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EXECUTIVE SUMMARY 

The Ngada West Chad Catchment, spanning 4.4 million hectares in Borno and Yobe States, 

Nigeria, is a vital hydrological area within the Chad Basin. It is characterized by arid and semi-

arid conditions, heavy reliance on both surface and groundwater resources, and a rapidly 

growing population projected to reach 11 million by 2050. The Ngada River, a key water 

source, experiences seasonal fluctuations, causing water scarcity during dry months and 

necessitating the use of boreholes and reservoirs, which remain insufficient for rising demand. 

The climatic conditions of the catchment are semi-arid, with rainfall (400ï800mm annually) 

concentrated from June to September, and temperatures ranging from 15ÁC to 40ÁC. The Ngada 

River, the Jere bowl and Alau Dam are primary water sources, but limited storage capacity and 

over-extraction of groundwater exacerbate shortages. Pollution from agricultural runoff, poor 

wastewater management, and overuse has led to increasing nitrate and coliform contamination, 

posing significant public health risks. 

Notable socio-Economic and infrastructural Challenges includes: 

¶ High to very high poverty rates (above 50%) across most LGAs, worsened by conflict, 

food insecurity, and economic downturns. 

¶ Outdated infrastructure, reliance on boreholes and manual wells, and poor wastewater 

management contribute to disease outbreaks like cholera and typhoid. 

¶ The Boko Haram insurgency has disrupted infrastructure development and displaced 

millions, leading to deteriorating living conditions in IDP camps. 

¶ Dominated by rain-fed farming of millet, sorghum, maize, and groundnuts, but threatened 

by soil degradation, deforestation, and climate variability. 

A shared vision among stakeholders including government agencies, NGOs, and local 

communities is critical for addressing these interconnected challenges. Priority interventions 

include: 

¶ Expanding water storage through additional dams along the Ngada and Yedseram Rivers. 

¶ Strengthening water governance to improve quality monitoring and sustainable extraction. 

¶ Investing in climate resilience, including reforestation, shelterbelts, and drought-resistant 

crops. 
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¶ Enhancing sanitation infrastructure, particularly in urban areas and IDP camps, to curb 

waterborne diseases. 

¶ Developing alternative livelihoods to reduce dependency on subsistence agriculture and 

promote economic diversification. 

The Ngada West Chad Catchment faces significant environmental, socio-economic, and 

infrastructural challenges, yet presents opportunities for sustainable development through 

strategic water resource management, improved governance, and community-driven resilience 

initiatives. Addressing water security, climate adaptation, and poverty reduction will be 

essential in ensuring the region's long-term sustainability and ecological integrity. 

This strategy organizes a variety of activities and initiatives aimed at improving climate 

resilience, fostering socio-economic development, and safeguarding natural resources within 

the Ngada-West Chad strategic catchment for its socio-economic and environmental 

advancement. The objective of this watershed plan is to assist decision-makers and practitioners 

at local, basin, state, and national levels in understanding the current situation, challenges, 

issues, risks, and opportunities within the Ngada-West Catchment, as well as to attract 

investments for enhancing watershed management over the short, medium, and long term. The 

approach used to formulate this plan will also be applicable to other watersheds in the areas 

covered by the ACReSAL Project in northern Nigeria. The effective execution of such a plan 

at the watershed level can further aid in the integrated management of larger river basins in the 

country. 

 

Table ES 1 below shows Past and Ongoing Initiatives by Governments and Development 

Partners in Ngada West Chad Catchment 
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Table ES 1: Past and Ongoing Initiatives by Governments and Development Partners in Ngada West 

Chad Catchment 

S/No. LOCATION PAST INITIATIVE ONGOING INITIATIVE 

1 Maiduguri 

Project: Borno State Water Supply Project 

Agency- Borno State Water Board & World Bank. 

Focus: Water Supply Improvement and 

Institutional Capacity Building & Sanitation 

Studies. 

 

2 Borno 

Project: Borno Rural Water Supply (BRWS) 

Scheme 

Agency- Borno State Government & 

Borno Rural Water Supply (BRWS). 

Focus: Deep Water Well Drilling & Rural Water 

Access and Infrastructure Development & 

Sustainable Water Management. 

 

3 Borno 

Project: Borno Rural Water Supply (BRWS) 

Scheme. Deep Water Well Drilling. 

Agency- Borno State Water Corporation (BSWC) 

& World Bank. 

Focus: Urban Water Supply Infrastructure and 

Institutional Strengthening and Financial 

Sustainability. 

 

4 
Komadugu Yobe 

 

Project: Komadugu Yobe Basin (KYB) project 

Agency- Nigerian government, UNDP and other 

partners 

Focus: Addressing water resource challenges, 

including conflict resolution among water users, 

improving water flow regulation, and enhancing 

agricultural productivity 

Project: Agroclimatic 

Resilience in Semi-Arid 

Landscapes (ACReSAL) 

Agency ï Federal and state 

governments, world bank. 

Focus: Enhancing agro-

climatic resilience, 

improving water resource 

management, reforestation, 

and sustainable land use 

practices 

5 

Within the entire 

catchment 

 

Project: National Fadama Development Project 

(NFDP) 

Agency: Federal Ministry of Agriculture and Food 

Security with World Bank 
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Focus: Community-driven agricultural 

development, irrigation schemes, and improving 

rural livelihoods through sustainable land and 

water management. 

6 
Damaturu (Yobe 

State) 

 

Project: Strategic Action Plan for Water Resource 

Development in the Komadugu-Yobe Basin 

Agency: African Water Facility, Hadejia-

Jama'are-Komadugu-Yobe Basin Trust Fund, 

Nigeria Integrated Water Resources Management 

Commission 

Focus: Integrated water resources management, 

reoperation of Tiga and Challawa Gorge dams, 

urban water supply, agriculture water 

management, aquaculture, rangeland management, 

and ecosystem restoration 

 

7 

Yobe, Jigawa, 

kano and Borno 

states 

 

 

Project: Hadejia-Jama'are 

Komadugu-Yobe Basin 

Trust Fund (HJKYBTF) 

Agencies: Nigerian 

government and 

international partners. 

Focus: Promoting 

integrated water resource 

management in the 

Komadugu-Yobe Basin, 

including Hadejia-Jama'are 

8 

Chad Basin 

Development 

Authority: Kano, 

Jigawa, Yobe, 

Borno, Bauchi, 

Plateau, Adamawa 

Hadejia-jamaôare 

River basn 

Development 

Authority: kano, 

Jigawa, Yobe, 

Borno, Bauchi, 

Plateau, Adamawa 

 

Project: Integrated River 

Basin Development 

Programs 

Agencies: NEMA, SEMA, 

and international partners. 

Focus: Reducing disaster 

risks from floods and 

droughts through improved 

early warning systems and 

disaster preparedness 
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9 

Gwange 1, 2, 3, 

Maiduguri 

Metropolitan 

Council (MMC), 

Borno State 

 

Project: Borehole Drilling Project for Improved 

Water Access 

Agency: Borno State Government, Borno State 

Rural Water Supply and Sanitation Agency 

(RUWASSA) 

Focus: Providing safe and adequate water supply 

through new boreholes, benefiting local 

communities and IDPs, as part of a statewide water 

project. 

 

10 

Buni Gari, Buni 

Yadi, and 

Damaturu, Yobe 

State 

 

Project: Buni Gari Water Treatment Plant & Buni 

Yadi/Damaturu Flood and Erosion Control Project 

Agency: Yobe State Government 

Focus: Providing safe drinking water, mitigating 

flood and erosion impacts, supporting agriculture 

through irrigation, and ensuring water quality 

monitoring with a new Water Quality Laboratory. 

 

11 

Gashua, Zango, 

and Sabon Garin 

Lamido, Yobe 

State 

 

Project: Gashua Water Supply Project (Phase II) 

Agency: Federal Ministry of Water Resources 

Focus: Expansion of water supply services, 

installation of boreholes and solar panels, 

rehabilitation of water treatment plants and storage 

tanks, and improving water quality to address 

health concerns such as kidney disease prevalence 

in the region. 

 

 Yobe 

 
 

Project: Rural Water 

Supply and Sanitation Sub-

Programmes 

Agency: African 

Development Fund (ADF) 

in partnership with the 

Government of Nigeria 

Focus: Increase access to 

safe drinking water and 

sanitation services in rural 

areas, strengthen 

institutional capacity for 

effective water resource 

management, Improve 

hygiene and water quality 

monitoring systems and 
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Enhance livelihoods 

through integrated water 

use for cattle watering and 

gardening 

 
Potiskum, Yobe 

State 

 

Project: Small Water Scheme in Potiskum 

Agency: Federal Ministry of Water Resources, 

Chad Basin River Basin Development Authority 

(RBDA) 

Focus: Providing improved water access through a 

small-scale water supply system, aimed at 

enhancing safe drinking water availability in 

Potiskum. 

 

 

Despite the aforementioned initiatives, there remains a widespread concern that most of the 

interventions within the catchment did not effectively address the development challenges in a 

cohesive manner. Numerous projects appeared to lack the necessary integrated approach to 

tackle the interconnected issues that arise from the same environmental and socio-economic 

development challenges. As a result, the catchment continues to face various biophysical and 

social problems, some of which are noteworthy as highlighted below. 

 

Key Biophysical and Socio-economic Challenges 

Assessment of the biophysical and socio-economic challenges of the Ngada-West-Chad 

Catchment indicates that the catchment is confronted with the following significant biophysical 

and socioeconomic challenges outlined below:  

1. Biophysical Challenges 

a. Climate Variability and Change 

¶ Erratic rainfall patterns leading to unpredictable water availability. 

¶ Increased frequency of extreme weather events (droughts, floods). 

¶ Temperature rise exacerbating evapotranspiration and desertification risks. 

b. Land Degradation 

¶ Soil erosion reducing agricultural productivity. 

¶ Deforestation due to over-reliance on wood for fuel and construction. 
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¶ Desertification advancing due to unsustainable land-use practices. 

c. Water Resource Constraints 

¶ Declining groundwater levels due to over-extraction and low recharge rates. 

¶ Surface water scarcity affecting irrigation, domestic, and industrial uses. 

¶ Water quality degradation from pollution and sedimentation. 

d. Biodiversity Loss 

¶ Habitat destruction reducing wildlife populations. 

¶ Overfishing and poaching leading to species decline. 

¶ Loss of indigenous plant species due to agricultural expansion. 

2. Socioeconomic Challenges 

a. Population Pressures 

¶ Rapid population growth increasing demand for land and water. 

¶ Uncontrolled urban expansion causing encroachment on fragile ecosystems. 

¶ High dependency ratios placing stress on local economies. 

b. Economic Activities and Livelihood Pressures 

¶ Agriculture under stress due to land degradation and water scarcity. 

¶ Over-reliance on rain-fed farming making communities vulnerable to climate shifts. 

¶ Limited alternative livelihood options increasing poverty and food insecurity. 

c. Governance and Institutional Challenges 

¶ Weak enforcement of environmental regulations exacerbating land and water 

mismanagement. 

¶ Limited cross-border cooperation affecting transboundary water resources management. 

¶ Insufficient financial and technical resources hindering climate adaptation initiatives. 

d. Social and Cultural Pressures 

¶ Conflicts over land and water use between farmers, herders, and industries. 
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¶ Migration and displacement driven by environmental and economic factors. 

¶ Traditional land tenure systems sometimes hindering sustainable land management 

practices. 

Figure ES below shows the ongoing interventions in the catchment 

 

Figure ES 1: Ngada-West Chad Catchment Showing Past Interventions (Source: MSL, 2024) 
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Figure ES 2: Ngada-West Chad Catchment Showing Ongoing Interventions (Source: MSL, 

2024) 

Elements of the Catchment Management Plan 

The comprehensive roadmap developed by the Ngada-West-Chad Strategic Catchment Plan in 

addressing water security, environmental sustainability, and community resilience are captured 

through the lenses of the strategic vision and objectives outlined below: 

Strategic Vision 

 

 

The strategic vision of the Catchment Plan is to establish a sustainable, resilient, and 

community-driven catchment management system that balances environmental protection 

with socioeconomic progress. 
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Strategic Objectives 

The outlined strategic objectives of the Ngada-West Chad Catchment Management Plan 

establish a comprehensive approach to balancing water sustainability, environmental 

conservation, and socioeconomic development. The strategic objectives include the following:  

i. Strengthening Water Governance and Management to develop integrated policies for 

equitable water use, enhance institutional coordination and stakeholder engagement, and 

enforce water laws and promote public-private partnerships (PPPs). 

ii. Expanding Water Infrastructure and Sustainable Use to construct and rehabilitate 

reservoirs, dams, and boreholes, promote rainwater harvesting and improve irrigation 

efficiency and introduce water pricing, conservation incentives, and reuse strategies. 

iii. Enhancing Environmental Conservation and Climate Resilience to implement 

afforestation, reforestation, and wetland restoration programs, strengthen pollution control 

and sustainable land-use practices and develop early warning systems and nature-based 

climate adaptation solutions. 

iv. Ensuring Groundwater Protection and Sustainable Extraction to implement policies 

to prevent over-extraction and contamination, monitor groundwater levels and establish 

buffer zones and promote artificial recharge methods to replenish reserves. 

v. Promoting Sustainable Agriculture and Economic Diversification to support climate-

smart agriculture and resilient farming techniques, encourage alternative livelihoods such 

as ecotourism, fisheries, and microfinance and provide training and cooperative support 

for sustainable income generation. 

vi. Strengthening Community Participation and Regional Cooperation to establish 

community water user associations and inclusive decision-making mechanisms, foster 

gender-equitable governance and leadership training and develop cross-border cooperation 

with Chad for shared resource management. 

