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EXECUTI VE SUMMARY

The SBdamtara Catchment, a vital hydrol ogi ca
across Sokot o, Zamf ar a, and 4K5%,b&&FHY S8 e300 c
hecthar®lsi s catchment plays a cruci al rol e i
economic activities, but faces growing envi
|l ncreasing pressure from <climate variabili:H
unsustainabl e prater mesus hakeatadrn bri d poeewrf coendy.s
The topography of the <catchment varies sign
Zamfara in the east to the | owland plains of
from 600 meters to around 180 meeersayvali htabu
The Sokoto and Zamfara Rivers, along with t
converging into the Rima River, which eventu
a key feature of the régiuor, awmpgpdiodnyewst It
flood risks to settlements and farmlands.
Water availability is regulated by several C
Jibia, and Lugu, which store and control sea
irrigation, domestic use, a n da gleisv easntdo ccko nfpaert
among users. The catchment's distinct wet an
and groundwater recharge, making effective w
The catchmentés vegetation zones range from
woodl ands in the south, influenced by rainfa
degradation, deforestation, amd limngsencfi viei d &
and reduced soil fertility. Unchecked wurban
Birnin Kebbi, is placing further strain on w
Security challenges in some parts of t he ¢
activities, |l eading to |l and use changes, mig
zones. With a rapidly growing pdopuy a205m, te
demand for food, water, and infrastructure
intervention strategies.

Geol ogi cal Zw,mftahea L@k cothament i s di vided into

Xi
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T The Precambrian Basement Compl ex, which d
Kebbi, is characterized by rocky outcrops
T The Sokoto Basin Sedi ment s, prevalent in v

sedi mentary rocks that store significant g

Soil types across the catchment include:

T Arenosols in the drier northern regions, W

retenti on.

T Vertisols in the floodplains, which are fe
9 Fluvisols along riverbanks, which support
9 Leptosols in upland areas, which are rocky
The northern part of the catchment i s domina

southern regions have more developed agricul
and vegetabl e producti on. ExpaedeéeIngp niernbta na |

transforming |l and use patterns, increasing ¢

The Sdkmftara Catchment +d4asidhamuand weifwil 2 encatheys ,s

to high variability in rainfall and temperat
areas receiving |l ess than 500exameeadn nui,ad 0§, r
Temperatures are consistently high, l eadi ng
surface reservoirs and soil moisture.

Hydrol ogical studies using CHRBRSfpreodpi sat

significant seasonal variafciadamcmshmemtstr eamfl o

f Gus auCda&tubhment receives moderate rainfalll I

T Sok«@dtonf arCGatScuhbbment experiences severe seas:(

enhanced storage and conservation met hods.

T ArgungQatSautbment benefits from fl oodplain a

but i s vulnerable to flood risks.

T BinjiCabelbhment has | imited water retention

dry seasons.

Xii
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Wat er qual i t-Zamfnartah eCaSockhonteon t i's deteriorat.i
urban wastewater discharge, and industrial a
heavy metal s, and microbial cownrtaem nantd s aqae

ecosystems.

The catchmentédés groundwater resources vary
rivers providing stable supplies, whil e deej
reserves but require sustai nalblfl egreoxutnrdavattiean
declining rechar get erramh ewsa tpeors es erciusrkist yf,o rp alrotni g

intens-seaeendsyress.

Climate data analysis indicates that temper:
with projections -5A6whyngt mae émadrefastthefc&nt u
highly variabl e, i ncreasingstheandigkredtl doged c
These changes wil |l affect crop yields, i v
requiring adaptive managemant ssgratctediteasesa

irrigation systems.

A Gb&sed flood vulnerabi l-riitsyk azsosneesss,memd r tiidceu
l ying floodplains around Sokot o, Shinkafi, €

maj or disruptions to farming, gs ethtel enneeendt sf,o rz

warning systems, better drainage networks, a
Key stakehol der s, including government agen
organi zations, recognize the need for coll ab
|l and resources. The region is rice¢hckensn hhten
|l omgrm productivity. A comprehensive catchme
9 Har moni zed water policies and stricter env
9 CIl i mmaetsei | i ent agricultural techniques to ir
T Watershed restoration and sustainable | an

def orestati on.

9 Efficient water governance, including |1 mp

all ocati on.
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T I nvestments i n r enperwacbe ses iennge rignyd uasntdr i aegsr ot o

economy.

By i mplementing t hesaanfsatrraa tCeagicehame ntth ec aSho kmotvce

i mproved water security, environmental stabi
devel opment for i1ts rapidly growing popul at]i
Past and Ongoing Development Initiatives in

To put the Pl an Tiabl gde&mBect pesoemecpaste, and on
initiatives by GokZaod@ataphméners in the

Tabl & BPSRst and Ongoing Initiatives by Governm
Cat chment

LOCATION PAST INITIATIVE ONGOING INITIATIVE

Project: 40 Million Litres Daily
Water Project

Agency: Sokoto State Governmer

(Ministry of Water Resources); in

collaboration with development

partners
Focus:Urban water supply,

infrastructure expansion, water

scarcity reduction

Project: Goronyo Dam
Agency: Federal Government of Nigeri
(via the Federal Ministry of Water
Resources); managed locally by Sokg
RIMA (Rural Water Supply and
Sanitation Agency)
Focus: Water supply, irrigation, flood
control, and urban consumption

Agency: Sokoto State Governmer
(Ministry of Water Resources);
Sokoto State with technical support possibly
from UNICEF or other WASH
focused partners
Focus:Rural and perurban water
supply, infrastructure rehabilitatiol
public health improvement

Project: 40 Water Supply Projects
in Sokoto State
Agency: Federal Government of
Nigeria (Ministry of Water
Resources & Sanitation); Sokotc
State Government
Focus:Clean water access, publi
health, institutional support, rura
development, employment creatig

Project: Installation of SolaiMotorized
Borehole in Kindiru Village
Agency:.USAID & UNICEF

Focus:Rural water access, sustainab

energy use, support for livelihoods an

small businesses
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Project: Restoration of 19 Million
Cubic Meters of Water in Lugu
Dam
Agency: Sokoto State Governmer
(in collaboration with World Bank|
and ACReSAL Project)
Focus:Water restoration,
irrigation, agricultural
development, environmental
sustainability

Project: Construction of Water
Supply Scheme at Kauran Miyo,
Bodinga LGA
Agency: Federal Ministry of Watel
Resources; Sokoto RIMA RBDA
Focus:Rural water supply,
infrastructure development,
improving access to clean water
remote communities

Project: Bakalori Dam Project: Construction of Bilbis
Agency: Federal Government of Nigeri Irrigation Scheme in Zamfara
(Federal Ministry of Water Resources Central
Sokoto Rima Basin Development | Agency: Federal Ministry of Watet
Authority (SRBDA); historical support| Resources; Sokoto RIMA RBDA
from the World Bank Focus:Irrigation infrastructure,
Focus:Irrigation, domestic water supply  agricultural development, water
agricultural productivity, flood control supply
Project: Kaura Namoda Water
Supply Scheme
Agency: Federal Ministry of Watet
Zamf ar Resources; Sokoto RIMA RBDA
St at e Focus:Urban water supply,
infrastructure development, clea
water access
Project: Transforming Irrigation
Management in Nigeria
(TRIMING)

Agency: World Bank; Federal
Ministry of Water Resources;
Zamfara State Government

Focus:Irrigation infrastructure,
agricultural productivity, water
resource management, security

issues

Kat si ng ) Project: Jibia Dam . Project: Katsina State Water
Agency: Federal Government of Nigeri Supply Projects (2025 Budget)
(through the Federal Ministry of Wate bply FT0] 9
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Resources); managed locally by Katsi
State Government
FocusWater supply for domestic use
irrigation, and drought mitigation

Agency: Katsina State

Government, Katsina State Wate

Board

Focus:Clean water provision, rurg

and urban water supply,
sustainability

Project: NG-SURWASH (Nigeria
Sustainable Urban and Rural Wal
Supply, Sanitation and Hygiene
Programme)

Agency: Katsina Small Towns

Water Supply and Sanitation
Agency (STWSSHA); World Bank
Focus: Water supply, sanitation,

hygiene, rural and urban

development, monitoring, quality|
assurance

Project: Danja Dam Construction
Agency: Katsina State
Government, Ministry of Water
Resources
Focus:Dam construction, water
supply, irrigation, infrastructure
development

Project: YasheEarth Dam

Rehabilitation (Kusada)

Agency: Katsina State
Government, Ministry of Water

Resources
Focus:Dam rehabilitation, water
supply, irrigation, infrastructure
maintenance

Kebbi State

Project: Completion of Bunzd own
Water Project
Agency: Federal Ministry of Water
Resources
Focus: Provision of clean and
sustainable water

Project: Improved Sustainability o
Integrated WASH Services-(l
WASH)
Agency: USAID & Green Habitat
Initiative (GHI)

Focus: Provision of sustainable
solarpowered water supply &
Construction of toilets and
handwashing facilitiesecurity in
Gwandu LGA
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Project: Construction of Earth Dam an
Irrigation Scheme at Gwandu
Agency: Federal Ministry of Water
Resources &Sokoto Rima River Basil
Development Authority (SOKOTO
RIMA RBDA)
Focus: Construction of an earth dam fc
water conservation, Irrigation support f
farming communities & Support for
livelihoods and food security in Gwand
LGA

Project: Sustainable Urban and
Rural Water Supply, Sanitation an
Hygiene (SURWASH) Kebbi

State Assessment
Agency: World Bank & National
SURWASH Coordination Unit
Focus:Upgrade and expansion o
both urban and rural potable wats
systems & Improved hygiene
infrastructure and behaviour chan
promotion

Project: Dangandu SolaMotorized
Borehole Project
Agency: USAID &UNICEF
Focus:Clean Water Access

Project: Construction of Water
Supply Schemes at Mahuta LGA
Agency: Federal Ministry of Watet
Resources & Sokoto Rima Rivel
Basin Development Authority
(RBDA)
Focus: Development of localized
water schemes to improve potab
water access & targeted at
underserved communities within
Mahuta LGA
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VEcON ERVRES T s
spite the numerous initiatives i mplemented
terventions -ZAminifhairna tchaet cBamemtt o area have n
vel opment challenges in a hol i shtei cn encaersmsearr.
tegrated approach to comprehensively addre

onomic issues. As a result, the catchment
all enges.

in Biophysiecahoamd Ehail denges

sed on Dbiophysical assessments and stakeh
ophysicaatoandthi socssuegZamdairag Cahe hdehoto

ophysical Chall enges

Soi l Erosion andSdaialndeDegirandaandenl and degr
i n theZ&mfkortao catchment, driven by factors
and unsustainabl e farming practices. Thes

productivity, scomntarti obmt eoft owat kee bodi es, .‘
vulnerability to flooding.

.Fl oods and WatéheM8BdameEmeatcatchment, part.

Local Government Area of Sokoto State, is |
breaches of the Lugu Ilrrigation Dam- have
economic repercussions. Flooding chasés wi
and infrastructure, displacing communities

i Water Quality a&adeAv aiuladbitiiatingn:a rtah e c aStockhon eo

declining due to pollution from agricul tu
sanitation infrastructure. This deteriorat
significantl ohcead!| tcho mmiusnki st itecs-t eamm ¢ hsteat ealsi

water resour ces.

.Cli mate Trhean$@ mt ara catchment is signific
change, with erratic rainfall patterns, e X
shifts i-axeasi hyg eneironment al I ssues, f ul
managemantunder mi ning agricultural product.i
cEooconomic Chall enges
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Poverty and FBPodednhypeawmdi tgod insecurity a

Zamfara catchment, as much of the popul ati
highly susceptible to environment al shocks
failures, amadodhes gant einteyd, poverty,ecxmxcmrdat
chall enges.

i .l nfrastructTuhree B omicartas:cat chment faces a
infrastructur e, i ncluding dependabl e water
control measur es. Thi s infrastructure def
chall engesos,mmuinndereisngadbil ity to recover ef

iiHeal t hTReskesmbination of poor water qualit
facilitates the spread of waterborne disea

rates of di seases such as malaria and <cho
|l i mited healthcare resources in the region
v.Di splacement BndgWMewgt atl oading and | and de
communities to relocate, resulting in invo
networks. This displacement disrupts | ocal
and wor selnesveplosv.er ty
GendBearsed Viol ebicepl(axBVvme:nt and resource
vul ner abi |-hasyedt ovigoelnednecre ( GBV) and sexual
social instability and hinders progress to

chall enges foni afé®cted comm
El ements of the Catchment Management Pl an

The el ement sZaonif atrhae CXaa kcchtnoe n t Management Pl a

|l enses of the following strategic vision and

Strategic Vision

The strategic «iagmifam af Catichenedd k Mamage ment F

To buil dr easiclliiematt,e i ncl usi ve, and sus
| andscapes, secures water and ecosyst
Zamfara, and Kebbi through integndted

partnerships
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Strategic Objectives

|l ntegrated Water ReBeowelcep Mamdhgiemglineé ment a
water resource management plan that addres

Promote sustainable water use practices an

.Environment al Conser vaGa mmmata nlda nRde hcaebg rl a d aatt

erosion through reforestation and sustai n:

resilience of ecosystems to climate change
| SocEcwonomi c Devmpobpwmentagri cul tur al product
through effective i1rrigation and water m 8
poverty by creating opportunities for inco

.Stakehol der Engagement and sG@oemmuarcitti yw eP gratrit

| ocal communities and stakeholders in the
management activities. Ensure gender e queé
interventions.

