources. 

Sediment Load and Erosion:  

¶ Due to deforestation and unsustainable land-use practices, increased sedimentation is a 

major concern in rivers such as the Gagere, Ka, and Maradi tributaries of the Rima 

River.  

¶ High sediment loads degrade water quality and reduce the capacity of reservoirs such 

as the Goronyo Dam. 

¶ Studies conducted on the Rima River have shown elevated levels of total dissolved 

solids (TDS), coliform bacteria, and heavy metals, especially downstream of urban and 

industrial areas. Further investigations are needed to assess long-term pollution trends 

and their impact on aquatic ecosystems and human health. 

2.7.2 Groundwater Quality 

Groundwater in the Rima Catchment is an essential source of water for domestic use, irrigation, 

and livestock production. However, water quality varies significantly depending on location, 

aquifer depth, and proximity to pollution sources. The following parameters are critical in 

assessing groundwater quality in the catchment: 
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2.7.2.1 Groundwater Electrical Conductivity (EC) 

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

the Rima Catchment: 

¶ The Sokoto Basin aquifer system, which includes the Dukamaje, Taloka, and Gundumi 

formations, generally exhibits moderate EC levels (200ï600 ÕS/cm), indicating 

relatively fresh water. 

¶ Areas near urban centers such as Sokoto, Gusau, and Katsina show higher EC values, 

exceeding 1,000 ÕS/cm, due to industrial effluents, agricultural runoff, and domestic 

waste infiltration. 

¶ The highest EC values are observed in shallow aquifers near the Goronyo Dam, where 

irrigation return flows contribute to increased salinity. 

2.7.2.2 Fluoride Distribution 

¶ Fluoride concentration in groundwater is a concern in certain parts of the Rima 

Catchment. WHO and Nigerian drinking water standards recommend a maximum 

permissible fluoride concentration of 1.5 mg/L. 

¶ High fluoride levels (above 2.0 mg/L) have been recorded in some deeper aquifers, 

particularly in northwestern Sokoto State, leading to cases of dental and skeletal 

fluorosis. 

¶ The shallow unconfined aquifers generally have fluoride concentrations below the 

permissible limit, making them suitable for drinking. 

¶ Mitigation strategies such as defluoridation treatments and alternative water sources 

need to be considered in high-risk areas. 

2.7.2.3 Nitrate Distribution 

¶ Nitrate contamination is primarily linked to fertilizer application, septic tanks, and pit 

latrines, particularly in urban areas. 

¶ Highest nitrate levels (above 100 mg/L) have been recorded in groundwater samples 

from Sokoto and Gusau, exceeding the WHO limit of 50 mg/L. 

¶ The correlation between high nitrate concentration and urban centers suggests 

contamination from poor sanitation infrastructure and excessive fertilizer use in peri-

urban agricultural lands. 

¶ Shallow groundwater sources near irrigation schemes in Bakolori and Goronyo also 

show elevated nitrate levels. 
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¶ To prevent further contamination, proper waste disposal, improved sanitation, and 

controlled fertilizer use must be enforced. 

2.7.2.4 Heavy Metal and other Metals 

Heavy metal contamination in the Rima Catchment is largely due to industrial effluents, mining 

activities, and natural leaching from rock formations. 

Lead and Mercury: Gold mining activities in Zamfara State have resulted in elevated lead 

(Pb) and mercury (Hg) levels, causing severe health crises, particularly among children. 

Chromium and Cadmium: Tanneries in Sokoto and Gusau discharge chromium-rich 

effluents, which infiltrate groundwater and pose long-term health risks. 

Arsenic: Arsenic contamination is localized but present in areas with extensive pesticide use, 

particularly in agricultural zones along the Rima and Gagere Rivers. 

To mitigate these risks, industrial wastewater treatment, mine waste management, and stricter 

environmental regulations should be enforced across the catchment. 

Maximum allowable limits and health implications of continuous ingestion of high quantities 

of heavy metals are presented in the table below: 

Table 2.20: 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 Renaldys function, 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 
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Groundwater quality assessments in the Rima Catchment have focused primarily on urban 

centers with high groundwater exploitation due to population density, industrial activities, and 

agricultural practices. Laboratory analysis indicates heavy metal contamination in several 

areas, with the highest levels recorded in major urban centers and regions influenced by 

industrial discharge and mining activities. 