This strategic vision and objectives establish a framework for the management of the Ngada-

West Chad catchment's natural resources, support ecosystem services, and enhance livelihoods 

while preserving ecological integrity. They serve as the guiding principles for identifying the 

subsequent strategic interventions or elements of the Catchment Plan. 
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Catchment Policies 

The Ngada-West-Chad Strategic Catchment Policies provide a framework for sustainable water 

resource management, environmental conservation, climate resilience, and socioeconomic 

development. These policies aim to enhance governance structures, improve resource 

sustainability, and promote equitable access to water and environmental benefits. 

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,  

International Policies That Affect Water Resources  

1971 Stockholm Declaration on Human Environment  

1992 Dublin principles on water and sustainable Development,  

1992 Rio Declaration on Environment and Development and Agenda 21  

2008 ECOWAS Water Resources Policy  

Draft Articles on the Law of Transboundary Aquifer  

National Laws and Policies  

1999 Constitution of Federal Republic of Nigeria  

1993 National Water Resources Act  

2016 National Water Resources Policy  

2016 National Policy on Environment  

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

Component 1: Sustainable Preservation, Oversight, and Use of Water Resources: 

Integrated Water Resource Management (IWRM) aims for ecological sustainability, 

socioeconomic development, and fair water distribution. Key initiatives include improving 

storage, promoting rainwater harvesting, and enhancing efficiency through water reuse. Public-

private collaboration can boost investment in water technologies. However, challenges like 

financial limitations and regulatory enforcement need addressing for sustainable water security. 

Component 2: Conservation and Rehabilitation of Essential Ecosystems for Sustainable 

Land Management: Safeguarding ecosystems is essential for biodiversity and land 

productivity, emphasizing afforestation to combat deforestation and improve carbon 

absorption. Sustainable agriculture practices like agroforestry and organic farming enhance soil 

health and food security. Community-driven conservation, supported by funding, empowers 

local efforts. Challenges such as land-use conflicts require integrated governance and 

collaboration for effective management. 

Component 3: Enhanced Livelihood Diversification for Socioeconomic Well-Being: The 

promotion of sustainable, climate-resilient livelihoods aims to enhance economic stability by 

advancing climate-smart agriculture and sustainable fisheries. Supporting alternative activities 

like ecotourism and artisanal crafts, along with microfinance and vocational training, fosters 

financial inclusion and self-sufficiency, especially for youth and women. However, challenges 

such as limited access to financial resources and infrastructure deficits remain, necessitating 

targeted policy support and partnerships for inclusive growth. 

Component 4: Adapting to climate change, managing disaster risks, and building resilient 

infrastructure. Enhancing climate resilience and disaster preparedness involves early warning 

systems, nature-based solutions, and climate-adaptive infrastructure. Key actions include 

developing early warning systems, promoting natural defenses, and building resilient 

infrastructure. Integrating climate adaptation into development frameworks is crucial for 

securing funding and resources. Addressing challenges like high costs and limited capacity 

requires scalable financing and collaboration for long-term resilience. 

Component 5: Enhancing Institutional Capacity and Mechanisms for Project 

Coordination. Enhancing institutional capacity and governance is essential for effective water 

resource management and environmental sustainability. A centralized coordinating body is 
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needed to oversee policies and foster transboundary cooperation with Chad and neighboring 

states. Empowering local governance structures and implementing capacity-building programs 

will improve decision-making and resource allocation. Addressing bureaucratic inefficiencies 

and promoting multi-stakeholder engagement are crucial for a cohesive governance framework. 

Component 6: Mainstreaming Gender Equality and Social Inclusion (GESI) in Resource 

Governance: Integrating gender equity and social inclusion (GESI) principles into water 

resource management enhances women's participation in decision-making and resource 

governance. This requires gender-sensitive policies, targeted interventions, and inclusive 

development programs for marginalized groups. Capacity-building for women and vulnerable 

communities fosters resilience and sustainability. However, challenges like cultural barriers and 

weak institutional enforcement must be addressed through advocacy and reforms.. 

Component 7: Advancing Research, Innovation, and Knowledge-Sharing for 

Sustainability. Strengthening research institutions is crucial for developing innovative water 

conservation, land-use management, and climate adaptation strategies. Key initiatives include 

fostering technological advancements, establishing knowledge-sharing platforms, and 

encouraging multi-sectoral collaboration. Public-private partnerships and international 

research grants will enhance resource mobilization for climate resilience. Addressing 

challenges like limited funding and data infrastructure is essential for sustainable development. 

Component 8: Establishing a Comprehensive Monitoring, Evaluation, and Reporting 

System: The development of standardized frameworks for assessing water resource 

management, environmental conservation, and climate resilience is essential. Implementing 

real-time data collection to monitor indicators like water quality and ecosystem health is a 

priority. This ensures effective policy implementation through stakeholder engagement and 

adaptive management. Additionally, leveraging digital tools and addressing challenges like 

inconsistent data collection will enhance these efforts. 

Table ES shows a Summary of Components and Activities of the Ngada-West-Chad Catchment 

Plan. 
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Table ES 2: Summary of Components and Activities of the Ngada-West-Chad Catchment Plan 

S/No Component Activities Key Indicators Responsibilities/Partners 

1 

Sustainable Preservation, 

Oversight, and Use of Water 

Resources: 

- Implement Integrated Water Resource 

Management (IWRM) strategies  

- Expand water storage infrastructure 

(reservoirs, irrigation, rainwater harvesting)  

- Enforce water-use efficiency policies 

(pricing, reuse, conservation)  

- Strengthen governance for equitable access 

- Increase in water storage 

capacity  

- % reduction in water losses  

- Adoption of water-efficient 

practices 

- National Water Authorities  

- Local Governments  

- Private Sector (PPPs)  

- Development Partners 

2 

Conservation and Rehabilitation 

of Essential Ecosystems for 

Sustainable Land Management: 

- Implement afforestation and reforestation 

programs  

- Restore wetlands and degraded ecosystems  

- Promote sustainable agriculture and 

livestock practices  

- Develop land-use planning policies to 

prevent degradation 

- % increase in forest cover  

- Number of restored 

wetlands  

-% reduction in land 

degradation 

- Environmental Agencies  

- Agricultural Departments  

- Conservation NGOs  

- Local Communities 

3 

Enhanced Livelihood 

Diversification for 

Socioeconomic Well-Being: 

- Promote climate-smart agriculture and 

sustainable fisheries  

- % increase in alternative 

livelihoods  

- Number of small businesses 

supported  

- Ministries of Agriculture & 

Trade  

- Financial Institutions  

- Community Cooperatives  
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- Develop alternative income-generating 

activities (ecotourism, handicrafts, small 

industries)  

- Provide microfinance and cooperative 

support  

- Implement vocational training programs 

Implement vocational training programs 

- Household income 

improvement 

- Development Agencies 

4 

Adapting to climate change, 

managing disaster risks, and 

building resilient infrastructure. 

- Establish early warning systems for climate 

hazards  

- Develop nature-based solutions (green 

infrastructure, riparian buffers)  

- Build climate-resilient infrastructure (flood 

barriers, irrigation) - Integrate climate 

adaptation into policies 

- Functionality of early 

warning systems  

- % reduction in climate-

related damages  

- Increase in climate-resilient 

infrastructure 

- Meteorological Agencies  

- Disaster Management 

Authorities  

- International Climate Funds  

- Local Governments 

5 

Enhancing Institutional 

Capacity and Mechanisms for 

Project Coordination. 

- Establish a centralized government body 

for water and environmental management  

- Strengthen transboundary cooperation with 

Chad  

- Build local governance capacity  

- Enhance knowledge-sharing between 

institutions 

- Establishment of 

coordination bodies - Number 

of regional cooperation 

agreements  

- Increase in institutional 

capacity-building programs 

- National and Regional 

Governments  

- River Basin Organizations  

- Research Institutions  

- International Partners 
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6 

Mainstreaming Gender Equality 

and Social Inclusion (GESI) in 

Resource Governance: 

- Promote womenôs participation in water 

and environmental governance  

- Implement gender-sensitive policies in 

agriculture, water access, and disaster risk 

management  

- Support marginalized groups through 

inclusive programs  

- Provide capacity-building for women and 

youth 

- % increase in women in 

leadership roles  

- Number of gender-sensitive 

policies implemented  

- Inclusion of marginalized 

groups in decision-making 

- Ministries of Gender & Social 

Welfare  

- Womenôs Organizations  

- Local Governments  

- International Donors 

7 

Advancing Research, 

Innovation, and Knowledge-

Sharing for Sustainability. 

- Strengthen research institutions to develop 

innovative conservation strategies  

- Promote smart water technologies 

(irrigation sensors, digital monitoring)  

- Establish knowledge-sharing platforms for 

stakeholders  

- Foster collaboration between research 

institutions and policymakers 

- Number of research studies 

conducted  

- Adoption rate of smart 

water technologies  

- Participation in knowledge-

sharing initiatives 

- Universities & Research 

Institutions  

- Government Agencies  

- Private Sector  

- International Scientific 

Networks 

8 

Establishing a Comprehensive 

Monitoring, Evaluation, and 

Reporting System: 

- Implement standardized monitoring 

frameworks  

- Establish real-time data collection for water 

and ecosystem health  

- Functionality of data 

monitoring systems  

- % improvement in reporting 

accuracy  

- National Statistical Offices  

- Environmental Monitoring 

Agencies  
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- Develop performance indicators for 

resilience, biodiversity, and socioeconomic 

progress - Conduct regular stakeholder 

engagement for transparency 

- Stakeholder participation in 

monitoring 

- Development Organizations - 

Local Communities 

 



Mecon Geology and Engineering Services Ltd 

Page | xxxii  

 

 

Figure E.S.3: Ngada-West Chad Catchment Showing the Recommended Interventions 

(Source: MSL, 2024)  
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Table E.S.3: Upper Catchment of the Ngada-West Chad Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Section LGA/Town Identified 

Challenge 

Proposed Intervention Appropriate Tool(s) 

For Sustained 

Monitoring and 

Evaluation 

Responsible 

Agency 

Expected 

Outcome 

Upper 

Catchment 

Askira Gully erosion and 

farmland loss on 

hilly slopes 

Construction of check 

dams and reforestation 

Drone-based erosion 

mapping, DEMs 

GIS slope analysis 

Interviews, CBO 

tracking 

Borno State 

Ministry of 

Environment, 

ACReSAL, 

FMEnv, 

(NIWRMC) 
 

Reduced 

erosion and 

improved soil 

productivity 

 Chibok Environmental 

degradation due to 

displaced 

populations and tree 

loss 

Assisted natural 

regeneration (ANR), 

clean cooking programs 

Remote sensing, 

community tree 

nurseries 

Biodiversity 

Conservation 

UNDP, FMEnv, 

NEMA, 

ACReSAL. 