I nfrastructure Devel opRemdbiadnd aReh aabnidl i d @t
infrastructur e, such as dams and borehol es
Devel op and maintain a robust monitoring a

and i mpact

.Policy and Institttiemat hé&n regange heanana :str L

frameworks to support sustainabl e catchmen
institutions and stakeholders to effective

Catchment Policies

For harmonious relationship and engagement o

ns¢émate water resources the following treat.

rati fied treaties further domesticated.

Treati es

T

Vienna Convention on the Law of Treaties o
signed, ratipaetdaasdnintsereanda

UN Watercour ses-n@Gonwearttiiommlomnsreormnf shared
to surface water and connected groundwater
UNECE Wat er Convention on relevance to bo

application to all uses of the shared wate

XXi
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MEW SERVICES LTD (Sl.l
T Niger Basin Water Charter as principal tre

T Lake Chad Water Charter as principal treat
|l nternational Policies That Affect Water Res

T 1971 Stockhol m Declaration on Human Enviro
T 1992 Dublin principles on water and sust ai
T 1992 Ri o Declaration on Environment and De
T 2008 ECOWAS Water Resources Policy

T Draft Articles on the Law of Transboundary
National Laws and Policies

T 1999 Constitution of Federal Republic of N
T 1993 National Water Resources Act

T 2016 National Water Resources Policy

T 2016 National Policy on Environment

T National Climate Chan2g0e30Pol icy for Nigeria
T Nigeria'"s Agricultural Transformation Agen
T Nigeria's National Forest Policy (2006)

Pl an Component s

To achieve the outlined goal and o bZjaentftairvae s
catchment, the following are the strategic ¢c
Component 1: Sustainable conservati ohhe manar
focus wi l |l be on sustainabl-ecowmaomirc résvel cpg

ensuring equitable access to minimize conf]l

environment al degr ardalt a toend adids and ft @ watt €D evead ko
infrastructur-eeasdnd aswtpipwirtti edsr,y whil e moni t
groundwater will promote snuasktianignnabi |l ity and
Component 2 Preservation and restoration
sustainable | and use; including susfTaienabl e
ecol ogi cal integrity is crwucial for sustaina

XXii
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MEW SERVICES LTD (MSL)
resources, particularly through unsustainabl
water sources, causing forest degradation an

sedi mentation and turbidity winl lwaft@cusoan es

degraded ecosystems to enhance | and quality
Component 3: | mproved diversification-for e
bei Agriculture is the main -Zamébhrhod&€dt £t bmem
smal | |l andhol dings and wunsustainabl e practi

economic pressure drives young men 68 mhgr a

agriculture. The plan aims to build capacit
economic opportunities, andciarhprewe laecneses t
ComponerCtl i #hat e change, di saster Friesski | manf ¢
infrastAgrcitaulet ur eZaimf atrhae CSaotkcontroe nt i s hinder
unsustainable practices, | eading to | ow prod
This economic strain drives youngrmamotr o amieg
in agriculture and resource management. The
resource management, creatmprevena@amicesspportr
reduce dependency, curb migration, and enhan
Component 5: Strengthening institutional n

mec hankfsfmer t s a c rZoasnsf atrhae CSao kcohtnoe n t are often

coordination and a | ack of coll aboration mec
defining roles, and empowering |l ocahibke®tdans
wi || promote integrated approaches to enha

devel opment within the basin.

Component ©6: Mai nstreaming gender equality e
Il n t heZ&mfkawnta Catchment, shifting gender r ol
household and agricultural responsibilities

opportunities for supporting womieni esnienngt r &

commer ci al agriculture. Howeo@emrgmiid "ismglriuca ta

prioritize women's economic empo wewvameerrts h ad

devel opment planning.

Component 7. Re s e aTricihs amadmpeoxnteennt s i vaiml:il e nft cecdu s

resear ch +nmnmfhe aSdcClkadtcd ment , ai miamse dt aovad ev e lh
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management pl an. Key ar eas i-bnacsleudd es o I nudtiigoennso,L
water conservation, and integrated water ma
change i mpact s afnidnatnhcee rionl es uosft anmifhcarbdwe | 1 i de li
practical Il nterventions to enhance resilienc
Component 8: Effective coordinated monitorirt
and sylshteememphasis wil/ be on capacity buil
monitoring of watershed services, as wel |l a s
overall watershed management pl an
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Tabl 2stEd®Sws t he signi ficant i ssues in the wat

the | ocal, state, and national i mpl ementing

Tabl2Z2 B3IImmary of Componentfaamfhdr ActCiavichimestof

Responsi

Compone Activiti¢Key I nd
Partne
Rehabilitate
and reservoi Three t
extensive re Report gover nn
grass, to i|jmpleme(&NCOmpas
retention d8and supeg RBDAOS,
and al
Constr usxdalsan agenci

storage f ad
enhance r a
harvesting

Establish wg CRoerr?OrrethS
plans that b p As abo
d downstr water s
an pol i c NI WRMC
Construct em,e”?ctm
i mprove drai|  MPTEeMe
i - and enf o
Sustain highsk ar ¢
conser v{
migzgirfne Reducti| NHI SA, N
resourc Develop ear e_nvklron
systems and rnts an(
risk assessn Better
econom
Strengthen t engagen
groundwater
systems and NHI SA, T
stations CT e s

_ governn
Enhance publ/ Routine encompas

and prepared RBDAG S
events. and al
_ Report agenci
| mpl ement in
management p
a%%z?%ﬁzzeZ? NHI SA, N
recharge, a MOA, CB

surface wat e
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LEGEND

1 million farmers trained in
sustainable practices
10+ institutional research
partnerships

[ 100,000 hectares restored
100,000 trained; 50%
represented in leadership roles

A 200 vulnerable communities
covered by early warnings

- 30% reduction in gender gaps in
resource access

. 40% reduction in erosion-prone
areas

@ 5 million people with access to

water

4 50% rise in local food production
500,000 households benefit from
new livelihoods

+ 60% increase in irrigated
farmland

* 60% of farmers adopting resilient
practices

*Annua\ joint planning and reviews
across states

O Annual performance tracking and
reports
& Digital platform operational by

% Functional CMCs in Sokoto,
#" Zamfara, and Katsina

I catchment

[] State

— River

|| Lower Catchment

[ Middle Catchment

[ | Upper Catchment

Showi ng t

he

Recom



Table E.S. 3: Lower-Z@atff ah me 15t rafi Sphei Eak €hamehéeénges and
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Sustaine
Moni tor.i
Eval uat.
Lower CatltArewa, |[FIl oodi tRiver t/River mgNIlI WA, State Mi|Reduced
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Bunza, |duringjlconstrumapping protect
Kal go, |[season |fl oodpl farml an
Mai yam zoning secur e
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Kebbi
Tambuwi{Dry sedgRehabil|lHydrogedqRural Water Su|l mprove
Kebbe, lwater go0f smallsurvey, |[ADPNI WRMC, FMWR/water a
Turetajunrelidgi nstalllschedul:i for agr
Shagar|irrigatsol ar, p and dom
Yabo, wat er and dr i use
Dan-ge additio
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Gummi ,
Bondi g
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Gorony progr an cover
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North, |draina¢gsystem|drainagegMinistry of waljsafer ¢
Sokoto upgr ade environ
Sout h, ur ban f
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rehabilitcommunity|lProgramm
farml andsengagemen|( ADP) , N
Mar adun, Seasonal |[Smaddal e |[Topograph|NI WA, StiMinimize
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Upper |[Gusau, Ts/Gully er|Gully Drone map/ACRe SALSt |Controll
Catchn threaten|stabilizjerosion r{Ministry |spread,
farmland|{(check dmodeling [Environmegl and for
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Expected Outcomes

The successful implementation thie interventionsin the SokoteZamfara SCMRBwill result

in:

T

Restoration of Degraded Lands, | mproved We
Biodiversity Conservation

|l ncreased Agricul tur al Productivity, Liwv
Generati on

Strengthened Governance Structures, Commur
Capacity Building

Modern I nfrastructure, Data and Monitoring

Commu+siedy I nitiatives, Gender Inclusion and



Mecon Geology and Engineering Services Ltd

MECON SERVICES LTD (MSL)

CHAPTER LNTRODUCTI ON

1 .Plurpose of the Pl an

The

of

Sakmfara Catchment iIs a critical ecosyst

people in Northwestern Nigeri a. However,

ncludi ng:

.Environment at Wegemnd&8taooaity, Land Degrad

SocEcwonomic ChdlilgaandPeverty Rat es, Unempl o

i ilnstitutionalFrWwegreretseste sGovernance, Weak |

Gaps.

i vTechnical :LiOnittdaattieodh sl nfrastructur e, Li mi

Climate .Resilience

1 . Rationale for a Strategic Catchmer

To address these-Zahd lalrean ¢cd g ,attelge cS Clad tcd me nt
proposes a series of strategic interventions
i Environment al Enbdbbaceabehvityonment al S
I mpl ementing modern irrigation technol og
agricultural prodsctaieitryeforasnhahbiog larc

initiatives to combatcdtainadn,degmndadadevVv elho @
resilient agricultural practices and inf
.SocHEmonomi c D e vPer | oonponh eenst ¢ osnoocni i oc devel opme

supporting al-gene@maai veg | ac ipimwicteisessi nd i kae

handicrafts, i mplielméint g ngand apaciatty on al

especially for youth and whimpmoneanar eas ¢
ensure stable agricultural activities an
ilnstitutionalFoSusesnngomennsgituti onal str

i nagency coordination mechanisms for <coh
regul atory enforcement to protect nat ur
financial suppotro itwmpltovcalthaistidcapaointsy

environment al resources.
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. Techni cal A dPvraonntoet neesn ttsec hni c al advanceme.]
management infrastructur e, devel oping r
systems, and I mesgtliireq@qti nntctasmbtectur e
reliability, and adadfapdliivmatca palange iinmg aa

1 . E3xpected Outcomes

Th®ok@Ztaofsatrraat egi ¢ catchment plan is expecte
| mproved water availability, enhanced ec
.Reduce povectgasatieagricul tur al product.i

services.

i Enhance governance, strengthened enforce
vVv.Modernized infrastructure, robust monit g
|l ncreased community participation, enhan

progr ams.

1. EAnvironment al Rol es

i Sustainabl e Wat er Rlehseo uS@MP Manhaagnecmeesn ts:u s t
resource management by i mplementing effi
systems, promoting managed aquifer rech
monitoring systems.

[ .Land Degradation af€ombait!| | @ondsdegasaidani o
scale reforestation, terracing, contour f
erosion, improve soil fertility, and mini

[ i Cl i mat e HReenshialniceenccd:i mate resi-tesnsteahy pr
and water conservation, investing in res

warning systems for floods and drought s.

