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EXECUTIVE SUMMARY

The Yedseram Catchment is a vital hydrological region within the Lake Chad Basin, spanning
approximately 6.85 million hectares across northeastern Nigeria and parts of northern Cameroon.
This catchment is a crucial resource base for agriculture, fishdresfock rearing, and
biodiversity conservation, supporting millions of people who rely on its water and land resources
for their livelihoods.

The catchment's geology varies, with sedimentary rocks, igneous formations, seasonal surface
water, and pressured groundwater resources prone to salinization. Vegetation ranges from the
Sudan savanna in the south to the desert in the north. Howeverichmeat faces numerous
challenges, including climate variability, land degradation, deforestation, water scarcity, and
conflicts over resource use. The NDVI study conducted as part of the SCMP provides valuable
insights into the state of vegetation heaitithe catchment. The analysis highlights significant
seasonal variations in vegetation density, degradation in specific areas due to deforestation and
unsustainable agricultural practices, and the impact of climate variability on ecosystem stability.
The study underscores the importance of integrating reforestation programs, sustainable land use
planning, and ecosystebased conservation strategies into catchment management efforts. Given
the direct relationship between vegetation health and water resusteénability, NDVibased

monitoring should be incorporated into letggm planning to guide interventions effectively.

Despite its ecological and soeg@onomic significance, the catchment faces numerous challenges
relating to its various watershed services from both climatic and-soolmomic drivers. These

include the degradation of its land, biodiversity, and wateuress and socipolitical instability

due to rapid population growth, high poverty rate, and weak governance. Another extant factor is
climate change. The catchment's population is rapidly growing, with significant increases
projected by 2050, placing @®ure on water resources, land use, and infrastructure. Key activities
like agriculture and aquaculture are vulnerable to climate change, and infrastructure such as dams
and irrigation schemes requires improved maintenance and adaptation to meet fuanmdsdem
Given these threats to the Catchment, a sustainable watershed management plan, considering a

sound balance between conservation and development, is imperative.
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This plan marshals various activities and initiatives to enhance climate resilience, promaote socio
economic development, and protect natural resources in the Yedseram catchment for-its socio
economic and environmental development. The purpose of thissivatieplan is to help decision
makers and practitioners at local, basin, state, and national levels to understand the Yedseram
Catchmentdéds status, problems, issues, risks,
improving watershed managemeint short, medium and lonatgrms. The methodology for
devel oping this plan would also be relevant
of northern Nigeria. The successful implementation of such a plan at the watershed level can also

support htegrated river basin management of larger river basins in the country.

Past and Ongoing Development Initiatives in the Catchment Area
To put the Plan in proper perspective, Table ES1 and Figure ES1 depict some past and ongoing
development initiatives by different partners in the Yedseram Catchment.

TableES 1: Past and Ongoing Initiatives in the Yedseram Catchment
LOCATION PAST INITIATIVE ONGOING INITIATIVE

Project: National Fadama

Development Project| Project: Agroclimatic
(NFDP): Resilience in  SemiArid
Agency: Federal Ministry off Landscapes (ACReSAL)
Bormo State Agriculture & World Bank | Agency: World Bank &
Focus: Enhancing Nigerian Government
agricultural productivity anq Focus: Climate resilience
rural livelihoods through sustainable agriculture, ar
irrigation and improved wate water conservation.

management.

Project: Water, Sanitation,
and Hygiene (WASH)| Project: Climate Resilience
Adamawa State Programs Projects

Agency: Federal Ministry off Agency: UNDP and GIZ
Water Resources & UNICEHR
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Focus: Improved water supp
and hygiene awareness

rural areas.

Focus: Sustainable lan

management and adapti

strategies to climate change

Yedseram River Basin

Project: Integrated River

Basin Development]
Programs
Agency: Chad Basin

Development Authority
Focus: Managed surface an
groundwater for irrigation an

domestic use.

Project: Renewable Energy|
and Livelihood Programs
Agency: Federal Ministry of
Environment & USAID
Focus: Promotes solar energ
solutions and alternativ

livelihoods.

Various LGAs

Wetland

Restoration and

Project:

Biodiversity Projects
Agency: Nigerian
Conservation Foundation &
Wetlands International

Focus: Conservation 0l
critical wetlands ang

biodiversity.

Project: Community-Based
Resource Managemen
Initiatives

NGOs &

State Governments

Agency: Local
Focus: Encourages locs
participation in conservatio

and sustainable developmer

Lake Chad Basin

Project: Lake Chad Basin
Commission (LCBC)
Projects

Agency: LCBC & African

Development Bank
Focus: Regional watel
resource  management

address declining water leve
and resource conflicts

biodiversity conservation, an

Project: Great Green Wall
Initiative (GGWI)

Agency: African Union &
Nigerian Government
Focus: Largescale
afforestation and
desertification control effort
to restore degrade
landscapes, and promag

sustainable land use
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climate adaptation measur| northern Nigeria, including

in the Lake Chad Basin the catchment area..

Despite the above initiatives, there is a general concern that most of the interventions within the

catchment did not address most of the development challenges in an integrated manner. Many of

the projects seemed to lack the needed integrated appro@aklemultiple issues that cascade

around the same environmental and s@aonomic development challenges. Thus, the catchment

is still plagued by several biophysical and social problems, some of which are of significance as

indicated below.

Main Biophysical and Socieeconomic Challenges
Based on biophysical assessments and stakeholder engagement, the following are the key

biophysical and soctieconomic issues of the Yedseram Catchment:

1

Water resources deterioration The Catchment is facing significant water resource
deterioration due to climate change, deforestation, pollution-extegction, and poor
management. Reduced rainfall and rising temperatures have decreased water availability,
while deforestation and unstainable land use contribute to erosion and sedimentation.
Agricultural runoff and inadequate waste disposal have further degraded water quality,
posing health risks and threatening biodiversity. Overuse of groundwateedads |
declining water tables, exacerbating scarcity.

Environmental Degradation: Deforestation, soil erosion, and unsustainable land use
practices are prevalent in the catchment area, threatening the ecosystem services that
support agriculture, biodiversity, and human wmding. These practices lead to the
degradation of land and wateesources, reducing the catchment's ability to support its
population. These conditions are exacerbated by the prolonged insurgency in the catchment
area leading to indiscriminate clearing of forests as part of the militargtopes, as well

as pressurenforest resources by internally displaced (IDPs) populations.

Unsustainable agriculture and livestock practicesThe current practices have led to
severe environmental degradation, including deforestation, soil erosion, water depletion,
and biodiversity loss. Overgrazing, excessive use of chemical fertilizers, inefficient

irrigation, and encroachment on wetlandgenfurther exacerbated land and water resource
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decline. These issues threaten food security, reduce agricultural productivity, and heighten
conflicts between farmers and pastoralists.

4 Climate Change Impacts: Climate change exacerbates existing vulnerabilities in the
Yedseram Catchment. Rising temperatures, erratic rainfall patterns, and increased
frequency of floods and droughts intensify ttetchment's challenge3hese impacts
disrupt the natural hydrological cycle, affecting water availability and agricultural
productivity.

5 Competing Water Demands: The growing population and expanding agricultural
activities in the catchment area intensify competition for limited water resources. This
competition often leads to conflicts among different water users, including farmers,
livestock herders, and industrgectors, further straining the catchment's resources.

6 Sociceconomic disparities and unsustainable livelihood practicesWidespread
poverty, limited access to education, and unequal resource distribution have driven many
communities to engage in unsustainable activities such asertraction of water,
deforestation for fuelwood, and unregulated farming and grazing. Tpesgices
exacerbate land degradation, reduce agricultural productivity, and increase vulnerability to
climate shocks.

7 Weak Governance and Institutional Gaps:nadequate policy enforcement, fragmented
stakeholder engagement, and insufficient funding hinder effective management of the
Yedseram Catchment. These governance and institutional gaps prevent the implementation
of sustainable resource management practceithe establishingf effective regulatory

frameworks.
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Figure E.S.2: Yedseram Catchment showing the ongoing interventions (Source: MSL, 2024)
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Elements of the Catchment Management Plan
The elements of the catchment plan are captured through the lenses of the following strategic

vision and objectives:

Strategic Vision

The strategic vision for the Yedseram Catchment Management Plan is to ensure the su
management and utilization of water and land resources to support economic develg
environmental conservation, and community vieling. This vision aligns wh broader
national and regional sustainability goals, aiming to enhance resilience to climate char
secure water resources for future generations

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

Vi.

Integrated Water Resource Management (IWRM):Promote coordinated water, land,

and related resources management to maximize economic and social welfare without
compromising ecosystem sustainability. Strategies include watershed planning,
transboundary cooperation, and policy integration.

Climate Resilience and Disaster Risk ReductionStrengthen adaptive capacity and
implement mitigation strategies to address flooding, droughts, and climate variability. This
involves early warning systems, infrastructure adaptation, and resilient farming techniques.
Sustainable Land Use and Agriculture: Encourage environmentally sustainable
agricultural practices, afforestation, and soil conservation to combat desertification and
land degradation. Key actions include promoting conservation agriculture, agroforestry,
and sustainable irrigation systems.

Biodiversity and Ecosystem ConservationProtect and restore wetlands, forests, and
other critical ecosystems to enhance biodiversity and ecological balance. Measures include
habitat restoration, enforcement of conservation laws, and ecological monitoring.
Improved Water Supply and Sanitation: Enhance access to safe drinking water,
sanitation, and hygiene to improve public health and reduce waterborne diseases. This
objective includes improving water treatment facilities, expanding sanitation coverage, and
communityled hygiene awareness canygras.

Institutional Strengthening and Governance:Build institutional capacity for effective

catchment management, improve regulatory frameworks, and promote stakeholder
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participation. This includes establishing catchment management committees and
strengthening legal frameworks.

vii. Community Engagement and Livelihood Development:Foster inclusive decision
making processes and support alternative livelihoods to reduce pressure on natural
resources. Efforts include training programs, microfinance support for sustainable
enterprises, and local governance empowerment.

viil. Data Collection, Monitoring, and Evaluation: Establish a robust monitoring and
evaluation framework to track progress, inform policy decisions, and ensure adaptive
management approaches. This will involve remote sensing, hydrological data collection,
and communitybased participatory monitoring.

This strategic vision and objectives provide a framework for managing the Yedseram

catchment's natural resources, promoting ecosystem services, and improving livelihoods while

maintaining ecological integrity. They constitute the guiding directives fottifgiing the

following strategic interventions or components of the Catchment Plan.

Catchment Policies
For harmonious relationships and engagement of stakeholders regarding equitable utilization of

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

Treaties

A Vienna Convention on the Law of Treaties on the principle of binding nature of treaty once
signed, ratified and enforcédacta sunt servanda

A UN Watercourses Convention on Anavigational use of shared watercourses, application

to surface water and connected groundwater,

A UNECE Water Convention on relevance to both surface and groundwater as well as
application to all uses of the shared watercourse,

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

International Policies That Affect Water Resources
1971 Stockholm Declaration on Human Environment
1992 Dublin principles on water and sustainable Development,
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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 (262030)

Plan Components
To address the challenges facing the Yedsetaithment, a comprehensive approach to

sustainable water and land resource management is proposed. The key interventions include:
Component 1: Integrated Water Resource Management (IWRM) and Conservation

Strengthening coordination among government agencies, local communities, and private sector
stakeholders is crucial for effective resource management. Developing catdiasedtwater
allocation plans can help balance water demands and ensure equitadiatidis of resources,

and hence, the optimal utilization of water resources for sustainable development; equitable
distribution and use of water resources to reduce conflict; mitigation and reduction of
environmental degradation and disasters; developrokmwater storage for postet season

economic activity; and sustainable groundwater and surface water monitoring.

Component 2: Climate Resilience and Adaptation Measures

Implementing flood early warning systems can mitigate disaster risks and protect communities
from the impacts of floods. Promoting droughsistant crop varieties and watdficient
irrigation systems will enhance agricultural resilience. Expandingestfation and afforestation
programs will help restore degraded landscapes and improve ecosystem health. These are
predicated on the vulnerability of the Yedseram catchment to the impacts of climate change, in
particular, the temperature and precipitati@riability along with climate extremes which are

likely to impact the watershed characteristics and functions sathoeconomic implications,
particularly a possible increase in the frequency of clinretaced disasters and the imperative

for climateresilient infrastructure.
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Component 3: Sustainable Land Use Planning and Conservation

Establishing protected areas is essential to safeguard wetlands, forests, and critical biodiversity
hotspots. Encouraging practices such as agroforestry, conservation agriculture, and soil fertility
management can enhance land productivity and sustatpabPiledicated on the pressure exerted

by human activities on land resources, enhancing the quality of the land resources through
ecosystem restoration will be a significant initiative of this component.

Component 4: Infrastructure Development and Rehabilitation

Constructing and maintaining water storage facilities such as dams and reservoirs will improve
water availability during dry periods. Improving rural and urban water supply infrastructure will
ensure reliable access to clean water for communities.

Component 5: Strengthening Governance and Community Engagement

Enhancing policy enforcement through capacity building and regulatory frameworks is vital for
sustainable catchment management. Encouraging participatory deuekimg by involving

traditional leaders, women, and youth groups will foster local owneasidiommitment to
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TabdEE®Z Summary of Components and Activiti
Component Key Activities Key Indicators Responsible
Agencies/Partners

Integrated Water

Watershed planning

Number of watershe

Federal Ministry of Wate

Resource transboundary management plan{ Resources, Chad Bas
Management cooperation, policy implemented policie§ Development  Authority
integration and allied agencies.
Construct smalscale
water storagd Number of small| As above
facilities and enhanc| scale water reservoii
rainwater harvestin¢ constructed, numbe
techniques. of rainwater
harvesting systemg
established.
Climate Flood mitigation,| Early warning| NIMET, State Ministries
Resilience & | drought systems werg of Environment
Disaster Risk | preparedness, established,
Reduction resilient farming| percentage reductig
techniques in flood/drought

impacts

Sustainable Land

Conservation

Area of land unde

Federal Ministry  of

conservation laws

Use & | agriculture, conservation Agriculture, FAO
Agriculture agroforestry, agriculture, numbe
irrigation efficiency | of agroforestry
projects
Biodiversity & | Wetland restoration Area of wetlandg Nigerian  Conservatio
Ecosystem habitat  protection| restored, biodiversity Foundation, Wetland
Conservation enforcement 0| index International

Page kxii

e s

of



Mecon Geology and Engineering Services Ltd

Improved Water | Water treatment Number of| State Water Boards
Supply & | sanitation expansior| households with UNICEF
Sanitation hygiene promotion | improved watel
access, percentag
reduction in
waterborne diseases
Institutional Capacity  building, Number of| National Water Resource
Strengthening & | regulatory governance Institute, Local
Governance improvements, frameworks Governments
stakeholder strengthened;
engagement stakeholder meeting
held
Community Training programs| Number off NGOs, World Bank
Engagement &| microfinance beneficiaries trained Local Developmen
Livelihood support, alternativg increase in househol| Agencies
Development livelihoods incomes
Data Collection, | Hydrological  datg Availability of real | NIHSA, Researcl
Monitoring & | collection, time hydrological Institutes, Universities
Evaluation participatory data, number o
monitoring,  policy| monitoring reports
adaptation

resource conservation. Establishing catchment management committees will ensure effective

oversight and implementation of conservation efforts.
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Figure E.S3: Yedseram Catchment showing the Recommended interventions (Source:

2024)
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Table E.S.3: Upper Catchment of the Yedseram Strategic Catchi@patial Challenges and Intervention Matrix