FMEnv, Ministry of 

Tourism 

Restored 

landscapes and 

improved 

energy access 

 Damboa Conflict-related 

infrastructure 

damage and poor 

access roads 

Rural road rehabilitation 

and stabilization 

Road condition 

surveys, terrain 

analysis 

NEDC, FERMA, 

Borno State 

Ministry of Works 

Improved 

mobility and 

regional 

recovery 

 Gujba Seasonal landslides 

in upland 

settlements 

Slope stabilization 

through terracing and 

geogrid installation 

Construct embarkment 

NDVI satellite 

imagery, urban 

planning GIS 

Yobe State Ministry 

of Works, 

Geological Survey 

Agency. FMEnv, 

Safer 

settlements and 

reduced disaster 

risk 
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Flash flooding and improve drainage 

system in high-risk area 

Terracing, gully 

control structures, 

check dams 
 

(NIWRMC) 

NIHSA, 

ACReSAL, FMWR 

  

 Fika Lack of clean water 

in upland villages 

construction of elevated 

reservoirs 

Gravity-fed piped water 

systems from springs 

Hydrogeological 

mapping, solar pump 

tech 

RUWASSA, 

UNICEF, FMWR, 

NIHSA, 

ACReSAL, FMWR 

 (NIWRMC 

Reliable potable 

water access 

 Potiskum Youth 

unemployment and 

pressure on land 

resources 

Agro-processing and 

value-chain-based youth 

training 

e-Extension 

platforms, 

cooperative networks 

SMEDAN, NDE, 

FMAFS 

Youth 

employment 

and reduced 

rural drift 

 Nangere Poor rural market 

connectivity due to 

degraded roads 

Construction of all-

weather rural access 

roads 

GIS road network 

planning tools 

Yobe State Ministry 

of Transport, 

FERMA, FMW, 

NIWRMC 

Increased 

market access 

and economic 

activity 
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Table E.S.4: Middle Catchment of the Ngada-West Chad Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Middle 

catchment 

LGA/Towns  Specific Challenge Proposed 

Intervention 

Appropriate Tools 

for Sustained 

Monitoring and 

Evaluation 

Responsible 

Agencies 

Expected 

Outcome 

 Tarmuwa, 

Geidam, 

Borsari 

Water scarcity and 

over-extraction of 

groundwater 

 

- Aquifer recharge 

ponds  

- Community water 

budgeting 

awareness 

Hydrogeological 

mapping, 

groundwater sensors,  

RUWASSA, 

UNICEF, UNDP, 

NIHSA, 

ACReSAL, 

FMWR 

 NIWRMC, 

Ministry of Water 

Resources 

Sustainable water 

supply, recharged 

aquifers, improved 

access 

 Magumeri, 

Borsari 

Desertification, sand 

encroachment, and 

wind erosion 

- Sand dune 

stabilization with 

vetiver grass  

- Tree planting 

campaigns and 

shelterbelts 

Wind erosion maps, 

satellite imagery, 

buffer strip design 

FMEnv, UNCCD, 

Borno State 

Forestry 

Department 

Reduced land loss, 

protected farm 

areas, improved 

microclimate 

 Fune, Borsari Poor post-harvest 

management and 

market access for 

farmers 

- Cold storage and 

hermetic grain 

storage solutions  

- Rural logistics 

Value chain analysis 

tools, agri-logistics 

planning platforms 

FMAFS, 

SMEDAN, IFAD-

VCDP, Yobe ADP 

Reduced losses, 

increased farmer 

income, better 

market linkage 
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and value chain 

support 

 Damaturu, 

Konduga 

Urban waste 

mismanagement & 

sanitation gaps 

(conflict-exacerbated) 

- Solid waste 

management & 

recycling facilities  

- WASH 

infrastructure in 

public areas 

GIS urban sanitation 

maps, waste flow 

tracking tools 

Ministry of 

Environment, 

NEDC, UNICEF, 

UN-Habitat 

Cleaner urban 

centers, improved 

public health 

 Kaga, 

Magumeri 

Land degradation due 

to poor farming 

practices & 

biodiversity loss 

- Conservation 

agriculture (no-till, 

cover crops)  

- Community-led 

biodiversity 

conservation 

Remote sensing, soil 

fertility maps, 

biodiversity surveys 

FMAFS, Borno 

ADP, IITA, 

FMEnv 

Rejuvenated soil, 

enhanced 

biodiversity, 

sustainable farming 

 Konduga, 

Kaga 

Post-conflict 

infrastructure damage 

and youth 

unemployment 

- Cash-for-work 

schemes for 

facility repair  

- Vocational 

training for 

displaced youth 

Conflict impact 

assessments, skills 

gap mapping tools 

NEDC, NEMA, 

Ministry of 

Humanitarian 

Affairs 

Stable returnee 

communities, 

improved youth 

employment 

 Damaturu, 

Tarmuwa 

Rapid urbanization 

leading to pressure on 

water and health 

services 

- Expansion of 

urban planning and 

basic services 

(water, WASH)  

- Urban greening 

Urban GIS mapping, 

climate vulnerability 

indices 

Damaturu Urban 

Planning Board, 

FMEnv, UNDP 

Resilient urban 

infrastructure, 

improved service 

delivery 
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 Table E.S.5: Lower Catchment of the Ngada-West Chad Strategic Catchment ï Spatial Challenges and Intervention Matrix 

Lower 

catchment 

LGA/Town Identified 

Challenges 

Proposed 

Interventions 

Appropriate 

Tools for 

Sustained 

Monitoring and 

Evaluation 

Responsible Agencies Expected 

Outcomes 

 Mobbar Flooding and 

waterlogging of 

farmland during the 

rainy season 

- Construction of 

flood retention 

basins  

- Raised-bed 

farming 

Flood hazard 

maps, topographic 

surveys 

HJRBDA, Yobe State 

Emergency Agency, FMAFS 

CBDA 

NIHSA, ACReSAL, FMWR 

(NIWRMC 

- Reduced crop 

loss  

- Improved 

agricultural 

productivity 

 Gubio Insecurity and 

displacement due to 

insurgency 

- Resettlement 

support for 

returnees  

- Community 

policing & 

infrastructure 

rehabilitation 

Post-conflict 

community 

mapping, needs 

assessment tools 

NEDC, NEMA, UNHCR, Borno 

State Govt 

- Resettled 

population  

- Improved 

safety and basic 

services 

and climate 

adaptation plans 
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 Lake Chad Shrinking water body 

and disrupted 

fisheries livelihoods 

- Restocking of 

native fish species  

- Sustainable 

aquaculture 

systems 

Satellite-based 

lake monitoring, 

aquatic 

biodiversity tools 

LCBC, NIFFR, FMEnv NIHSA, 

ACReSAL, FMWR 

 NIWRMC 

- Revived 

livelihoods  

- Ecological 

balance 

restored 

 Kukawa Desert encroachment 

and livelihood 

collapse 

- Shelterbelt 

development  

- Livelihood 

diversification 

(beekeeping, 

crafts) 

NDVI satellite 

tools, livelihood 

assessment GIS  

FMEnv, UNDP, Borno State 

Forestry Dept, CBDA, 

ACReSAL 

- Reduced 

desert advance  

- Strengthened 

household 

resilience 

 Guzamala Inaccessibility due to 

poor roads and 

frequent insecurity 

- Road 

rehabilitation with 

security patrol 

integration  

- Mobile 

humanitarian 

services 

GIS road network 

planning, 

humanitarian 

access maps 

FERMA, NEDC, ICRC, 

Ministry of Works 

- Enhanced 

mobility  

- Improved 

humanitarian 

access 

 Monguno Overpopulation in 

IDP camps and 

sanitation crisis 

- Expansion of 

sanitation facilities  

- Public health 

education & 

hygiene kits 

WASH 

vulnerability 

mapping, outbreak 

early warning 

systems 

UNICEF, MSF, Ministry of 

Health 

- Reduced 

disease spread  

- Improved 

hygiene 

standards 

 Marte Dry season farming 

challenges due to 

- Rehabilitation of 

small-scale 

irrigation canals  

Remote sensing of 

irrigation needs, 

HJRBDA, FMAFS, FAO - Increased dry 

season yields  

- Improved 
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irrigation 

infrastructure collapse 

- Farmer field 

schools on water-

efficient farming 

soil moisture 

sensors 

water 

efficiency 

 Nganzai Animal-human 

conflict in pastoral 

zones 

- Designated 

grazing corridors  

- Veterinary 

outreach programs 

GPS tracking of 

livestock, 

rangeland 

mapping 

NLTP, Ministry of Livestock, 

FAO 

- Reduced 

conflict  

- Healthier 

livestock 

 Mafa Youth unemployment 

and lack of vocational 

opportunities 

- TVET centers for 

youth (tailoring, 

mechanics, ICT)  

- Business 

incubation hubs 

Digital skills 

training tools, 

youth 

employment 

databases 

CBO Tracking 

SMEDAN, NDE, UNDP - Empowered 

youth  

- Reduced 

economic 

migration 

 Jere Poor drainage and 

recurring urban flash 

floods 

- Urban drainage 

master plan 

implementation  

- Solid waste 

management 

Flood modeling 

software, GIS for 

urban runoff 

Jere LGA, Borno State Urban 

Dev. Board, ACReSAL, FMW, 

FMEnv, NIWRMC 

- Reduced 

flood risk  

- Cleaner, 

healthier 

environment 

 Maiduguri Overburdened public 

infrastructure 

(schools, water, 

health) due to IDP 

influx 

- Expansion of 

urban 

infrastructure  

- Inclusive city 

planning for 

displaced 

populations 

Urban growth 

modeling, 

infrastructure 

stress analysis 

UN-Habitat, NEDC, Borno State 

Government 

- Improved 

service delivery  

- Social 

cohesion in 

host 

communities 
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Expected Outcomes 

The effective execution of the interventions in the Ngada-West Chad Strategic Catchment 

Management Plan will promote long-term sustainability by enhancing environmental 

resilience, expanding economic opportunities, and strengthening governance frameworks. The 

expected outcome of the intervention is outlined as follows: 

¶ Sustainable Water Resource Management 

¶ Ecosystem Restoration & Biodiversity Conservation 

¶ Climate Resilience & Disaster Risk Reduction 

¶ Enhanced Livelihoods & Economic Diversification 

¶ Improved Community Well-Being & Social Inclusion 

¶ Strengthened Policy & Regulatory Frameworks 

¶ Improved Institutional Capacity & Project Coordination 

 

 

 

 

 

 

 

 

 



Mecon Geology and Engineering Services Ltd 

Page | 1  

 

CHAPTER 1 INTRODUCTION 

1.1 Purpose for the Plan 

The Ngada West Chad Strategic Catchment in Borno and Yobe states is crucial for sustainable 

water and land management, aiming to enhance water security and climate resilience. It 

confronts challenges that threaten its sustainability and community resilience. These challenges 

include: 

i. Climate Change and Hydrological Variability: Erratic rainfall and rising 

evapotranspiration are leading to unpredictable water availability, with prolonged droughts 

followed by intense floods, increasing water scarcity and disaster risks. 

ii. Flooding and Droughts: Severe floods in September 2024 displaced over 1 million people 

and damaged infrastructure from dam failures. Seasonal droughts exacerbate water 

scarcity, threatening agriculture and domestic supply, making effective water management 

essential. 

iii. Deforestation, Soil Erosion, and Desertification: Unsustainable land use and 

deforestation lead to soil degradation and desertification, reducing agricultural 

productivity and increasing vulnerability to climate extremes. This exacerbates food and 

water insecurity. 

iv. Water Resource Depletion and Poor Management: Excessive water withdrawals for 

agriculture and urban use are depleting groundwater in the Lake Chad Basin, while 

inadequate storage worsens seasonal shortages. 

v. Pollution and Poor Sanitation: Poor wastewater management and agricultural runoff 

contaminate water sources, increasing health risks from waterborne diseases like cholera 

due to open defecation and improper waste disposal. 

vi. Infrastructure Deficits: Poor roads and drainage exacerbate flood impacts and hinder 

emergency response. Limited access to clean water, healthcare, and education deepens 

poverty, making climate adaptation harder. 

vii. Socio-Economic and Governance Challenges: Conflict and insurgency have displaced 

communities, limiting access to farmland and water, while weak governance exacerbates 

resource scarcity and instability. 
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1.2 Rationale for a Strategic Catchment Plan 

A Strategic Catchment Management Plan (SCMP) is essential for sustainable water resource 

management and long-term socio-economic stability, the key issues necessitate the following: 

a. Enhance Water Security: Integrated management will regulate supply, prevent over-

extraction, and ensure fair distribution. Developing reservoirs and improving irrigation 

will boost storage capacity, securing water for agriculture and communities. 

b. Mitigate Climate Change Impacts: SCMP measures like afforestation, erosion control, 

and sustainable land use will combat climate challenges. Drought-resistant crops and water 

conservation techniques will strengthen agricultural resilience. 

c. Promote flood and Drought Risk Management: Improved drainage systems and 

floodplain zoning will reduce flood impacts. Early warning systems and disaster 

preparedness programs will enhance community resilience. 

d. Improve Water Quality and Sanitation: Implementation of stricter pollution controls 

and wastewater treatment facilities will reduce contamination and public health risks. 

Community-based water management initiatives will ensure sustainable sanitation 

practices. 

e. Biodiversity and Ecosystem Restoration: Conservation efforts, including wetland 

restoration and riparian buffer zones, will improve ecological balance and water retention. 

Protecting forests and promoting reforestation will curb desertification. 

f. Strengthening Governance and Policy Enforcement: Institutional reforms and capacity-

building programs will improve governance in water resource management. Establishing 

local catchment management committees will enhance community participation and 

accountability. 

g. Boosting Socio-Economic Development: Improved access to water will support 

livelihoods, agriculture, and small-scale industries. Investment in infrastructure and 

education will reduce poverty and enhance long-term sustainability. 