.BiodiversityRe&othsreg viheagrosmded ecosystems |

and forests to support biodiversity, and
conservation programs for endangered spe
Communi ty Engagement amd o ntompeo w eloemimm n i t
conservation and r esour cebumalndaignegmeannd, Vionc
training for yout h and wo men, and enco

management and economic activities.
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1.S50cEmonomic Rol es

i . Economic DeVhAkeopmhemt :enhances agricultur
i mproved water storage and sustainabl e i1
for income growth and job creation, and
reduce poverty.tegi ead sori ngbatdaisnashlirea e
resources | i ke gold and | i mestone to boo

ii.Community Empowarsmesnto.n community empower

training for women and youth to boost emg

vul nerable groups with education and he

through polici es aquall pa cocgersasmst 0e Nrseusra uNrgc ees
iiiDisaster Ri:Fkhe Redarcti oouses on disaster r

early warning systems for floods and dr

management strategies l i ke buil ding S me

conservation, andbaasddadit eg cmammgement

i mprove | ocal preparedness and response.
Il v.Sustainabl e MRecnutrese dJssetai nabl e resourc

for the sustainabl e extraction of water

encourages sustainable I and and water mar
degradati on -tasmrdns erns ueealvangability.

v. I nfrastruct urkEnhaewed opimefntastructure deve
boreholes, water treatment plants, and s
water and sanitation. It al so includes |
renewabl e sourrcaenss paord aitmpmovienftrastructur

and mar ket access.

vi .Policy and SGorveenrgntahnecne :governance and ensu
i mpl ementati on, promoting transparency a
and project execution. 't also emphasi ze
communities, in planning and i mpl ementat

l1.@overnance and I nstitutional Rol e s

i . Governance Structure
1T Feder al and St:atTeh eGoFveedenrneelntMi ni stry of E
role in overseeing the project, wor king

policies and regulations that support s u
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governments of Sokoto, Zamfar a, Kebbi, K

the planning and execution of the SCMP.

1T Stakehol der: EmMgaegemamt emphasi zes the im
stakeholders, including | ocal-gowemwnmmumeée rntiael
organi zations. This coll aborative appr o:
considered, | eadndgsustmonabékfesoliuvteons

ii.Ilnstitutional Rol es

T ACReSAL Pr oj ecTth e Tefa(R eoS Aelc t team i s res
coordinating the development and i mpl eme
wi t h stakehol der s t o identi fy i ntervent

strategic approaches to managing catchme
T Worl d:Bamlke Worl d Bank provides financi al

recognizing the significance of sustai n:

environmental challenges and enhancing r
T Local Commu@ammwersity representatives fro
invited to participate in the planning p
shared vision for an ideal catchment that
and challengegraaed i8to the catchment m

i1 i L mpl ementation and Monitoring

T Policy Devellhoepmdmtn i ncludes measures to
and ensure the effective I mplementation
promoting transparency and accountabilit
execution of projects.

T Capacity: Bluniltdiiatgi ves are in place to bui
i ncluding training programs and wor ksho

catchment areas sustainably.

T Monitoring andCdcEntailrulmdausonmoni toring and e

established to assess the effectiveness
necessary adjust ments. This ensures that
conditions and achieees its intended obj
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CHAPTER HARACTERI STI CS OF THE CA
2. Llocati on

2. 1Lokration and Boundary

The catchment covers the | arger parts of Sol
some parts of Katsina state. The area |ies b
|l ongitude 3A43655006E and 7A200608006Ee North, b

Ka catchment to -Jamadmometbataoméelmdef o at he Eas

13°0'0"N

~n~— Stream
C33 LGA Boundary
C3 catchment Boundary 0 15 30 60

(A% International Boundary {41500 000
T T
4°0'0"E 5°0'0'E

11°00"N
11°0'0"N

Fi gl e SoXkaomfoar a catchment s hMSAi,n g2 0t2h5e) L GA
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2. Precipitation, Temperature, Sunshi
The Sdemfara Catchment ex-perdectceéesnabetcbpra
di stinct wet and dry seasdonmnugd.i ngeyrelki matiac:i
sunshine duratiomp,| aggndéd rcelidticvae mwmiedii hy shap
beharvi and ecol ogi cal patterns. These factor

productivity, and natur al resource sustainab

2. Precipitation

The catchment experiences a uni modal rai nf al
movement of the I ntertropical Convergence Z
catchment varies between 500 mm agdf 1o ®0I0atms
May or early June through September or ear|l\
July and August, which typically account for
eastern parts of the ca&troahidamtf afal)ogercetiveKa

rainfal]l compared to the northern sections.

1050
1000
950
900
850

800+

Precipitation (mm)

750

700

650

2000 2005 2010 2015 2020 2025
Year

FigRZ e Annual Precipitati20n2 40)f (tShoeu rCaet:c hvheeln t 2
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2. Aeper atur e

The S-d&mt ar a Catchment , e X paerriidencé$ maat et r o
temperatures range between 20AC and 42AC. T
daytime temperatures often rise sharply, re

Ma ch and May, which are typically the hottes

season (May/ June to September/ October), tem
and 30AC due to increased clouddooveg &ahe o
season can drop significantly, particul ar |l
February), occasionally falling to as |l ow as

33+

32+
o
o

5 31
©

@

o
Em—

29+

28 B | | | | 1 1

2000 2005 2010 2015 2020 2025
Year

Fi g3 e Annual Temperaturf€0a@#)tl&S&oCGatehmdst, (2

2. Bunhshine Durati on

The SBdamfara Catchment receives abundant sun

annual sunshine duration estimated between

(November to April), daily sunshi nhe tcoanMaeyx c
being the sunniest mont hs. Sunshine hours re
and August, due to cloud cover and more frec

to 7 hours of sunshine porl aday adluraitn@nt thias

evapotranspiration and al so presents a sighni
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3800

__ 3700}

3600

3500

34001

Sunshine Duration (hrs

3300

32001

2000 2005 2010 2015 2020 2025
Year

Fi gB4ad e Annual Sunshi@®2Dur(@aladuwrnc g:20MDL, 202

2. Re4d ative Humidity

Rel ative humidity in the catchment shows st
especially in the Harmattan period (Decembe
20 %, contributing to the harsh,ondrriacd tg o rddiirtii
rainy season (June to September), rel ative
bet ween 60% and 80 %, peaking in August when
during this period enhathcalsagelievudtes alti pk

out breaks and waterborne di seases.

Pages of 193



Mecon Geology and Engineering Services Ltd

MECON SERVICES LTD (MSL)

52.51

(9]
e
o

=N
~
)]

N
bl
o

42.5¢

Relative Humidity (%)

40.0

37.5¢

3501

2000 2005 2010 2015 2020 2025
Year

Fi g e Annual Rel ati ve Humi2di2tly) ofS otuhrec eCa tMSHL.me r2t0

2. Topography, Drainage, Geology and
2. Jopography

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

of Katsina.

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

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

1 Northern sections have expansive floodplains prone to seasonal flooding.

1 The SokoteRima River system is the primary drainage network, with significant water
availability fluctuations between wet and dry seasons. This variability presents
challenges for water resource management and necessitates effective conservation
strategis.

T The interplay of topogr apkRyamdrmd ah \yCdrt alhang)

cruci al in shaping | and wuse, settl ement
regrFoglGdeepi cts the digital elevation mode
determines the catchment's general dispos
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6°0'0"E
1

o .SOKOTO STAXY

T
12°0'0"N

(CZ3 state Boundary
Cs Catchment Boundary
m\lnternatlonal Boundary

| Elevation (m)
- High : 846
90 120

Km
\ 7

11°0'0"N

‘_
- Low: 158

IR. Tabo
S

T
4°00"E 6°0'0"E

Fi gk e Di gital El evati on Model (DEM) of the ¢

2. Drai nage

The catchment is pri#Ramal Ridefti Sgdtley (cenSo

Sokoto) and Zamfara Rivers, which eventually
The Ri marRgvemates from the Gusau region in Z
serving as a vital watercourse for irrigati

net wor k of di stributaries that comitaodibwe res it to

and |ivelihoods.

The Sokoto hRi vieari n river in the catchment, ri
State and follows a northwesterly course bef
plays a critical role in regionalorhyadgrroilcouglyt, L

and domestic use.
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The Zamf ar aanPitvheerr key tributary, originates
State and contributes significantly to the
water source for agricultural activse¢eileslf and
joining the Rima River.

The rivers in the catchment are highly influ
occurring during the rainy season (June to
shaped by bot mardat udraaclt oarsd mercil guadti inaogn rsecshee m
climate wvariability. Notable infrastructure
regul ate water f1l ow, i mpacting downstream hy

activities.

13°0'0°N
13°0'0°N

12°0'0°N
12°0'0"N

JRFDamy

e State Capitals ; j
Dam ] /)/
"~ Stream /’ -

.‘ m State Boundary

'CQ catchment Boundary %z
.
mmwrnational Boundary:

11°0'0"N

30 60 90 12&
/3 1:1,500,000

T T
4°0'0"E 5°0'0"E

T
6°0'0"E

Fi g% e Dr ai nage

-Mampf @f a SO&ktoc lome n't

showi

ng

dams

STATES OF | NFLUENCE

1.Sokoto
2.Zamf ar
3. Kebbi

state
a St at

state

e
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Mor phometri c-ZAamdlay sai L ad fc hSnekdt o

Mor phometric Parameters
Area(sq. km) A 45,883.44322
Peri meter (km)P 1,704.615141
Drai nage D = Lul/A 0.1156
Density(km/ s
Stream Frequg¢Fs = Nu/ A 0.0127
Texture Rati T = N1/ P 0.1725
Basin Length{(Lp 407. 9686
El ongation Ri{Re= 2aUA/ 11. 9696
Circulatory I[R= (M) 2/P 0.1984
Form Factor [IR= A7 L 0.2757
Tot al Le
Stream Number Streams Log ( Log (
(u) Streams (Lu)
1 294 2,659. 4¢ 2.468 3.42/14
2 120 1,056. 9§ 2. 079 3.023
3 99 923.163 1.995 2.965
4 30 299.090 1.477 2.47H5
5 4 3 369. 866 1.633 2.5617
Bi furcat(i®n Rati o |[Mean Bi fur ca
1°0r d®r |27 r de¥n3 br deMr4 br dle'r
order order order order
2.45 1.212 3.3 0.697 1.9149
2. HLedl ogy and Soil s
The SBd&amtara Catchment, spanning Sokoto, Zam
i s underlain by diverse geological formati on
and | and use potenti al
T The geol ogy of the region is primarily co
soils exhibit variations ranging from fer
1T These geol ogi cal and soi l characteristics
and hydrol ogi cal dynamics of the catchmen
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2. 3G8olLlogy
The geol ogical frdamewarhkh c&atthmebBtokoaon be c
maj or provinces: the Precambrian Basement Co

l1.Precambrian Basement Complex (Southern Are

Th
Pr
t e
fr

. So

Th
ch
se
b a

e southern part of the catchment, cover.
ecambrian Basement Complex rocks | ike gr
rrain has shall ow, l ess fertil aexcdialrgedu
om the | ow permeability of the bedrock.

koto Basin Sediments (Northern Area)

e northern catchment, including Sokoto a
aracterized by Tertiary and Quaternary s
di ment s, formed through fluvi alpepr olchees s €

sin'"s porous sandstones play a significa

13°0'0"N

4°00"E 5°00"E 6°00"E 7°0'0"E

14590°N

12°0'0°N

11°00N

14°00°N

LEGEND
Clays and grits

Clays and grits with pebble beds

13°00"N

Clays and shale

- Older Granite

[ Pisolitic clays and grits
Sandstone and mudstone

Undifferentiated basement complex
with pebble beds

- Undifferentiated meta-sediments
[ catchment

[ state

H— International Boundary

12°00°N

11°00°N

Kaduna

1Km
0 60 120 180 240 w E

4o0l0e seoloE s°00"E 7°0'0"E

Fi g8 e Geol ogi c alzZaMmefparoaf Cxd kcohthnbent ( Source: \Y
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2.3S8i Rk Types

Il n t heZ@®&mnfkota Cat chment, soils have been sysi
soi l classification framewor k, whi ch consi de

underlying parent material s,i mand smdadi ftiyp elsa

include Arenosols, Vertisols, Gleysols, Fluv
physical and chemical properties that I nf | u
suitability forcwapi bvwupesegetation and

1. Arenosol s
Locatioaund mainly in the northern catchme
Char act:erSasntdiyic,s xctouarresde soi | s i#moddiidhgr egipanr
and high pPgmrmeabitiuirSayji.t dbeé-eefsostdnbughops
and sorghum, needing fertilizers and irrig

2. Vertisol s

Locati olhound I n floodpl ai ns and depr es:
Char act:erGisagihcssoi |l s that shrink and swell
highly fertile but prone to waterl ogging.

Agricul turdaleaUsd or rice and other crops t|

caref ul management to avoid soil cracking.