Section LGA/Towns | Specific Proposed Appropriate Responsible | Expected
Challenge Intervention Tool(s) For Agencies Outcomes
Sustained
Monitoring and
Evaluation
Upper Damboa, Soil erosion, - Terracing and DEMs (Digital FMAFS - Reduced land
Catchment | Mubi South, | slope erosion control (e.g., | Elevation Models), | FERMA, State | degradation
Michika degradation, ang bunds, vetiver grass) | erosion risk maps, | Ministries of - Improved
road damage on - Construction of road surveysGIS Works & Road access
hilly terrain gabion walls and slope analysis, dron( Agriculture and reduced
feeder road surveillance, erosior landslides
stabilization mapping ACReSAL,
NIWRMC.
Ministry of
tourism
Askira, Water scarcity | - Gravity-fed water Satellite images and RUWASSA, - Enhanced
Mubi North | in upland areas | supply systems Ground trout FMEnv, water access
& overgrazing | - Rainwater harvesting¢ measurement Ministry of - Sustainable
- Rotational grazing . Livestock, grazing
drought and pasture gg::fseolil\?ifjlk FAO, NIHSA, | practices
rehabilitation o ACReSAL ,
tracking tools,
. . FMWR
Introduce climate rainfall models
resilient crop NIWRMC
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Madagali, Postconflict - Land and livelihood | Conflict impact NEDC, - Reintegration
Michika displacement recovery support assessments, NEMA, of IDPs
and damaged | - Returnee assistance| returnee tracking UNHCR, FAO | - Improved
livelihoods programs (housing, | systems local food
tools, seeds) security
Hong, Maha | Lack of services| - Mobile clinics and | Rural service Ministry of - Improved
in remote schools accessibility maps, | Health, health &
highland - Solar microgrid solar feasibility Ministry of education
communities electrification assessments Education, - Reduced
- Rural access road REA, GIZ isolation and
upgrades migration
Mubi South, | Deforestation & | - Reforestation with | ConsistenSoill FMEnv, - Forest
Mubi North | fuelwood native species testing(NDVI, and | UNDP, State | restoration
pressure - Promotion of clean | periodic land use Forestry Depts| - Reduced
cookstoves & land cover)Xdrone ACReSAL , reliance on
community woodlots | monitoring, GIS FMWR natural forests
Maps NIWRMC
Hong, Mubi | Youth Skills training in agre | CBO, Focus group | SMEDAN, - Increased
South unemployment | processing and digitall discussion, NDE, youth
& limited non | agribusiness measurement of Adamawa employment
farm income . : standard of living State Skills - Rural
-Technical/Vocational| . . .
Training (TVET) incubation software | Hub e.cono.njlc _
. diversification
- Small enterprise
hubs and cooperative
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Table E.S.4: Middle Catchment of the Yedse&rategic Catchmerit Spatial Challenges and Intervention Matrix

MECON SERVICES LTD (MSL)

Section LGA/Town | Identified Proposed Appropriate Responsible Expected
Challenges Interventions Tools for Agencies Outcomes
Sustained
Monitoring and
Evaluation
Middle Konduga High number of - Integrated Humanitarian NEMA, NEDC, - Improved
Catchment IDPs with limited | settlement mapping tools, UNICEF, UNHCR, | living
access to shelter, | upgrading for IDP tracking BOSEPA FMHDS | conditions
water, and food returnees systems, WASH - Resettled
- Emergency wate| cluster tools and supportec
& sanitation returnees
services
- Support for dry
season farming
Bama Damaged - Reconstruction | Postconflict NEDC, WHO, - Restored
infrastructure of public infrastructure Borno State access to
(healthcare, infrastructure audit, GISbased | Ministry of Health | basic serviceg
schools, roads) - Rapid health facility planning and Education - Community
from insurgency facility FMHDS, NEMA confidence
deployment using and stability
mobile units

Page kxvii



Mecon Geology and Engineering Services Ltd

MECON SERVICES LTD (MSL)

Gwoza Livelihood collapse| - Livelihood Livelihood FAO, FMAFS, - Increased
due to restoration assessment tools, | Mercy Corps, income
displacement, poor| programs (farming satellite market BOSEMA - Revived
access to markets | kits, livestock) access maps rural

- Market economies
rehabilitation and
rural access roads

Bama, Frequent flash - Construction of | DEMs (Digital HJRBDA, FMEnv, | - Reduced

Gwoza floods and water | check dams and | Elevation Models),| Rural Water flood damage
erosion in valleys | contour bunds rainfall-runoff Agencies - Enhanced
during rainy seasor| - Communityled | simulation tools | RUWASSA water

watershed availability
management

Konduga, | Youth - Vocational Youth UNDP, SMEDAN, | - Engaged

Gwoza unemployment and| training and vulnerability NDE, youth
risk of peacebuilding mapping, skills Peacebuilding workforce
radicalization programs match assessmen| NGOs - Reduced

- Youth security risk
cooperative
formation &
micro-grants

All Towns | Insecurity limiting | - Civil-military Conflict sensitivity| UN OCHA, ICRC, | - Safer aid
access to coordination for | tools, remote data| Nigerian Army delivery
humanitarian and | safe access collection (mobile | Civil-Military - Improved
development - Security surveys) Cooperation Unit | field
services informed operations
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programming
frameworks

Table E.S.5: Lower Catchment of the Yedseram Strategic Catchi@patial Challenges and Intervention Matrix

violence

Section Town Identified Proposed Appropriate Responsible Expected
Challenges Interventions Tools, for Agencies Outcomes
Sustained
Monitoring and
Evaluation
Lower Abadam Inaccessibility due | - Deployment of | Remote sensing | NEMA, NEDC, - Improved
Catchment to security and mobile aid units | (floodplain Nigerian Army access for aid
flooding, Gender - Elevated access| mapping), road | Engineers, IOM - Reduced
based Violence roads condition surveys| ACReSAL isolation
construction during floods
Activities
Improved
governance :
security.
Lake Chad | Shrinking water - Sustainable Satellite lake LCBC, FMEnv, - Improved
Region body, collapsing fisheries program | monitoring UNDP, FAQ ecosystem
fisheries & Ground water (NDVI, water ACReSAL, health
ecosystem exploitation level sensors) HIJRBDA, CBDA, | - Revived local
degradation NIHSA, NIWRMC | fisheries
- Wetland
Gender base restoration
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(reforestation,
buffer zones)
Awareness
campaign
Kukawa, IDP overpopulation | - Drilling of WASH UNICEF, ICRC, - Reduced
Ngala and pressure on boreholes and vulnerability RUWASSA, disease
water and sanitation solar water maps, water WHO, FMWR, outbreaks
Gender base schemes | quality testing kit§ NIWRMC - Improved
violence .-WASH services I|V|ng. .
in camps and hos conditions
communities
Improved
Capacity Building Awareness
Monguno, | Agricultural land - Mine clearance | Land mine risk UNMAS, FAO, - Safe access t
Marte underutilized due to| operations maps, GIS crop | FMAFS HALO farmland
insecurity and mine| - Provision of suitability maps | Trust, - Increased
contamination improved seed agricultural
and tools for production
returnees
Ngala, Crossborder trade | - Rehabilitate Trade corridor ECOWAS, NCS, |- Revived trade
Kala/Balge | disruptions and poo| trade routes and | mapping, market | BOSEMA, Mercy | and economic
market access customs facilities | potential Corps activity
- Support local assessments - Job creation
market revival
through grants
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pumps

Dikwa Repeated seasonal Flood risk zoning,, NEMA, HIRBDA, | - Reduced
floods displacing - Construction of | hydrological Borno State Urban| displacement
communities drainage and models Dev Agency - Long-term

embankments flood resilience

Marte, Limited energy - Community Energy need REA, GIZ, Power | - Improved

Abadam access for scale solar mini | mapping, solar | Africa, BOSEPA | energy access
households and grids irradiance - Boost in
small businesses | - Solar lanterns | assessment tools smalkscale

and irrigation enterprises
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Expected Outcomes
By implementing this strategic plan, the following outcomes are anticipated:

1 Improved Water Security: Enhanced availability and quality of water resources to meet
growing demand.

1 Increased Climate ResilienceReduced vulnerability to climaieduced risks such as
floods and droughts.

1 Enhanced Agricultural Productivity: Sustainable irrigation and soil management
practices leading to higher crop vyields.

1 Stronger Governance FrameworksMore effective policy enforcement and institutional
coordination.

1 Biodiversity and Ecosystem ProtectionConservation of critical habitats and restoration
of degraded areas.

1 Reduced ResourceBased Conflicts: Equitable access to water and land resources,

minimizing tensions among users.
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CHAPTER 1 INTRODUCTION
1.1 Purpose of the Plan

The Yedseram catchment is a critical ecosystem that supports the livelihoods of millions of

people in Northern Nigeria. However, the catchment faces numerous challenges, including:

I. Environmental degradation: Deforestation, soil erosion, and pollution threaten the
catchment's ecosystem services and biodiversity.

il Water scarcity: The catchment's water resources are under pressure due to increasing
demand, climate change, and inefficient use.

iii. Poverty and inequality: Many communities in the catchment live in poverty, with
limited access to basic services, such as healthcare, education, and sanitation.

iv. Climate change: The catchment is vulnerable to climate change, with projected changes

in temperature and precipitation patterns likely to exacerbate existing challenges.

1.1.1 Rationale for a Strategic Catchment Plan
In response to these challenges, a strategic catchment plan is necessary to:

a. Promote sustainable development: The plan will promote sustainable development in the
catchment, balancing economic, social, and environmental objectives.

b. Improve water resources management: The plan will address water scarcity and improve
water resources management, ensuring equitable access to water for all users.

c. Enhance ecosystem services: The plan will protect and restore ecosystem services,
including forests, wetlands, and wildlife habitats, to maintain biodiversity and ecological
integrity.

d. Support climate change adaptation and mitigation: The plan will support climate change
adaptation and mitigation efforts, reducing the catchment's vulnerability to clielated
hazards.

e. Foster stakeholder engagement and collaboration: The plan will foster stakeholder
engagement and collaboration, ensuring that all stakeholders, including local communities,
civil society organizations, and government agencies, work together to achiglantke

objectives.
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1.1.2 Expected Outcomes
Thestrategic catchment plan is expected to achieve the following outcomes:

a)
b)
C)
d)
e)

f)

Enhanced Agricultural Productivity

Biodiversity and Ecosystem Conservation
Strengthened Institutional and Policy Frameworks
SocicEconomic Development and Poverty Reduction
Reduced Resourdgased Conflicts:

Sustainable Urban Development

1.1.3 Environmental Roles

1

Conservation of natural resources: The catchment area hosts diverse ecosystems including
wetlands, forests and grasslands. These ecosystems serve as habitats for a wide range of
flora and fauna.

Protection of ecosystem services: Wetlands within the Yedseram Catchment provide
essential ecosystem services, such as groundwater recharge, flood control, and Carbon
sequestration

Mitigation of climate change: Natural features of the catchment help regulate the climate,
mitigate the impact of extreme weather events, and maintain the overall health of the

regionbdbs water systems.

1.1.4 SocieEconomic Roles
1. Improved Livelihoods: The Yedserg@atchment is a fundamental driver of economic activity

in the region. Local communities rely on rded and irrigated farming for subsistence and

commercial purposes. The availability of water from the catchment is critical for sustaining crops

and livesock. Beyond agriculture, the catchment supports fishing, forestry, and-srakl

manufacturing industries.

2. Enhanced Food Security: Agriculture ensures food security for rural households. Sustainable

irrigation and soil management practices contribute to higher crop yields.

3. Increased Economic Benefits: Agriculture generates income for rural households. The efficient

management of water and land resources can enhance economic stability. The catchment supports

industries such as fishing, forestry, and srsallle manufactung, which depend on sustainable
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resources. Urban centers within the catchment are expanding, increasing demand for water supply,

sanitation, and infrastructure, necessitating sustainable urban planning for balanced development

1.1.5 Governance and Institutional Roles

1. Coordination and collaboratioriEffective governance and institutional coordination are
critical for the sustainable management of the Yedseram Catchment. The catchment plan will
promote coordination and cooperation among government agencies, local communities, and civil

society orgarrations

2. Policy and legislative framewarld well-structured governance framework helps regulate
water and land use, prevent conflicts, and ensure stakeholder participation in deakiog

(local communities to governmental agencies).

3. Monitoring and evaluatiorthe Yedseram Catchment Plan will establish a monitoring and
evaluation framework to track progress, identify challenges, and make adjustments to the plan

as needed. By so doing, the SCMP will help to mitigate and sustain the following:

A Disaster risk reduction
A Human health and welieing
A Cultural heritage conservation
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1.1.6Catchment Policies
For harmonious relationships and engagement of stakeholders regarding equitable utilization of

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

Treaties

A Vienna Convention on the Law of Treaties on the principle of binding nature of treaty once
signed, ratified and enforcédacta sunt servanda

A UN Watercourses Convention on Aoavigational use of shared watercourses, application

to surface water and connected groundwater,

A UNECE Water Convention on relevance to both surface and groundwater as well as
application to all uses of the shared watercourse,

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

International Policies That Affect Water Resources

1971 Stockholm Declaration on Human Environment

1992 Dublin principles on water and sustainable Development,
1992 Rio Declaration on Environment and Development and Agenda 21
2008 ECOWAS Water Resources Policy

Draft Articles on the Law of Transboundary Aquifer

National Laws and Policies

1999 Constitution of Federal Republic of Nigeria

1993 National Water Resources Act

2016 National Water Resources Policy

2016 National Policy on Environment

National Climate Change Policy for Nigeria (2620230)

The catchment area is welcquainted 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 aaédresources. The North
Eastern Development Commission (NEDC) oversees several initiatives, including Newmap

projects, initiatives from the Lake Chad Commission, the Upper Benue River Basin Development
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Authority, the Hadejialamare River Basin Authority along with its Trust Fund, and the Rural
Access and Mobility Project, FMWHRRRIMING project among others.

However, the strategic Catchment Management Plan is anticipatedegrate the essential
components of the catchment as outlinethisa 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
spatiar el ati onships of these factors. The plands
to foster cohesive growth @xss the entire region, as opposed to conducting interventions in

isolation.

Several notewany examples of successful strategic catchment management plans include South
Africads National Water Act, the Mpanga Catch
CatchmentManagementPlan, all located in UgandaAdditionally, the Tana Catchment Area
Managemen®lan, the Ngarelan Springs Catchment Area Management Plan, and the Dik Dk

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 YedseranCatchment is a vital hydrological region within the Lake Chad Basin, spanning
6,852,750 hectaredt. covers the larger parts of Borno State and extends to the northern parts of
Adamawa State. The area | ies between | atitud
12A576580606E and 15A300615606E (Figur eatciinerttp. The
the west and Lake Chad to the north, making it an important resource for water supply, agriculture,

and biodiversity conservation in the region.
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The Strategic Yedseram Catchment Management Plan was developed based on a comprehensive scientific
report, which integrates data collected, analyzed, and derived using modern techniques from multiple
sources, including online databases, field surveyssfgmup discussions, interviews, secondary literature,

and stakeholder engagements.

2.2 Precipitation, Temperature, Sunshineand Relative Humidity
The catchment area has a tropical climate with distinct wet and dry seasons. The interplay of

rainfall, temperature, sunshine duration, and relative humidity shapes its hydrological and

ecological patterns.

2.2.1Precipitation
Rainfall patterns vary across the catchment, with precipitation ranging 58@ymm in the

northern Sahel to ov@800mm in southern suhumid zones. Rainfall is seasonal and influenced
by the IntefTropical Convergence Zone (ITCZ). The wet season is from June to September,
peaking in July and August, while the dry season lasts from October to May, significantly reducing

water availability and impacting agriculture and water management.
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2.2.2Temperature
The catchment's temperature is high y@amd, averaging@C to30°C. The record highs occur

from March to May, often surpassing 40°C in the north, leading to significant evaporation and
water loss from rivers, lakes, and reservoirs. Cooler temperatures are present in Ndgember
Februarydropping to around 15°@fluenced by the harmattan winds, which bring dry and dusty
conditions across the region.
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2.2.3 Sunshine Duration

The region enjoy8 to 10 hours of daily sunshine from November to April due to clear skies
and minimal clouds. Conversely, May to October sees reduced sunshine, averaging 4 to 6 hours
daily because of increased cloud cover and rain. Monthly averages show November to
February withthe highest sunshine at 7 to 8 hours, while July and August have the lowest at 4
to 5 hours due to peak rain.
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2.2.4 Relative Humidity
The relative humidity in the Yedseram catchment varies seasonally. During the dry season

(October to May), low humidity results from Harmattan winds, leading to arid conditions and high
evapotranspiration. In contrast, the rainy season (June to Septesabgsrinoderate humidity,
reaching up to 80% in the mornings and dropping t&@% in the afternoons. The dry season

often sees humidity levels below 20%, especially during the Harmattan.
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2.3 Topography, Drainage, Geology and Soils

1 This section analyzes the topography and drainage of the Yedseram Catchment, focusing
on their impact on water resources, flood management, and land use.

1 This catchment is in the Chad Basin (Hydrological Area VIII), which drains into Lake
Chad, a shallow freshwater lake in northeastern Borno.

1 Lake Chad has reduced in size in recent decades due to climate change and human
activities, raising concerns about water availability and environmental sustainability.

1 The Yedseram Catchment exhibits diverse topographical features that significantly
influence its hydrology, land use, and ecosystem functions.