2.7.3 Surface Water Resources 

Description of the basin 

The Rima River Basin is situated in the semi-arid Northern Nigeria. The Rima River Basin has 

a strongly seasonal rainfall regime. Around 80% of the rainfall occurs in just three or four 

months, between June and September, supporting rain-fed agriculture and extensive pastures 

for livestock grazing, with little or no flows occurring during the driest months. Farmers and 

pastoralists concentrate in the vast floodplains and wetlands that have formed where the waters 

of the Rima River flows. The groundwater system is recharged mainly from seasonal flooding 

due to riverbank overtopping and to a lesser extent from concentration of rainfall in 

depressions. (Source: FMWR-TRIMING PROJECT REPORT 2016) 

2.7.4 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 (Table 

2.21 and Table 2.22) can flow passing through the boundary in large scale.   

Table 2.21: Ground water recharge 

Item 
Hydrological area 

HA-1 

Area(km2) 135,128 

Average 
768 

precipitation (mm/year) 
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Average groundwater recharge  

(mm/year) 37 

Percentage of precipitation to recharge (%) 4.8 

Source JICA Project Team 

Table 2.22: 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 

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 2.23 and Figure 2.22.  

Table 2.23: 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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Figure 2.22: Groundwater Flow in Sokoto Basin 

Error! Reference source not found. to  

Table 2.26 shows Aquifer Model, Relation between Aquifer Type and Aquifer Model, 

Groundwater Development Potential by Aquifer and Optimum Yield of Borehole Field of the 

Rima Catchment. 

Source: The Study for Groundwater Development in Sokoto State, 1990, JICA 

 

Model 

 

Symbol 

 

Aquifer type 

Thicknes

s of 

aquifer 

Permeability 

coefficient (k 

or K) 

Static 

groundwater 

level 

 

Weathered 

aquifer 

Weathered 

High 

permeability 

WH  

Weathered 

Basement rock and 

weathered part of 

the other type rocks 

 

 

50m 

0.86 m/day  

 

GL-10m 

Weathered 

Middle 

permeability 

WM 0.17 m/day 

Weathered 

Low 

permeability 

WL 0.086 m/day 

 

 

Multiple 

aquifer 

Multiple High 

permeability 

MH  

Sandstone or sandy 

formation within 

alternation of 

sandstone and shale 

 

 

200m 

0.43 m/day  

 

GL-50m Multiple 

Middle 

permeability 

MM 0.086 m/day 

Multiple 

Low 

permeability 

ML 0.043 m/day 

Source: JICA Project Team 

Table 2.24: Relation between Aquifer Type and Aquifer Model 

Age Perme

ability  

Aquifer  scale Aquifer  

model 

 

 

Quaternary 

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  

  

  

A 

B 

  

Section  A - B 
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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 2.25: Groundwater Development Potential by Aquifer 

 

Age 

 

Formation 

 

Lithology 

 

Aquifer Characteristics 

Ground- 

water 

recharge 

(mm/year) 

 

Aquifer 

Model 

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 

 

 

 

 

Paleocene 

Kalambaina 

Formation 

(Sokoto group) 

Limestone, 

calcareous 

shale. 

Sandstone form perched aquifers, 

which provide groundwater to shallow 

wells. 

 

1 

 

ML 

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 
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Source: JICA 2014 MP 

 

Table 2.26: 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 

ML  900 9,000 

Source: JICA Project Team. What is WH, WM, WL, MH, MM and ML 

Figure 2.23 to Figure 2.25 Density of Distribution of Borehole Fields, Balance of Groundwater 

Demand and Recharge and Balance of Groundwater Demand and Recharge in 2030 by Effect 

of Climate Change 

 

Figure 2.23: Density of Distribution of Borehole Fields (2030) by LGA 
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Figure 2.24: Balance of Groundwater Demand and Recharge in 2030 

 

 

Figure 2.25: Balance of Groundwater Demand and Recharge in 2030 by Effect of Climate Change 
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2.8 Climate Change Impact On Water and Land Resources 

Climate change is significantly altering the water and land resources of the Rima Catchment, 

threatening water security, agricultural productivity, and overall ecosystem stability. The 

impacts are driven by changes in temperature, precipitation patterns, and extreme weather 

events. Below is an overview of climate change impact on water and land resources in the Rima 

catchment. 

2.8.1 Historical and Future Climatic Trends 

The Rima catchment is vital for agriculture and water supply, but climate change poses serious 

risks like water scarcity and reduced agricultural productivity. Rising temperatures and 

changing rainfall patterns will worsen these issues. Sustainable management and climate-

resilient practices are essential for long-term viability. 