3.Gleysol s

Locati oRound i n waterl ogged areas, p a
Char act:erHysdtriocnsor phi ¢ soils with poor drair
AgricultuiSal tdbdée for paddy rice cultivat:i
4 . Fl uvisol s
Locati offommon al ong ri verbanks an
CharactierYsungssoils formed from recent r
Agricul tuitaledUseae ddiommrd agriculture, suppo
and vegetabl es.
5.Leptosol s
Locati bound in the rugged, el evated areas
Charact:erShalilcew, stony soils on hard rock

potenti al
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Agricul turPali mdge |l y used for grazing and f

potenti al

Sustainable agricultural practices and soil
productivity while mitigating environment al
water | Pig®i ga map of the soil characterisat.i

14°0'0"N
T
14°0'0"N

LEGEND

Acrisols

13"0"0"N

Arenosols

T
13°0'0"N

Cambisols

- Fluvisols
- Leptosals
- Lixisals
[T Luvisols
I:l Catchment
[ state

H— International Boundary

12“|J|'0'N
12°0'0"N

11°0'0"N
T
11°0'0"N

T T
4°0°0"E 5°0'0"E 6°0'0"E 7°0'0"E

1Km
0 &0 120 180 240 w E

Fi g% e Soi |l Mazpa moffarSao kattoc hment ( Source: MSL,
The varied geology and soil wepestiin et lad | wati
support agriculture, while sandy soils in ¢t
and water management, particularly irrigatio
soi l degradati on. Basundwatfersinrthega-tCham o
exploitation raises sustainability concerns
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2. ldand Use and Land Cover

The Sdemtara Catchment features a diverse | a
human activities. Key |l and uses include agri
i nduced <changes | i ke deforestatiiompaaned]!| &

environment and water resour ces.

4°00E 5°00°E 6'00°E T00E
L e N N

13°00°N
L
T
13°00°N

2023 LULC

- Waterbody

Vegetation

Wetland

- Builtup
- Baresurface

Farmland

12°00'N
1
T
12°00°N

len~ International Boundary
0 15 30 60 9% 120 M Stream

(C3 catchment Boundary

T T T T
400 5'00°E 6'00E T°00°E

Figr® Land Use and LkZaanndf aQoav eQa tocfh ngeonkto t200 1 7 and
2025)

2. Nalural Vegetation

The natural vegetation cover of the Sokdtmfara catchment varies across different areas

due to climatic conditions and soil characteristics.

T Northern Area (Sokoto State)

The northern part of the catchment I n Soko

vegetatioari dhiregsemifeatrierse standt ttereeed ddruacu

Baobab, Il nterspersed with shodtygchsmase @ahd
soi |l s, making it suitable for pastor al acti
fuel wood harvesting, and desertification hav
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T Central Area (Kebbi St at e)

The centr al portion of t he catchment, cover
bet ween the Sudan and Guinea savannahs. The
scattered trees such as |l ocust rmeaf,aldhea W

supports a more diverse plant cover than thi

deforestation continue to impact the natur al

T Southern Area (Zamfara State)

The southern part of the catchment, particu
savannah zone, which is characterized by a d
tree species include neem, ghéaghettemj ndmd I
soi |l s make this area favorable for far mi ng
contributed to deforestation and habitat | os

2. Ag2icul tur al Land Use

Agriculture is the pEZamhayal aatdchmentn wheh S
activities shaping the | andscape. The expal

floodpl ain areas, has signif i cdanretcloyn oimyf.|l uenc
T Rainfed Agriculture (Kebbi and Zamfara St

The majority of agriculture in the <catchmen
St at es, where relatively fertile soil s, i ncl
these areas grow staple cropsnuwtuxc,h arsd midwp
However, dependence on seasonal rainfal]l r

fluctuations, particularly in drier areas wh
T I'rrigated Agriculture (Sokoto and Zamfara

The floodplains of the Sokoto River and its
favorable conditions for irrigated farming.

i ntensive crops such as ri ceirroing atnison vheagse t
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agricul tural productivity, it has also | ed t

in the dry season, contributing to conflicts

T Fallow and Shifting Cultivation (Northern

Il n areas with | ess fertile soil s, particul a
traditional fallow and shifting cultivation
uncul tivated for regenerati ong bpdpuleatriessnu np m
has | ed to shorter fallow periods, resulting

agricultural yields over ti me.

2. ANe3 | ands
The wetl and<aoff atrlae c@dlkcditment are significant

in Sokoto, Zamfar a, and Kebbi States. These
tributaries, play a cruciahgrwateei nflsoawpoand
|l ocal Il ivelihoods.

T Ecological Significance (Sokoto, Zamfara,
The wetlands provide essenti al habitats for
popul ati ons, serving as <critical breeding a
flood regul ator s, absorbing exduadd ywateeradun
the dry season. This process helps maintain
supports groundwater recharge, and reduces t

T Agricul tur al Use (Sokoto, Zamfara, and Ke
Wetl and agriculture, especially rice farminog
seasonal flooding that enhansesal soricaeufar e

grown thanks to these favorablceticcoensdi dnanwa
diversion |Jjeopareéediezen tshuestwe tnladonds 't yl omg ghl i

management .
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2. 4H5rda4zing Land and Pastoralism

Livestock grazing is a major land use in the Sokfamfara catchment, particularly in the
northern and central regions, where pastoralism serves as a key livelihood. Nomadic and semi
nomadic herders move across the area in search of pasture for thejrsbatp, and goats.
Grazing lands include the natural grasslands of the savannah and marginal lands unsuitable for

crop cultivation.
1T Pastoralism in Northern Areas (Sokoto and

The drier northern parts of Sokoto and Kebbi States support a significant number of
pastoralists. However, overgrazing has contributed to land degradation and vegetation loss in
some areas. This problem is further intensified by climatic factors suctiuaederainfall and

more frequent droughts, leading to declining pasture availability.
T Conflict with Agricul tural Land (Sokot o,

The expansion of cropland into traditional grazing areas has led to increasing competition for
land and resources between farmers and herders. As both groups struggle to access fertile land
and wated especially during dry seasanslisputes over land use lelsecome more frequent.

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

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

2. HAuBnman Settl ement s

Human settlements in the Sokedamfara catchment are primarily concentrated around river
systems and fertile agricultural zones. Population density is higher in the southern parts of the
catchment, particularly in Sokoto, Zamfara, and Kebbi States, witgheurban and rural

settlements thrive.
T Urban Areas (Sokoto, Zamfara, and Kebbi S

Major urban centers such as Sokoto, Gusau, and Birnin Kebbi serve as economic hubs,
supporting trade, manufacturing, and services. The expansion of these urban areas is exerting
pressure on surrounding agricultural and grazing lands. In recent yearsspraahhas led

to the conversion of pedrban farmland into residential and commercial developments,

reducing available land for food production and livestock grazing.
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T Rur al Settl ements (Sokoto, Zamfara, and K

Most rural settlements in the catchment consist of small villages and hamlets closely tied to
agricultural activities. These settlements depend on farming and livestock rearing for their
livelihoods. However, many rural areas face challenges such asdliagtess to essential

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

hinders socigeconomic development and contributes to rurllan migration.

2. £06 est and Woodl and Areas

Small patches of forests and woodlands are present in the southern parts of the Siwitata
catchment, particularly in Zamfara, Kebbi, and parts of Sokoto State. These areas are mainly

found in protected reserves or as remnants of the original savanodtands.

1T Deforestation (Zamfara, Kebbi, and Sokoto

Deforestation has been widespread across the catchment due to agricultural expansion,
overgrazing, and high demand for firewood and charcoal production. This has led to
biodiversity loss, increased soil erosion, and the degradation of water catchmemhakaag

the land more susceptible to desertification.

T Reforestation Efforts (Sokoto, Zamfara, a

To combat deforestation, various reforestation and afforestation projects have been introduced,
particularly in areas at risk of desertification, such as northern Sokoto and parts of Zamfara and
Kebbi States. These initiatives focus on restoring degraohet$| improving soil fertility, and
enhancing water retention through tdanting campaigns and sustainable land management

practicesFig 211 shows the vegetative map of the catchment.
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2. 4. 7: Bi odiversity

Ecosys|Represent | RepresentEcosystegKey Biod
Type [/ |Fl or a Fauna ServicegChall eng

Sudan Acacia,se|Patas morn-Livesto|l-Defor es

Sahel Acacia,ni|Roan antegrazing |Overgrfaz

Savann|Vitellarj|(now rargFuel wOoigqHabi t-at
Parkia pi|jwarthogs,fertilitFirewood
Adansoni,a|ci vet, rqer osi on |expl oita
grasses Medi ci nag
(Andropogo food pr ¢
Penni)setu

Ri pari|Khaya sen|{Crocodil g-Water -Sand mi

Forest|Ficus spp|fish e.g.purif-icgRiparian

Riverb|Tamarindu|catfish; |[Erosion|degradat

Dum Palm |pied kingBiodiverAgrochem
(Hyphaene|lAf rican flcorr-idorrunof f
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Livel i hg
from f i g

Wetl an|{Typha dom/ Bl acrkowne|l-Fl ood -Typha i1
FIl oodp|Nymphaea crane-sf awhbuf f-@riynWet | and
Echinochl|whistlingseason- ¢encr oa-ch
Oryza Nile croqFish bregWater ab
| ongi stamfrogs, Wehabttat s
mud turtlMigrator
refuge
Aquati|Agquatic Til api a -Fisheri|-Dam i mp
Ecosys macrophyt|(Oreochro|(fooMater |[Poll-utio
(River|rice nil ogt,i cQlagsup-ply Declinin
Dams) (Cl ari as Economi-gst ocks
gari ephabeAquatic
species bi odi ver

I nl and/ Anogei ssulAfrican d-No-hi mbe/-Charcoal

Forest|l ei odDampe|parrots, |[productsproduct.i
Patchefol i,¥etell | monkeys Cul turallFragment
paradoxa Car bon Poaching

sequestr

Agro Mill et s|Sokoto GY-Food & |-Genetic
ecol og|lcowpea, g|cattl e, Anut r-SeeqAgrochem
System|rice goats, Weé& breed |us€l i mat
dwarf shgqconservgstress o
poul try Soil ferand Ilive

Liveli hgdg

di versit

2. Fbydr ol ogy and Water Resources
2. Hydrol ogy

The hydrology of the Sokotdamfara catchment is shaped by its river network, seasonal
flooding, groundwater systems, and wetlands. The primary rivers in the basin are the Rima,
Sokot o, and Zamfara Rivers. These nanicg,y a ¢

influencing agriculture, water supply, and floodplain ecosystems.

2. Hyadrograph/ Water Budget of The Cat cl
The hydrographs and water budgets of-atrhids st
climate with high temperatures and | ow rain

June and October, with the mathirs twetof spasca
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il lTustrat2edk2 23 &#428).ur5dashe catchment's hydrogr .
graphs exhibit homogeneous hydrologic charac
A Peak flows in August.
A Hi gh evapotranspiration rates (Figure 5)
A Seasonal runoff patterns
The catchment experiences a peak flow time o
as the rainy season. Evapotranspiration con
average water budget of 103. 00mm. ammabiwat dar
summari zes the hydrollogigemcatahmenhhempar iasmeat e
water supply solutions.
800
700
% 600
E 500
S 400
©
5 300
R
Q 200
100
0
NS ODONOVDOANMTULNODOODO A NTOLONDODDATATNMSTL OO O N
VO OVWOWOVDOIDDDDDDDODDDODDDOOO0OO0OO0O0O0O0O0 ™ed ed ed eded NN N
[oNoNoNoNoNoNoNoNoNoNoNoNoNoNoNeoNololNeololololoNe oo oo oo No o NoNoNo)
A A A A A A A A A A A A A AN NNNNNNNNNNNNNNNNNNN
Year

Fi gra2 Hydrogr apamibdadr SoBtot ®( Sguc c€at MSmen2025

Based

HAMSHEN® d e |

ng

f

or

Page23of 193

Strategic

catchment .