1 The catchment is characterized by a combination of lowland plains, rolling hills, and

highland areas, contributing to the varied drainage patterns across the region.
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2.3.1 Drainage
1 The drainage system of the Yedseram catchment is shaped by its topography and climate,

as it lies within the Chad Basin, an endorheic system that drains into Lake Chad.

1 The catchment features a predominantly flat terrain interspersed with isolated hills and
ridges, while the Mandara Mountains along the southeastern border with Cameroon serve
as the source of several rivers, including the Yedseram River (Figure 2.7).

1 The River Yedseram is seasonal, with peak flows occurring during the rainy season (June
to September) and significantly reduced flows in the dry season (October to May).

1 This seasonality impacts agriculture, fishing, and domestic water supply. Due to the flat
topography, certain areas experience poor drainage, leading to the formation of inland
depressions and wetlands, which become waterlogged in the rainy season amtl supp
swamp vegetation.

1 Additionally, the sandy soils of the catchment contribute to erosion and gully formation,
further influencing local drainage patterns
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2.3.2 Geology and Solil Types

1 The geological formations within the Yedseram Catchment are diverse, influencing
groundwater storage, soil fertility, and overall land use patterns.

1 The catchment is underlain by two primary geological structuresPtbeambrian
Basement Complexn the southern regions and fikad Basin Sedimentary Formation
in the northern parts.

1 These formations play a crucial role in determining ttadéchment's hydrological

characteristicsincluding groundwater availability and surface water flow dynamics.

2.3.2.1 Geology

TheChad Basin Sedimentary Formation Precambrian Basement ComplexandTertiary to

Recent Volcanics

1. Chad Basin Sedimentary Formatigworthern and Central Area)
2. Precambrian Basement Compl&outheastern Area)

3. Tertiary to Recent VolcanidSouthern Area)

2.3.2.2 Soil Types

The Yedseram Catchment contains a variety of soil tifgigsire 8) each with distinct properties
affecting land productivity and water retention capabilities. The major soil groups in the catchment
include:

1. Arenosols (Sandy Soils)Found mainly in northern catchment areas. They have loose,
well-drained textures and low water retention. While limited in fertility, they are suitable
for droughtresistant crops like millet and sorghum.

2. Luvisols (Clay-Rich Soils): Common in central and southern areas, this soil is highly
fertile from clay and minerals. Ideal for intensive crops like maize, rice, and vegetables
cultivation

3. Ferralsols (Leached Tropical Soils): Found in highland areas near the Mandara
Mountains, these soils are weathered and rich in iron and aluminum oxides. They have

moderate fertility and need organic amendments for improved productivity.
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4. Gleysols (Waterlogged Soils)Found in floodplains and wetlands, these areas retain high
moisture and are ideal for rice cultivation and conservation. However, they are prone to
waterlogging and require effective drainage management for optimal use.

5. Regosols (Eroded Soils)These areas, especially deforested or overgrazed ones, are prone
to erosion and desertification due to low organic matter. Soil stability requires conservation

techniques like afforestation and controlled grazing.
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2.4 Land Use and Land Cover

1 The Yedseram Catchment exhildigserseland use and land cover typasaped by natural
and human activitie@-igure 2.10)

1 Various factors, including climate, geology, hydrology, and secmnomic activities,
influence the catchment's land use and land cover (LULC).

1 The catchment supports agriculture, settlements, forests, wetlands, and rangelands, all of
which contribute to the soceconomic and environmental functions of the region.
However, rapid population growth, urban expansion, and climate variability have
significantly altered land use patterns, leading to deforestation, soil degradation, and

increased pressure on water resources.
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2.4.1 Natural Vegetation
The natural vegetation in the Yedseram catchment varies by regions within the catchment, shaped

by climate and soil types:

RS [0 g
MECON SERVICES LTD (MSL)

1 Central Yedseram Catchment (Transitional Zonei Shrubland and Grassland):

Vegetation changes from woodland to scrubland, featuring droagistant trees like

desert dates and shea trees. Dominant grass species include Andropogon gayanus and

Hyparrhenia spp. This area experiences desertification due to overgrazing and

deforesttion.

1 Northern Yedseram Catchment (Sahel and SemArid Zone): The landscape has sparse

vegetation, with droughtesistant shrubs and grasses like gum arabic trees and wild date

palms. Severe threats from desertification, overgrazing, and climate change endanger this

vegetation. Harsh conditions dominate livestockingause

1 Wetland and Riparian Vegetation (Lake Chad Basin and Riverbanks)This zone

supports aquatic plants like reeds, papyrus, and other hydrophytic species. These wetlands

provide habitats for fish, birds, and wildlife, playing a key role in flood regulation and

sustaining fisheries.
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Agricultural Land use:

1 Intensive Rain-Fed Agriculture: In southern areas, major crops are maize, millet,
sorghum, groundnuts, beans, cassava, and rice. Challenges like soil erosion, bush burning,

and land clearing diminish soll fertility.

1 Mixed Farming with Pastoralism: In the central area, major crops include sorghum,
millet, cowpea, sesame, and groundnut. Key issues are desertification, erratic rainfall, and
land degradation from overuse

91 Pastoralism and DroughtResistant Crops This predominates in the north, where millet,
cowpea, sesame, and drougbgistant sorghum are grown. Challenges include severe
desertification, unreliable rainfall, and frequent droughts.

1 Wetland and Floodplain Agriculture: Lake Chad Basin and Riverbanks focus on
irrigation and recession agriculture, cultivating rice, vegetables (tomatoes, onions,
peppers), wheat, and sugarcane. Challenges include water scarcity from declining Lake
Chad levels, pollution, and high irrigaticosts.

1 Livestock Grazing and Pastoralism:This is common in all zones, especially the north
and central areas. Challenges include conflict between farmers and herders, overgrazing,

and water shortages.
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2.4.2 Wetlands

The Yedseram catchment includes wetlands along the Yed&evam seasonal swamps, and
Lake Chad, which collect rainwater in ldying areas and support vegetation and agriculture
through groundwater

1 Ecological Significance The Yedseram wetlands are vital for biodiversity, supporting

aguatic life and migratory birds. They manage water flow, reduce flood risks, and recharge
groundwater, while enhancing climate resilience and preventing land degradation.

1 Agricultural Use: Wetlands support fadama farming of rice, vegetables, and wheat using
residual moisture podloods. Their nutrientich soils reduce fertilizer needs. Yet, rising

water extraction and climate change threaten sustainable agriculture.

2.4.3 Grazing Land and Pastoralism
Livestock grazing is a key land use in fliedseramcatchment, especially in the northern and

centralregionswhere pastoralism is central to livelihoods.

9 Pastoralism in the Central and Northern Areas:In the semiarid northern and central
regions, open grasslands and shrublands support livestock, providing seasonal pastures for
cattle, sheep, goats, and camels. Pastoralists migrate in search of water and grazing.

1 Conflict with Agriculture: Land expansion has caused overgrazing, desertification, and

conflict between herders and farmers.

2.4.4 Human Settlements
Human settlements in the Yedseram catchment are concentrated around river systems and fertile

agricultural zones, with high population density in areas like Mubi and Bama.

1 Urban Areas: Urban areas in the Yedseram catchment, including Gwoza, Bama, Dikwa,
Mubi, and Mongunp face infrastructure strain from rapid population growth and
insecurity, resulting in water shortages, housing deficits, and environmental degradation.

1 Rural Areas: Rural settlements in the catchment consist mostly of farming and pastoral
communities practicing subsistence agriculture. They often face limited access to
electricity, healthcare, and education. Challenges like land degradation and conflicts

threaten thir sustainability.
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The Yedseram catchment's forests are mainly in the south, especially around the Mandara

Mountains and riverbanks, featuring Sudanian savanna woodlands with species like acacia,

baobab, and shea. In contrast, the central and northern areas exhibit sugategion dominated

by droughitresistant shrubs and trees. These adaptations reflect the regiorésidasiimate.

1 Deforestation Deforestation in the Yedseram catchment is fuelled by agricultural

expansion, fuelwood harvesting, and urbanization,

leading to tree cover loss and

biodiversity. This has caused increased soil erosion and desertification. Climate change

and insecurity excerbate the issue as displaced populations depend on forest resources for

survival.

1 Reforestation Efforts: Reforestation efforts in the area involve community-plesting,

agroforestry, and government initiatives promoting droughistant species. However,

challenges like limited funding and weak policy enforcement hinder progress. Overcoming

these obstacteis essential for effective land restoration.
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Category

Details

Flora (Plant Diversity)

Savanna VegetationDominated by Sahel and Sudan savanna
types; features include Acacia spyitellaria paradoxdShea butter
tree),Azadirachta indic§Neem), and Baobab trees.

Wetland Vegetation Papyrus, reeds, water lilies around Lake
Chad Basin and seasonal wetlands.

Riparian Forests Found along floodplains and rivers like the
Yedseram; includes tamarind and acacia species.

Fauna (Animal
Diversity)

Mammals: Historically included elephants, lions, and antel@pes
now largely restricted to isolated or protected areas due to poa
and habitat degradation.

Birds: Rich birdlife, especially in wetlandsAfrican jacana,
herons, storks, migratory waterfowl.

Fish and Aquatic Life: Nile perch, catfish, tilapia dominate the
Lake Chad and its tributarie&mphibians and Reptile§rogs,
toads, turtles found in seasonal wetlands.

Key Ecosystems

- Lake Chad Basin (transboundary wetland complex with seaso
floodplains and aquatic habitats)

- Yedseram River System (seasonal flow, vital for irrigation and
wildlife corridors)

Ecosystem Services

- Provisioning Fisheries, wild foods, fuelwood, medicinal plants,
Regulating Climate regulation, water purification, flood buffering
erosion control.

- Supporting Nutrient cycling, habitat for biodiversity.

- Culturat Sacred groves, water bodies with cultural/religious
significance.

Tourism Potential

- Lake Chad BastnEcotourism, birdwatching, fishing communitie
(potential under safe conditions).

Protected Areas &
Conservation
Initiatives

- Communitybased reforestation, agroforestry and wetland
restoration supported by NGOs, ACReSAL, and international
partners.

Challenges & Threats

- Armed conflict and insecurity (especially in Borno)

- Climate change (desertification, rainfall variability, shrinking
Lake Chad)} Deforestation and overgrazing

- Overfishing and pollution in aquatic system&/eak enforcement
of conservation policies

Water-Dependent
Ecosystems

- Lake Chad: Seasonal wetlands, vital for birds, fish, agriculture
- Yedseram River: Seasonal river supportingsegson farming
and livestock.

- Floodplains: Used for floctecession agriculture and seasonal
fish breeding.
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Cultural & Spiritual Many rivers, wetlands, and forests are considered sacred or us

Significance traditional rituals; strong linkage between natural features and |
identity.

Notable Species - Flora Neem @Azadirachta indicp Shea tree\(itellaria paradoxg

Papyrus Cyperus papyrys

- Fauna African elephantl{(oxodonta africang Nile perch Lates
niloticus), African jacanaActophilornis africanug Lion (Panthera
leo)d historically.

International - Coordinated wetland and water resource management with C
Collaboration Needs | Cameroon, and Niger (for Lake Chad)

- Support from UNEP, LCBC, ACReSAL, FAO, and IUCN for
restoration and monitoring programs.

2.5 Hydrology and Water Resources
2.5.1 Hydrology

The hydrology of the Yedseram Catchment is shaped by seasonal rivers, surface water bodies, and

groundwater aquifers that support agriculture, domestic needs, and industry.

1 River systems:

0 Yedseram River: The Yedseram River originates in the Mandara Mountains near
the NigeriaCameroon border and flows northeast into Lake Chad. It is crucial for
agriculture, fishing, and water supply, with high flows during the rainy season
(Juné September) and lower levaisthe dry season (Octobidday).

o Bararam River. The Bararam River is a tributary of the Yedseram River,
experiencing intermittent flow with flash flooding after heavy rains. It supports
local irrigation and livestock but faces challenges from sand deposition and erosion.
Dry conditions dominate much tfe year.

o Forunduma River: The Forundum&iver is a seasonal river fed by rainfall runoff
from surrounding hills. It supports wetland ecosystems and local agriculture,
providing water for smalscale irrigation and domestic use. During the dry season,
the riverbed often dries up, prompting resits to find alternative water sources.

o EIl-Beid River: The ElBeid River is a part of the Niger@ameroon border that

flows into Lake Chad. It features some perennial sections supported by
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groundwater, aiding in fishing and wetland ecosystems. However, water abstraction
and climate change pose significant threats to its sustainability.

o Nasawa River:The Nasawa River is a seasonal river that supports irrigation and
livestock in the Yedseram catchment. However, deforestation and land degradation
have diminished its flow. It also suffers from drying up during droughts and
increased sedimentation.

1 Flooding and Wetlands:Seasonal flooding in the Yedseram catchment occurs from June
to September, replenishing wetlands that support biodiversity and-ridoedsion
agriculture. These wetlands along riverbanks and near Lake Chad provide vital habitats
while reducing flood intesity.

1 Groundwater: Groundwater is crucial in the catchment, primarily located in Chad Basin's
sedimentary aquifers and southern highlands' fractured basement rocks. It is tapped via
shallow and deep boreholes, yielding more in alluvial deposits near river valleys and

floodplains.

2.5.2 Hydrograph/Water Budget of the Catchment

2.5.2.1 The Yedseram Strategic Catchment
1 The hydrograph and water budget analysis of the Yedseram Strastgim@nt,

presented in Figures 2.13, 2.14, 2286 and 2.1,/demonstrate distinct seasonal
variability.

1 The catchment experiences six months of minimal to no rainfall (Nové el
followed by six months of flow activity (MayDctober) annually.

T The hydrographos rising | i mb bedgure2l3i n May
the year 2020 recorded the highest flow, followed by 1991, while 1984 had the lowest
discharge among the years examined.

The water budget graph reveals an eiglonth period of water deficit and a feonronth surplus
(Juné September), culminating in a low annual water budget of 82.52 mm. Given this prolonged

deficit and limited surplus, implementing an alternative water sugydtem is critical for the
catchmentdés sustainability.
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MONTH PPT ET Synthetic 3F,’eak Runoff
(m°/s)
Jan 0.00 5.20 0.00
Feb 0.01 3.65 0.01
Mar 0.35 3.13 0.30
Apr 6.64 8.07 6.77
May 43.45 37.20 50.58
Jun 88.41 83.63 125.64
Jul 181.07| 130.30 253.40
Aug 231.16| 127.05 347.36
Sep 112.85| 115.38 236.34
Oct 22.67 64.39 67.92
Nov 0.37 17.92 4.41
Dec 0.01 8.56 0.04
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2.5.2.2Prospects
1 Multi-Scale Reservoir Infrastructure: Build reservoirs or siszdle dams to capture

peak flows during the higtischarge months (M&pctober), especially leveraging the
August peak. Given the low annual surplus, storage systems must prioritize efftoiency
retain maximum water for dry periods (Novenib¥oril).

1 Distributed Water Harvesting: Promote decentralized rainwater harvesting (e.g., rooftop
systems, farm ponds, and check dams) to capture sporadic rainfall during the wet season
and reduce reliance on centralized supplies.

1 Floodwater Diversion: Redirect excess flows during fdgitharge years (e.g., 2020) to
recharge groundwater or fill storage infrastructure, mitigating flood risks while
addressing deficits.

1 Agricultural Water Savings: Shift to drougigsistant crops and adopt precision irrigation
(e.g., drip/sprinkler systems) to reduce water use during dry months. Incentivize farmers
to align cropping calendars with surplus periods.

1 Inter-Basin Transfers: Explore transferring water from neigining catchments with

higher reliability, particularly during extreme dry years (e.g., 1984).

2.5.23 Water Resources Assessment Concept in the Catchment
1 The water resources assessment in the Yedseatchment involves evaluating surface

water, groundwater, and climatic influences on water availability and sustainability.

1 Streamflow analysis and discharge measurements help determine seasonal water
variability, while groundwater recharge studies assess aquifer sustainability.

1 The assessment also includes water demand projections for domestic, agricultural, and
industrial uses, ensuring that future water management strategies align with climate change

impacts and population growth.
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2.5.24 Stream Flow and Seasonal Variability
1 Stream flow in the Yedseram catchment is highly seasonal, with rivers experiencing peak

discharge during the rainy season (J@eptember) and significantly reduced flow or
complete drying up in the dry season (Octobtay).
1 This variability is influenced by rainfall patterns, evapotranspiration rates, and
groundwater recharge, leading to wateptuses in wet months and deficits in dry months.
a) Wet Season Flow
During the wet season (Jur&eptember), rivers in the Yedseram catchment experience peak
flows, especially in August, due to heavy rainfall. The Yedseram River significantly increases in
discharge, supporting agriculture and groundwater recharge, whilerotbrs like Bararam and
El-Beid contribute to seasonal flooding in kbying areas.

b) Dry Season Flow

During the dry season (Octobé&tay), flow in the Yedseram catchment declines, leading to
reduced discharge and the drying up of many rivers. Isolated pools remain in rivers like the
Yedseram, Bararam, and Forunduma. This scarcity increases reliance ndwgtan and

reservoirs, highlighting the need for effective water conservation and management.