1.3 Expected Outcomes 

By achieving the following outlined outcomes below, the SCMP will ensure sustainable water 

management, climate resilience, environmental protection, and socio-economic stability in the 

Ngada West Chad Catchment. These include:  

These include:  
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i. Sustainable Water Resource Management: Integrated management will regulate supply, 

balance demand, and enhance sustainability. Increased storage through reservoirs and 

better irrigation will boost availability, while recharge initiatives will prevent groundwater 

depletion. 

ii. Climate Resilience and Disaster Risk reduction: Improved drainage, floodplain zoning, 

and early warning systems will mitigate floods and droughts. Sustainable land use, 

afforestation, and erosion control will combat desertification, while climate-adaptive 

farming ensures agricultural stability. 

iii. Improved Institutional Capacity and Project Coordination: Stricter controls on runoff 

and wastewater treatment will reduce pollution. Improved waste disposal and sewage 

systems will prevent waterborne diseases, while regular monitoring will ensure safe water 

quality. 

iv. Ecosystem Restoration and Biodiversity Conservation: Reforestation and soil 

conservation will restore degraded areas. Protecting wetlands and riparian zones will 

enhance biodiversity, while controlled deforestation and grazing will prevent habitat 

destruction. 

v. Strengthened Policy and Regulatory Framework: Stronger policies and compliance 

monitoring will improve enforcement. Community involvement will enhance 

accountability, while capacity building will equip institutions and stakeholders with 

effective catchment management skills. 

vi. Enhanced Livelihoods and Economic Diversification: Sustainable water management 

and irrigation will boost agriculture. Infrastructure projects and conservation efforts will 

create jobs, while improved water access will enhance living standards for communities 

and  

industries. 

vii. Improved Community wellbeing and social inclusion: Empowering individuals within 

the catchment to thrive, fostering a sense of belonging and connection, by promoting equal 

access to resources and opportunities, breaking down social barriers, especially against 

vulnerable groups so as to build more resilient communities. 

The different roles outlined in the Ngada West Chad Strategic SCMP are essential for 

improving water security, climate resilience, and socio-economic stability in the catchment. 

These roles include the following:  
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1.4 Environmental Roles 

¶ Water Resource Protection & Sustainable Use: Implement measures to regulate 

water use, control over-extraction, and promote groundwater recharge initiatives.  

¶ Ecosystem and Biodiversity Conservation: Restore degraded areas through 

afforestation and soil conservation. Protect wetlands and riparian zones to maintain 

ecological balance. 

¶ Climate Adaptation Measures: Implement erosion control, floodplain zoning, and 

sustainable land-use planning to mitigate climate change impacts. 

¶ Pollution Control & Waste Management: Enforce stricter regulations on wastewater 

treatment, agricultural runoff, and industrial pollution to improve water quality. 

1.5 Socio-Economic Roles 

¶ Water Security & Agricultural Development: Enhance irrigation infrastructure, 

promote efficient water use, and introduce climate-resilient agricultural practices. 

¶ Livelihood Support & Poverty Reduction: Create job opportunities in conservation, 

eco-friendly industries, and water infrastructure projects. 

¶ Disaster Risk Reduction: Establish early warning systems, emergency response 

mechanisms, and resilient infrastructure to mitigate flood and drought risks. 

¶ Health & Sanitation Improvement: Promote access to clean water, improve sanitation 

facilities, and implement hygiene education programs to prevent waterborne diseases. 

1.6 Governance and Institutional Roles 

¶ Policy Implementation & Compliance: Strengthen enforcement of 

environmental regulations and water management policies.  

¶ Community Engagement & Stakeholder Participation: Involve local 

communities in decision-making to enhance ownership and sustainability. 

¶ Institutional Capacity Building: Train local authorities, farmers, and water 

resource managers on best practices in catchment management. 

¶ Inter-Governmental Coordination: Enhance collaboration among federal, state, 

and local agencies to ensure integrated water resource governance. 
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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) 

¶ 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 can integrate with existing regional and national 

policies in Nigeria by aligning with their stated objectives. For instance, the SCMP can do so 
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with the policy objectives of the National Water Resources Policy (2016) which is to ensure 

sustainable water resources management and protecting the environment. Another policy is that 

of the National Environmental Policy (1999) which the SCMP can integrate with to promotes 

conservation, protection, and restoration of the environment. For the National Agricultural 

Policy (2016), the SCMP can align with the policy's objectives, such as promoting sustainable 

agricultural practices and improving food security. 

On a regional scale, the SCMP can be integrated with the Niger Basin Authority's (NBA) Water 

Charter: which aims to promote sustainable water resources management in the Niger Basin. 

It can also integrate with the Economic Community of West African States (ECOWAS) Water 

Resources Policy objectives, such as promoting regional cooperation and sustainable water 

resources management. There are sectoral policies such as the Nigeria's Agricultural 

Transformation Agenda (ATA) and the Nigeria's National Forest Policy (2006). The SCMP can 

integrate with these two policies by promoting sustainable agricultural practices and improving 

food security for the former while promoting sustainable forest management and conservation 

for the latter. 

 

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 make adjustments to 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 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 

North Eastern Development Commission (NEDC) oversees several initiatives, including 

Newmap projects, initiatives from the Lake Chad Commission, the Upper Benue River Basin 

Development Authority, the Hadeija-Jamare River Basin Authority along with its Trust Fund, 

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

However, the Strategic Catchment Management Plan is anticipated to integrate the essential 

components of the catchment as outlined in this report, facilitating a comprehensive 

development approach for the region. This integration is crucial considering the 

interconnectedness of these components, thereby ensuring that the interventions are 

strategically planned with regard to the spatial relationships of these factors. The plan's 

development in this integrated fashion is expected to foster cohesive growth across the entire 

region, as opposed to conducting interventions in isolation. 

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 Ngada West Chad Catchment shown in Figure 2.1 below, spanning 4,430,330 ha across 

Borno and Yobe states, lies between latitudes 10Á 30ǋ 10ôôN - 13Á 05ǋ 15ôôN and longitudes 11Á 

03ǋ 30ôôE - 14Á 11ǋ 45ôôE. It borders Lake Chad to the north, Yedseram Catchment to the east, 

and extends to northern Borno and Nigeria-Cameroon border, where transboundary water 

management is crucial for Lake Chad's sustainability (Nwilo and Badejo, 2017). 

 

Figure 2.1: Ngada West-Chad Catchment showing the LGA's (Source: MSL, 2024) 

 

This strategic catchment plan is based on a detailed scientific report that utilized data collected 

from various sources, including online research, fieldwork, focus group discussions, 

interviews, secondary literature and stakeholder engagement. 
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2.2 Precipitation, Temperature, Sunshine and Relative Humidity 

2.2.1 Precipitation 

The Ngada catchment experiences a unimodal rainfall pattern, with the rainy season extending 

from June to September. Annual precipitation averages between 200 to 700 millimeters, with 

variability across different areas of the catchment. The peak rainfall months are July and 

August, during which the region receives the majority of its annual rainfall. This seasonal 

rainfall is crucial for replenishing water resources and supporting agricultural activities. 

 

 

Figure 2.2: Annual Precipitation of the Catchment (Source: MSL, 2024) 

2.2.2 Temperature 

Temperatures in the catchment are characteristically high throughout the year. The hottest 

period occurs between March and May, with average maximum temperatures ranging from 

40ÁC to 42ÁC. During the cooler months, particularly December and January, average 

maximum temperatures range between 32ÁC and 35ÁC, while average minimum temperatures 

can drop to approximately 15ÁC to 18ÁC. This temperature variation influences evaporation 

rates and water availability in the region. 
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Figure 2.3: Annual Average Temperature of the Catchment (Source: MSL, 2024) 

2.2.3 Sunshine Duration 

The catchment enjoys substantial sunshine throughout the year, averaging approximately 3,200 

hours annually. During the dry season (November to May), sunshine duration is at its peak, 

with monthly averages between 9 to 10 hours per day. In contrast, the rainy season (June to 

September) sees reduced sunshine hours, averaging around 6 to 7 hours per day, due to 

increased cloud cover. This high solar exposure has implications for evaporation rates and 

potential solar energy utilization.  

 

Figure 2.4: Annual average Sunshine Duration chart of the Catchment (Source: MSL, 2024) 
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2.2.4 Relative Humidity 

Relative humidity in the catchment varies seasonally. During the dry season, humidity levels 

are low, often ranging between 10% and 25%, contributing to arid conditions and high 

evaporation rates. In the rainy season, humidity increases significantly, ranging from 25% to 

75%, which can influence precipitation patterns and agricultural productivity. 

 

Figure 2.5: Annual Average Relative Humidity of the Catchment (Source: MSL, 2024) 
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2.3 Topography, Drainage, Geology and Soil Types 

2.3.1 Topography 

The Ngada west catchment topography is diverse, in both Borno and Yobe states, reflecting its 

geographical and climatic variations.  

¶ The catchment is predominantly flat terrain features with vast plains and low-lying 

areas, with altitudes ranging from about 200 meters above sea level in the southwest 

to approximately 500 meters near the northeastern border with Chad.  

¶ While in Yobe state, the elevation ranges from 200 meters in the north to over 600 

meters in the south, where the terrain becomes more undulating (refer to Figure 2.6).  

¶ The landscape slopes gently towards the northeast, facilitating surface water flow 

towards the Yobe River (Magaji et al., 2020).  

 

Figure 2.6: Digital Elevation Model (DEM) of the Catchment (Source MSL, 2024) 

2.3.2 Drainage  

The Ngada catchment exhibits a dendritic drainage pattern where several tributaries join the 

main river at various locations creating a convergence towards a single channel. 
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¶ The Ngada catchment drainage system is influenced by its topography and climate as 

shown in 2.7. 

¶  The catchment is within the larger Chad Basin, with an endorheic basin that drains into 

Lake Chad rather than any ocean or sea. Lake Chad, located in northeastern Nigeria, is 

a shallow freshwater lake that fluctuates in size with seasonal rainfall and inflows from 

surrounding rivers.  

¶ Its size has significantly decreased in recent decades due to climate change and human 

activities, raising concerns about water availability and environmental sustainability 

(Okonkwo and Onuoha, 2016). 

 

Figure 2.7: Drainage Map of Ngada West Chad Catchment Area, showing the recorded water 

infrastructure (Source: MSL, 2024) 

STATE OF INFLUENCE 

1. Borno State 

2. Yobe State 

Figure 2.8  and Figure 2.9 below shows a Map of The Recorded Gauging Stations and 

Meteorological stations within the Ngada-West-Chad Catchment. 
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Figure 2.8: Map of The Recorded Gauging Stations (Source: MSL, 2024) 

World Meteorological Organization (WMO) recommends 384 hydrological stations, but only 

237 are recorded in Nigeria. 



Mecon Geology and Engineering Services Ltd 

Page | 15  

 

 

Figure 2.9: Map of Meteorological stations (Source: Mecon Services, 2024) 

World Meteorological Organization (WMO) recommends 970 out of which 291 are recorded, 

however data is only received from 45 (NIMET)  

2.3.3 Geology and Soil Types 

2.3.3.1 Geology  

The geology of the Ngada West-Chad catchment is diverse, with distinct variations across its 

regions. In the northern section, the Chad Basin is dominated by sedimentary rocks, including 

alluvial deposits, sandstones, and clays, contributing to the formation of sandy soils.  

¶ Moving southward, towards the Mandara Mountains, the landscape shifts to older 

basement complex rocks, comprised mainly of granites and gneisses.  

¶ This basement complex includes both metamorphic and igneous formations such as 

granite, gneiss, and schist. In the northeastern region, sedimentary deposits primarily 

consist of sandstone, siltstone, and shale (Okosun, 1995). 

¶ Key geological features within the Ngada catchment (refer to Figure 2.10Figure 2.10 ) 

include the Gongola Basin, a sedimentary basin extending into Borno, and the Bima 

Sandstone, which occasionally appears in the Yobe region of the catchment.  
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¶ Surrounding Maiduguri, the state capital, lies the Maiduguri Plain, characterized by 

younger sedimentary deposits overlying ancient basement rocks.  

¶ Additionally, the Precambrian Basement Complex, composed of granites, schists, 

gneisses, and migmatites, forms the underlying foundation beneath the sedimentary 

layers in the Yobe area (Obaje, 2009). 

 

Figure 2.10: Geological Map of The Catchment (Source: MSL, 2024) 

2.3.3.2 Soil Types 

Soil types in the catchment vary with topography and geology. The different soil types 

identified in the catchment as shown in Figure 2.11 are as follows: 

¶ Ferralsols: Dominant in tropical areas, highly weathered, and nutrient-poor. 
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¶ Arenosols: Found in arid regions like northern Borno, sandy with low fertility. 

¶ Gleysols: Present in poorly drained areas, nutrient-rich but require careful management. 

¶ Luvisols: Located in the south, clay-rich and highly suitable for agriculture. 

¶ Soil Texture Variation: Sandy soils dominate the north, transitioning to clayey soils in the 

south, influencing water retention and fertility. 

¶ Yobe Region: Northern plains have sandy, low-fertility soils, while the southern areas 

contain more fertile loamy and clayey soils. 

¶ Alluvial Soils: Found along rivers, highly fertile and suitable for intensive agriculture. 

¶ Vertisols: Challenging to manage but can be productive with appropriate agricultural 

practices. 

(FAO, 2006). 
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Figure 2.11: Soil Map of The Catchment (Source: MSL, 2024) 
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2.4 Land Use and Land Cover 

¶ The Ngada West Chad Catchment, part of hydrological area 8 in northeastern Nigeria, 

contributes to the Chad Basinôs water system.  

¶  Land use and cover are influenced by natural and human activities, impacting 

agriculture and urbanization. Savannahs feature drought-resistant trees, while riparian 

zones thrive near rivers. However, deforestation and habitat loss from agriculture and 

overgrazing are significant concerns. 