Mecon Geology and Engineering Services Ltd

MECON SERVICES LTD (MSL)

40 yrs Avaerage
350
300
_ 250
£
£
o 200
2
<
5 150
5
= 100
50 I
0
Jan Feb Mar Apr May Jun Aug Sep Oct Nov Dec
Month

Fi g3 OYear Summary HydZdomfrarpsh Dtfr aS{o&pitooc €at MB e
2025)

450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00
50.00
0.00

Discharge (md/s)

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

2013 2014 2015 2016 2017 2018
2019 2020 2021 2022 2023

Fi g¥2e Hydrograph of Gulbin St(&begice: CMSthment

Page24 of 193



Mecon Geology and Engineering Services Ltd

250.00

200.00

[EEN
a1
©
o
o

Depth (mm)

100.00

50.00

0.00
Jan Feb Mar Apr

Month

Fi gRr® Water Budgaemf admoa

May Jun Jul

MECON SERVICES LTD (MSL)

—PPT =—ET

Aug Sep Oct Nov Dec

Sokaft Bgiuc c€at MMEmen® 025

2. 5TA84dkot o Bamfadregi ¢ Catchment
The Sdamftara Strategic catchment -canscshmést f
influenced by a complex river system and sea
of the Niger, flows through Gusau,TlwbdeSekohe
further alters the fl ow, i mpacting water ava
|l ocal agriculture, emphasizing the importanc
2.5Wa8t &r Resources Assessment Concept 1in
Wat er demand -Ziaitmf aha 6Sakobtment exceeds supp
sustainabl e management .
f Factors |ike climatic variability, popul a
this pressure.
1T Declining flow from the Sokoto and Zan
sedi mentati on, and wat er regul ati on fro
espedypthgss, further disrupt water fl ow.
T Conflicts arise among agriculture, domes
for an integrated water resource manageme
2. 5.t2r.e3ans FIl ow and Seasonal Variability
Stream fl ow-Ziamf aha 6akohment exhibits stron
influenced by rainfall distribution. The hyd
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dry season fluctuations, which i mpact river

dynami cs.
a) Wet Season FIl ow

The wet season (June to September) mar ks t he
driven by monsoonal rainfall and surface run
upstream areas of Zamfara andtkKebai nSt dteeed s
Sokoto and Zamfara Rivers and their tributar

September, supporting floodplain agriculture

Sokot oo RliveerSokot o River experiences a sharp
with flow rates ranging between 50 and 200
rainfal]l i ntensity. FIl ooding is c¢ommoat eal on:
where extensive floodplains temporarily stor

Tri butary ConTthre bKia,i ohamf ar a, and Gagere Riv
tributaries to the Sokot weRi bat syndtearrme wrad\
tributari esedsuapgprorctulrtauirne, | ocal fisheries,

b) Dry Season Fl ow

From October to April, river di scharge dec
availability becomes dependent on groundwat ¢
controlled releases from major reisersmalilser
tributaries, raising concerns about irrigat.
Bakol or i and :GoTrhoensyeo nbaajnosr hydrol ogi cal str
regul asiemgodryl ows by storing and gradually
upstream water withdrawals for irrigation ar

water awailadabiekti ng farming communities.

FIl oodpl ai n RehseerfvMooiordspl ai ns of Sokoto and Zal
reservoirs, providingseasvantfiarl mi mgi samnud el ifwv
However, changing rainfall patterns, i ncr ea

redutcheigr storage capacity over ti me.
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2. 5Dksdharge Measurements

Continuous monitoring of river discharge 1is
especially 1n a catchment wi tZzha mifiagha . s @a s mh:
measurements provide insights into:

1T Water availability trends
T FIl ood risks and mitigation strategies

T Lormgerm hydrol ogical changes

The Nigeria Hydrological Services Agency (N
conduct periodic river flow assessments. Th

reservoir operations, and flood control pl an

2. 5SArbace Water Resource Potenti al

Nigeria'"s average annual precipitatieln is a
receiving 767mm/year. Only 24% contributes
internal surface water generationr ARBBOOXIC®3

rely on tr anstbootuaddaimygBiCMf yewas ,

The total renewabl e -griosnesvaitmat eedchtargeBCM/
need for sustainable gr dungésRadwes Mmae agretmemae
encapsul at iZmgnftalrea S$akatteegi ¢ Cat chment .
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Fighr@ater Resources of the

Tab2l2e Table bel ow shows t he-lwater

Water Resources Potential
Total Water Resources Potential

Including inflow from outside Nigeria (BCM 37.4
lyear)

Only internal generation in Nigeria (BCM 10.7
lyear)

Surface Water Resources Potential

Including inflow from outside Nigeria (BCM 35.1
lyear)

Only internal generation in Nigeria (BCM 8.4
lyear)

Groundwater Resources Potential

Groundwater Recharge (BCM 5
lyear)

Runoff Condition Only internal generation in Nigeria

Precipitation (P) (mm/ 767
year)
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Total Runoff (RO) (mm/ 62
year)

Groundwater Recharge (GRE) (mm/ year) 37

Loss of Recharge (LOS) (mm/ 18
year)

Runoff Rate (RO/P) (%) 8.1

Recharge Rate (GRE/P) (%) 4.8

Loss Rate (LOS/P) (%) 2.3

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

SourJcle®PA ojTeam

2. Hylrogeol ogi cal Di sposition of the

The hydrogeol ogical disposition of the catch
|l ayers make wup part of the water resources
217 .
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2. 5GBolindwater Recharge
Groundwater rec-HamfaeranCaheh®ekbtos declinir

increased wat eurseuscehhanged. | Andas wi t h shal
evapotranspiration are particularlyseuknerahb

in regions with | ow natur al recharge rates.
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Groundwater depletion is | ess severe near ri

Zamf ar a, Kebbi, and Sokoto States face great

seasonal rainfall . Tail orenticdli madre taldeapd at e

interventions may include:

9 Enhancing artificial groundwater recharge
recharge (MAR) techniques.

T I mpl ementing water conse-exatraochipnatébrces |

domestic use.
1T Strengthening monitoring networks to track

management strategies

2 . \ater De faorkdZtdaonfr&an ac hment
2. BNat1 er Avail aPaisliinty by Sub

The water resources availability (cumul ative
by -babin are as foll ows:

Sokoto Sub -DPAG0MNMCM/ &8I0,
Zamf arbaa sSunb 1 7700MMCM/ year

Bakal ori dam: Reservoir capacity 450MCM

2. BNa2er Use and Demands

Current and futurevater demandor SokoteZamfara Catchmemwere estimatedutilizing the
methodology adopted in the NWRMP (JICA Team, 2014). The demaatbd data obtained

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

Katsina.

Thewaterdemands dividedinto thefollowing categories:
Muni oviagdedrman dn c Idwodnersgo momeg mqidad ystri al ) .
Il rri watdeeoma n d .

l
l
1 Li vestadoddeckmand.
l

Aquac wlatdeernea n d .
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2. 6MANLcwegtademand

Muni ci pal water consists of drinking, cookin
ot her water usage in our daily 1lives. Muni c
popul ation served but also with I mprovement
Daily average domestic water consumption i s
by per capita consumption (lit/ cap/day).
Munici pal water use within the catchment are
there exist surface water treatment facilit]
| ow.

2.6LRvEBstock Indices and Water Demand
The north of the country has a significantly larger number of livestock than the south due to

frequent droughts that limit crop farming. Scant annual precipitation results in low surface
water availability, forcing livestock to rely on well water. Lives®owater consumption
depends on atmospheric temperature, weight, and available grazing.

1 Because 80%of the weight of grazing grass is nothing but water, and if a cattle graze
and browse 20 kg/day, it is equivalent to drink 16 liter of water that can maintain a day
of an adult cow with her live weight of 240kg (0.15 |/ kg live weight).

1 In an extreme drought year, with an annual rainfall of 400mm or less, grass cover
becomes so thinner over grazing field that adult cattle cannot graze more than 5kg a
day. In such a case it should drink at least 11 liter of water at watering spots a day to
maintain its body.

1 Moreover, moving/ walking livestock require more water, about double as much as the
staying one. That the reason why adult cattle needs 25 ~ 35 liter of water per day on
average depending on its live weight and its activities.

1 As to other ruminants like goats and sheep. The situations are similar to tlef case
cattle. Thefollowing table showsa standardof livestock water requirementin the
tropical zone shown in one of livestock guidebook published by FAO in 1960s. Of
course, domestically kept livestock and nomadic one has different standard in a strict

sense.
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Tab23e Water requirement of |
Livestock Live Maintaining* Uptake Gross Annual (m?3)
specie Weight need (L/day) from water requirement
() grazing Drink
Grass/feeds  (L/day)
(L/day)
Cattle 250 60 38.4 21.6
Goat 30 6.6 4.3 2.3
Sheep 40 8.8 6.8 2.0
Pig 90 20 16.7 3.3
Donkey 110 24 15.6 8.4
Camel 350 80 55.4 24.6
Horse 300 70 47.8 22.2
Fowl
SouFrdd:i ve Suo-Wéeo i r o pAfcraiCoam tlr9i6eds ,
Tab2de Number of | ivestock heads/ fowls
Taage < Cotle Gous Snesm Pae Pouly Donke Jame Jase
Kebbi 440,469 1,974,181,063,89 140,50 3,598,76 14,726 18,057 4,174
Sokoto 1,427,08 2,155,583,194,83 gS,OOO 3,848,50 73,107 20,1620
Zamfara ?158,720 ‘21,334,97;,115,10 12,975 2,941,23 13,748 44,421 96,285
Total 2,326,2 3,464,7 2,373,8 188,47 S134,388,5 101,58 82,640100,45
69 52 36 5 00 1 9
Source: Jica Team
Tab2l5e Esti mated growth rate of I|Iivestock hea

Specie Formula of linear regression Annual growth rate
Cattle: Y=121.3X +15,470.2 0.681%lyear
Goats: Y=1352.2X +41,466.8 2.011%lyear
Sheep: Y=1372.3X + 20,327.7 3.000%/year
Pigs: Y=268.3X +7,411.7 2.154%l/year

Fowls: Y= 1265.9X + 79,006.1 1.227%lyear
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Tab2ee Corresponding |ivestock water requir

2010 2015 2020 2025 2030 2035 2040 2045 2050
Cattle 18314716 18946884 19600872 20277434 20977349 21701422 22450489 23225411 24027081
Goats 6330109 6992721 7724693 8533285 9426518 10413250 11503271 12707390 14037552
Sheep 4729386, 5482655 6355899 7368229 8541797 9902284 11479461 13307842 15427436
Pigs 225039 250907 279748 311904 347757 387731 432299 481991 537395
Poultry 561152 613947 671709 734905 804047 879695 962459 1053010 1152081
Donkeys 312565 346792 384767 426900 473647 525514 583059 646906 717745
Camels 742025 823279 913431 1013455 1124432 1247562 1384174 1535746/ 1703916
Horses 806686 895021 993029 1101769 1222417 1356276 1504793 1669573 1852398

TOTAL | 32,021,678 34,352,206 36,924,149 39,767,883 42,917,965 46,413,734 50,300,006 54,627,870 59,455,603
Source: JICA 2014 MP

Tab27e Breakdown of water requirement i nt

2050

Water Demand(MCM)

I

2. 6AQu&8cul ture 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
Tab28e& i s h Proanrdm

KEBBI 56 57.7 0
SOKOTO 9 14.2 0
ZAMFARA 9 37.5 0
TOTAL 74 109 0
Annual water supply per hectare is calcul ate

of spoiled water wittoh a@il@GImge@NMrepeéeshanpdetr ege
85% of pond water comes from shallow well s,
water. Water quality must meet requirements:
and dissolved oxggrdawatbonvei st pmenf. erGred due t
which result in higher oxygen content
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The inland fish farming is projected to supp
current consumption of 1.62 kg. Wi th a targe
high initial 1T nvestments faindnmae kgeédctnignghlaé $
tons/year from the feasible 1.4 million ha a
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Tab29er oj Wat Ramafndirn | AqquWacul t ur e

KEBBI 2. 3. 4. 4 . . 4 4 . ! 4 . | 4 4 . !
SOKOTC 1. 1. 1. 1.° 1 1. ¢ 1. ¢ 1. !¢ 1. ¢
ZAMFAF 2. SR 4 . | S 4 . . 4 . 4 . ! 4 . | 4 . i
KATSI N 0.« 0. : 0. ! 0. ! 0.! 0. ! 0. ! 0. ¢ 0. ¢

6. ¢ 9. ¢ 10 10 10 11 11 11 12

Source: JICA 2014 MP

Page350f 193



Mecon Geology and Engineering Services Ltd

o
2.6l RPrdgation water demand
Severalsmallscale irrigation systemsjther formalor informal, exist inthe SokoteZamfara

Catchment. Locgbeople take the initiative to develop the Fadama irrigaaemesmostly

utilizing surface water, either diverttbdm streamby gravityor lifted with smalldieselpumps.