2.5.25 Discharge Measurement

Discharge, the volume of water flowing through a river channel over a specific period, is a
fundamental metric for assessing water guantity invtedseramcatchment. Various agencies,

including the Nigeria Hydrological Services Agency (NIHSA) and local water resource
authorities, regularly monitor river discharge to track water availability and manage water

resources effectively.

2.5.26 Surface Water Resource Potential

1 According to Jica's study, OnBA% of the precipitation becomes runoff, and the rest

is lost as evapotranspiration and/or other forms of abstractions.
1 Total surface water resource potential is estimated at 7.2 BCM/year.

1 The total water resources potential was evaluated by adding the lost component
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without becoming surface runoff among recharge.

1 The total potential for the internal generation of water resources is estimated at 10.3
CMlyear.

1 The total annual groundwater recharge is estimated at 4.3 BCM/year as a renewable
source based on the estimated groundwater recharge. The table below shows the water

resource potential for H8
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2.5.3 Hydrological Disposition of the Catchment

As shown and explained in Figure 2.18, the catchment's hydrogeological disposition,

hydrogeological units, and aquiferous layessprisepart of its water resources.
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2.5.3.1 Groundwater Recharge

T

Groundwater recharge in the Yedseram catchment largely depends on seasonal rainfall,
with most infiltration occurring during the rainy season (J@sptember).

Water enters aquifers through rainfall and river seepage. Fractured rocks in upland areas
like the Mandara Mountains aid recharge, while sandy soils in the Chad Basin enhance
infiltration. However, factors like high evapotranspiration and-ciely soils hnder this
process, worsened by deforestation and overgrazing..

Despite its importance, groundwater recharge faces challenges such -astaction,

climate change, and desertification, which threaten-teng water availability.

Declining water tables, particularly in populated areas, highlight the need for better
management strategies.

Artificial recharge systems, afforestation, rainwater harvesting, and sustainableiseter
policies can enhance recharge and manage groundwater extraction. Integrated water
management is essential as climate variability and growing demand affect watiecess

These approaches will ensure letegm sustainability in the Yedseram catchment.
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2.6 Water Demand for Yedseram Catchment

2.6.1 Water Availability by Sub-Basin
Tab22e Wat er Resour 88 Potenti al for HA

Water Resources Potential
Total Water Resources Potenfial

Including inflow from outside Nigeria (BCM/year) 10.3
Only internal generation in Nigeria (BCMlyear) 10.3
Surface Water Resources Potential

Including inflow from outside Nigeria (BCM/year) 7.2
Only internal generation in Nigeria (BCM/year) 7.2
Groundwater Resources Potential

Groundwater Recharge (BCM/year) 4.3
Runoff Condition Only internal generation in Nigeria

Precipitation (P) (mm/year) 609
Total Run off (RO) (mm/year) 40
Groundwater Recharge (GRE) (mm/ year) 24
Loss of Recharge (LOS) (mm/year) 17
Runoff Rate (RO/P) (%) 6.6
Recharge Rate (GRE/P) (%) 3.9
Loss Rate (LOS/P) (%) 2.9
Total Water Res. Rate (RO+LOS)/P) (%) 9.5

SourceJICAProjectTeam

2.6.2 Water Use and Demand

1 Water use in the Yedseratatchment is driven by domestic, agricultural, livestock, and
industrial needs, with agriculture being the largest consumer.

1 Irrigation is crucial for crop farming in wetlands during the dry season, while livestock
watering is significant for pastoralist communities depending on seasonal water sources.

1 Domestic water demand is increasing due to population growth and urbanization,
particularly in towns like Gwoza, Bama, and Dikwa, where access to safe drinking water
remains a challenge.

1 Boreholes and wells primarily provide groundwater for domestic use due to unreliable

seasonal surface water. Climate change, -exeaction, and poor management are
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straining resources. Sustainable water use strategies are essential to balance demand and

supply.

The water demand is divided irnttee following categories:
1 Municipal water demand (including domestic, commercial, and

industrial).
1 Irrigation waterdemand.
1 Livestock watedemand.

1 Aquaculture watedemand.

2.62.1 Municipal water use
1 Municipal water demand in the basin primarily relies on groundwater due to pollution of

surface rivers and poor treatment facilities. A 2015 survey in Borno state revealed that
water from motorized boreholes accounts for 54.7% in urban areas, with utgmotec
traditional wells leading in rural areas at 24.9%.

1 Future water demand projections are crucial for balancing water demand with available
resources and ensuring adequate supply and infrastructure development. This project
focuses on improving water supply coverage and includes a sensitivity analysis with
various projection scenarios for comparison.

1 This municipal water demand is basically estimated by considering current/future
population projection and the basic quantity requirement for domestic, commercial and
industrial usage.

1 Future population projection in water demand estimation is important as it enables water
infrastructure planning and determination the potential adequacy of water source for
development and effective utilization (optimal allocation) within a catchment.

91 Daily average demand is computed by multiplying the number of intended population to
be served by per capita consumption (lit/cap/day).
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2.6.3 Livestock Indices and Water Demand
Livestock production is a key economic activity in the Yedseram catchment, with cattle, sheep,

goats, and camels being the dominant livestock species. The water demand for livestock varies

depending on species, climate conditions, thiecvailability of natural water sources.

Water Consumption: The estimateavater intake per kilogram of body weidbrt different is as

follows:

Cattle (400500 kg):30i 60 liters per daywith higher intake in hot weather.

Goats and Sheep (380 kg):5i 10 liters per daydepending on breed and environment.
Camels (500600 kg):30i 80 liters per drinking sessipiut they can go days without
water.

1 Donkeys (200300 kg):20i 35 liters per daymainly used for transport in rural areas.

Movement and Water NeedsPastoralists in the catchment practice seasonal migration from the
semtarid north to wetter southern regions during the dry season in search of water and pasture.
Livestock may cover tens to hundreds of kilometers, increasing their daily water irdakeated
additional water needs for moving livestock in the Yedseram catchment are:

1 Cattle: 5080 liters per day (compared toi8D liters for stationary cattle).

1 Sheep and Goatsi 85 liters per day (compared to 2 liters when stationary).

1 Camels: 100150 liters per drinking session, but they can store water for longer periods.

1

Donkeys: 3050 liters per day, depending on distance traveled and load carried.
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2.6.4 Aquaculture Water Demand
Basic Data for 2030 projection: Area of farm ponds by Fishery Statistics of Nigeria, Inventory of

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

The annual water supply for inland fish farming is calculated at 0.03 MCM per hectare, sourced
primarily from shallow wells (785%) and supplemented by surface runoff or stagnant water.
Water quality must meet specific requireménfsee from detergents and chemicals, neutral pH,

and dissolved oxygen above 4 ppm, with groundwater preferred for its higher oxygen content.

1 Fish Farming Projections Aquaculture is growing in the Yedseram catchment, mainly in
wetlands and ponds, reliant on water resources and species selection. Its expansion is

promising in areas with sufficient water and favorable conditions.

1 Water Demand Water demand for aquaculture depends on fish species, pond size,
stocking density, and evaporation rates. On average, 1 kg of fish requirés3)000iters
of water over its production cycle, with variations based on intensive or extensive farming

methods.
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2.6.5 Irrigation Water Demand
Irrigation is vital for dryseason farming in the Yedseram catchment, especially wheréedain

agriculture fails. Demand for water varies by crop type, soil, climate, and efficiency, averaging
5,000 12,000 cubic meters per hectare each season, espémiallgterintensive crops like rice

and vegetables.

The dry season (Octobévlay) heavily strains groundwater and surface water due to reliance on
boreholes and reservoirs. Inefficient irrigation methods and high evaporation rates worsen water
scarcity. Sustainable strategies like drip irrigation and raemi@rvesting are recommended to

optimize water use.

2.6.6 Irrigation Water Demand Projection
Future irrigation water demand in the Yedseram catchment will significantly increase due to

population growth, agricultural expansion, and climate change. Rising demand is expected as more
farmers adopt drgeason farming for food security, particularly featerintensive crops. Annual

irrigation needs may exceed 12,000 cubic meters per hectare in certain areas.

2.6.7 Existing and Potential Irrigation Areas
Existing Irrigation Areas: Irrigation in the Yedseram catchment occurs along riverbanks and

wetlands, supporting fadama farming through shallow wells and reservoirs for crops like rice and
vegetables. However, inefficient techniques and declining grourdieatls restrict expansion.
Potential Irrigation Areas: Expanding irrigation in lowland floodplains and alluvial valleys and
developing small dams and modern irrigation technologies can boost agricultural productivity.
Enhanced access to climagsilient water sources will furtherugport sustainable water
management. This approach effectively increases agricultural output.
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2.6.8 Total Water Demand/ Balance Of The Yedseram Catchment

Tab23e Water Bal ance of t he Catchment

WATER BALANCE ANALYSIS FOR YESDERAM CATCHMENT

WATER DEMAND (CUBIC METER) 2025 2050
MUNICIPAL 121,590,691 219,988,126
LIVESTOCK 47,651,545 66,156,321
AQUACULTURE 1,284,286 1,483,100
IRRIGATION 277,700,000 365,400,000
TOTAL 448,226,521 653,027,548
AVAILABLE WATER RESOURCES

(CUBIC METER) 679,505,900 679,505,900
WATER BALANCE (CUBIC METER) 231,279,379 26,478,352

SOURCE : JICA 2014 MP AND SMEC 201!
ANALYSED
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2.6.9 Infrastructure and Assets

Electrification

governments within
the catchment

economies and
industrialization.

Tab2lde Cat c hnertuwcr lenfamas Asset s
Infrastructure Location Importance Risk Factor
Dams and No recorded dams
Reservoirs within the catchment
Irrigation Bama,Biu, Enhances agriculture, Unsustainable farming
Schemes Mongonu, chibok supports food practices, lack of
production, and trade| funding, insecurity, and
land degradation.
Hydropower None recorded
Stations
Rural All the local Supports local Infrastructure failure,

security threats.

Grain Storage

Bama, Mongonu,

Reduces podtarvest

Risk of vandalization anc

Facilities ngala,Dikwa losses and supports | inadequate storage

food security. conditions.
Research Maidugri, Enhances innovation | Lack of research funding
Institutes and agricultural and data reliability

productivity.

issues.

Local Markets
and Abattoirs

Major towns in the
catchment (e.g.

Supports livestock
trade and food

Seasonal produce
availability, insecurity,

Banki, Mubi, processing industries| and pollution.

Kirawa, Bama,

G/Ngala)
Tourism (Parks | Waza Game Promotes biodiversity| Overgrazing, poaching,
& Reserves) Reserves conservation and and weak policy

cultural heritage.

implementation.

Page B9



Mecon Geology and Engineering Services Ltd

2.7 Water Quality

2.7.1 Surface Water Quality
Surface water quality in the Yedseram catchment is seasonally variable, influenced by rainfall,

runoff, and human activitie&ey sources of pollution in theatchment areeaclude:
1 Livestock Waste
1 Deforestation and Soil Erosion
1 Domestic Wastewater and Sewage
9 Industrial and Artisanal Activities
1

Climate Variability and Reduced Flow

A preliminary study indicated that river water quality is usually good in the wet season, with
acceptable levels of biochemical oxygen demand (BOD) and dissolved oxygen (DO). Conversely,
in the dry season, water quality deteriorates due to lower flowhwiampers selpurification

efficiency.

Heavy metals like iron, arsenic, and cadmium in certain rivers require ongoing monitoring to
identify their sources and improve water quality management. The study's limited sampling (one
in wet season, one in dry) hinders the establishment ofttngtiends. Continued monitoring is

strongly advised.

2.7.2 Groundwater Quality
Groundwater quality has a significant influencetloa potential for availabilityGroundwater

quality was analyzed in the context of its availability by considering the following chemical
characteristics.

U Total Dissolved Solids (STD) and Salinity

U Microbial contamination

U Heavy metals concentration
Analysesof heavy metal contamination in the Yedseram River catchment are lifigbl 25

shows the preliminary water quality status of some rivers in the catchment areas.
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Tab2a5€r el i mi nary Conclusion of Water Quality

N | State River Name Code | Wet Dry Seaso| NFA
Season
1 | Adamawa WI%rBenueatintaketoYola SW/Oé) Moderate | Poor Fe,As, Cd
River GongolaatKiri Dam SW/00 | Moderate | Moderate | Cd,Pb
1
2 | Bomo River Ngadaat Alau Dam SW/00 | Good Good
intaketo 1
MaiduguriwTP
River Banki at Bankitown SW/00 | Good Good Ni, Zn
1
JICA 2014 MP

2.7.3 Surface Water Resources
Description of the catchment

T

The Yedseram catchment in northeastern Nigeria spans parts of Borno and Adamawa
States, extending to the Lake Chad Basin. Dominated by seasonal rivers, the Yedseram
River originates from the Mandara Mountains.

Its semiarid to subhumid climate features distinct wet and dry seasons, affecting water
availability and land use.

The landscape consists of lowland floodplains, sandy and clayey soils, and patches of
savanna woodlands, supporting agriculture, livestock grazing, and fishing.

The hydrology of the catchment is influenced by rainfall patterns, groundwater reserves,
and seasonal surface water flows, with wetlands and fadama lands playing a crucial role in
sustaining livelihoods.

However, the catchment faces water scarcity, desertification, and land degradation,
necessitating integrated water resource management strategies ftartorsyistainability.

The Yedseram catchment is a seasonal river system dominated by the Yedseram River
from the Mandara Mountains along the NigeZiameroon border. It flows northeast into

the Lake Chad Basin, characterized by ephemeral rivers with high flow during the rainy

season and low or no flow in the dry season.
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1 Key rivers such as the Bararam, ForundumeaB&t, and Nasawa support wetlands and
local agriculture while creating floodplains that sustain livelihoods. However, climate
variability and increased water demand threaten these river flows. Thus, sustaatable

management is vital for the catchment.

Tabl eRun.o5 :f Yield for -8edser am, an SHA in HA

802_e 163 13,857.30 0 0 0 O 0O 04 44 78 42 04 01 O 17 666 26
8
802 802_i 164 2,422.80 0O 0 0 O 0O 0 29 46 1 0 0 0 8 517 1.6
80401 80401 165 4,647.60 0 0 0 O 0O 0 28 51 13 0 0o o0 9 517 18
80402_e 166 626.1 0 0 0O 0O 02 12 56 112 85 1 02 0 28 782 3.6
80402  80402_i 167 7,171.80 0 0 0 O 0O 05 44 73 37 03 01 O 16 664 24
80403_e 168 253.1 0O 0 0O O 09 3 72 249 273 46 09 02 69 951 73
80403  80403_i 169 6,656.50 0 0 O O 02 12 52 139 121 18 03 01 35 747 4.7
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2.7.4Ground Water Potential

Tab2a6e Amount of Groundwater by Newly Drilled

Urban/semi Rural Urban/semi Rural Urban/semi Rural
-urban/town -urban/town -urban/town

Motorized | Motorized = Hand pump
pump pump
M3/day M3/day = M3/day M3/da M3/day M3/day M3/day
y
1 Adamawa 176,499 64,336 3,435 2,007 173,064 37,397 24,931
2 Borno 290,589 82,243 37,792 4,037 252,797 46,924 31,283
TOTAL 467,088 146,579 | 41,227 6,044 425,861 84,321 56,214

SourceJICAProjectTeam2014

2.7.4.1Groundwater Recharge

1 Climate change appears to reduce groundwater recharge, with varying decreases in
different areas. Areas with lower groundwater recharge are more significantly
affected than those with higher recharge, despite similar amounts of decrease. Thus,
the impact$ not uniform across regions.

1 Groundwater levels will remain stable near rivers but significantly decrease in
inland areas far from them. These regions will be more affected by reduced
groundwater recharge. Climate change countermeasures will consider these

conditions.

2.7.4.2 Balance of Demand and Supply by Groundwater
The balance between groundwater recharge and demands is shown 2. Thbélew.

1 The groundwater demand/recharge ratio in the Yedseram catchment is 10%,
varying between 4% to 48% across the covered states. This variation results from
differences in groundwater recharge levels from state to state.