 

2.8.2 Annual Rainfall and Temperature for Rima Catchment 

2.8.2.1 Rainfall Trends 

Figure 2.26 is the annual rainfall trend for the Rima Catchment (1981-2050). From the figure, 

the slope of 1.8599 indicates a declining trend in annual rainfall over time (1981-2050). On 

average, rainfall increases by 1.86 mm per year during the rainy season.  

An RĮ of 0.3522 suggests that approximately 35.22% of the variability in rainfall is explained 

by the trend, meaning that while rainfall is generally increasing, significant variability exists, 

and other factors may influence rainfall patterns. Comparison of Historical and Projected 

Periods 

¶ The increasing trend in rainfall could have implications for agriculture, water resources, 

and flood risks in the region. Increased rainfall may improve water availability for 

agriculture, hydropower, and ecosystems.  

¶ Higher rainfall could enhance soil moisture and support crop production, provided that 

variability does not lead to extreme flooding. 

If the increasing trend continues, it could lead to a higher risk of seasonal flooding, which may 

threaten infrastructure, settlements, and farmlands.  

¶ Variability in rainfall, including droughts and extreme wet periods, may still pose 

challenges for water resource management. 
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While increasing rainfall could benefit agriculture and water availability, managing extreme 

events such as droughts and floods will be critical for sustainable development in the region. 

 

Figure 2.26: Annual rainfall trend for Rima Catchment (1981-2050). 

2.8.2.2 Temperature Trends 

¶ The mean monthly temperatures during the historical period ranged from 20.58ÁC 

(January) to 33.28ÁC (May), indicating a significant seasonal variation (Figure 2.27). 

The coolest month is January, while the hottest month is May. 

¶  In January (20.58ÁC) and February (23.55ÁC), temperatures are mild, followed by a 

sharp increase in March (28.05ÁC), reaching a peak in May (33.28ÁC).  

¶ Temperatures remain high but begin to decline slightly, with June (32.26ÁC) and July 

(29.55ÁC) being hot and August (27.58ÁC) showing a noticeable drop.  

¶ September (28.22ÁC) and October (28.04ÁC) remain warm and stable, dropping in 

November (24.79ÁC) as Harmattan sets in. 

The projected period follows the same pattern with a slight increase in both minimum and 

maximum temperatures compared to the historical period.  

¶ The mean temperature is projected to increase by 0.40ÁC (from 27.44ÁC to 27.84ÁC), 

indicating a gradual warming trend. 
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¶ The overall warming trend aligns with global climate change predictions, with the most 

significant increases occurring in spring and summer.  

¶ The slight cooling in August and September highlights the importance of catchment 

climatic factors, which can sometimes offset broader warming trends.  

¶ The projected increases in spring and summer temperatures may require adaptation 

strategies, such as improved heat mitigation, water management, and agricultural 

planning. 

 

Figure 2.27: Mean monthly temperature for Rima Catchment (1981-2022 and 2023-2050) 

2.8.3 Projected Mean Annual Temperature for Rima Catchment 

Error! Reference source not found. presents a time series analysis of temperature trends from 

1981 to 2022, with projections extending to 2050.   

Figure 2.28 shows that the annual mean temperature for the Rima Catchment from 1981 to 

2050 is gradually increasing with a slope of 0.0118, which indicates that temperatures are rising 

at an average rate of 0.0118ÁC per year, or approximately 1.18ÁC per century. 

An RĮ of 0.3357 suggests that about 33.57% of the variability in annual mean temperature can 

be explained by the linear trend, while the remaining variability is due to other factors. 

In general, the linear trend line indicates a consistent increase in temperature over the 70 years, 

with the projected period (2023-2050) being warmer than the historical period (1981-2022).  
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¶ The increasing temperature trend could have significant implications for agriculture, 

water resources, and ecosystems in the Rima Catchment. 

¶  Higher temperatures may lead to increased evapotranspiration, water stress, and 

changes in crop productivity. 

¶ The negative impact of increasing temperature on the ecosystem could further 

aggravate the farmer-herder crisis being experienced in the basin. 

¶ The projected warming trend highlights the need for adaptation strategies (e.g., 

improved water management, heat mitigation) and mitigation efforts (e.g., reducing 

greenhouse gas emissions) to address the impacts of climate change. 

 

Figure 2.28: Trends in mean annual temperature for Rima Catchment (1981-2050) 

2.8.4 Analysis of Downscaled Output of GCMs 

To explore future climate changes, the statistically downscaled output from GCMs by CCAFS 

is analyzed, using Worldclim3 for bias correction. The CCAFS dataset includes average 

monthly precipitation and air temperature with 30-year running averages from the 2020s to the 

2080s. Various emission scenarios are available for this analysis. 