The irrigation water demadmd i WantsRleesxotWraccdtsed f r
Pl an (NNWRMPTa20l1le3)2. 1 shows the ir-Zambharan
Cat chment -Bharseian sbh.y TShueb i rri gati on water deman:

most conservative estwhmahe)santdevegst ablpées me

requirement for i1rrigation.
Public irrigation schemes mostly wutilize su
s masiclal e private irrigation systems in flood

after flood recadei @mr.i vhhe 3 maflillpgatdipdmi og s tme

utilize groundwater for irrigation purposes

2. 6Wat Bemam#Bx i sltr miggSacthieome s Zrma m3$ alk at o
Cat chment
Tab2ldWa t e maontx i sltrirnigpa hieme s -4 aamfSarkaeot®@at c hment

Wet SegDry Sejq
Il rrigatgWater Wat er Total
Catchmen| Water Demand
( ha) Demand |Demand ( MC M)
( MCM) ( MCM)
Surfacdg23,862 (137 92 229
Sok<2Ztaof ar a under f{7, 817 29. 5 29. 5
Ground 382314. 4 14. 4 28. 8
Tot al 287. 3

Source: Jica Team
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Tab2ldNet I rrigatidomrREquistemgntd rrigation s

Hy dr o | Aorgetbéih | We8eason

1) Rice
ETo (Potential mm 81 92 133 161 175 155 137 123 118 120 96 82
Evapotranspiration)
Kc 0.17 0.69 1.04 0.99 0.61 0.15
Etcrop (EToxKc) | mm 30 | 107 142 122 72 18
Percoration mm 30 |30 60 60 30 @30
Land Preparation | mm 75 75
= + + m 135 212 202 182 102 48
Effective rainfall mm 0 0 2 4 18 40 82 |100 56 @6 0 O
Net Irrigation mm 117 | 172 | 120 182 46 |42

Requirement
2) Other Cereal

ETo (Potential m 81 92 133 161 175 155 137 123 118 120 96 82
Evapotranspiration)
Kc 0.11 0.41 0.75 0.85 0.54 0.14
Etcrop EToxKc) = mm 19 64 103 105 64 17
Prelrrigation mm 30 30
= + mm 49 94 103 105 64 17
Effective rainfall mm 13 28 57 70 39 4

Net Irrigation
Requirement

Hy dr olAorgeHeé&lh | Dr eason

1) Rice
ETo (Potential mm
Evapotranspiration)
Kc
Etcrop mm
(EToxKc)
Percoration mm
Land mm
Preparation
= 4 9 mm
Effective mm
rainfall
Net Irrigation mm
Requirement
2) Other Cereal
ETo (Potential mm 81 92 133 161 175 155 137 123 118 120 96 82
Evapotranspiration)
Kc 0.88 0.85 0.39 0.05 0.15| 0.52
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Etcrop
(EToxKc)

Pre-Irrigation

= +

Effective
rainfall

Net Irrigation
Requirement

2. 6Wat

mm 71
mm

mm 71
mm O

ér

Catchment

Tab2leWa t e maontx i sltrirnigpa hieme s -4 aamfSarkaot®@at c hment

78 52 8
78 52 8
0 1 3

Demand o

f Existing-Zlarmfiagraat i on

14 43
30 30
44 73
0 0

Wet SegDry Sed
Il rri Wat er Wat er ot el
Catch|Water 9 Demand
Ar e a Demand [Demand ( MC M)
( MCM) ( MCM)
Sokot Surfac|{23, 86|137 92 229
OKOl P nder |7 817 29.5 29.5
Zamf ar
Ground 382414. 4 14. 4 28. 8
Tot al 287 . 3

Source: Jica Team

Tab2l8Net

1) Rice
ETo (Potential m 8
Evapotranspirat m 1
ion)
Kc

Etcrop
(EToxKc)

Percoration

Land
Preparation

= + +

Hy dr olAorgeHaé&lh | We Beason

3333333

9 13 16
2 3 1

17 15 13
5 5 7

0.1
7 9 4

30 10 14
30 30 60

75 75
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Effective m O O 2 4 18 40 82 10 56 6 0 O
rainfall m 0

Net m 11 17 12 82 46 42
Irrigation m 7 2 0

Requirement
2) Other Cereal

ETo (Potental m 8 9 13 16 17 15 13 12 11 12 9 8
Evapotranspirat 12 3 1 5 5 7 3 8 0 6 2
ion)
Kc 0.1 04 0.7 08 05 01
1 1 5 5 4 4
Etcrop m 19 64 10 10 64 17
(EToxKc) m 3 5
Pre m 30 30
Irrigation m
= + m 49 94 10 10 64 17
m 3 5
Effective m 13 28 57 70 39 4
rainfall m
Net
Irrigation

Requirement

Hy dr olAorgeHeé&l | Dr eason

o0 @

< A
T

1) Rice
ETo (Potential m
Evapotranspir m
ation)
Kc
Etcrop
(EToxKc)

Percoration
Land
Preparation

= + +
Effective
rainfall
Net
Irrigation
Requirement

333333333333
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2) Other
Cereal
ETo (Potential m 81 92 13 16 17 15 13 12 11 12 96 82
Evapotranspir m 3 1 5 5 7 3 8 O
ation)
Kc 0.8 0.8 0.3 0.0 0.1 05
8 5 9 5 5 2
Etcrop m 71 78 52 8 14 43
(EToxKc) m
Pre- m 30 30
Irrigation m
= + m 71 78 52 8 44 73
m
Effective m O O 1 3 0O O
rainfall m
Net
Irrigation
Requirement
26 . BWater Demand under Climate change

Tab2dletWat er Demand under Climate chang:é

Wet SegDry Sefd
I rri Wat er Wat er ot el
Catch|Water 9 Demand
Ar e a Demand [Demand ( MC M)
( MCM) ( MCM)
Sokot Surfac{23, 84(193. 5 87. 6 281. 1
OKOl i nder (14, 73 7 2 7 2
Zamf ar
Ground 83346 41 87
Tot al 440. 1

Source:JICA ProjectTeam

Tab2lé&éNet | rrigat i omdRe gOdiainegees) e t

Hy dr olAorgetbésh | We Season

zm<n:<

@)

w

Z o S % => 9" [a)

1) Rice 8 92 13 16 17 15 13 12 11 12 96 8
1 31 5 5 7 3 8 0 2

ETo(Potental m 9 10 15 18 20 18 16 14 13 14 11 9
Evapotranspiral 5 7 5 8 4 1 0 4 8 0 2 6

ion)
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Kc 0.1 06 1.0 09 06 0.1
7 9 4 9 1 5
Etcrop m 35 12 16 14 84 21
(EToxKc) 5 6 3
Percoration m 30 30 60 60 30 30
Land M 75 75
Preparation
M 14 23 22 20 11 51
= + + 0 0 6 3 4
Effecive ™M O O 2 4 18 40 82 10 5 6 0 O
rainfall 0
Net m 12 19 14 10 58 45
Irrigation 2 0 4 3

Requirement
2) Other Cereal
ETo(Potental m 9 10 15 18 20 18 16 14 13 14 11 9
Evapotranspiral 5 7 5 8 4 1 0 4 8 0 2 ©6

ion)
Kc 0.1 04 0.7 0.8 05 01
1 1 5 5 4 4
Etcrop m 22 74 12 12 75 20
(EToxKc) 0 2
Pre m 30 30
Irrigation m
= + m 52 10 12 12 75 20
4 0 2
Effective m 13 28 57 70 39 4
rainfall m
Net
Irrigation

Requirement
SourddePA ojTeam

Hy dr olAorgethé&h | Dr §eason

1) Rice
ETo (Potential m
Evapotranspira m

tion)
Kc

Etcrop m
(EToxKc)

m

Percoration

Land m
Preparation
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m
= + +
Effective m
rainfall
Net m
Irrigation m
Requirement
2) Other Cerea
ETo (Potential m 95 10 15 18 20 18 16 14 13 14 11 96
Evapotranspira m 7 5 8 4 1 0 4 8 0 2
tion)
Kc 0.8 08 0.3 0.0 0.1 05
8 5 9 5 5 2
Etcrop m 84 91 60 9 17 50
(EToxKc)
Pre m 30 30
Irrigation
= + m 84 91 60 9 47 80
Effective m O 0 1 3 0O O
rainfall
Net
Irrigation
Requirement
SourddégPA ojTeamn
2. do4al Water Demand
Tab2lléée WRBtadrance analysis of the Cat chme
WATER BALANCE ANALYSI| & AAMFRA RAOKCAATT@ H
WATER DEMAND ( CUBI 2025 2050
MUNI CI PAL 273,66 495, 130
LI VESTOCK 39,767 59, 455,
AQUACULTURE 10, 658 12,307,
| RRI GATI ON 287, 30 440, 100
TOTAL 611, 39 1,006, 9¢
AVAI LABLE WATER RE
(CuBI C METER) 2,167,0 2,167, 0
WATER BALANCE (CuB |1,555, %7 1,160, 0
SOURCE: JICA 2014 MP AND GHI Water and Wa
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2.6 n5rastructure and Asset s
Tab2lleg Cat chment I nfrastructure
Infrastructure Location Importance Risk Factor
Katsina State, | Irrigation, water supply, flood Drought,
Zobe Dam DutsinMa LGA control sedimentation
- Katsina State, Jibi{ Domestic & industrial water Sedimentation,
Jibia Dam

LGA

supply, irrigation

insecurity

Bakolori Dam

Zamfara State,
Maradun LGA

Major irrigation dam,
domestic/industrial water

supply

Erosion, climate
variability

Goronyo Dam

Sokoto State,
Goronyo LGA

Irrigation, domestic/industria|
water supply, flood control

Sedimentation,
flooding

Sabke Irrigation Project

Katsina State,
Mai 6 Adu 4

Yearround farming,
improved food production

Infrastructure
degradation

Bakolori Irrigation
Scheme

Zamfara State,
Bakura & Talata
Mafara LGAs

Largescale food production
multiple cropping seasons

Flooding,
management issue

Wurno Irrigation Scheme

Sokoto State,
Wurno LGA

Yearround farming, food

Drought, inadequats

security maintenance
Kware lrrigation Scheme Sokoto State, Irrigation, |mp_roved food Drough_t, poor
Kware LGA security funding
Goronyo Irrigation Sokoto State, Largescale irrigation, crop Sedimentation,
Scheme Goronyo LGA productivity climate risks

ZauroPolder Irrigation

Kebbi State, Birnin

Yearround cultivation, rural

Climate variability

Project Kebbi LGA livelihoods
. Katsina State, Grain storage for food Vandalism, poor
Funtua Silo . .
Funtua LGA security maintenance
. Zamfara State, Grain preservation, food Pest infestation,
Gusau Storage Facility Gusau LGA availability management

Sokoto Agricultural

Sokoto State,

Storage capacity

Storage Sokoto North LGA Postharvest grain stability limitations
. . Kebbi State, Birnin Grain storage, price Market volatility,
Kebbi Grain Reserve Kebbi LGA stabilization access challenges
. . Katsina State, . . ,
Katsina Grain Reserve Katsina LGA Food security, price control| Storage degradatio

Bakolori Hydroelectric
Power Plant

Zamfara State,

Regional electricity

Maintenance,

Maradun LGA generation hydrological risks
Goronyo Hydropower Sokoto State, Undeveloped but viable Feasibility
(Potential) Goronyo LGA hydropower source challenges
Kainji Hydroelectric Kebb! State : : Water level
. (Ngaski LGA) / | Major regional power source :
Station (Shared asset) . fluctuations
Niger State
Kuyambana Game Reser Zamiara State, Conservation, ectourism Deforest_anon,
Maru LGA poaching
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Kwiambana Forest Katsina State, Biodiversity. ecatourism Logging,
Reserve Safana LGA Y: encroachment
GashakaGumti National Kebbi State, Biodiversity, ecetourism, Insecurity, low
Park (extension) Ngaski LGA research funding
Sokoto State, Ecotourism, biodiversity

Sokoto Forest Reserve Urban encroachmer

Sokoto South LGA preservation

UNESCOrecognized cultura
site, economic boost via
tourism

Pollution, seasonal
flooding

Argungu Fishing Festival Kebbi State,
Site Argungu LGA

Katsina State,

Emir of Katsina Palace Cultural heritage, tourism Urban pressure

Katsina LGA
L . Sokoto State, Archaeological and heritage :
Gobir Kingdom Ruins Sabon Birmni LGA site Neglect, erosion
Sokoto Museum and Sokoto State, Cultural landmark, Islamic | Urban development
Sul tands Sokoto North LGA history preservation pressures

Colonialera structure,

Gidan Sarki (Old Prison) Sokoto State . :
heritage attraction

Dilapidation

Traditional trade hub, culturg Modernization

Kurmi Market Sokoto State -
tourism pressures
, Cultural events, governancg Neglectz limited
Gusau Emir ( Zamfara State ' tourism
symbol .
infrastructure
Kwiambana RUINS Zamfara State UNE_SCO_ tentative site, Ero_slon, Ia_c_k_ of
historical value tourism facilities
SokotoRima Wetlands Sokoto & Zamfara| Biodiversity, fishing, flood Invasive species
States control (e.g., Typha grass)
Flood Control SokoteRima Seasonal flood mitigation Structural
Embankments/Levees River Basin 9 deterioration
Katsina City Walls and Katsina State, Historic defense Weathering,
Gates Katsina LGA infrastructure, tourism vandalism

2 Water Quality
2. BuXxface Water Quality

The S#demfara Catchment faces increasing ris
agricultural runoff, industrial activities,
processes. The catchment i s haome ntdo gmajwadrn ga g

center s, both of which contribute to surface
Key sources of pollution in the catchment in

9 Agricul t ur aFerRtuinloif/¢medandrpesfifcifdem irrig

as Bakol ori and Jibiya Ilrrigation Project s
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rice and cotton require heavy fertilizer a

and phosphorus in water bodies.