1 Groundwater demand/recharge ratios are higher in areas with sedimentary rocks,
where recharge is lower than in other regions. Aquifers extend across state
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boundaries, allowing groundwater extraction from boreholes to meet demand from

surrounding areas.

Tab2ad7eéGr oundwater Recharge @h@3®@Gr oundwater Dema

No  State Ground water Ground water demand (2030) (MCM/year)

Recharge Water Private Live Aquaculture Total = Ground
(MCM/year) Supply  irrigation stock water
Demand/
recharge
1 Adamawa 3,707 96 26 17 4 142 4%
2 Borno 570 197 47 26 2 272 48%
Total 4,277 293 73 43 6 414 10%

Source: National Water Resources Master Plan (JICA)

Balance of groundwater recharge and demand is shown in Zat#elow in case of the
Climate Change. Ratio of groundwater demand/recharge is 15% in yedseram catchment.
Effect of the Climate Change will make difference lager in water balance among states.

Tab28e Groundwater Recharge a(n2do3eymand by eff e«

Groundwater  Groundwater demand (2030) (MCM/year)

Recharge Water Private Live Aquaculture Total Ground water
(MCM/year) Supply  irrigation stock Demand/
recharge
1 Adamaw = 2,567 96 29 17 4 145 6%
a
2 Borno 295 197 53 26 2 278 94%
Total 2,862 293 82 43 6 423 15%

Source: National Water Resources Master Plan (JICA)

Page #4



Mecon Geology and Engineering Services Ltd

MECON SERVICES LTD (MSL)

2.8 Climate Change Impact on Water and Land Resources

2.8.1Historical and Future Climate Trends

The YedseranCatchment has faced significant climate changes, affecting water availability and

agriculture. Understanding these trends is vital for effective adaptation and mitigation strategies.

a) Rainfall Patterns:

o The region has witnesseidcreasing variability in rainfall patterns, with
alternating periods of excessive rainfall and prolonged droughts.

o Rainfall distribution has become more erratic, with the onset of the rainy season
shifting unpredictably, affecting agricultural planning.

o Intense rainfall events have increased, leading to flash floods and soil erosion, while
dry spells have prolonged, exacerbating water shortages.

o The projected annual rainfall trend for Yesderam from 1981 to 2@%i0ates
annual decrease in rainfall of approximately 3.41 mm, see (Figure and below ).
This downward trend implies a losigrm decline in rainfall, which could have
significant implications for water availability, agriculture, and ecosystems in the
area.

b) Temperature:

o Table é presents the mean mont h2032 t empe
and projections for 2023050, showing an overall warming trend. There are
significant temperature increases in the hottest months, while cooler months show
smaller changes. Averagmnual temperatures in the Yedseram Catchment have
risen by about 1.2°C to 1.5°C over the past 50 years.

o The mean annual temperature is expected to increase from 28.18°C to 29.04°C,
with notable rises in the warmest months: April will go from 32.97°C to 34.55°C,
and May from 32.92°C to 34.33°C. This trend suggests an even hotter dry season,
impacting water reources and crop viability.

o The cooler months like January and December exhibit slight warming, with January
increasing from 23.45°C to 24.06°C, possibly reducing winter distinctiveness.

August and September show minimal changes due to rainfall's cooling effects.
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Overall, maximum and minimum monthly temperatures rise, indicating an upward
shift in temperature ranges and potential increased heat.

o The frequency of extreme heat events has risen, particularly during the dry season,
leading to higher evapotranspiration rates and reduced soil moisture.

o The duration of hot periods has increased, affecting crop yields and livestock
health.

o October and November show significant increases, with October rising from
28.52°C to 29.11°C and November from 26.44°C to 27.51°C. This extended
warming into lateyear months could affect the length and intensity of the dry
season, impacting water demamuai agricultural cycles.

o A steady warming trend, with substantial increases in peak temperatures and slight
to moderate rises in cooler months, is the temperature trend's hallmark. These shifts
could have significant implications for agriculture, water resource management,
and pullic health, aligning with broader regional patterns of climate change.

c) Evapotranspiration

Evapotranspiration (ET) is a critical component of the hydrological cycle in the
Catchment, It represents the combined process of water loss from the surface through
evaporation and plant transpiration. Given the serparid to subhumid climatic
conditions of the region, ET plays a significant role in water availability, agricultural

productivity, and ecosystem stability.

The catchment experiencesigh potential evapotranspiration (PET)due to prolonged
sunshine hours, high temperatures, and moderate relative humidity. Based on regional

climate data and studies:

T Annual Potential Evapotranspiration (PET): Estimated af.,600 2,200 mm/year
1 Actual Evapotranspiration (AET): Ranges betwees00 1,200 mm/year depending on

land cover, soil moisture, and seasonal rainfall distribution.
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2.8.2 Projected Annual Rainfallfor Yesderam
Figure2.22shows the projected annual rainfall trend for Yesderam from 1981 to 2050.

T

The trend indicates a downward slope over time. The equatior3y4851x + 641.49
suggests an annual decrease in rainfall of approximately 3.41 mm. This downward trend
implies a longterm decline in rainfall, which could have significant implicationsidater
availability, agriculture, and ecosystems in the area.

The projected mean annual temperature for Yedseram is expected to rise from 28.18°C
(19812022) to 29.04°C (2023050), highlighting significant increases in the hottest
months, particularly from April and May.

Cooler months show moderate warming, indicating reduced seasonal variability.

These temperature shifts may impact agriculture, water resources, and public health.
Fluctuations in annual rainfall during the projected period appear to decrbmssuggests

that the projections assume a more stable but gradually declining rainfall trend.

A persistent decline in rainfall could impact agriculture, water resources, and biodiversity
in Yesderam

Lower rainfall levels may stress crops, reduce water availability, and lead to increased
competition for water resources, especially in agricitlegendent communities.

In summary, Figur.22 projects a decline in annual rainfall for Yedseram, with less variability

in the later years. This declining trend could present challenges for water resource management

and agricultural productivity, underscoring the importance of planning for potesatiat scarcity

in the coming decades.
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Annual Rainfall and Temperature for Yedzaram Catchment
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Mean monthly temper202Re afRdr52928ser am

Mean monthly Temperature | Mean monthly Temperature
Month 1981-2022 20232050
January 23.45 24.06
February 26.33 27.94
March 30.31 31.80
April 32.97 34.55
May 32.92 34.33
June 31.05 31.77
July 28.29 29.08
August 26.67 26.68
Septembe 27.35 27.42
October 28.52 29.11
November 26.44 27.51
December 23.90 24.27
Mean 28.18 29.04
Maximum 32.97 34.55
Minimum 23.90 24.06

Table2.9 compares the mean monthly temperatures for Yedsbeaween the historical period

(1981:2022) and the projected period (262350).

The data indicate an overall warming trend, with notable increases during the hottest
months and smaller changes in cooler months.

The mean annual temperature is projected to rise from 28.18°C to 29.04°C, suggesting a
consistent upward shift in temperatures across most months. March to May, traditionally
the warmest months, show considerable increases, with April rising from 32t87°C
34.55°C and May from 32.92°C to 34.33°C.

This trend indicates that the peak of the dry season will likely become even hotter,
potentially straining water resources and affecting crop viability.

The cooler months, such as January and December, show moderate warming, with January
increasing from 23.45°C to 24.06°C.

This subtle warming in the cooler months may reduce seasonal temperature variability,
making winters less distinct. August, at the height of the rainy season, remains nearly
unchanged, with only a slight rise from 26.67°C to 26.68°C.
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1 Similarly, September shows minimal change, suggesting that the cooling effects of
rainfall may temper warming during these months.

1 The maximum monthly temperature rises from 32.97°C to 34.55°C, while the minimum
monthly temperature also increases from 23.90°C to 24.06°C. These changes indicate that
the range of temperatures will shift upward, potentially leading to increased hssit stre

1 October and November show significant increases, with October rising from 28.52°C to
29.11°C and November from 26.44°C to 27.51°C.

1 This extended warming into latear months could affect the length and intensity of the

dry season, impacting water demand and agricultural cycles.

In summary, the projected data for Yedseram indicates a steady warming trend with substantial
increases in peak temperatures and slight to moderate rises in cooler months. These shifts could
have significant implications for agriculture, water resource agament, and public health,

aligning with broader regional patterns of climate change.

The pattern is represented in Fig@ra3
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2.8.3 Projected Mean Annual Temperaturdor Yesderam Catchment
Figure 2.24 presents the projected mean annual temperature trend for Yesderam from 1981 to

2050. The graph displays both historical (198122) and projected future (2028050)
temperature data.

1 Within the historical period (1982022), the figure showsonsiderable fluctuation in
annual temperatures, with noticeable peaks and dips, indicating variability in temperature
from year to year. The trendline shows a positive slope, suggesting a gradual increase in
temperature over the years, with an annuak@ase of approximately 0.0251°C.

f The R value of 0.6325 implies that the upward trend can explain about 63.25% of the
temperature variation. The future temperature projections (2088) show a relatively
flat line, showing no additional increase over this period, suggesting that tempegia¢ures
expected to stabilize at around 28.5°C.

1 The overall trend shows a warming pattern from 1981 to 2022, this is consistent with
observed global climate warming trends.
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1 The flat projection for 2022050 might reflect expectations of temperature stabilisation,
possibly due to regional climate conditions or assumed interventions in climate models.
In summary, Yesderam has experienced a warming trend from 1981 to 2022, with projections

suggesting temperatures may level off through 2050.
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2.8.4Analysis of Down scaled Output of5CMs
In otherto explore the possible change in climate conditions in future, the statistically downscaled

output of GCMs, which is provided by CCAE@re analyzed. The statistical downscaling as well

as bias correction was conducted utilizing the spatial distribution of parameters provided by
Worldclim® dataset. The available dataset by CCAFS includes the average monthly precipitation
and air temperature with 30 year running averages from 2020s to 2080s. As for the emission

scenarios, the followings are available.

+ A1B: High economic growth with globalization utilizing balanced enaayrces
+ A2: High economic growth withegionalization
+ B1: Low economic growth witlglobalization
At this moment, the down scaled output of
for download.
+ CCCMA-GCM3.1
CRIRO-MK3.0
IPSL-CM4
MPI-ECHAMS
MRI-CCSM3.0
UKMO-HADCM3
UKMO-HADGEM1

- + + + +

2.8.4.1 Scenarios forChange in Precipitation and Air Temperature
In order to assess the effect of climate change on runoff, the scenarios for change in

precipitation and air temperature are set as follows.

The scenarios refer the analysis of the statistically downscaled output of GCMs

shown in Section (2).

The target year of the master plan is 2030. Considering the project life time is
usually 50 years for civil works, the proposed project in the master plan should
be functional for 50 years after completion of the project under possible change
of climate canditions. Thus, the 2030 plus 50 years should be the longest time

frame to be considered. As the average condition from around 2015 to 2080
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(=2030+50), the results for 2050s from the output of the GSMs are referred.
For the emission scenario, A1B scenario is adopted as thdikebgtscenario.

Considering a lot of uncertainty on the precipitation, the following two cases are

taken as thecenarios.

TabAl®Scenari os for ChangBemmePatwecn i tati on an

Case Item Season HA -8 HA -8e
P(%) ANN 0 0
T(°C) ANN +2.5 +2.5
DJF +12.3 +33.3
2 P(%) MAM -0.5 +0.6
JJA +7.9 +12.5
SON +7.6 +11.8
T(°C) ANN +2.5 +2.5

Source: JICA Projedteam

Remarks:

1) P=Precipitation, T=AilTemperature

2) HA-8e: Catchment area outside Nigeria whose runoff comes into
HA-8

3) DJF=December, January, February, MAM=March, April, May,
JJA=June, July, August, SON=September, October, November,
ANN=Annual

Table2.11 below summarizes the response of internal annual runoff volume, which is
generated in the territory of Nigeria, to the change in precipitation and air temperature,

on the basis of the simulated results.

The followings arenoted,;

Page p4



Mecon Geology and Engineering Services Ltd

MECON SERVICES LTD (SL)

Tab2aldRespohateRumadd F umtehangre eci pandaTe mmer at ur e

Case Item Entire HA-8
Country

Ave. ARV (%) -18 -22

1 80%Dep.ARV(%) -19 -21
90%Dep.ARV(%) -20 -21
Ave. ARV(%) -12 0

2 80%Dep.ARV(%) -14 -1
90%Dep.ARV (%) -13 -2

Source: JICA Projecteam
Remarks: Ave. ARV=Average Annual Runoff Volume, 80% Dep. ARV=80% Dependable
Annual Runoff Volume, 90% Dep. ARV=90% Dependable Annual Runoff Volume

T a b2l1 €Summary of Climate Impact, Online Visibility, Climate Policy and Action Plan, and
Climate Appropriation in States covering Yedseram Catchment

S/No STATES CLIMATE ONLINE CLIMATE CLIMATE CHANGE IN
IMPACT (Ranging CLIMATE ACTION PROVISION STATE
from Most VISIBILITY PLAN BUDGET
Prevalent
challenges) POLICY

1. ADAMAWA  Flooding, Medium None No NO
Loss of crop yield,

Farmers/herders

clashes, Drought

2. BORNO Drought, Medium None No NO
Loss of crop yield,
Desertification,
Farmers/herders
clashes

SourceDepartment of Climate Change, Fed. Ministry of Environment. 2023
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2.8.5Evapotranspiration

High evapotranspiration rates in the catchment due to hot and dry conditions, particularly
in the north, can exceed rainfall at 2,000 to 2,500 mm annually, worsening water deficits.
This results in limited surface water availability and greater depenadengeoundwater

during dry months.

1 Evapotranspiration, a critical component of the hydrological cycle, represents the
combined water loss through evaporation and plant transpiration. Its dynamics
significantly influence water availability, agriculture, and ecosystem health, making its
studyessential for effective resource management.

1 The analysis covers historical data (129123) and projected data (202850), providing
insights into interannual variability, lortgrm trends, and future scenarios.

1 The historical period reveals fluctuations influenced by climatic factors, while the
projections indicate a consistent upward trend attributed to climate change and associated
global warming effects.

1 The observed and projected increases in evapotranspiration pose challenges for water
resources management, agriculture, and energy production, particularly in regions
dependent on dams and reservoirs for irrigation and hydropower.

1 This report underscores the implications of rising evapotranspiration for water resource
sustainability, food security, and climate adaptation strategies. The findings emphasize the
urgency of adopting innovative approaches, such as advanced irrigatemsysliimate
resilient agricultural practices, and enhanced reservoir management, to mitigate the
impacts of increasing evapotranspiration across the catchments.

1 The evapotranspiration data were sourced from Amy McNally NASA/GSFC/HSL (2018),
FLDAS Noah Land Surface Model L4 Global Monthly 0.1 x 0.1 degree (MERRWd
CHIRPS), Greenbelt, MD, USA, Goddard Earth Sciences Data and Information Services
Center (GES DISY; Accessed: [16/11/102430i:10.5067/5NHC22T9375G.

1 The evapotranspiration trends for the catchments were forecast (projected) from 2024 to
2050 based on the monthly and annual data from 1990 to 2023, deploying the growth rate

schema in Excel. It is of the following specifications:
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1 Growth Rate = (ending valuébeginning value/beginning value) x 100.

1 This above rate is then used to extrapolate for pegjbected periothy multiplying it with
the ending value.

1 The formulathus explores the data generation process by linking each value to the
previous period, which aids a graphical depiction of trends over time.

1 It needs to be noted that growth may take different forms, including simple growth and
exponential growth. Given the nature of the data when explored from the point of view of

period to period, the simple growth projection has been. used

Figure2.25presents the trend in annual evapotranspiration from 1990 to 2050. The historical data
(19902023) shows significant interannual variability in evapotranspiration, with peaks and
troughs reflecting climatic fluctuations. The average evapotranspirati@agelatively stable,

with occasional spikes above 150 mm.

1 The longterm trend suggests a gradual increase in evapotranspiration over time.

For the projected period (202050), evapotranspiration shows a more consistent upward trend,
surpassing historical variability. By 2050, values are projected to exceed 200 mm annually,
indicating a substantial rise compared to historical averages.

1 The linear trend line demonstrates a steep slope, reflecting an acceleration in
evapotranspiration rates.

1 The high R? value (0.9231) indicates a strong correlation between time and
evapotranspiration, suggesting that the increasing trend is statistically significant and
likely driven by climate change factors.

1 Higher evapotranspiration values withcreasecrop water demands, soil moisture
depletion, and a shift in crop suitability.

1 Higher evapotranspiration rates mean crops require more water for optimal growth,
stressing existing irrigation systems.