¶ Subsistence farming and irrigated agriculture near water bodies drive soil degradation 

and desertification.  

¶ Rapid urbanization, conflict-driven displacement, and informal settlements are 

converting agricultural land into urban infrastructure. Water bodies, wetlands, and 

groundwater are crucial for agriculture and livestock, but over-extraction threatens 

long-term sustainability (Akiyode and Akanmu, 2015). 

 

Figure 2.12: Land Use and Land Cover of the Catchment (Source: MSL, 2024) 
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Figure 2.13: Vegetation Map of The Catchment (Source: MSL, 2024) 

2.4.1 Agricultural Land Use 

¶ Agriculture is a key land-use activity in the Ngada West Chad Catchment, supporting 

livelihoods, food security, and the economy.  

¶ Millet, sorghum, maize, and cassava are staple crops, while groundnuts, soybeans, 

sesame, and cowpeas generate income. Though some areas practice irrigated farming, 

most rely on rain-fed agriculture, facing challenges from limited irrigation 

infrastructure, climate variability, and resource constraints. 

2.4.2 Pastoralism 

¶ Pastoralism is a key livelihood in the Ngada West Chad Catchment, supporting 

thousands of households through cattle, sheep, goats, and camels for meat, milk, hides, 

and trade.  
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¶ Both nomadic and semi-nomadic systems contribute to food security, local economies, 

and livestock markets, but sustainability is threatened by environmental and socio-

economic challenges. 

2.4.3 Forest and Woodlands 

¶ Forests and woodlands in the Ngada West Chad Catchment support biodiversity, 

climate regulation, and local livelihoods, but face threats from deforestation and land 

degradation.  

¶ Protected areas like Sambisa, Gombole, Kusur, and Shegali reserves act as carbon sinks, 

help regulate climate, and support watershed protection, preventing soil erosion and 

maintaining groundwater recharge. 

2.4.4 Urban and Built-Areas 

The Ngada West Chad Catchment is experiencing rapid urban expansion, especially in 

Maiduguri, Damaturu, Konduga, Jere, and Potiskum, due to population growth, conflict 

displacement, and economic development. This growth is putting pressure on land, water, and 

infrastructure, leading to the conversion of farmlands and ecosystems into residential, 

commercial, and industrial areas. 

2.4.5 Wetlands and Waterbodies 

The wetlands and waterbodies of the Ngada West Chad Catchment are crucial for water supply, 

agriculture, fisheries, and biodiversity. However, they face threats from climate change, 

overuse, and pollution. Lake Chad, vital for fishing and irrigation, is shrinking due to reduced 

inflows and excessive withdrawals, jeopardizing regional water security and ecosystems. 

2.4.6 Desertification and Land Degradation  

Desertification and land degradation in the Ngada West Chad Catchment threaten agriculture, 

water resources, and biodiversity, impacting local livelihoods. Issues such as over-cultivation, 

deforestation, and overgrazing deplete soil and accelerate erosion. Climate change, erratic 

rainfall, and urban expansion further worsen these challenges, escalating resource conflicts. 

2.4.7 Mineral Extraction 

Mineral extraction in the Ngada West Chad Catchment supports the local economy, 

infrastructure, and employment, but unsustainable mining leads to environmental degradation, 

water pollution, and land instability. 
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¶ Sand and Gravel are essential for construction, roads, and infrastructure, but extraction 

from riverbeds causes riverbank erosion and habitat destruction. 

¶ Limestone is mostly used in cement production and industrial applications, but 

quarrying leads to dust pollution, deforestation, and hydrological disruptions. 

¶ Clay supports pottery, brick-making, and ceramics, but unregulated extraction depletes 

topsoil, alters drainage patterns, and causes land degradation. 

 

2.4.8 Biodiversity 

Biodiversity 

Component 

Description Ecosystem 

Services 

Conservation 

Challenges 

Ecosystems Semi-arid Sahelian and Sudan 

Savanna; includes seasonal 

rivers, wetlands (e.g., Dagona, 

Lake Alau), floodplains, and 

dry woodlands. Agroforestry 

systems are common. 

- Water 

regulation 

- Soil fertility and 

retention 

- Groundwater 

recharge 

- Livelihoods 

(agriculture, 

grazing, fishing) 

- Deforestation 

- Seasonal drying 

of wetlands 

- Land degradation 

Flora Dominant species include 

Acacia spp., Balanites 

aegyptiaca, Adansonia digitata 

(Baobab), Azadirachta indica 

(Neem), Cenchrus biflorus, and 

Sorghum spp. Vegetation 

adapted to arid conditions and 

agroforestry. 

- Fuelwood 

- Traditional 

medicine 

- Erosion control 

- Livestock 

fodder 

- Food and fibre 

- Overharvesting 

- Charcoal 

production 

- Conversion to 

farmland 

Fauna ï 

Mammals 

Includes Dorcas gazelle, 

African hare, Warthogs, and 

Jackals. These species are 

- Trophic 

regulation 

- Ecotourism 

potential 

- Habitat 

fragmentation 

- Overhunting 
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adapted to drylands and open 

savanna. 

- Cultural value - Conflict and 

insecurity 

Fauna ï 

Birds 

Located on the Sahelian flyway, 

supporting migratory birds such 

as Abyssinian Ground Hornbill, 

Crested Lark, and Chestnut-

bellied Sandgrouse. Important 

breeding and stopover site. 

- Seed dispersal 

- Pollination 

- Indicators of 

ecosystem health 

- Habitat loss 

- Wetland 

degradation 

- Illegal bird trade 

Reptiles & 

Amphibians 

Includes Desert Monitor Lizard, 

snakes, and amphibians in 

seasonal wetlands. Amphibians 

appear during wet season. 

- Pest control 

- Aquatic food 

web balance 

- Seasonal habitat 

loss 

- Pollution of 

wetlands 

Aquatic 

Biodiversity 

Fish species such as Clarias 

spp. (catfish) and Oreochromis 

niloticus (tilapia) thrive in 

seasonal streams and wetlands. 

Supports amphibians and 

wetland birds. 

- Local fisheries- 

Food security- 

Livelihoods 

- Dry-season 

overfishing- 

Siltation- Reduced 

flow regimes 

Human-

Associated 

Biodiversity 

Agroforestry (with millet, 

sorghum, maize + trees), 

pastoralism with cattle, sheep, 

goats, and camels. Contributes 

to landscape diversity. 

- Mixed-use 

ecosystems 

- Food and 

fodder security 

- Cultural 

resilience 

- Overgrazing 

- Agricultural 

encroachment 

- Weak tenure 

systems 

Protected 

Areas & 

Reserves 

Nearby or partially overlapping 

reserves include: Chad Basin 

National Park (Yobe Sector), 

Dagona Waterfowl Sanctuary, 

Sambisa Forest Reserve, and 

Lake Chad Basin wetlands. 

- Biodiversity 

refugia- Wetland 

bird habitat- 

Water regulation 

- Weak 

enforcement 

- Security 

challenges 

- Pressure from 

surrounding 

communities 
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2.4.8.1 Key Conservation Initiatives 

Initiative Description 

Reforestation Programs Community tree planting and soil conservation targeting 

degraded lands and desertification control. 

Community-Based 

Resource Management 

Involvement of local groups in sustainable resource use, 

agroforestry, and conflict resolution. 

Wetland Conservation Protection of the Dagona Sanctuary and Lake Chad wetlands 

for migratory birds and aquatic biodiversity. 

Conflict Recovery Ecosystem restoration in areas affected by insurgency (e.g., 

Sambisa Forest), integrating peacebuilding with biodiversity 

goals. 
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2.5 Hydrology and Water Resources 

2.5.1 Hydrology 

The hydrology of Ngada catchment is linked to its climate, characterized by seasonal rivers 

and streams that fluctuate with the rainy and dry seasons.  

¶ Lake Chad, a key hydrological feature, has shrunk over decades due to reduced inflow, 

increased water extraction, and climate change.  

¶ The catchment is vital for agriculture and biodiversity, the catchment is experiencing 

seasonal flooding that supports diverse ecosystems.  

¶ Desertification, driven by overgrazing, deforestation, and unsustainable practices, 

affects the hydrological cycle, increasing water scarcity.  

¶ Climate change exacerbates these challenges, leading to reduced river flows, lower 

groundwater levels, and more extreme weather events. 

2.5.2 Hydrograph/Water Budget of the Catchment 

The strategic catchments consist of multiple catchments, each with two or more sub-

catchments.  

¶ To generate a representative synthetic hydrograph using the SCS model and 

incorporating CHIRPS rainfall and evapotranspiration data, the analysis was conducted 

at the sub-catchment level.  

¶ Synthetic hydrographs were created for each sub-catchment and then aggregated to 

represent the entire strategic catchment. This approach ensured that the hydrographs 

captured the dynamics of each area while accounting for variability.  

¶ The resulting hydrographs and water budget graphs are valuable tools for understanding 

water availability, managing resources, and forecasting water supply and demand. They 

are presented as follows: 

2.5.2.1 Ngada Strategic Catchment 

The Ngada strategic catchment, consisting of Kogin Goya, Allagamo, and Gubio Rivers, shares 

homogeneous hydrographic characteristics. As shown in Figures 2.14, 2.15, 2.16, 2.17, and 

2.18, a seasonal pattern is observed, with a sharp increase in discharge between May and June 

and a peak discharge in August. A gradual decline in discharge takes place in October as rains 
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subside, transitioning to dry-season baseflow sustained by groundwater. Discharge diminishes 

significantly (OctoberïApril), relying on groundwater and ephemeral streams. Baseflow may 

decline further toward April due to high evaporation and water extraction. The catchment has 

a brief four-month period of water surplus and a low average water budget of 105.81 mm, 

indicating limited water storage. Therefore, alternative water supply interventions should be 

prioritized for this catchment. 

 

Figure 2.14: Hydrograph of Ngada Strategic Catchment Based on HEC-HMS modelling for Strategic 

catchment.  
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Figure 2.15: 40 - Year Summary Hydrograph of Ngada Strategic Catchment 

 

 

Figure 2.16: Hydrograph of Ngada Strategic Catchment for Specific Years 

   

 

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

D
is

c
h
a
rg

e
(m

3
/s

)

Month

40 years Average

0.0

50.0

100.0

150.0

200.0

250.0

300.0

350.0

400.0

450.0

500.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

D
is

c
h

a
rg

e
 (

m
3

/s
)

Month

2012 2013 2014 2015 2016 2017

2018 2019 2020 2021 2022 2023



Mecon Geology and Engineering Services Ltd 

Page | 28  

 

 

Figure 2.17: Water Budget for Ngada Strategic Catchment 

  

 

 

Figure 2.18: Monthly Actual Evapotranspiration Distribution for Ngada Strategic Catchment 

Source: TerraClimate  
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Table 2.1: Summary of Discharge, Rainfall and Evapotranspiration Data for Ngada Strategic 
catchment 

MONTH PPT ET Synthetic Peak Runoff (m3/s) 

Jan 0 2.12 0 

Feb 0 1.5 0 

Mar 0.22 1.29 0.08 

Apr 6.57 6.33 5.55 

May 27.41 24.67 31.6 

Jun 82.63 74.69 103.81 

Jul 180.91 127.02 239.08 

Aug 199.88 129.68 341.06 

Sep 118.32 108.82 280.51 

Oct 13.67 38.14 101.03 

Nov 0.17 6.38 10.99 

Dec 0 3.33 0.49 

 

Prospects 

¶ Peak Flow Harvesting: Construct small to medium-scale reservoirs or check dams on 

the Kogin Goya, Allagamo, and Gubio Rivers to capture peak flows during Mayï

August. This stored water can offset dry-season shortages (OctoberïApril). 

¶ Managed Aquifer Recharge (MAR): Use surplus flows (JuneïSeptember) to recharge 

aquifers via infiltration basins, recharge wells, or floodplain spreading, bolstering 

baseflow for the dry season. 

¶ Riparian Zone Protection: Restore vegetation along rivers to reduce evaporation, 

stabilize baseflow, and enhance infiltration. 

¶ Real-Time Monitoring: Deploy sensors to track river discharge, groundwater levels, 

and soil moisture, enabling dynamic allocation during dry months. 
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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 

2.19

 

Figure 2.19: Hydrogeological province Map of the Catchment (Source: MSL, 2024) 

 

2.5.3.1 Groundwater Recharge 

Groundwater storage is critical in the catchment, particularly in areas where surface water 

resources are insufficient.  

¶ The state's aquifers store a significant volume of water, which is accessed through 

boreholes and wells. However, over-extraction and inadequate recharge have led to 

concerns about the sustainability of groundwater resources.  

¶ The continuous decline in groundwater levels in some areas suggests that current 

extraction rates may not be sustainable in the long term (Musa et al., 2020). 

¶ The decline in groundwater levels due to reduced recharge will be less pronounced near 

rivers, as groundwater levels tend to remain relatively stable at riverbeds. Conversely, 

areas situated far from rivers are likely to experience a more substantial decrease in 
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groundwater levels. Consequently, inland regions on plateaus that are distanced from 

river systems will be more adversely affected by the decline in groundwater recharge. 