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

ü A2: High economic growth with globalization 
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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. 

 

To explore future climate conditions, the statistically downscaled output from seven Global 

Climate Models (GCMs) was analyzed using the A1B emission scenario, which assumes high 

economic growth with balanced energy sources.  

¶ Changes in precipitation and temperature averaged over the 7 GCM for three time 

horizons are presented in Figures 43 and 44.  

 

The study follows the NWRMP's method for determining a 30-year running average, targeting 

the years 2035 and 2065. Given a typical 50-year project lifespan, results for the 2050s (2040-
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2069 averages) from the GCMs are applicable for 2035, while results for the 2080s (2070-2099 

averages) apply for 2065.  

 

The study assumes seasonal precipitation changes are based on average GCM outputs, and the 

annual change in mean air temperature reflects GCM results. The change factors are 

summarized in Fig 2.29, Fig 2.30 and Table 2.27 below.   

Table 2.27: 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  
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Figure 2.29:Average changes in precipitation derived from outputs of 7 GCMs (source: JICA,2014) 
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2.8.5 Evapotranspiration 

Evapotranspiration rates are high throughout the Rima Catchment due to the hot and dry 

conditions, particularly during the dry season.  

¶ In the northern areas, annual evapotranspiration can reach 2,000 to 2,500 mm, often 

exceeding annual rainfall, leading to water deficits (see Figure 2.31). 

¶ This high rate of water loss limits surface water availability, making irrigation difficult 

and increasing reliance on groundwater resources for agriculture, domestic use, and 

livestock rearing. 

¶ The combination of high temperatures, seasonal water shortages, and variable rainfall 

contributes to the catchment's vulnerability to desertification, drought, and agricultural 

instability. 
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Figure 2.30: Average changes in temperature derived from outputs of 7 GCMs (source: JICA 
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Figure 2.31: Annual evapotranspiration trend for Rima Catchment (1990-2050). 

2.8.6 Major Impacts of Climate Change 

Climate change is significantly impacting multiple sectors in the Rima Catchment shown in 

Table 2.28. Addressing the impacts of climate change challenges requires climate adaptation 

strategies, including water resource management, resilient infrastructure, improved healthcare 

systems, and sustainable agricultural practices.
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Table 2.28: Key Impacts of Climate Change 

S/No. Sector Impact Details 

1 Social 

Increased vulnerability of communities Higher poverty rates due to crop failures and loss of livelihoods. 

Food insecurity Reduced agricultural productivity leading to food shortages. 

Displacement and migration Flooding and droughts force people to leave their homes. 

Health risks Increased prevalence of waterborne diseases due to poor water quality. 

2 Environmental 

Desertification and land degradation Soil erosion, reduced soil fertility, and expansion of desert areas. 

Loss of biodiversity Decline in wildlife populations and degradation of habitats. 

Wetland degradation Shrinkage of wetlands due to reduced flooding and increased evaporation. 

Water scarcity Reduced river flow and groundwater recharge. 

3 Health 

Waterborne diseases Increased incidence of diseases like cholera and typhoid. 

Heat-related illnesses Higher temperatures leading to heatstroke and dehydration. 

Malnutrition Reduced food availability and quality affecting overall nutrition. 

Increased vector-borne diseases Spread of diseases like malaria due to changing climate conditions. 

4 Infrastructure 

Damage to water infrastructure Flooding and erosion affecting dams, reservoirs, and irrigation systems. 

Urban flooding Increased frequency and intensity of floods in urban areas. 

 

Reduced effectiveness of drainage systems 

 

Inability to handle increased runoff and flooding events. 

Increased maintenance costs Need for more frequent repairs and upgrades to infrastructure. 
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5 Services 

 

Water supply disruptions 

 

Reduced availability of water for domestic and agricultural use. 

Increased demand for irrigation Higher water requirements for crops due to changing rainfall patterns. 

Reduced hydropower generation Lower river flows affecting hydroelectric power production. 

Increased costs for water treatment Need for more advanced treatment to address water quality issues. 
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2.8.7 National and International Climate Change Frameworks/Agreements 

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. It is 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 challenges in line with the Paris Agreement and UNFCCC. It analyzes 

greenhouse gas emissions, climate vulnerability, and outlines adaptive and mitigation strategies 

tailored to Nigeria's socio-economic and environmental contexts. 