1 Faster evaporation rates will quickly deplete soil moisture, potentially leading to crop
failures during droughts. Traditional crops may no longer be viable under these conditions,
necessitating the adoption of drougésistant or wateefficient varietes.
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Increased evapotranspiration will result in greater water loss from open water bodies, including

dams and reservoirs, reducing storage capacity. The decreased water levels would hinder

hydropower generation, impacting energy supply.

1 The situation would further exacerbate competition for limited water resources between

T

Evapotranspiration (mm)

Fig

agriculture, industry, and domestic use.

The upward trend in evapotranspiration underscores the urgent need for sustainable water

management practices in the Yedseram Catchment. This includes adopting advanced

irrigation techniques, enhancing reservoir efficiency, and promoting cliresileent

agricultural practices.

Without proactive measures, rising evapotranspiration could significantly impact food

and water security in the region.
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2.8.6Major Impacts of Climate Change

Cli mate change has devastat.i
amdi viensf rsasmea uacft utr lee

i ncl udec ssmamioc , heal t h,

i mpacts mentioned

MECON SERVICES LTD (MSL)

ng effects on

Tab2adl8 Key |I mpacts 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

Vectorborne diseases
Mental health impacts
Injuries and trauma

Infrastructure Power Outage

and Service Transportation disruption
Water and sanitation disruption
Communication disruption

2.8.7National and International Climate Change Frameworks/Agreements
The NWRMP (JICA,2014) investigated the climate change effects on Nigeria. Thifamgyend

S e\
dre

of rainfall and air temperature in the past in Nigeria has been considered based on meteorological

datasets collected from NIMET and was summarized as follows:

x There is a linear tendency of increase in air temperature in the lpsa&)

x 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;

x Generally, most parts of the country show evidence ofteng temperaturicrease;

x  Annual rainfall showed a decrease of 2 to 8mm/ year across many partsadihg.

According to JICA studies 2014, it was found that the annual rainfall does not change over the

coming 35 years. However, the temperature changes % @w@r the time frame.
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2.8.7.1Climate 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 about3legree Celsius in the case of A1B scenario, which is about
1.5 times higher than the average in the world. As fer ghrecipitation, the predictions of
precipitation by different GCM models vary very much. ltis difficult to conclude the general

tendency for the change in precipitation.

28.72Ni geri adés First National Communication on
I n the Nigeriads First Nati onal Communi cati on

have been discussed based on several GCM model output. The following findings were noted.

+ The most significant changes are with respect to temperature and tempesiaieck
parameters.

+ There has been an observed trend towards aridity irfS&hhran West Africa his 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 by the
increases iprecipitation.

+ The difference in climate conditions from coastal areas to the northern part of the country

could become more significant.

2873Ni geri ads Second National Communication on
Nigeria's Second National Communication on Climate Change is essential for assessing and

tackling climate change impacts according to the Paris Agreement and UNFCCC. It analyzes
greenhouse gas emissions and vulnerability while proposing adaptation ayationtstrategies

tailored to Nigeria's socieconomic and environmental conditions.

The findings of the SNC highlight the escal a
ecosystems, economy, and communities, particularly vulnerable populations. Some of the key

findings are listed below;
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i.  Greenhouse Gas (GHG) Inventory and Emissions Trends
ii.  Vulnerability and Impacts of Climate Change
iii.  Adaptation Measures and Challenges
iv.  Mitigation Strategies and Potential
v. Barriers to Climate Action

vi. International Cooperation and Support Needs

Some of the outcomes and Future Steps are also presented below;
i.  Strengthening Policy Frameworks
ii.  Public Awareness and Community Engagement

iii.  Focus on Renewable Energy Expansion

iv.  Capacity Building and Research Development

2874Ni geri ads Third National Communication on
The Third National Communication on Climate Change was held to update Nigeria's assessment

of GHG emissions, climate vulnerabilities, and adaptation strategies. It reflects the country's
ongoing commitment to climate action and sustainable developmentrepoet presents a
comprehensive review of climate policies and future directions for @#&rton economy.

Nigeria's emissions mainly come from Agriculture, Forestry, and Other Land Use (60.1%), with
energy contributing 33.9%. Without action, emissions could increase by over 58% by 2035 amid
serious climate vulnerabilities.

Key findings and outcomes were similar to the second National Communication with some
improvement such as;

I.  Capacity Building, Technology Transfer, and Financial Needs

ii.  Enhanced Policy Framework and Institutional Coordination
iii.  Scaling Up Renewable Energy and Green Economy Initiatives
iv.  Strengthening Community Engagement and Resilience Building

v. Research, Innovation, and Monitoring Systems
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2.8.7.5The Paris Agreement
Since joining the UNFCCC in 1994, Nigeria ratified the Kyoto Protocol in 2004 and the Paris

Agreement in 2007. The Paris Agreement, adopted on December 12, 2015, aims to limit global
temperature rise to below 2°C, with efforts to cap it at 1.5°C. It tfekteon November 4, 2016.
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2.9Flood and Drought Vulnerability

The rainfall pattern within the catchment revealed a wide range of rainfall distribution across the

e
MECON SERVICES LTD (MSL)

city, with the values showing a sharp variation in spatial distribution from 689mm around the

Adamawa Mountains to 216mm in almost 85% of the catchment area

This suggests that precipitation may be one of the major drivers of flooding in the catchment area.

Intense, localized rainstorms have the potential to result in flash flooding, particularly in areas

where the urban drainage system is overwhelmed, howteeecatchment area is predominantly

a rural area and annual average precipitation data may not capture these variations, but they are

important in assessing the flood risk in the catchment.
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Proximity to streams is crucial in flood vulnerability analysis, as closer distances indicate a higher
likelihood of flooding. In this study, areas withirl® km of the river are considered closest, while

areas 98L11 km away are far from the river.
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Water body 5 extremely vulnerable. Directly involves water, prone to overflow and
flooding during heavy rainfall.

Riparian/wetland 5 extremely vulnerable. Naturally waterlogged areas with high
susceptibility to flooding.

Settlement/buildup 4 High vulnerability. Impermeable surfaces increase runoff, leading
to higher flood risk.

Cropland is assigned 3 which indicates moderate vulnerability. This class can retain some
water, but largescale runoff can still occur.

Bare surface, 3 also indicates Moderate vulnerability. Limited vegetation means higher
runoff and erosion potential.

Shrubland 2 Low vulnerability. Some vegetation reduces runoff, but not as effective as
forests.

Vegetation/forest 1 Least vulnerable. Dense vegetation and root systems improve water
absorption and reduce runoft.
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2.9.1Flood Vulnerability
The study used a weighted overlay analysis to assess the potential flood vulnerabilities across the

catchment. The composite flood vulnerability map resulted from overlaying datasets, including the

DEM, Proximity to rivers, precipitation, slope, and Larse# l,and cover.

T

Prior to the overlay analysis, the layers underwent categorization, weighting, and scoring
on a I 9 scale. Proximity to rivers received the highest weight, followed by elevation,
precipitation, slope and Land use,

The flood risk map delineates various potential flood zones within the catchment area,
classified into five risk levels: Highly not vulnerable, Not Vulnerable, moderate,
Vulnerable, and highly Vulnerable (Figure above). The total study area43&ks2.

Areas with low flood risk areas are primarily located in kédgavation regions, which, due

to their favorable topography, and the restricted areas around the Lake Chad area which
also receive low rainfall, are less likely to experience flooding.

Moderate flood vulnerability zones are also mostly found around the high mountains of
Adamawa are with diverse topographical features.

While these areas are not as susceptible to severe flooding as thiskmyeas, they still

hold the potential for moderate flooding, particularly during heavy rainfall events.

High and very high flood vulnerability zones are predominantly concentrated in areas with
lower elevation. These areas face a greater risk of flooding due to its adjoining proximity
with the highlands.

Despite the result of the analysis, the region generally experiences less flooding because of the

sedimentary nature of the geology which encourages infiltration and less runoff.
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Tab2alet Fl ood risk analysis class name of the
Class Name Ha %
Farmland 926599.4 75.43334
Wetland 90,855.6 7.396445
Waterbody 153609.3 12.50515
Vegetation 34,654.65 2.821193
Builtup 21,506.32 1.750804
Baresurface 1143.276 0.093073
LULC
1000000
900000
800000
700000
600000
500000
400000
300000
200000
100000
Farmland Wetland Waterbody Vegetation Builtup  Baresurface
EHam%
Fi g3l ass name bar chart (Source MSL 2024)

The flood risk analysis shows the Land use/Land cover of éh@d8,369Ha is at high risk of

flood and of this figure, farmland makes up about 75% of the land use/land cover at risk at
926,599.4Ha, while the least is bare surface at 0.0931%
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The September to October 2022 flooding in this catchment affected approximately 55,000 people,
damaging housing and agricultural lands. Ongoing insecurity compounded the situatikamgy

humanitarian access challenging.
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2.10 SocieEconomic Dynamics

2.10.1 Population Distribution Growth

Population Projection
Population was projected using the 2006 census data for a duration up to 2050 by utilizing the
projection growth rate in the tal#el4below

Tab2ald oPul ati on projection ratio

20162015 20152020 | 202062025 | 20252030 203062035 20352040 2040| 2045 2050
2045

2.78% 2.71% 2.65% 2.60% 2.54% 2.35%
Source(UN, 2012)

YEDSERAM CATCHMENT

=
o

Population (Millions)

O P N W b O O N © ©

2006 2022 2025 2030 2035 2040 2045 2050
Periods

Fi gR32 Popul ati vemdPermgagmcCatonhment
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Tab2alés Summary of Yedseram Catchment
NAME STATES | POPULATION | GEOGRAPHY | GEOLOGY | HYDROGEOLOGY | VEGETATION | THREATS
AND
CHALLENGES
Yedseram Borno About 3.8 Varies The geology| Surface water Varies from Similar
Adamawa million reside | depending on | of the Lake | availability relies on | Sudanian challenges to the
within this specific sub Chad Basin | seasonal rainfall and| savanna in the | Gali-Lamurde
catchment (NP( catchments Is complex, | river flows. south to desert | catchment, but
projection for | within the with Groundwater in the north. on a larger scale
2022) eastern section, sedimentary| resources are presern Desertification | Water scarcity,
Can include rocks, but face pressure ang is a major threat| poverty,

plains, plateaus
and highlands

igneous
intrusions,
and volcanic
formations
in some
areas

potential salinization

environmental
degradation, and
competition for
resources strain
livelihoods like
agriculture and
livestock rearing
Biodiversity
issues and
insecurity.
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2.10.2 Demographics and Poverty
Tab2dlg Catchment Demographics and Poverty

STATE | DEMOGRAPHICS AND POVERTY

BORNO | Borno State, located in northeastern Nigeria, has a diverse demod

profile. Here are some key statistics:

- Population: As of 2016, the estimated population of Borno Sta
approximately 5.86 million people, making it the eleventh most popt
state in Nigeria.

The local governments of Abadam, Askira/Uba, Bama, Damboa, Dik
Gwoza, Kala/Balge, Konduga, Kukawa, Mafa, Marte, Monguno, and
Ngala in Borno State exhibit extremely high levels of poverty, with
estimates indicating that more than 75% of households dikevthe

poverty line. Several factors contribute to this extreme poverty:

1. Protracted Conflict and Displacement: Borno State is the epicg
of the Boko Haram insurgency. Continuous attacks and violen
confrontations have led to the displacement of millions of peoj
within and beyond the state's borders. The resulting humanita
crisis has caused massive destruction of infrastructure, agricu
and economic activities. Local governments such as Bama, N
Kala/Balge, and Monguno have witnessed some of the most g
impacts, pushing them into Phase 4 (Emergency) orothee f
insecurity scale.

2. Di srupted Livelihoods and EG¢
was primarily based on agriculture, livestock rearing, and trad
However, with large portions of the population displaced and
infrastructure destroyed, these traditional economic activities |
been severely disrupted. In LGAs like Mafa, Kukawa, and Gw
where the rural economy heavily depended on farming, insurg
and insecurity have severely curtailed agricultural productivity
Even essential markets have been disrupted due to insexnatity

poor accessibility.
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3. Widespread Malnutrition and Health Crises: With most of the

Mecon Geology and Engineering Services Ltd

population dependent on humanitarian assistance, malnutritio
lack of healthcare have become critical issues. The Cadre
Harmonisé reports that many of these LGAs have entered Phg
signifying large food consumption gaps, critically high
malnutrition rates, and even increased mortality risks. This dir
correlates with the extreme levels of poverty, where househol(
struggle to access even the most basic needs.
4. Environmental Degradation and Climate Stress: The Yedseral
catchment is also exposed to climatduced challenges such as
flooding, which is exacerbated by poor land use and degradec
watersheds. LGAs such as Abadam and Marte have been
particularly affectd by both insurgency and environmental
challenges, reducing agricultural yields and increasing food

insecurity.

- Age Distribution: The population is relatively young, with about 509

residents under the age of 15 3.

- Ethnic Groups: The dominant ethnic group in Borno State is the K
people, but there are also other ethnic groups present, including the

Arabs and the Babur/ Bura peopl e

- Language: The main languages spoken in Borno State are Kanuri, |

and Shuwa Arabic

- Religion: Islam is the predominant religion in Borno State, wit

significant majority of the poy

- UrbanRural Distribution: The state has a mix of urban and rural a

with the capital city Maiduguri being the largest urban center 3.
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- Education: Education is a key sector in Borno State, with se

Mecon Geology and Engineering Services Ltd

institutions of higher | earni ng

- Economy: The economy of Borno State is largely agrarian, with crop
sorghum, millet, and peanuts be¢

Borno State has a poverty index of 64%, ranking it among the poorest
in Nigeria . The state's poverty level is attributed to various fag

including:

- Low Economic Growth Performance: Borno State's economy has
witnessing low growth due to factors like insurgency, low industrializa

and agricultural production 2.

- Insurgency, Crime, and Violence: The activities of insurgent groups
resulted in the death of over 10,000 people and displaced over a T

individuals, crippling economic activities and creating food insecurity

- Debt Burden: The state has a debt profile of N30.9 billion, w
encroaches on government expenditure for social and phy

infrastructure 2.

- Human Capital Development: Borno State has a poor human develo
index, with a literacy rate of about 14.5% and high infant and tfnde
mortality rates 2.

To alleviate poverty in Borno State, the government anegomernmenta
organizations have implemented various programs, including cre
enabling environments, setting up local programs and schemesg
establishing a Ministry of Poverty AlleviationMowever, these measur

have not been successful in reducing poverty levels in the state.
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Adamawa

Adamawa State in Nigeria has a diverse demographic profile. As of
the projected population is approximately 4,902,100 people, with a

equal split between males and females 23,

The state has over 100 indigenous ethnic groups, making it one of th
heterogeneous states in Niger.i

include:

- Fulani: The dominant ethnic group in the state

- Mumuye: Known for their expertise in farming and herding

- Higi: Skilled in farming, herding, and fishing

- Kapsiki: Engaged in farming, herding, and trading

- Chamba: Known for their agricultural skills and traditional crafts

In terms of occupation, the majority of the population is engage
far mi ng, herding, and fishing
industries, including leatherwork, calabash decoration, mat weg

pottery making, metalwork, canoecarviagn d c |l ot h dy e

Adamawa State has a total area of 39,742.12 square kilometers, mg
one of the | argest states in N
also home to a federal university and various industries, including & {

processing plantand atimdem du st r vy

Adamawa State has a poverty index of 59.9%, ranking it 25th amor

37 states in Nigeria, including the Federal Capital Territory (FCT) 1.
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means that almost 60% of the population in Adamawa State lives belg

Mecon Geology and Engineering Services Ltd

poverty line.

The local governments of Hong, Madagali, Maiha, Michika, Mubi Nor
and Mubi South in Adamawa State exhibit high to very high levels of
poverty, with estimates suggesting that between 50% to 60% of
households live below the poverty line. The poverty fibnan these

areas is largely a result of:

1. Conflict and Insurgency: The Boko Haram insurgency has
significantly impacted these local governments. Frequent attag
and insecurity have led to substantial displacement, destructiq
infrastructure, loss of livelihoods, and limited access to essent
services such as education, healthcare, and clean water.
Displacement has also interrupted traditional farming and trad
activities, which are primary economic drivers in these areas.

2. Limited Economic Opportunities: Before the insurgency, the
region was characterized by modest agricultural and commerq
activities, mainly in food crops and animal rearing. The crisis I
rendered many areas unsafe for farming and trading activities
pushing many households deeper into poverty. Lack of
employment opportunities further compounds poverty.