As such, countermeasures to address climate change must take these regional variations 

into account. 
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2.6 Water Demand for Ngada West Chad Catchment 

The water demand is divided into the following categories: 

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

Irrigation water demand. 

Livestock water demand. 

Aquaculture water demand. 

Municipal Water Demand 

 

Figure 2.20: Ngada (West Chad) Catchment Water Demand 

 

Figure 2.21: Ngada (West Chad) Catchment 
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Municipal water demand is mostly met by groundwater throughout the basin as shown in 

Annex 1. 

2.6.1 Water use and Demands 

Current and future water demands were estimated for the Ngada West Chad Catchment area 

using the methodology applied in the NWRMP (JICA, 2014 and SAP 2019 of SMEC). The 

demand-related data obtained were based on the State level. The States considered are part of 

Borno and Yobe as shown in Figure 2.22. 

 

Figure 2.22: Ngada Catchment Reflecting on Nigeria Map 

 

2.6.2 Livestock Water Demand 

Number of livestock heads is by far larger in the north of the country than in the south because 

northern inhabitants too often suffer from droughts to rely on crop farming, naturally depending 

too heavily on livestock production (refer to Table 2.2 to Table 2.8 below). 
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¶ Due to scanty annual precipitation, surface water availability is particularly low during 

dry season, and even during rainy season sufficient water seldom runs in the streams.  

¶ Livestock should use well water as a last resort. Water consumption depends on 

temperature, weight, and grass availability, as 80% of grazing grass is water. For 

instance, grazing 20 kg of grass provides about 16 liters of water daily for a 240 kg 

cow.  

¶ In extreme drought years with less than 400mm rainfall, grass cover is thin, limiting 

adult cattle to 5kg of grazing per day. To maintain their body, they need at least 11 liters 

of water daily, with moving cattle requiring about double that amount. On average, 

adult cattle need 25-35 liters of water per day based on their weight and activity.  

¶ Similar to cattle, goats and sheep have comparable water needs. A standard for 

livestock water requirements in the tropical zone is presented in a FAO livestock 

guidebook from the 1960s. It's important to note that domesticated and nomadic 

livestock have different standards. 

Table 2.2: Case of water requirement per head of livestock 

Livestock 

specie 

Live 

Weight (kg) 

Maintaining* 

need (L/day) 

Uptake from grazing 

Grass/ feeds (L/day) 

Gross water 

Drink (L/day)  

Annual (m3) 

requirement 

Cattle 250 60 38.4 21.6 7.9 

Goat 30 6.6 4.3 2.3 0.8 

Sheep 40 8.8 6.8 2.0 0.7 

Pig 90 20 16.7 3.3 1.2 

Donkey 110 24 15.6 8.4 3.1 

Camel 350 80 55.4 24.6 9.0 

Horse 300 70 47.8 22.2 8.1 

Fowl 2 0.4 0.292 0.108 0.039 

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

Table 2.3: Number of livestock heads/ fowls in 2009 / 2010 

Livestock 

Heads 

Cattle Goats Sheep Pigs Poultry Donkeys Camels Horses 

Borno 2,200,000 4,899,501 3,764,829 0 317,072 11,428 0 5,904 

Yobe 1,056,524 3,214,055 1,855,173 0 4,510,760 17,366 2,611 16,786 
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Total 3,256,524 8,113,556 5,620,002  4,827,832 28,794 2,611 22,690 

 

Table 2.4: Corresponding livestock water requirement  2009 / 2010 

Livestock 

Heads 

Cattle Goats Sheep Pigs Poultry Donkeys Camels Horses 

Borno 17,320,600 4,154,777 2,793,503 0 12,366 35,164 0 47,409 

Yobe 8,318,013 2,725,519 1,376,538 0 175,920 53,435 23,444 134,792 

Total 25,638,613 6,880,296 4,170,041 0 188,286 88,599 23,444 182,201 

 

Source JICA 2014 MP 

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

Specie The 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 

Source JICA 2014 MP 

Table 2.6: Number of livestock heads/ fowls projected in 2030 

Livestock 

Water 

Cattle Goats Sheep Pigs Poultry  Donkeys Camels Horses 

Borno 19,857,587 6,144,681 4,872,704 0 14,974 35,038 0 47,840 

Yobe 9,536,371 4,030,889 2,401,094 0 213,024 53,244 23,444 136,017 

Total         

Source JICA 2014 MP 
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Table 2.7: Corresponding livestock water requirement projected in 2030 

Livesto

ck 

Water 

Cattle Goats Sheep Pig

s 

Poultr

y 

Donke

ys 

Camel

s 

Horse

s 

Borno 19,857,587 6,144,681 4,872,704 0 14,974 35,038 0 47,840 

Yobe 9,536,371 4,030,889 2,401,094 0 213,02

4 

53,244 23,444 136,01

7 

Total         

Source JICA 2014 MP 

Table 2.8: Water Demand (Cubic Meter) For Each Livestock In The Ngada Catchment Projected To 

2050 

WATER DEMAND (CUBIC METER) FOR EACH LIVESTOCK IN THE NGADA CATCHMENT 

PROJECTED TO 2050 

 

2010 2015 2020 2025 2030 2035 2040 2045 2050 

Cattle 

256386

13 

265235

79 

274390

92 

283862

05 

293660

10 

303796

34 

314282

46 

325130

52 

336353

03 

Goats 

688029

6 

760050

0 

839609

2 

927496

3 

102458

32 

113183

27 

125030

87 

138118

64 

152576

38 

Sheep 

417004

1 

483422

0 

560418

6 

649678

8 

753155

8 

873114

0 

101217

84 

117339

22 

136028

31 

Pigs 0 0 0 0 0 0 0 0 0 

Poultry 188286 206001 225382 246586 269786 295168 322938 353322 386563 

Donke

ys 88599 98301 109065 121008 134259 148961 165273 183371 203450 

Camels 23444 26011 28860 32020 35526 39416 43732 48521 53835 

Horses 182201 202153 224289 248850 276099 306333 339878 377096 418389 

TOTA

L  

371714

80 

394907

65 

420269

65 

448064

20 

478590

70 

512189

80 

549249

39 

590211

48 

635580

10 

Source JICA 2014 MP 
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2.6.3 Inland Fishery 

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 (see Table 

2.9, Error! Reference source not found., and Table 2.10: Projected Water Demand for Inland 

Aquaculture) 

Table 2.9: Fish Farm Pond 

State Number of 

Fish Farm 

Water Area of 

Farm Pond 

(ha) 

Brackish Water 

Area of Farm Pond 

(ha) 

BORNO 12 12.1 0.0 

YOBE 13 9.9 0.0 

TOTAL 25 22 0.0 

Source JICA 2014 MP 
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Table 2.10: Projected Water Demand for Inland Aquaculture 

 

HA 

Water Demand (MCM) 

2010 2030 

8 23.8 151.1 

Source: JICA 2014 

 

Figure 2.23: Breakdown of fish farming water 

2.6.4 Irrigation water demand 

2.6.4.1 Irrigation Water Use 

Small-scale irrigation systems, both formal and informal, are present in river basins. Local 

communities develop Fadama irrigation schemes using surface water, either diverted by gravity 

from streams or lifted with small diesel pumps.  

¶ In addition, there are comparatively large-scale irrigation systems that are normally 

developed by public agencies and managed jointly with users. The irrigation schemes 

vary in size from 40 ha to 16,000 ha. Most of the schemes are operational.   

¶ The irrigation water demand was extracted from the Irrigation Thematic Report (SMEC 

2019) and Nigeria National Water Resources Master Plan (NNWRMP 2013).  

¶ The irrigation water demands in this table are for rice only (the most conservative 

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

for irrigation.  

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

some small-scale private irrigation systems in floodplains mainly use groundwater 
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flows that occur after flood recession. The small-scale private irrigation systems outside 

floodplains mostly utilize groundwater for irrigation purposes.   

2.6.5 Irrigation Water Demand Projection 

The irrigation water demand was computed as a product of the gross irrigation water 

requirement multiplied by the cropped area for that particular crop. An irrigation efficiency of 

50% was assumed in the computation of the irrigation water demand, which was applied to the 

whole basin. Assuming that all irrigation schemes are equipped with drainage systems, half of 

the water abstracted rejoins the surface water.  

¶ Tables 2.11 Show a projection of the water demand for Irrigation in the Ngada 

Catchment. 

Table 2.11: Water Demand of Existing, Proposed Irrigation Schemes and Climate Change 

 Water Demand of Existing Irrigation Schemes   

 

Catchment 
Water 

Source 

Irrigated 

Area 

(ha) 

Wet 

Season 

Water 

Demand 

(MCM) 

Dry 

Season 

Water 

Demand 

(MCM) 

 Total 

Water 

Demand 

(MCM) 

  

   

   

 

Ngada 

Surface 

Water 
2,880 27.5 4.3 31.8 

  

 

under 

flow  
0 

  
0 0 

  

 

Ground 

Water 
1100 4.6 3.9 8.5 

  

 Total         40.3   

         

         

 Water Demand of Proposed Irrigation Schemes   

 

Catchment 
Water 

Source 

Irrigated 

Area 

(ha) 

Wet 

Season 

Water 

Demand 

(MCM) 

Dry 

Season 

Water 

Demand 

(MCM) 

 Total 

Water 

Demand 

(MCM) 

  

   

   

 

Ngada 

Surface 

Water 
2,000 18.7 6.1 24.8 

  

 

under 

flow  
0 

  
0 0 

  

 

Ground 

Water 
3805 18.4 15.4 33.8 

  

 Total         58.6   
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Water Demand of Climate 

change      

 

Catchment 
Water 

Source 

Irrigated 

Area 

(ha) 

Wet 

Season 

Water 

Demand 

(MCM) 

Dry 

Season 

Water 

Demand 

(MCM) 

 Total 

Water 

Demand 

(MCM) 

  

   

   

 

Ngadda 

Surface 

Water 
2,000 21.5 6.9 28.4 

  

 

under 

flow  
0 

  
0 0 

  

 

Ground 

Water 
2396 14 11 25 

  

 Total         53.4   
 

 

Four crop patterns were recommended in the Agriculture Thematic Report (SMEC, 2017) as 

shown in the Table 2.12 below:  

Table 2.12: Recommended Crop Pattern (Agronomy Thematic Report, SMEC 2019) 

No 

Irrigated Crop 

Pattern  

Dry Season   Wet      Season  Dry Season  

Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Jan  Feb  Mar  

1  

Crop Pattern 

1    

Green 

Manure  TPR/WSR/DSR Rice  Sow wheat on residual soil moisture  

2  

Crop Pattern 

2    

Green 

Manure  TPR/WSR/DSR Rice  

Vegetables (bulb onions, green onions 

tomatoes, leafy vegetables, sweet peppers, 

chilli papers, eggplant)  

3  

Crop Pattern 

3    

Green 

Manure  

Rice + Groundnut + 

Maize  Vegetable Eggplants  

4  

Crop Pattern 

4  

  

Perennial Fruits  

 

**  

Rainfed 

Agriculture              

No  Dry Season  Wet Season  Dry Season  
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Irrigated Crop 

Pattern  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Jan  Feb  Mar  

5  

Cropping 

Pattern 5    Millet + sorghum + maize       

6  

Cropping 

Pattern 6    Millet + sorghum + Cowpea       

7  

Cropping 

Pattern 7    

Millet + sorghum + Cowpea or 

groundnut       

8  

Cropping 

Pattern 8    Millet + sorghum + sesame       

9  

Cropping 

Pattern 9    Upland rice + millet + Sorghum       

10  

Cropping 

Pattern 10    Millet + cowpea + maize       

TRP = transplanted rice, WSR = wet-seeded pre-germinated rice broadcast onto the field, DSR = dry-seeded rice 

broadcast on the field as in wheat. The rainfall pattern for a given year determines the planting method. TPR when 

heavy rains come in July, WSR can also be the same but is a way of reaching quickly say when rains come early, and 

the farmer wants to sow the field quickly without a seedbed.  

DSR is for years where the rains are late and the farmer sows depending on a calendar date.  

** Farmers often have several small fields and these cropping patterns may be in different fields.  

Source JICA 2014 MP 

The crop water requirement for these crop patterns was estimated using CROPWAT and 

available climatic data. The net and gross irrigation water requirements for each sub-basin are 

tabulated here under for the Crop Pattern. Therefore, in line with the above component 

requirements and demands, the water balance for the Ngada catchment is as analysed in table 

13 below: 
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Table 2.13: Water Balance of Ngada Catchment 

    

WATER BALANCE ANALYSIS FOR NGADA CATCHMENT  

WATER DEMAND (CUBIC METER)    2025 2050 

MUNICIPAL    

           

159,773,476  

                   

289,070,384  

LIVESTOCK    44806420.01 63558010.13 

AQUACULTURE    

                

1,848,677  

                       

2,134,863  

IRRIGATION    

             

58,600,000  

                     

53,400,000  

TOTAL   

           

265,028,573  

                   

408,163,257  

        

AVAILABLE WATER RESOURCES 

(CUBIC METER)    

           

501,841,800  

                   

501,841,800  

        

WATER BALANCE (CUBIC METER)    

           

236,813,227  

                     

93,678,543  

    
SOURCE: JICA 2014 MP AND SMEC 

2019 AS ANALYSED  

   
 

 

2.7 Water Quality 

Data on Water Quality for Surface and Groundwater from the Regional Laboratories 

Table 2.14,  Table 2.15 and Table 2.16 shows drinking water standards and Chemical, Physical 

Limits for Drinking Water Sources and Standards for Metals in Irrigation Water for the Ngada-

West-Chad catchment. 