T Urban Wast ewa:t eMa mDyi stcohvarrsg @imrf atrae Cd kedtme nt

Sokot o, Gusau, Funtua, and Kaura Namoda,
Ssystems. Untreated wastewater from househ
increasing microbial contamination.

T Industrial Wobddmtdemters such as Sokoto ar
industries, and sl aughterhouses. These in
(chr omi um, cadmi um, and | ead) i nto nearby
syst ems-f wmma@ataihowr i nadequate, resul ting in
into waterways.

T Siltation and Veget althieo nS olKmdroo aRihvmemnt and
increasingly affected by siltation from d
aqguatic plants |ike typha grass further de

Studies indicate that heavy met al concentrat

permissible | imits, posing risks to human heg

gual ity deterioration in thei8&lkdtad oRiiwnamusal
domestic waste disposal upstream. Addressing

measures and i mproved waste management strat

2. Grdundwater Quality

Groundwater quZlimfwarianChhe h®dhehott oari es acros

with major concerns including salinity, flu
presence. Given the regionods rlet urmaemceamaec igmd
mai ntaining groundwater quality is critical
Groundwater Electrical Conductivity
El ectrical conductivity (EC) is a key indica
Basin Aquifer System, groundwater tends to
regions due to natur al mi ner alsi. zati on of the
T Areas with shallow aquifers near urban cen

exhibit higher EC values (>1,000 OS/cm) ¢

extraction.
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T I n contrast, groundwater i n mor e remot e ru

overall guality.

i .Fl uoride distribution

Fluoride concentrations in groundwater within the Sokfdmfara Catchment show spatial
variations, with some areas exceeding the WHd€@mmended limit of 1.5 mg/L. High
fluoride levels are particularly observed in the deeper aquifers of the SokotolBading to
potential risks of dental and skeletal fluorosis among communities that rely on deep boreholes

for drinking water.

Nitrates distribution

Nitrate contamination is increasingly becomi
agricul tural activities, and |ivestock waste
T Ur ban areas such as Sokot o, Gusau, and
concentrations due to |l eaking septic tanks
9 Fertilizer wuse in irrigated farmlands ar ol
nitrate |l eaching into shallow aquifers, ra

T WHO and Nigerian standards set a maxi mum &
drinking water, but some | ocations within

indicating the need for better groundwater

v.Heavy metals and other metals

Groundwat er -Zlaaimftalrem Smk athane n't i's vulnerabl e

metals, particularly in areas downstream of

9 Tanneries in Sokoto and other industrial 3
which can seep into groundwater.

T I nfor mal gol d mini ng activities i n Zamf a
contamination, posing severe health risks,

T While heavy met al concentrations remain w
contamination hotspots have been identifie
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Tab2l8 Health risks of heavy metals in

Heavy Recommended Impacts on Humans (Lorgrmexposure)

metal Limits (mg/l)

0.01

0.003

0.05

0.01

0.002

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

irritation

Source: SAP by SMEC 2019

2. Bu3 face Water Resour ces

The Sdkmftara Catchment i n nort hwestmar nRi Niege

Basin and faeraitdurcelsi naa tsee.mi

1T About 80% of annual rainfal]l occdresd fron
agriculture. However, the |l ong dry season
water availability, causing many tributar

T The Sdemfara Catchment's hydrology is sh
tributaries, including the Ka, Bunsuru, a
T These rivers <create floodplains and wet
Seasonal flooding recharges groundwater,

mont hs.
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Groundwater r e c RZaarngfearian Ctalhe h&% ek ot anai nl y o c

flooding and | ocalized rainfall in depressio
retention, supporting agricul tumrde famrd ifrirsihgea
urban, and industri al use strains both surfa

The SBamifara Catchment features key water m

Bakol or i and Goronyo Dams, which aid 1rrig:é
variability, |l and use changes, andednsaitse ra i |
availability, i mpacting I|livelihoods and incr

To ensure sustainable water-Zamfsaorua c€atmammearet
essential to i mplement integrated water mana

demand while preserving the ecological i nteg
2. TRBvér flow patterns

The SBdkmtara Catchment, part of Hydr ol ogi ca
influenced by rainfall wvariability and human

T Peak discharge occurs from June to Septe
declines sharply in the dry season from C

T The Sdimfara Catchment' s rfievde,r nsayksitnegm iits ¢
to precipitation changes.

T The southern region has more consistent
faces greater seasonal variability.

T Overxtraction of groundwater -$easomrfbaws

|l eading to water scarcity.

The Balkeom oirn t-BamSakat 6atchment regulate riwv

urban water supply, but they disrupt natur a
fl ows, alters sediment transport, amnmdatiempact
recharge and water availability.

As climate wvariability intensifies and wat el
fl ows i n -Ztamd abak ocCtad c hment requires I ntegr a
strategi es. These include promotiwmagt eerfsfhiecdi e
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all owing water to infiltrate aquifers. Thi s

|l evel s, supporting agriculture and domestic

The efficiency of f | oodlepnhfaarna iQuafticlhtmeantti oins iin

type, vegetation cover, and sedi ment dynamic
f Sandy and |l oamy soils allow higher infilt
runof f .

1 Land degradation from deforestation and o

Hu man Il nterventions, i ke dam construct
connectivity, i mpacting groundwater rech
supposéasoy agriculture, they alter natur

T Prioritizing the restoration of floodpl ai

practices i s ctraurcmawatter ennwsutrai damigl i ty.

2. 71 Bbpd83ct of changed fl ow patterns
Shifts in river flowamdtarear Catwihtmeinn thkaeeSob

environment ®&Ilcomnmdi csoxamsequences. Vari ous
variability, | and use changes, andnthyidbotl ed i

to these alterations, disrupting natur al hyd
Key I mpacts of Changing Fl ow Patterns:

T Increased Fl Gwi Mateabhbhnge: has intensified
to prolonged droughts foll owed by extreme
chall enges for agriculture, l i vestock man:

water r esouarcee il fafnind inlgt .m

T Reduce®edsygn Blamsseddtoawi:nabl e groundwater ex
deforestation and soil degradation, has re
exacerbated water scarcity, pafred cwélalr $ y ai

borehol es for water.

T Flooding anmheEnociremse in surface runoff
heightened fdgodgraskasinlkeading to soil e
and damage to settl ements and infrastruct

river bankrs whoarss efnuerdt tehese probl ems.
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T I mpact of Dams anResd3Matweoi DI veush oas t he Gec
Dams play a cruci al role in storing water
structures have significantly altered dov
seasonal fl oodi ntgr,andd paorutp,t i anrgd seafdfi enetnitng a

Addressing these challenges requires the adc¢
such as regulating groundwater extraction,
promoting sustainabl e irrigati ornogprraantst iccaen .a
help stabilize soil conditions, reduce runof
Sok&taomf ara Catchment .

2. 7GBodndwater Resources
Groundwater t hat fl ows acr o-beundear ybogurnauam dy\

Groundwater flows following regional topogr .
beyond boundary, there is a possibdbhryy t ha

case of Nbhgemdarytgrmrmsndwater 1is |l imited in

Aqui fer system in Basement Complex is divi
groundwater cannot flow in regional scale pa

Aqui fers extend in | arge area in sedimentar
passing through the boundary in | arge scale.

Tab2l®Ground water recharge;

Item Hydrological area
HA-1

Area(km?2) 135,128

Average 768

precipitation (mm/year)
Average groundwater recharge

(mm/year) 37
Percentage of precipitation to rechar 4.8
(%)

SourJcle®PA ojTeam
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Tab22ddGr oun dRveac e Agar i f er ;

Age Formation Groundwater
Recharge
(mm/year)
HA-1
Eocene GwanduFormation 24
Kalambaina Formation Sokoto 1
Paleocene group)
DangeFormation Sokotogroup 1
WurnoFormation RimaGroup 18

DukamajeFormation Rima Group 34
Maestrichitian

TalokaFormation RimaGroup 6

[l Formation 10

GundumiFormation 10
Pre-Cambria Basementcomplex 40

Sour ce: JICA 2014 MP
2. Bokoto Ba¥in (HA

Situati éomuod atrryamgsr oundwater i s explained

basin where groundwater is flowing in |

Sokoto Basin

There is multiple aquifer s¥s2®m in Sokot

Tab22dAqui fer of Sokoto Basin

Period Formation Lithology
Tertiary Gwandu Formation Partially consolidated sand ai
clay
Kalambaina  Formation Sokoto Limestone and volcanic shale
Group
Wurno Formation Rima Group Fine sandstone, silt
Cretaceous lllo Formation Sandstone, conglomerate
Gundumi Formation Sandstone, conglomerate
Source: JICA Project Team
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Section IEI -

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

FigFr®roundwater Flow in Sokoto Basin

Tab22@Aqu Mbdr |

Thic Per me.
Model Symbol Aquitfyepr neasfs

aqui

r

We at her
Basemen50m
anweat h
parthef

ot hegrmpe
rocks

Sandsto
sandy 200n
format.
within
alterna
sandsanae
shal e

SourdJdePA ojTeam
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Tab228Re | abte towdegeuniTly @ € A @ o itMifo @ re |

Permeabilit Aquifer scale Aquifer
model

Large Large(sand/clayalternationof coastal '/ -

plain)

Middle Middle (san/clayalternationof coastal| %1\

uaternar :
> plain)

y
Middle Small sandlayer (alluvial plain along’ /=B

river)
small Small(silt/clay alternation) WL

Large Large (sandstone/claystone MH
alternation)

Tertiary Middle Middle (sandstone/ claystor; 1\

alternation)
Middle Small(sandstone) WH-WM
Small Small(claystone) WL
Large Large (sandstone/shale MM
alternation)
e EaEE Middle Middle_ (sandstone/shale ML
alternation)
Middle Small(sandstone) WH-WM
Small Small(shale) WL
Middle Weatheredock WM
Volcanic High Small WH

SourddePA ojTeam
Tab22et5r o un dDveavt eelroPponteerit A g al f er

Ground
Formation  Lithology Aquifer Characteristics water  Aquif
recharg er

e Mode
(mmie |
ar

HA-1 NigerNorth

Gwandu Aquifer with largeoutcropping
Eocene Formation  Sandand areaofmaximumthicknessof 24 MM
clay. 300m.Basal

sandstonéorm goodaquifer.
Kalambaina Limestone, Sandstonéorm perched

Formation  calcareous aquiferswhich provide 1 ML
shale. groundwater to shallowvells.
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(Sokoto
Paleocene group)
Dange
Formation  Shale and Aquitardconfiningunderlying 1 WL
Sokoto limestoneat aquifer.
group bottom.
Wurno Fine Confined aquifer of medium to
Formation  sandstone coarsesandwith rechargearea 18 MM
(Rima and of 330km?.
Group Dukamaje
clay stonat
the top.
Dukamaje  Shale,
Formation  limestone, Aquitardwith thicknessof less 34 WL

(RimaGroup clay stone. thar20m.