3. Food Insecurity: According to Cadre Harmonisé assessments
governments in Adamawa have been classified in Phase 3 (C
indicating high food insecurity, which often overlaps with pove
With disrupted livelihoods, many households are unabédftod
basic food items, resulting in compromised dietary quality and

increased malnutrition rates.

Breaking it down further, a study analyzing poverty levels am

households in Girei Local Government Area of Adamawa State foun
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60% of respondents were poor, with a poverty gap of 27% and a p(
severity of 10% 2. Another study in Michika Local Government A

revealed that 64% of households were poor, with a poverty gap of 33

These statistics indicate that poverty is a significant challenge in Ada
State, with a substantial proportion of the population struggling to

their basic needs.
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2.10.2.1 Unsustainable Livelihoods
Many communities in the Yedseram catchment rely on natural resources for their livelihoods,

MECON SERVICES LD (MSL)

including farming, fishing, and livestock rearing. However, high poverty levels and limited access
to alternative livelihoods have led to unsustainable resource use
1 Overexploitation of Resources Due to poverty, local communities often resort to
overharvesting resources, such as overfishing, deforestation for firewood, and

overgrazing, leading to loAgrm environmental degradation.

1 Lack of Alternative Livelihoods: In many rural areas, there are limited opportunities for
alternative income sources. This forces people to rely on agriculture and natural resources,

making it difficult to implement sustainable practices.

2.10.3Gender Issues
Challenges

Gender inequality in the catchment is driven by cultural, social, and economic factors that
disadvantage women and vulnerable groups. Limited access to education, skills, and financial
services restricts their economic opportunities and participationaitketehip and decisien

making.

Socioeconomic challenges like poverty, conflict, and weak governance exacerbate issues related
to climate change. Women face increased vulnerability to its impacts, including natural disasters
and migration, which elevate their risk of gentlased violece (GBV) and hinder their ability

to adapt. Although policies such as the Gender Policy and Violence Against Persons Prohibition
(VAPP) Law are in place, their implementation is hindered by language barriers, lack of

community engagement, and insufficiemforcement.

Opportunities

Despite challenges, the catchment presents opportunities for advancing gender equality. The
presence of government, civil society, and development écspsrred by insurgeneselated
intervention® has increased funding and programs targeting gender aiadl isalusion. These

efforts provide a foundation for integrating gender considerations into resource management and

development initiatives.
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Recommendations
U Social and Behavioral Change CommunicationPromote rightdased social norms

through sensitization campaigns, emphasizing equitable resource management and gender
inclusion. Utilize local knowledge and innovative approaches to address cultural beliefs

and foster gender equity.

U Economic Empowerment Enable women to access credit, land ownership, and
entrepreneurial opportunities. Encourage government initiatives that support Mezmen

businesses, enforce equal pay, and create policies for career advancement.

U Policy Implementation: Translate existing policies into local languages and engage
communities to ensure effective implementation. Develop costed workplans and budgets

for translating policy into action.

U Addressing GBV: Make GBV prevention and response integral to all programs. Establish
confidential reporting systems, grievance redress mechanisms, and referral directories to
support survivors. Promote cultural shifts that redefine masculinity and challenge GBV

norms.

U Multi -Sectoral Collaboration: Integrate gender and social inclusion across sectors such
as education, agriculture, water resources, and economic development to strengthen the

impact and sustainability of programs like ACReSAL.

By addressing these challenges and leveraging opportunities, sustainable resource managemen
and socieeconomic development can be achieved with equitable gender representation and

participation.
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CHAPTER 3 : STAKEHOLDER
ENGAGEMENT AND GOVERNANCE

3.1 Methodology

Considering that the strategic catchment management plan study was conducted on a macro level,

MECON SERVICES LD (MSL)

stakeholder mapping for participants was done mainly on an institutional level. The institutions
sent in representatives at a central location. Information atheigd through interviews, focus

group discussions and outright enquires.

3.2Key Stakeholders Engaged

For the purpose of this studyre stakeholder engagemennceptghathave beemmployed are
as follows:

Water Resources
T Natural Resources{
1 Threasand Challenges Natural Resources
9 Socioeconomics (Forestry, Mineral

1 Policies Resources, etc)

To develop the strategic catchment management plan at a macro level, the study entailed the
engagement of institutional stakeholders.:
I. Chad Basin Development Authority, Maidug@orno

il. Northern Borno Development Initiative Initiativ@&orno

iii. Kanem Borno Human Development Association (KabhuBajno
V. Center for Arid Zones Studies, Uni Magbrno

V. Farmers association/ pastoralists of the State

Vi. Rural Water Supply and Sanitation Agency (RUWASA)

Vil. State Ministries of Environment,
viii.  State Ministry of Agriculture and food security
iX. State Ministry of Water Resources,

X. State Ministry of Min of Lands,

Xi. State Ministry of Women Affairs,
Xil. State Ministry of Solid Mineral Development
xiii.  State Miners Association
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3.3 Major Topics for Stakeholder Discussions

The above stakeholders were considered as the institutions that could influence and impact

development of the strategic catchment management plan.

Stakeholders were engaged in group settings in each State , in this case ,mainly Bornu State to

discuss key issues affecting development of catchment and opportunities for addressing these

issues. The FPMU team first presented the results of the catchnapsis, focusing on the

biophysical and socieconomic aspects. The meetings then tried to develop a consensus around

a longterm vision, strategic goals for catchment development, and finally, priority actions.

The discussions covered issues and potential best practices around:

=4 =4 =4 4 -4 A A4 -

Water management

LandUse

Environmental protection/biodiversity conservation

Community benefits

Economic development

Climate change resilience

Monitoring and evaluation alignment of policies governing the catchment

Insecurity Issues

More specific topics included:

T

=4 =4 =4 4 A4 A4 -4 A -

Water supply

Agriculture

Industrial use

Making rivers more navigable

Implementing the water charter of the Basin

Creating and maintaining a decision support system/databank for the catchment
Need for a Dam within the catchment

River training

Flow proportioning structures

Restoration and expansion of the hydromet monitoring network
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3.4 Key Points from the Stakeholder Engagement

Based on the stakeholder engagement information from Annex 1 on strategic issues and

opportunities, the following detailed points were developed around the key topics of interest

identified in the previous section above:

1. Water Management and Access

(0]

(o]

Stakeholders emphasized the importance of sustainable water resource
management, particularly addressing overuse and pollution from upstream
activities.

A significant focus was on implementing and enforcing operational guidelines for
dams and reservoirs, alongside river training to manage sedimentation and flow
distribution effectively.

Enhancing climate resilience through rainwater harvesting and expanding
hydromet monitoring networks were considered critical.

2. Land Use and Degradation

(o]

Concerns were raised about unsustainable farming practices, leading to soill
degradation and reduced productivity.

Encroachment into forest reserves for agriculture was identified as a pressing issue,
impacting biodiversity and contributing to deforestation.

3. Environmental Protection:

(o]

Restoration of degraded wetlands and afforestation initiatives were highlighted to
improve ecosystem services and carbon sequestration.

Stakeholders emphasized the need for protecting riparian corridors and ensuring
the sustainable use of natural resources.

4. Community and Livelihoods:

(o]

There was widespread acknowledgment of the secamomic challenges linked
to water resource access, including poverty and food insecurity.

Livelihood support through initiatives like providing farming equipment, credit
facilities, and skills training was noted as a vital intervention.

Issues of insecurity in certain regions hinder the effective implementation of
initiatives.

5. Institutional Gaps and Policy Alignment

(o]

Weak coordination among agencies and gaps in policy implementation were
recurring themes.

Suggestions included harmonizing existing policies on land tenure, mining, and
water resources, alongside developing costed action plans and budgets.

Page B3



Mecon Geology and Engineering Services Ltd

MECON SERVICES LD (MSL)

6. Strengthening Coordination Mechanisms:

o Create a multstakeholder platform to improve collaborative decision
making.

o Encourage capacity building for local institutions to enhance governance
structures.

7. Promoting Sustainable Practices:

o Roll out communitydriven sustainable agricultural practices and integrated
land management approaches.

o Incentivize the use of organic farming methods to reduce chemical runoff into
water systems.

8. Enhancing Data and Monitoring Systems:

o Regularly collect and share water quality and hydrological data to inform
planning and mitigate risks.

o Utilize modern tools like GIS and remote sensing for better resource
management.

9. Engaging Communities:

o Strengthen community engagement through awareness campaigns about
sustainable practices.

o Include gendesensitive approaches to empower marginalized groups,
particularly women, in resource management activities.

In consideration of a clear understanding of the outcome of the valuable inputs from the
stakeholders, as indicated above and listed in the components of the plan interventions were

suggested:

Most in concurrence with the stakeholder output,
U While others were slightly modified in line with existing data on related factors, as
deduced from the study, the idea is to develop the most practicable intervention projects.
U By addressing these identified challenges and leveraging the opportunities highlighted,
the catchment management plan can achieve sustainable development outcomes that

balance ecological health with so@oonomic goals.

It is pertinent to note that there were very few areas of none concuwhilee participants
preferred that the management of the catchment should be under the purview of the North East

Development Commission (NEDC)
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3.5 Coordination Mechanisms

The roles of federal, state, and local stakeholders in catchment plan Management and

implementation are:

Federal Stakeholders

1. Federal Ministry of Environment: Provides overall guidance and coordination for catchment
management in Nigeria. Supports the implementation of environmental aspects of the catchment
plan, including conservation and sustainable use of natural resqthromsgh the ACReSAL
project)

2. Federal Ministry of Water Resources and Sanitation: Provides support in implementation and
guidance.

3. Federal Ministry of Agriculture and Food Security

4. National Space Research and Development Agency (NARSDA): Provided Satellite data

5. National Centre for Remote Sensing (NCRS): Provided geospatial support

6. Nigerian Meteorological Agency (NIMET): Provides climate and weather data to support
catchment planning and management.

7. National Emergency Management Agency (NEMA): Supports disaster risk reduction and

management efforts in the catchment.

State Stakeholders

8. State Ministry of Water Resources: Implements déatel policies and programs for catchment
management.

9. State Ministry of Environment: Supports the implementation of the catchment plan's
environmental aspects at the state level.

10. State Ministry of Agriculture: Supports sustainable agriculture practices and water
management in the catchment.

11. State Emergency Management Agency (SEMA): This agency supports disaster risk reduction

and management efforts in the catchment.

Local Government Stakeholders
12. Local Government Councils: Implement catchment management plans at the local level,

including waste management and environmental conservation.
Page B5



Mecon Geology and Engineering Services Ltd

MECON SERVICES LD (MSL)

Community Oriented Stakeholders

13. CommunityBased Organizations (CBOs): Support commulaty initiatives for catchment
management, including water conservation and sustainable land use practices.

14. Traditional Rulers: Provide leadership and support for catchment management efforts at the
local level.

15. Farmers and Water Users Associations: Support sustainable water management practices anc
conservation of natural resources in the catchment.

16. Civil Society Organizations (CSOs): Support advocacy and awanengsg efforts for

catchment management and conservation.

Private Sector Stakeholders
17. Private Sector: Supports the implementation of catchment management plans through
corporate social responsibility initiatives and investments in sustainable water management

practices.

Research Institutions
18. Research Institutions: Provide technical support and research expertise for catchment

management and conservation efforts.
International Stakeholders

19. International Development Partners: Support catchment management efforts through funding,

technical assistance, and capatitylding programs
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Based on the biophysical and seeimonomic assessment and comprehensive stakeholder engagement, the consensus for a strategic vision for the

Yedseram catchment is:

CHAPTER 4 : STRATEGIC VISION AN D GOALS:

fi T attain a comprehensive, sustainable, efficiantl equitable use of all th
resources within the catchment

The consensus for lorigrm and shofterm strategic goals and expected outcomes are shown in Table 4.1 below:
T a bdlle

Strategic Goals of the Catchment
LONG-TERM KEY PERFORMANCE SHORT TERM KEY PERFORMANCE TARGETS
STRATEGIC GOALS INDICATORS (KPIs) STRATEGIC GOALS INDICATORS (KPIs) (EXPECTED
(2030) (2025) OUTCOMES)
1. Ensure Sustainable| | Percentage increase in| 1.Conducta 1 Completion of the Improved Water
Water Resource yea!‘-rognd water _ Comprehensive comprehensive quality and quantity
availability for domestic; Assessment of the assessment report
Management: agricultural and Catchment 0s within the defined
industrial use. Resources, Ecosystem timeframe
o Promote . 7
. " Number of water Services, and Livelihoods " Number of natural
integrated sources protected and resources, ecosystem
water rehabilitated (e.g., services, and
springs, boreholes, livelihood indicators
resource rivers. assessed
management 1 Reduction in drought 1 Percentage of

(IWRM)  to

related water shortages

stakeholders consulte
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balance wate| § Percentage of water during the assessmen
users adopting efficient process
demand .
water use practices (e.g 1 Number of maps and
across rainwater harvesting, datasets produced
domestic, drip irrigation) 1 Identification of key
_ challenges and
agricultural, opportunities
industrial, and documented in the
assessment report

environmenta
needs.

o Enhance thg
protection ang
conservation
of surface ancg
groundwater
resources g
prevent
depletion ang
degradation.

2 Promote ' Improvement in 2. Establish a Multi- 9 Increase in number of,  Increase in forest
' biodiversity indicators | Stakeholder Platform for stakeholders cover and
Sustainable  Land (e.g., number of specie| Coordinated Management represented in the biodiversity

observed)

of the Catchment
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(o]

Use and Ecosysten

Protection:

Implement
land-use
planning
strategies tha
prevent
environmenta
degradation
and promote
watershed
conservation.
Encourage
reforestation
and
afforestation
initiatives  to
enhance
ecosystem

stability and

1 Area of critical

ecosystems (forests,
wetlands, wildlife
habitats) protected and
restored.

Increase in ecgystem
services (e.g., water
regulation, soll fertility,
carbon sequestration).
Reduction in
deforestation and land
degradation rates
Number of community
led conservation
initiatives

multi-stakeholder
platform.

Frequency of platform
meetings (e.g.,
quarterly or
biannually).

Increase in the
percentage of platforn
members actively
participating in
meetings and
activities.
Development of a
terms of reference
(TOR) or governance
framework for the
platform.
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water

retention.

3. Promote Sustainable
Agriculture and Livestock
Practices Promote
sustainable agriculture and
livestock practices, includin
conservation agriculture,
agroforestry, and integrated
water management, to redu
environmental degradation
and improve livelihoods.

Percentag@ecrease
in farmers adopting
sustainable
agricultural
practices.

Reduction in soil
erosion and land
degradation rates
Increase in
agricultural
productivity

Number of
integrated water
management systen
implemented
Percentage reductio
in the use of harmful
agrochemicals

3. Develop and Implement a
Water Resources
Management Plan

Completion and
approval of the water
resources manageme
plan within the definec
timeframe

Number of water
resource managemen
interventions
implemented
Increase in the
percentage of water
users adopting
efficient water use
practices.

Reduction in water
related conflicts
Improvement in water
quality indicators

4. Enhance Climate
Resilience Implement
climateresilient practices,
including climatesmart
agriculture, disaster risk
reduction, and ecosystem

based adaptation, to enhan

Percentagef
households and
farms adopting
climatesmart
agricultural
practices.

4. Launch a Sustainable
Agriculture and Livestock
Program

Increase in number of
farmers trained in
sustainable agriculture
and livestock practices
Area of land (in
hectares) under

Reduced greenhouse
gas emissions
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the catchment's resilience {(
climate change.

Reduction in crop
failure rates due to
climate variability.
Number of disaster
risk reduction
measures
implemented (e.g.,
early warning
systems, flood
barriers)

Increase in the use ¢
ecosystenbased
adaptation practices
(e.g., reforestation,
wetland restoration).
Percentage of
communities with
access to climate
resilient
infrastructure (e.g.,
flood-resistant
housing, drought
resistant water
systems).

sustainable agricultura
practices.