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 

To build on previous insights and provide an updated assessment of Nigeria's greenhouse gas 

(GHG) emissions, climate vulnerabilities, and adaptation strategies, the Third National 

Communication on climate change was released. This report reflects Nigeria's commitment to 

climate action and sustainable development, reviewing its climate policies and future 

directions. The Agriculture, Forestry, and Other Land Use (AFOLU) sector is the largest 

contributor to emissions at 60.1%, followed by the energy sector at 33.9%. Without 

intervention, emissions are projected to rise by over 58% by 2035. Nigeria faces significant 

climate vulnerabilities, including risks of drought, desertification, 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 shown in Figure 2.32 Weighted vulnerability 

analysis allows us to answer questions that are impacted by many factors and assign varying 

weights to each factor. The result gives more information than binary analysis, as it ranks 

locations based on their vulnerability rather than giving only a vulnerable/not vulnerable 

result.   

 

Figure 2.32: The flow chat of the methodology 

Various factors that influence or contribute to flooding were incorporated into the model for 

determining vulnerable areas.  
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¶ 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. 2.32 for a graphical depiction of the 

model used to carry out the flood vulnerability model exercise.  

2.9.1 Digital Elevation Model 

Elevation is one of the most critical factors in flood modelling, as it directly influences the 

flow, direction, and extent of floodwaters. Flood models rely on elevation data to simulate how 

water moves across a landscape, where it accumulates, and which areas are most vulnerable to 

inundation. Elevation (Figure 2.31) determines the slope and gradient of the terrain, which 

dictate the direction and speed of water flow.  

¶ Water naturally flows from higher to lower elevations due to gravity. 

 

Figure 2.33: Digital Elevation Model of the Catchment (Source: MSL, 2025) 
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¶ Steeper slopes can lead to faster-moving floodwaters, increasing the risk of flash floods, 

while flatter areas may experience slower-moving but more widespread flooding. 

From the legend above. 

¶ The light grey areas indicate areas with higher elevations while the green to the light 

green shows lower elevation areas.  

¶ The general elevation of the catchment ranges between 235m to 816m above sea level 

particularly in the south-eastern part of the catchment also serving as the source of most 

of the rivers in the catchment. 

2.9.2 Rainfall  

Rainfall significantly affects flood vulnerability, influencing the likelihood and severity of 

flooding events. It drives surface runoff and river discharge, especially in areas with heavy 

precipitation. (refer to Figure 2.34).  

The amount and intensity of rainfall within a specific time frame are essential for predicting 

flash floods, urban floods, and riverine floods.  

¶ Short, intense rainfall events can overwhelm drainage systems, causing rapid runoff 

and localized flooding.  

¶ Long-duration, moderate rainfall can saturate the soil, increasing the likelihood of river 

and lake basin flooding.  
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Figure 2.34: Rainfall Map of the Catchment (Source: MSL, 2025) 

Rainfall varies significantly across geographic regions, and the impacts of rainfall on flood 

vulnerability can differ based on topography, land use, and local climate.  

¶ In mountainous regions, for instance, rainfall can lead to rapid runoff down steep slopes, 

causing flash floods in valleys and foothills.  

The rainfall map of the catchment revealed a wide range of rainfall distribution, with the values 

showing a sharp variation in spatial distribution from 76.92mm to as low as 15.75mm annual 

rainfall in the catchment area.  

¶ With these minimum values of precipitation in the catchment area precipitation may 

not be the major driver of flooding in the catchment area, however it can cause havoc 

when there is high intensity of rainfall that can result to flash floods.  

2.9.3 Slope 

Slope affects the speed and volume of surface runoff. Like elevation, in areas with steep slopes, 

rainfall tends to flow faster due to gravity, resulting in higher velocity runoff (Figure 2.35).  
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¶ This rapid movement of water can lead to flash flooding, particularly in mountainous 

or hilly regions, where water moves quickly downstream, overwhelming drainage 

systems and causing damage to infrastructure. 

¶  On the other hand, flatter areas tend to experience slower runoff, which may allow for 

better water infiltration and less immediate flooding. However, even in flatter areas, 

accumulated water can eventually overwhelm drainage systems if the capacity to handle 

runoff is exceeded 

 

Figure 2.35: Slope Map of the Catchment (Source: MSL, 2025) 

¶ The map delineates various levels of inclination in the terrain, providing insights into 

the landscapeôs characteristics.  

¶ Areas with flat to very gentle slopes (0ï10) are predominantly flat, increasing the 

likelihood of water pooling and slower drainage, potentially leading to flooding during 

heavy rainfall. Regions with gentle slopes (1.3ï2.60) facilitate better water runoff 

compared with flatter areas but still pose a moderate risk of water accumulation.  












































































































