Table 2.14: Drinking Water Standards ï Microbiological 

Class of Piped Water / Type of Test 

Count   

Coliform Count per 100 

ml at 37oC   

E. Coli Count per 100 ml 

at 44oC   

Excellent   0 0 

Satisfactory   1 ï 3 0 

Suspicious   4 ï 10 0 

Unsatisfactory   > 10 1 or more 

SOURCE: JICA 2014 MP 
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Table 2.15: Chemical and Physical Limits for Drinking Water Sources 

Constituent   Symbol   Units   Limits   

Lead   Pb   mg/l   0.01   

Arsenic   As   mg/l   0.05   

Selenium   Se   mg/l   0.05   

Chromium   Cr   mg/l   0.05   

Cyanide   Cn   mg/l   0.20   

Cadmium   Cd   mg/l   0.05   

Barium   Ba   mg/l   1.00   

Mercury   Hg   mg/l   0.001   

Fluoride   F   mg/l   1.5 ï 4.0   

Nitrate   NO3   mg/l   10 ï 75   

Colour    Mg/l  15 ï 50   

Turbidity    Mg/l  5 ï 25   

Taste     Not objectionable   

Odour     Not objectionable   

PH    6.5 ï 9.2  

Total filterable residue    mg/l  500 ï 2,000  

Total hardness   CaCO3   mg/l   500 ï 600   

Calcium   Ca   mg/l   75 ï 300   

Magnesium   Mg   mg/l   50 ï 100   

Magnesium + sodium sulphate   Mg + Na2SO4   mg/l   500 ï 1,000   

Sulphate   SO4   mg/l   200 ï 600   

Chloride   Cl   mg/l   200 ï 800   

Iron   Fe   mg/l   1.0   

Manganese   Mn   mg/l   0.5   

Copper   Cu   mg/l   3.0   

Zinc   Zn   mg/l   15.0   

BODs (5 days)   O2   mg/l   6.0   

PV (oxygen abs. KMnO4)   O2   mg/l   20   

Ammonium   NH3   mg/l   2.0   

Total nitrogen exc. nitrate    mg/l   1.0   

Surfactants ABS    mg/l   2.0   

Organic matter as carbon    mg/l   0.5   

Phenolic substances    mg/l   0.002   
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SOURCE: JICA 2014 MP 

Table 2.16: Standards for Metals in Irrigation Water 

Constituent  Symbol  Units  Limits   

Long Term Use  Short Term Use  

Aluminium   Al   mg/l   5  20  

Arsenic   As   mg/l   0.1  2.0  

Beryllium   Be   mg/l   0.1  0.5  

Cadmium   Cd   mg/l   0.01  0.05  

Chromium   Cr   mg/l   0.1  1.0  

Mercury   Hg   mg/l   0.002  0.002  

Fluoride   F   mg/l   1  42  

Iron   Fe   mg/l   0.2  10  

Lead   Pb   mg/l   2  5  

Lithium   Li   mg/l   2.5  2.5  

Manganese   Mn   mg/l   0.2  10  

Selenium   Se   mg/l   0.02  0.05  

Zinc   Zn   mg/l   2  5  

Source: JICA 2014 MP 

2.7.1 Groundwater Quality 

Groundwater quality has a significant influence on groundwater availability potential. We 

analysed groundwater quality in the context of its availability by considering following 

chemical characteristics. 

i. Groundwater Electrical conductivity (EC) 

ii. Heavy metals 

iii. Fluoride 

iv. Nitrates 

2.7.1.1 Groundwater Electrical conductivity 

Electrical conductivity (EC) of a liquid (water in this case) gives an indication of the amount 

of soluble salts contained in the liquid.  

¶ The high concentration of salt ions in water gives it the ability to conduct electricity. As 

such, a high electrical conductivity reading indicates high concentrations of total 

dissolved salts (TDS) in solution and vice versa. 
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¶  Most fresh drinking water will have less than 100 ÕS/cm conductivity, whereas the 

seawater has conductivity of around 54,000 ÕS/cm.  

¶ Highest groundwater EC is prevalent within the basement aquifer and around large 

settlements in the basement with EC of more than 1,000 ÕS/cm. 

2.7.1.2 Fluoride distribution 

¶ Mapping fluoride concentration in the basin is crucial for identifying high levels and 

implementing treatment measures to prevent fluorosis. WHO and Nigerian standards 

set the maximum permissible fluoride level in drinking water at 1.5 mg/L. 

¶ Groundwater availability potential for the shallow unconfined aquifer in the basin is 

not limited by fluoride but this can be the case for the deeper aquifers where high 

fluoride concentrations have been observed. 

2.7.1.3 Nitrates distribution 

¶ Nitrates occur naturally in water, soil, plants, and food and are found more often in 

groundwater than in surface water.  

¶ Most common and major sources of nitrates in groundwater are fertilizers, septic tank 

waste, livestock and pit latrines mostly in urban areas. 

¶ Both the NIS and WHO set the maximum limit on nitrates for drinking water at 50mgl/l. 

The figure below shows statistical distribution of nitrate from 168 groundwater samples 

data collected for the basin.  

¶ The relationship between high nitrate concentration and metropolises indicate nitrate 

contamination from poor sanitation practices. 

2.7.1.4 Heavy metals and other metals 

¶ Presence of heavy metals in groundwater is a result of release of metals such as Lead, 

Chromium, Zinc, Copper, Nickel, Cadmium, Arsenic and Mercury into the groundwater 

environment.  

¶ This occurs where metals are by products in industrial processes. Although these metals 

(refer to Table 2.17)occur in concentration of micrograms in the groundwater, these 

concentrations can be enough to cause serious health complications in humans if 

periodically consumed in excess. 

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

quantities of heavy metals are presented in the table below: 



Mecon Geology and Engineering Services Ltd 

Page | 46  

 

Table 2.17: Health risks of heavy metals in groundwater 

Heavy metal Recommended 

Limits (mg/l)  

Impacts on Humans (Long-term exposure) 

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

and more. Death 

Cadmium 0.003 Renal dysfunction, lung disease and lung cancer, 

bone defects and high blood pressure 

Chromium 0.05 skin irritation, ulceration, liver and kidney 

damage. Damage to circulatory and nervous tissue 

Lead 0.01 Problems in the synthesis of haemoglobin, 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 JICA 2014 and smec 2017 

¶ Most of the laboratory analysis that involved determination of heavy metals in 

groundwater was done for metropolis centres with high groundwater exploitation.  

¶ These were, Gashua, Karasuwa, Nguru, Borsari LGAs and other centres in Yobe state. 

¶ Laboratory analysis results show contamination by heavy metals with concentration 

above allowable limits in all these centres.  

¶ The figures below show pollution from industrial activities within the urban areas.  

¶ Concentrations of aluminium in the catchment are all below the maximum allowable 

limit, and therefore not a threat.  

¶ Concentrations of iron above limit are prevalent in the basin and iron can be a limitation 

to available groundwater resources. Manganese and Zinc are within allowable limits. 

Groundwater pollution threatens groundwater availability potential in the following areas: 

¶ Major urban centres in the basin, especially, Damaturu and Maiduguri. 
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¶ River valleys and flood plains where contaminants are readily recharge into the 

groundwater system from rivers due to high infiltration.  

¶ The most affected rivers are those draining urban centres of Maiduguri.  

Table 2.18 Shows the Preliminary Conclusion of Water Quality Status of Some Rivers in the 

Northern States of Nigeria 

 

Table 2.18: Preliminary Conclusion of Water Quality Status of Some Rivers in the Northern States of 

Nigeria 

S/N

o. 

State River Name Code Wet Season Dry Season NFA 

1 Borno River Ngada at Alau Dam 

intake to 

Maiduguri WTP 

SW/001 Good Good  

2  River Banki at Banki town SW/001 Good Good Ni, Zn 

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 
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2.7.2 Infrastructure and Assets 

Catchment infrastructure and assets are shown in Error! Not a valid bookmark self-reference. below. 

Table 2.19: Catchment Infrastructure and Assets 

S/No. Infrastructure  Location Importance Risk Factors 

1 Dams and Reservoirs Borno, Yobe Store and regulate water for agriculture, 

domestic use, and flood control 

Sedimentation, poor maintenance, structural 

failure, and climate change impacts 

2 Boreholes and Wells Scattered across rural and 

urban areas 

Provide groundwater for drinking, 

irrigation, and livestock 

Over-extraction, declining water tables, and 

contamination risks 

3 Irrigation Canals Borno, Yobe Enable dry-season farming and increase 

crop productivity 

Leakages, blockages, inefficient water use, and 

evaporation losses 

4 Hydropower Stations Borno, Yobe Renewable energy source and electricity 

supply 

Low water availability, infrastructure 

limitations, and operational inefficiencies 

5 Water Treatment Plants Urban centers like 

Maiduguri and Damaturu 

Ensure clean water supply for domestic 

and industrial use 

Aging infrastructure, pollution, and inadequate 

capacity 

6 Rainwater Harvesting 

Systems 

Scattered in rural 

communities 

Improve water security in arid areas Limited adoption, low storage capacity, and 

evaporation losses 

 

 



  

 

2.8 Climate Change  

Climate change may significantly impact the water balance in the Ngada Basin by altering the 

seasonal movement of the Inter-Tropical Convergence Zone (ITCZ). If the ITCZ shifts north, 

rainfall will increase, while a southern shift may reduce it. Additionally, global warming will 

heighten evaporation, further decreasing runoff even if precipitation levels stay the same. 

¶ The NWRMP (JICA, 2014) carried out an investigation into the climate change effects for 

Nigeria.  

¶ The long-term trend of rainfall and air temperature in the past in Nigeria has been 

considered based on meteorological datasets collected from NIMET and was summarised 

as follows:  

¶ There is a linear tendency of increase in air temperature in the last 50 years.  

¶ There is a linear tendency for a decrease in rainfall in the last 50 years. However, the 

variation by decades is much larger than the linear decreasing rate.  

¶ Generally, most parts of the country showed evidence of long-term temperature increase.  

¶ Annual rainfall showed a decrease of 2 to 8 mm/year across many parts of the country.  

¶ The JICA (2014) study analysed the statistically down-scaled output of seven Global 

Climate Models (GCMs) to explore the possible changes in climate conditions in the 

future.  

¶ This scenario assumes high economic growth with globalization utilizing balanced energy 

sources.  

¶  The changes in rainfall and temperature were averaged over 7 GCM results. It was found 

that the annual rainfall does not change over the coming 35 years. However, the 

temperature changes by 2.6 ÁC over a time frame. 

2.8.1 Climate Change Impact on Water and Land Resources 

2.8.1.1 Historical and Future Climatic Trend 

Temperature Trends for The Ngada-West Chad Catchment 

Overall, the mean annual temperature rises from 26.94ÁC in the historical period to 27.66ÁC in 

the projected period, with the maximum monthly temperature increasing from 31.94ÁC to 

33.37ÁC, while the minimum rises from 22.91ÁC to 23.17ÁC. This increase, particularly during 

the hottest months, could have implications for agriculture (through increased evaporation and 

crop stress), human health (due to heat-related illnesses), and water resources (through higher 

demand and reduced availability). The warming trend suggests that Ngada-West Chad may face 
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heightened climate-related challenges in the future, aligning with broader regional warming 

patterns due to climate change. 

 

Figure 2.24: Mean monthly temperatures from 1981 to 2022 and 2023 to 2050 for Ngada-West Chad  

 

 

2.8.1.1.1 Effects of climate change on annual rainfall 

The bias-corrected daily rainfalls were aggregated into monthly and annual time steps. The 

aggregation was done over the planning horizon from 2018 to 2050. These aggregations were 

done for all SHAs (sub-hydrologic areas).  

¶ The average annual rainfall (1950 to 2015) was used as a baseline value to compare 

changes in annual rainfall over the planning period.  

¶ These changes were computed and plotted. The annual rainfall shows a decrease in 17 

sub-catchments in the case of CNRM output, 16 sub-catchments in case of CSIRO, 16 

sub-catchments in the case of GFDL, 19 sub-catchments in case of INM, 14 sub-

catchments in case of CCMA, 12 in case of NCAR and 10 in case of BCM_1_1 out of 24 

sub-catchments.  

¶  On average, 15 sub-catchments show a decline in annual rainfall, whereas in the rest an 

increase in annual rainfall is predicted over the planning horizon.   
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2.8.1.1.2 Effect of Climate change on PET 

The bias-corrected daily maximum and minimum temperatures were aggregated (averaged) into 

monthly and annual time steps. The aggregation was done over the planning horizon from 2017 

to 2040. These aggregations were done for all SHAs (sub-hydrologic areas).  