Increase in crop yield
pr livestock
productivity.
Reduction in soil
erosion and land
degradation rates

5. Improved Livelihoods
and Well-Being of the
various stakeholders in the
catchment Enhance the
livelihoods of local
communities, including

women and youth, through

Percentage increase
in household income
among local
communities.
Improvement in
access to education

5. Establish a Climate
Change Mitigation and
Adaptation Program

Number of climate
change mitigation and
adaptation measures
implemented
Increase in percentag
of households

Enhanced livelihoods
and human welbeing
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improved access to and healthcare adopting climate
education, healthcare, and services. resilient practices
economic opportunities. Percentage increase Reduction in
in women and youth vulnerability to
engaged in income climaterelated
generating activities, disasters
Reduction in poverty Number of community
rates within the awareness campaigns
catchment conducted on climate
change mitigation and
adaption
Improvement in
climate resilience
indicators (e.qg.,
reduced crop failure
rates, increased water
availability during
droughts)
Increase in number 1 Infrastructure Improved governance

6. Strengthen inclusive
governance/ Institutional
capacity and Stakeholder
Partnerships: Strengthen
governance and stakeholde
engagement, including the
involvement of local
communities, civil society
organizations, and private
sector entities, to ensure
inclusive decisiormaking

of stakeholder
engagement
platforms establishei
and functional
Increase in local
communities
actively participating
in decisionmaking
processes.
Percentage increase

in environmental

Development  and
Management:

a. Upgrade anc
expand watel
supply
infrastructure

to meet the

and stakeholder
engagement
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and coordinated manageme
of the catchment.

regulations and
policies enforced
effectively.
Reduction in land
use conflicts

growing needs
of urban and
rural
populations.
Improve
irrigation
efficiency
through
modern
techniques
such as drig
and sprinkler
irrigation
systems.
Enhance
stormwater
management
infrastructure
to prevent|
urban flooding

and erosion.
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7 Disaster
Preparedness  and
Climate Adaptation:

a. Strengthen
early warning
systems  for
floods and
droughts
through
enhanced
meteorological
data
collection.

b. Implement
community
based
adaptation
programs  to
enhance
resilience  to|

climate
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induced watel

stress.

(0]

3. Enhance Water
Supply and
Sanitation Services:

Expand
access tq
clean and
reliable water
for domestic,
agricultural,
and industrial
use.

Improve
wastewater
management
and sanitatior|
infrastructure

to prevent

1 Water Resource

a. Establish mechanism

Sustainability:

for monitoring and
regulating watel
abstraction to prever
overextraction of
groundwater.

Develop policies tg
ensure equitabls
distribution of water
resources acros

different sectors.
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contamination

of water
bodies.

4. Support Socic 6. Community o Encourage
Economic Engagement and sustainable
Development Awareness: agricultural
through Water o Increase expansion
Security: public through  the

o Promote awareness provision  of

efficient and
sustainable
agricultural
practices to
enhance fooc
security and
livelihoods.
o Encourage
industrial and

economic

campaigns of
sustainable
water
management
practices.

o Encourage
community
led water
conservation

initiatives

waterefficient
technologies
and training
programs.
Foster
industrial
compliance
with water
efficiency and

pollution
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activities that and control
comply with participation standards.
sustainable in decision o Promote
water usage making ecotourism
standards. processes. and
5. o Support conservation
gender based
inclusive and enterprises
youth that contribute
focused to local
programs tha; economies
promote while
equitable preserving
access tq water
water resources.
resources.
7.
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CHAPTER 5 : STRATEGIC CHALLENGES AND
PRIORITY INTERVENTIONS

5.1 Key Issues
1. Climate Change

Climate change is likely to impact stream flow and discharge patterns in the catchment, leading
to increased variability and potential reductions in water availability. Changes in rainfall
patterns and temperature can affect both the quantity and timatgeam flow.
2. Human Activities
1 Agricultural Practices: Irrigation and land use changes can alter natural
flow regimes and affect discharge rates.
1 Water Withdrawal: Increased demand for water for agriculture, industry,
and domestic use can reduce stream flow and discharge.
3. Data Gaps
Limited monitoring infrastructure and insufficient data collection can hinder effective water
resource management. Expanding and maintaining hydrological monitoring networks are

essential for accurate assessments.

4. Water levels and storage
1 The catchment faces unique challenges concerning water levels and storage due to its
semtarid climate, variable rainfall patterns, and ongoingremmental changes.
T The «cat eovhAteneesdurées are crucial for domestic use, agriculture, and
livestock, making the understanding of water levels and storage capacity essential for

sustainable development and management.

5. Seasonal Variability:
1 The water levels in the catchment are highly seasonal, with significant fluctuations
between the rainy and dry seasons.
1 During the rainy season (typically from June to September), surface water bodies such
as rivers, lakes, and reservoirs experience a rise in water levels due to increased rainfall
and runoff. Conversely, in the dry season (October to May), water levabs dro

significantly, leading to a scarcity of surface water resources (Aliyu et al., 2019).
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6. Groundwater Levels:

T

Groundwater is a critical source of water in the catchment, particularly in rural areas
where surface water may be scarce.

Studies indicate that groundwater levels vary across the state, with some areas
experiencing a decline due to ovettraction and reduced recharge rates.

In the Lake Chad Basin, for instance, groundwater levels have been reported to decrease

due to excessive withdrawal for agricultural and domestic purposes (Musa et al., 2020).

7. Flood and Drought Patterns

T

The catchment experiences significant environmental challenges, notably floods and
droughts.

These extreme weather events have profound impacts on the statescsocimic
development, agriculture, water resources and overall livelihoods of the inhabitants.
Understanding the patterns, causes, and effects of floods and droughts in the catchment

is crucial for developing effective mitigation and adapt

8. Climate Variability and Extreme Weather Events

(0]

Threats: The Yedseram catchment is subject to erratic rainfall patterns, extended dry
seasons, and increasingly frequent extreme weather events, such as droughts and floods.
These climate variations impact crop cycles, soil health, and water availability, making

it challenging for farmers to maintain consistent yields.

Challenges:Farmers face difficulty in planning and adapting to unpredictable weather
patterns, leading to crop losses and income instability. Additionally, extended droughts
reduce groundwater recharge and soil moisture, further straining agricultural

productivity.

Water Scarcity and Competing Demands

The availability of water resources is limited, especially during dry seasons, when
agricultural demand is highest. The Yedseram River and other seasonal streams in the
region often experience reduced flow, impacting both crop irrigation and livestock
neec.

Competition for water between agriculture, livestock, and household use creates strain
on available resources. Farmers often face difficulties in accessing sufficient water for

irrigation, especially in regions where boreholes yield low quantities. Téugtsan
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reduced crop yields and increased reliance onfeminagriculture, which is less

reliable.

10. Soil Degradation and Nutrient Depletion

(0]

(0]

Threats: Soil health in the catchment is compromised due to continuous cultivation,
limited fallow periods, and minimal soil management practices. This leads to soil
erosion, compaction, and nutrient depletion, particularly in areas prone to wind and
water erosion

Challenges:Degraded soils are less productive, requiring increased input costs for
fertilizers, which are often unaffordable for smallholder farmers. Furthermore,
traditional farming practices are less suited to mitigate soil erosion, leading to a long

term declingn agricultural productivity.

11. Inadequate Infrastructure and Access to Markets

(o]

12.

(o]

Threats: Farmers in the catchment area face limited access to storage, transportation,
and market infrastructure. Poor road networks make it difficult to transport produce
to market centers, especially during the rainy season, when roads can become
impassable.

Challenges:Limited infrastructure leads to pekarvest losses due to spoilage and
reduces market access for farmers, limiting their income potential. The lack of
affordable, efficient storage facilities also forces farmers to sell their produce

immediately after havest when prices are low, impacting their profitability.

Pests and Crop Diseases

Threats: Pests and diseases present a persistent threat to crop production in the
Yedseram catchment, especially with increasing temperatures and changing rainfall
patterns that create favorable conditions for pest outbreaks.

Challenges:Farmers often lack access to effective pest management resources and
practices, which results in substantial crop losses. The reliance on traditional pest
control methods limits productivity, while inadequate extension services prevent

farmers from adoptig modern, resilient agricultural practices.
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13. Conflict and Insecurity

o Threats: Conflict and insecurity, particularly in Borno State, have disrupted
agricultural activities and led to displacement of farmers and rural communities. The
presence of insecurity limits access to farmland and restricts the movement of
agricultural goods.

o Challenges:Insecure conditions have led to decreased agricultural productivity and
have created challenges in resource allocation, as farmers are often unable to tend to
or harvest their crops. Additionally, the threat of conflict discourages investments in

agriculure and restricts access to agricultural inputs.
14. Limited Access to Agricultural Inputs and Extension Services

o Threats: Access to quality seeds, fertilizers, and agricultural tools is limited due to
high costs and distribution challenges. This reduces farmers' ability to improve
productivity and adopt new technologies.

o Challenges:The limited availability of extension services in the catchment reduces
farmers' exposure to best practices and modern farming techniques. As a result,
agricultural practices remain leweld, with minimal adoption of innovations that

could enhance reséince to changing conditions.

15. Environmental Degradation and Land Use Pressure

o Threats: Agricultural expansion and overgrazing by livestock have led to
deforestation, land degradation, and habitat loss, which negatively impact soil fertility
and water quality. Encroachment into forested and marginal lands reduces ecosystem
services essentifdr sustainable agriculture.

o Challenges:Balancing agricultural land use with conservation is difficult, especially
in areas where land is under pressure from competing uses. The degradation of
surrounding ecosystems also exacerbates soil erosion, reduces pollination services,

and threatens watsources critical for irrigation.
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5.2 Strategic Interventions
To achieve the outlined goals, thedseramCatchment Management Plan recommends the

following strategic interventions:
1. Climate resilience and water resource management

1 Promoting Climate-Resilient Agriculture: Encourage the adoption of drought
tolerant crop varieties, rainwater harvesting, and efficient irrigation systems to
reduce dependence on variable rainfall.

1 Improving Infrastructure: Investment in rural infrastructure, particularly roads,
storage facilities, and market access points, is vital to reducéh@osst losses
and enhance market opportunities for farmers.

1 Enhancing Soil and Water Management: Introducing sustainable land
management practices, such as conservation agriculture, agroforestry, and erosion
control measures, can improve soil health and water retention.

1 Strengthening Extension Services and Input SupplyExpansion of agricultural
extension services to provide farmers with access to information on modern
practices and affordable inputs can enhance productivity and resilience.

1 Conflict Mitigation and Support for Displaced Farmers: Establishing security
measures and support systems for displaced farmers can help stabilize agricultural

activities and encourage return to farming in safe zones.

1 Implement Drought-Resilient Farming Practices: Introduce climateesilient
crop varieties that are drougtaierant and can withstand erratic weather patterns.
Crops such as millet, sorghum, and drougisistant legumes are wsllited for
the semiarid conditions of the Yedseram catchment.

1 Adopt Water-Efficient Irrigation Systems: Promote the use of drip and sprinkler
irrigation systems that can optimize water use and reduce dependence on seasonal
rainfall. These systems are more efficient than traditional flood irrigation and help
to conserve water in areas where it is scarce.

1 Establish Rainwater Harvesting Infrastructure: Install rainwater harvesting
systems at community and farm levels to capture and store rainfall during the wet
season. This stored water can be used for irrigation during dry periods, improving

water availability yearound.
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2. Soil Health Improvement and Sustainable Land Management

1 Encourage Conservation Agriculture: Practices such as minimum tillage, crop
rotation, and cover cropping can reduce soil erosion, increase organic matter, and
improve soil fertility. These practices also contribute to water retention and help
combat soil degradation.

T Promote Agroforestry: Integrating trees and shrubs into farmlands can reduce soil
erosion, enhance soil fertility through nitrogen fixation, and provide shade, which
is beneficial for crops and livestock. Agroforestry also contributes to biodiversity
conservation and can im® local microclimates.

T Implement Soil Replenishment Programs:Provide subsidies or support for
organic and inorganic fertilizers to restore soil nutrients. The introduction of soll
testing services will allow farmers to identify specific nutrient needs and apply

fertilizers more effectively.

3. Improved Infrastructure and Market Access

1 Upgrade Rural Road Networks: Improving transportation infrastructure,
particularly rural roads, will enhance farmers' access to markets and reduce post
harvest losses by facilitating quicker and more reliable transport of produce.

1 Develop Storage Facilities and Cold ChainsEstablish communal storage
facilities, such as silos and cold storage units, in strategic locations to help farmers
preserve produce and reduce puomtvest losses. These facilities should be
equipped to handle perishable items, ensuring farmers camgetmis until market
prices are favorable.

1 Facilitate Market Linkages: Create market linkages that connect farmers to local
and regional buyers, such as cooperatives or agribusiness firms, to improve
profitability. This can include establishing digital platforms that allow farmers to

directly connect with buyers, reducingpg@dence on intermediaries.

1 Expand Access to Extension Servicedncrease the availability and reach of
agricultural extension services to disseminate information on sustainable farming
practices, pest control, and crop management. Extension agents should be trained

to promote best practices and modern technologiésdsiar local conditions.
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1 Conduct Farmer Training Programs: Organize regular training programs to
i mprove farmersd knowl edgnart agriculturee pestt e c h n
management, and soil conservation techniques. These programs can be delivered
through workshops, demonstration plots, and mobile extessivices.

1 Introduce Mobile-Based Advisory Services:Leveraging mobile technology,
SMS, and online platforms can provide farmers with timely information on weather
forecasts, pest alerts, and market prices. This approach can also help extension

services reach remote and underserved areas.

4. Enhanced Water and Conflict Management

1 Establish Community Water-User Associations (WUAs)Forming WUAs can
help farmers equitably manage and allocate water resources, reducing competition
and conflicts. These associations can develop rules for water use, address disputes,
and facilitate cooperation in times of water scarcity.

1 Develop Water Conservation Policiestmplement water conservation policies at
the regional level to regulate groundwater extraction and promote sustainable
usage. This may include setting up regulations for borehole drilling, establishing
groundwater recharge zones, and enforcing penatiies/erextraction.

1 Encourage Conflict Resolution MechanismsEstablish local conflict resolution
bodies to address issues of land use and water allocation between farmers and
pastoralists. This may involve communigd forums, dialogues, and agreements

that set clear guidelines for resowstearing and mitigate tal use disputes.

5. Pest and Disease Control Measures

T Provide Affordable Pest Control Solutions: Facilitate access to lowost and
environmentally friendly pest control options, such as integrated pest management
(IPM), which combines biological, cultural, and chemical control methods to
reduce pest pressure on crops.

1 Promote Biological Pest Control:Introduce natural pest control methods, such as
the use of predatory insects, {pesticides, and crop diversity, which can reduce

the need for chemical pesticides while maintaining a balanced ecosystem.
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1 Establish Early Warning Systems: Develop pest and disease early warning
systems through the extension network, alerting farmers to potential outbreaks and

advising them on preventive measures.

6. Policy and Institutional Support

T Implement Supportive Agricultural Policies: Formulate policies that provide
incentives for sustainable farming practices, such as subsidies for dresigtent
seeds, lownterest loans for irrigation infrastructure, and tax breaks for
agroforestry.

1 Strengthen Land Tenure Security: Clear land tenure policies are necessary to
prevent laneuse conflicts and promote lofigrm investment in sustainable
agriculture. Recognizing and securing land rights will encourage farmers to invest
in soil and water conservation practices.

T Create Agricultural Insurance Programs: Establish crop insurance schemes to
help farmers recover from losses due to climate shocks, pests, or diseases. This
could be done in collaboration with private insurers, ensuring farmers are protected

against unpredictable events.

7. Livelihood Diversification and Capacity Building

1 Encourage Alternative Income SourcesSupport incomayenerating activities that
complement agriculture, such as beekeeping, handicrafts, or-srakdl agre
processing, to reduce dependence on farming and increase resilience to crop failures.

1 Promote Skills Training Programs: Introduce skills training for young people and
women to diversify income streams, which could include training in-agro
processing, animal husbandry, and agribusiness management.

1 Form Farmer Cooperatives and Groups:Cooperatives can help farmers access
inputs, share knowledge, and secure better prices for their produce. Cooperatives
also provide a platform for collective bargaining, training, and knowlstigeing

on sustainable practices.

These strategic InterventiongIn componentg are as outlined in figure5.1 to 5.8
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STRATEGIC CATCHMENT
MANAGEMENT PLAN

CATCHMENT CHALLENGES CATCHMENT OPPORTUNITIES

-Forced migration - Water resources: surface and groundwa-

-Environmental Degradation
ter

-Climate change effects
-Gender inequality and Gender violence - Mineralresources: Clay, Gypsum, Lime-

-Drought stone, Silica Sand, Kaolin etc.
S IsecHrty - Agricultural Resources and Products:
-Loss of biodiversity

-Siltation (Dams and Rivers) Fertile soil.

-Poor policy implementation and enforcement - Biodiversity: Tourism, forestry.

-High Illiteracy

-Lack of synergy among Stakeholders (Federal, State,
and LGASs)

-Rising population and demand

-Drug and Substance abuse

Fighle Strategic Catchment Management Pl an
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Fi g2z e Component 1 (Climate Resilience and Water Resource Managem
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