¶ The PET was computed using the Hargreaves formula.  The average annual potential 

evapotranspiration (PET) (1950 to 2015) was used as a baseline value to compare changes 

in annual PET over the planning period.  

2.8.2 Projected Mean Annual Temperature for The Ngada-West-Chad 

Catchment 

Figure 2.25 shows the projected mean annual temperature trend for the Ngada-West Chad 

catchment from 1981 to 2050,  

Figure 2.26 shows variability but a clear upward trend over the period in the mean annual 

temperature. The slope of the mean annual temperature is positive indicating a warming trend.  

The trend equation y = 0.0212x + 26.471 suggests an annual increase of approximately 0.0121ÁC, 

which indicates gradual warming. The R2 value of 0.4946 suggests that the trend line explains 

around 50% of the variation in the mean annual temperature, indicating a strong correlation and 

reliable warming trend despite fluctuations. The historical record from 1981 to 2022 shows 

notable year-to-year temperature variability with peaks and dips. However, projected values from 

2023 to 2050 show a steadier rise, closely following the trend line. 

The overall increase in temperature aligns with broader climate change patterns. By 2050, the 

trend line will reach above 27ÁC, indicating significant warming compared to the starting period 

around 24.5ÁC in 1981. This gradual warming trend could affect Ngada-West Chad agriculture, 

water resources, and local ecosystems, as rising temperatures may increase evaporation rates and 

stress water availability. 
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Figure 2.25: Projected Mean Annual Temperature Trend (1981-2050) for NGADA-WEST CHAD   
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2.8.3 Projected Annual Rainfall for Ngada-West Chad Catchment. 

The figure 2.26 shows substantial interannual variability, where rainfall sometimes peaks close to 

or above 900 mm and drops to as low as around 400 mm. This is because the catchment 

experiences years with both excessive rainfall and drought conditions. Such variability can make 

water resource management challenging, as both unusually high and low rainfall years could 

impact agricultural productivity, groundwater recharge, and ecosystem balance. 

The trend line equation, y=ī2.4115x+687.99 gives a negative slope of -2.4115. This indicates that 

on average, annual rainfall is projected to decrease by about 2.4 mm each year. Over the period 

from 1981 to 2050, this adds up to a substantial overall reduction. 

The R2 (0.1798) is relatively low, suggesting that the linear trend explains only 18% of the 

variability in the data. This implies that while there is a general downward trend, annual rainfall 

is highly variable and influenced by multiple factors not captured by this linear model alone. 

The declining trend in rainfall has implications for rainfed crops which rely on consistent rainfall. 

A reduction in rainfall could lead to water stress, impacting crop yields, livestock, and food 

security. The high interannual rainfall variability, which may increase in response to climate 

change can be problematic as it leads to unpredictable growing conditions, making it harder for 

farmers to plan the timing of planting and harvesting. Years with excessive rainfall could lead to 

flooding, soil erosion, and crop damage, while years with significantly low rainfall could result in 

drought, affecting water availability and increasing the risk of crop failure and loss of livestock. 

The projected annual rainfall values (especially post-2030) fall below the long-term mean of 

around 600 mm. This may indicate a shift towards a drier climate, where the typical rainfall levels 

are lower than in the historical period. This long-term reduction in rainfall, coupled with increased 

temperature as seen in Figure 3.5, could exacerbate water scarcity, impacting not only agriculture 

but also drinking water supplies and natural ecosystems in Ngada-West Chad. 
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Figure 2.26: Projected annual rainfall trend (1981-2050) for the Ngada-West Chad catchment. 
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In order to explore the possible change in climate conditions in future, the statistically downscaled 
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and air temperature with 30 year running averages from 2020s to 2080s. As for the emission 

scenarios, the followings are available. 
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B1: Low economic growth with globalization 

At this moment, the downscaled output of the following seven (7) GCMs are available for 

download. 
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IPSL-CM4 

MPI-ECHAM5 

MRI-CCSM3.0 

UKMO-HADCM3 

UKMO-HADGEM1 

The downscaled 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. 

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. 

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). 

For the southern areas such as HA-5, -6 and-7, the precipitation tends to decrease during DJF 

(December, January, February), whereas it tends to increase in the central and northern areas. 

These tendencies could bring about a drier dry season and wetter wet season, especially in the 

southern area. 

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

of change. 

2.8.5 Evapotranspiration 

Figure 2.27 shows the trend in evapotranspiration (ET) for the Ngada-West Chad Catchment, 

illustrating changes over the historical (1990ï2023) and projected (2024ï2050) periods.  

The annual evapotranspiration displays annual fluctuations in ET, showing an increasing trend 

over time. The linear trend indicates a statistically significant upward trend in ET, with an RĮ value 

of 0.7285, demonstrating that 72.85% of the variability in annual ET is explained by this linear 

trend. 

The historical period shows significant interannual variability, with alternating peaks and dips in 

ET values. Despite the variability, there is a clear upward trend in ET, attributed to factors such as 

climate change, rising temperatures, and changes in land use. Increasing ET means greater water 

loss from soil and vegetation, which could lead to stress on crops and water resources, especially 

during dry years. 
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Projections from 2024-2050 indicate a continued rise in ET at a steeper rate, as shown by the trend 

line extension. The ET consistently exceeds the historical long-term mean, posing challenges for 

water availability. This increasing trend will exacerbate water scarcity, particularly in catchment. 

In terms of agricultural productivity, increased ET will lead to higher water demand for crops, 

necessitating enhanced irrigation strategies. Crop yields might decline if water availability does 

not meet demand, particularly during critical growth stages. The water resources will also be 

affected intensifying competition for water among agriculture, domestic use, and ecosystems. This 

could also affect reservoirs and groundwater systems which might experience more rapid 

depletion, impacting sustainability. 

 

Figure 2.27. Trend in Evapotranspiration for Ngada-West Chad Catchment. 
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2.8.6 Major Impacts of Climate Change  

Climate change has devastating effects on several sectors of the environment, some of which 

include socio-economic, health, and infrastructure. Table 2.20 gives some of the details of these 

impacts mentioned 

 

Table 2.20: Key Impacts of Climate Change 

Impacts Details 

Economic Damage to infrastructure 

Loss of property and assets 

Disruption of businesses and services 

Increased costs for emergency response and recovery 

Social Loss of life and injury 

Displacement and migration 

Psychological trauma and stress 

Social disruption and community cohesion 

Environmental 

 

Water pollution 

Soil erosion and sedimentation 

Loss of biodiversity 

Increased risk of waterborne diseases 

Health Waterborne diseases 

Vector-borne diseases 

Mental health impacts 

Injuries and trauma 

Infrastructure 

and Service  

Power Outage 

Transportation disruption 

Water and sanitation disruption 

Communication disruption 
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2.8.7 National and International Climate Change Frameworks/Agreements  

Temperature Trends: Air temperature in Nigeria has increased linearly over the past 50 years. 

Rainfall Trends: Rainfall has shown a declining trend, decreasing by 2 to 8 mm per year in many 

areas. 

Decadal Variability: Rainfall fluctuations vary significantly by decade, exceeding the overall 

declining trend. 

Future Projections (JICA, 2014): Annual rainfall is expected to remain stable over the next 35 

years, while temperature may increase by 2.6ÁC. 

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 SubSaharan 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 of climate conditions from coastal area to the northern part of the country could 

become more significant. 
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2.8.7.3 Nigeriaôs Second National Communication on Climate Change 

Nigeria's Second National Communication (SNC) on Climate Change marks a key step in 

addressing the impacts of climate change in line with the Paris Agreement and UNFCCC. It 

provides a comprehensive analysis of greenhouse gas emissions, climate vulnerability, and 

tailored adaptation and mitigation strategies for Nigeria's unique circumstances. 

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. 

¶ Greenhouse Gas (GHG) Inventory and Emissions Trends 

¶ Vulnerability and Impacts of Climate Change 

¶ Adaptation Measures and Challenges 

¶ Mitigation Strategies and Potential 

¶ Barriers to Climate Action 

¶ International Cooperation and Support Needs 

¶ Some of the outcomes and Future Steps are also presented below. 

¶ Strengthening Policy Frameworks 

¶ Public Awareness and Community Engagement 

¶ Focus on Renewable Energy Expansion 

¶ Capacity Building and Research Development 

2.8.7.4 Nigeriaôs Third National Communication on Climate Change 

The Third National Communication on climate change highlights Nigeria's commitment to 

climate action and sustainable development. It reviews GHG emissions, climate vulnerabilities, 

and adaptation strategies, noting that the AFOLU sector contributes 60.1% of emissions. Without 

intervention, emissions could rise over 58% by 2035, exacerbating droughts, desertification, 

flooding, and water scarcity. 

Key findings and outcomes were similar to the second National Communication with some 

improvement such as. 

¶ Capacity Building, Technology Transfer, and Financial Needs 

¶ Enhanced Policy Framework and Institutional Coordination 

¶ Scaling Up Renewable Energy and Green Economy Initiatives 

¶ Strengthening Community Engagement and Resilience Building 

¶ 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 
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2.9 Flood and Drought Vulnerability 

Flood vulnerability was assessed using GIS analysis and a weighted overlay process, allowing for 

nuanced ranking of locations based on various factors. This method provides more detailed 

information than binary analysis by identifying vulnerability levels. We need to break down the 

flood vulnerability problem into smaller sub-models for better assessment sub-models.  

 

Figure 2.28: The flow chat of the Methodology 

We identify key factors in determining vulnerable areas, using datasets such as slope, elevation, 

proximity to rivers, land use, and rainfall. Each layer is standardized through reclassification for 

a common scale before performing a weighted overlay. We assign weights to the layers, combine 

them, and analyze the results. 

2.9.1 The Digital Elevation Map (DEM) 

The digital elevation map (DEM) of the Ngada Catchment area highlights distinct elevation 

variations, with the highest point at 757m near southern Borno and Yobe states and the lowest at 

194m. This indicates steep slopes and significant disparities in elevation, while much of the 

catchment features generally flat terrain. Figure 2.29 shows the DEM of the strategic catchment. 
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Figure 2.29: Digital Elevation Model of the Catchment (Source: MSL, 2024) 

2.9.2 Slope map 

The slope map is essential for understanding the catchment's topography, showing levels of terrain 

inclination. Flat to gentle slopes (0ï60) increase water pooling and flood risk, especially in the 

northern part. Moderate slopes (7ï130) enhance runoff and reduce water retention, raising soil 

erosion risk 

¶ Steep slopes (14ï220) are susceptible to swift runoff and increased erosion and flooding, 

potentially causing the displacement of sediment and accelerated downstream water flow. 

¶  Very steep slopes (25-580) represent the steepest gradients in the area where the velocity 

of runoff is at its maximum. 
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Figure 2.30: Slope Map of The Catchment (Source: MSL, 2024) 

 

Figure 2.31: Rainfall Map of The Catchment (Source: MSL, 2024) 
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2.9.3 Proximity to water sources 

Proximity to streams is crucial in flood vulnerability analysis, as being near rivers increases flood 

risk. The study indicates that areas within 0-9 km from the river are at higher risk, while those 38-

48 km away are less vulnerable. 

 

Figure 2.32: Proximity to River Map of the Catchment (Source: MSL, 2024) 

2.9.4 LULC 

Land use is a key factor in flood vulnerability analysis, with the following vulnerability ratings 

assigned:  

¶ Water body (5): Extremely vulnerable due to overflow and flooding. 

¶ Riparian/wetland (5): Highly susceptible to flooding. 

¶ Settlement/built-up (4): High vulnerability from impermeable surfaces increasing runoff. 

¶ Cropland (3): Moderate vulnerability; can retain some water, but runoff is possible. 

¶ Bare surface (3): Moderate vulnerability; limited vegetation leads to higher runoff and 

erosion. 

¶ Shrubland (2): Low vulnerability; some vegetation reduces runoff. 

¶ Vegetation/forest (1): Least vulnerable; dense vegetation enhances water absorption and 

reduces runoff. 
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Figure 2.33: LULC Map of The Catchment (Source: MSL, 2024) 

2.9.10 Flood Risk 

The study utilized a weighted overlay analysis to assess flood vulnerabilities across the catchment, 

creating a composite flood vulnerability map by overlaying datasets such as DEM, proximity to 

rivers, precipitation, slope, and land use. 

¶ Each layer was categorized, weighted, and scored on a 1-9 scale, with proximity to rivers 

receiving the highest weight.  

¶ The map identifies five risk levels: Highly not vulnerable, Not Vulnerable, Moderate, 

Vulnerable, and Highly Vulnerable, covering a total area of 4.35 kmĮ.  

¶ Low-risk areas are predominantly in high-elevation regions and around Lake Chad, while 

moderate flood zones are found near the Adamawa mountains.  

¶ High and very high vulnerability zones are mainly in lower-elevation areas, which are at 

increased risk due to their proximity to highland. 








































































































