Maestrt Taloka Sandstone Argillaceous aquifer with low
chitian Formation  and capacityof 1 5m¥/hours. 6 ML
(Rima claystone.  Maximum thickness i580m.
Group
1l Sandstone Unconfined and confined 10 MM
Formation aquifer withwide rechargearea.
Gundumi Sandstone Unconfined and confined 10 MM
Formation  and aquifer withwide rechargearea.
conglomerat
e.
Basement  Granite, Meta-sedimentaryock form
Pre complex gneiss, bettemquiferthangneiss and 40 WM
Cambria schist, migmatite
phyllite,
guartzite.

Source: JICA 2014 MP
Tab22eOpt i iuemBdbr ehioé led

Urban/small urban/small town

Aduiter

type Optimum  yield of Population to be
boreholedield supplied (persons)

m®/day

1,000 10,000
500 5,000

1,500 15,000
1,000 10,000
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ML 900
SourdJdePA ojTeatn.

WheFerst: | etter
W = Water Table (Unconfined aquifer)
M = Mi xecdon(fSemeid aquifer)

Second: Letter

H = High permeability

M = Medium permeability

L = Low Permeability

2. 7TNdmhbhers of Borehol sk Zmamb$iCattedh méover ir

Fig@r@&dbhows an i mage of borehole field di
density of boirethioéleds i on of

* Motorized pumps

* Hand pumps

200 300

400
Kilometers

Figha®enoiDliystriolBoriebioe(edGBR GMASource: JICA Projec
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2. 7GAoldndwater Recharge and Demand
4°00"E 8°00°E 12°00°E
1 1 1
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Fi gRh22 Bal ance of Groundwater Demand and Rec¢
Chandgvwdi fied: MSL, 2025)

2.G8i mate Change I mpact On Water ando

2. Historical and Future Climatic Trent
Temperature and rai #Zfaanflartar emds himemtt wer 8o Kk
from 2023 to 2050 based on the monthly and &
and rainfall) and 1990 to 2022 t(hf orrateev aspcohtern:
Excel . It is of the following specifications

Growt h Rate =be(geinndniinngg vvaalluuee/ begi nni ng value

This above rate is then used to extrapol ate
with the ending value. The formula is thus al
each value to the previ oucst ipoenr ioofd ,t rwehnidcsh oaviedr
to be noted that growth may be of different
growth. What has been used, however, i's the

data when expl ofr evdi efw oonf tpheer ipood ntto operi od.
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Excel was used to plot the trends indicated

in temperature and not for the projection.

The temperature and rainfall data were sour

Admi ni st raactcteassrsweat a These are comparable wit

Ni gerian Meteorological Society.
2. &nadual Rainfall @&k leanfp@ea tadumentf or
2. 8RAai dafall Trends

Figar28 the annual rai-ddmf dar arGatdz e nt hied &
the figurel. 3h&7 sil opiecawtfes a declining trend

2050). On average, rainfaldl decreases by 1.3
An R|] of 0.0596 indicates a very weak correl
means that while there-tigseaa svlairghatbidaéadlyi nisn
factors may influence r ai nftaol Iclpianatteer ncsh.a nTghei

often associated wtatrh dr e cewpd eoech s admifrideadt |ICa tr ddamo

Comparison of Historical and Projected Perio

T The Historic2a02X2Persbdwyq 188tdur al vari abi l
wetter and drier years.

T The declining trend suggests that rainfal
this period. During-2t0h® ) prn dijee adteecd i e migo d
|l eading to | ower average annual rainfall

exteme events (e.g., droughts or heavy r ai

T A declining trend in rainfall -agoulcdul It a e

ecosystems, and huma# apnd pu laa tCiadrcsh memtt he
T The high variability and declining trend
strategies, such as i mpreskedtwatecr-mpeaag®8
maturing aredi dtaoghtcrops, l ntroduction
Cl atsemar t agricultural practices, and i nf
events.
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1400
y =-1.3387x + 931.69
Rz = 0.0596
1200
1000
E 800
I
= 600
@ —@— Annual rainfall (mm)
400 ==@==|_ong-term mean (1981-2022)
=@ | 0ng-term mean (1981-2025)
200 =@ | 0ng-term mean (2023-2050)
e e o o Linear (Annual rainfall (mm))
0
NSO 9 5 L NSO 5> A N OO DA N O
'\%‘b \g% '\%‘b \g% '\%% (190 (190 (190 (19'\ (19'\ (19'1/ (19% (19'1/ (19’5 (19'5 %Qv (19»( q}&

Fi gazZ&nnual rai nf aiZlamfraemad Clao-2 O Si@padut rgcled:8 IMSL, 20

2. 8T@mRger ature Trends
Figl2d4gresents a time series analysis of t em

projections extending to 2050.

The 1t enm mean temperature R20R2)heshR3tadiAcCal

trend |l ine indicates a warming trend with a
determination (R] = 0.656) supgmgexsitmat dlay 6 H.
the temperature variations, i mptlegrnmgmearsifgar

projected-20er0i)od s( 2B234. Thi s-tehomwsmetalimat otr h &
2050 (28.04A C), whinc ht hi é2 rBdst linceeaanb, | yi nhdii gchaet re

continued warmitger mTme2d®db6®NABIE 12dnd0A C | ies
earlier periods, reinforcing the trend of i
hi gher aver agrcteamped axanrieabi |l ity and more f
occur due to climate change.

T The steady temperatseasiitseecamrcitmpact i &le

resources, and human healt h.
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T Hi gher temperatures <could exacerbate hes

mont hs, i ncreasriengattelde irlil nke sesfeshedtr op vyi
sensitive crops, wil/l be affected negatiyv
1T There would be reduced soil moi st dureed due
agriculture. Water demand for irrigation,
put stress on the | ocal ecosystems, affec
The projected increase in mean temperature i
strategies, especially in regions vulnerabl e

y =0.0262x + 26.568

29.00 R2=10.656
28.50
28.00
o 2750 poasy IRARe R ature
©
S 27.00
IS ==@=—=|_ong-term mean (1081-2022)
8 26.50
g =—@= | 0Nng-term mean (2023-2050)
F 26.00
==@= | 0ong-term mean (1981-2050)
25.50
25.00 e e o o | inear (Mean monthly
temperature)
24.50
N © N © N © N © N © N © N ©
> > (©) () Q Q N N a9 O &) ) ™ W
SR I I O A S I S

Fi gR2Zrends in mean annu-dbmfampecCat-2io&dd®fpor ($608
(Source: MSL, 2025)
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1000.00 y =-1.7569x + 761.38

R2=0.3218
900.00

800.00

R e R S e e O S R ST S 2

700.00

THEY 2409000000000
s e

’g 600.00
~— 500.00
&
'g 400.00
2 300.00
c
£ 200.00
3
c 100.00
>
I
0.00
Q > > Vv o Q ™ D v © Q > o) Z © Q
Q S N N N > X
FEF S S S S S S
Year
=—@=— Annual evapotranspiration (mm) ==@—_ong-term mean (1981-2022)
==@=|_ong-term mean (2023-2050) ==@==|_0ong-term mean (1981-2050)

e e ¢ o Linear (Annual evapotranspiration (mm))

Fi gRa®Bnnual evapotranspZamftama Catred@béorur@Exrkdi o
MSL, .2025)

2. Prdjected Mean AnnSak ddenmgabathumea t f
Figl2é&@resents a time series analysis of t em

projections extending to 2050.

The 4t enm mean temperature R260R2)heshR3tadiAcCal
trend |l ine indicates a warming trend with a
determination (R] = 0.656) supgmgexsitmat dlay 6 H.
the temperature variations, | mptltegrimgmearsifgmr
projected-206er0i)od s( 2B23304. Thi s-tehomwsmetaimaf otr h &

2050 (28.04A C), whinc ht hi é2 (rBdBt linceeaanb, | yi nhdii gchaet re

continued warmitger mTme2®b6®AQBIE 12dnd0A C | ies
earlier periods, reinforcing the trend of i
higher aver agecteamped avtariesbil ity and more f
occur due to climate change.

The steady temperatursensi seveasedctmprast | icke

resour ces, and human healt h.
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Hi gher temperatures could exacerbate heat S

increasing -theatredki bf ndhheads. Csepsytelvdscr
will be affected negatively.tdhkRirghwewuadapobat
i mpacti-fnggd ragmi cul tur e. Wat er demand for i
consumption. This wil!/ put stress on the | ot

survi val

The projected increase in mean temperature i

strategies, especially in regions vulnerabl e

y =0.0262x + 26.568
29.00 R?=0.656

28.50
28.00

27.50

==@==|_0ong-term mean (1081-2022)

==@==|_0ong-term mean (2023-2050)

Temperature°C
N N N
o o N
o a o
o o o

=@ |_ong-term mean (1981-2050)

25.50
25.00 e e ¢ o | jnear (Mean monthly
temperature)
24.50
N (o N © N © N o N © N © N o
03 > ) o) N Q N N Q0 & > 5 I 0
S I R D A AR A
Year

FigRa@rends in mean annu-Z2bmfempecCat-2idé&dd®for (308
(Source: MSL, 2025)

2. dAdnd4al ysis of Downscaled Output of GC

Il n order to explore the possible change 1in
downscaled output of GCMs , which is provide
downscaling as wel/l as bias corr eicktutoino nwacsf
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Miw §! CE TD (SI.I
parameters providdedsdty. Wohédabviaml able datas
average monthly precipitation and air temper

to 2080s. As for the emission scenari os, t he

u A1B: Hi gh economic growth withsgurobead i zat.
u AZ2: Hi gh econagrmiobadin awt h owi t h
U Bl1: Low economiobgltowahi wnth

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

for download.

u CCCMB&CM3. 1
u CRI AMK3. 0

u | P&IM4

u MP-ECHAMS

u MRICCSM3. 0
u UKM&HADCMS3
u UKM&HADGEM1

The down scale data for A1B scenario with grid scale of 10 minute are spatially
averaged for each HA and other related catchment areas outside Nigeria for further

analysis.
t In general, the average change among the ¢
small er than the standard deviation. This

t he c hparnegcei piint at i on.

u For all HAs, the precipitation tends to de
increase(dunieAggudtw) and SON (September, O
U The rate of change increases gradually wit

direction of change.

Il n order to explore the possible change in
downscaled output of seven Gl obal Climate
emi ssion scenario A1B. This scenariimnassum
utilizing balanced energy sources. The <cha

over the 7 GCMirmees uhlotrs zfoors tah radaied h B2ng2u8r @ F i

respectivel y.
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The approach used in NWRMP for identifying t

frame is also followed in this study. The
Considering that the project | tfemetanmet hat u:
plus 50 years should be the | ongest time fra

the time horizon between 2015 and 2085(=2035
the GCMs can be appliede -yY300aser GE&EMi ngsalvesad
2069. Similarly, for the average condition
(=2065+50) , the results for 2080s from the c
descri byeeatrhe udani My Daveor 2P 9af 2

This study assumes that the change in precip
of the output of the GCMs. The change i n an
average value of the output ofi ztehde iGICMse | olw €
2..26

Tab22&6 Overview of change factors for the

Parameter Season | 2035 2065

P (%) DJF +12.3 | +17.1
MAM -0.5 -2.1
JJA +7.9 +12.0
SON +7.6 +11.7

T (°C) Annual +2.5 +3.9

Sour ce: JICA 2014 MP
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2. EvaApotranspiration
Figureded.iz®Banuahle evapotransprr athied a d(kbbTe)o t
Catchmeh@98I rtoon 2050.

Fi g2r &hows a negalive6 9, oipgerdaidctiaat!ii md eaal n nal
evapotranspiration over time. Qn7&venmag@e,r W
This decline could be due to reducedusainf al
AnR | of Th.d3zwé& &ls tao modermhatteaveeonr it dlea tyi ecanr a
evapotranspiration. This expl ains 32.18% of

indicating the influence ofrsother climatic a

The 1t eng mean for the20228)Yorsca83Peébimo, (WHB
t he -tleornng mean; this drops to 675 .-24025 0mm dBuyr itnh

projection, evapotranspiratiacrn ewi Iplerdonrdt.i nue
The declining evapotranspiration has implic
| ocal ecosystem.

Reduced evapotranspiration mafyedf adgectcuolrbprg

relies on natur al water availability. Lower
groundwater and surface wateor bhbudmas, c 0o mp@amip
|l ivestock, and ecosystems. Reduced evapotran
plant growth and biodiversity. Changes in w
di stribution of plant and ani mal species.
Farmers may need to adopt irrigation and wat
of reduced evapotranspiration, and water ma
potential water scarcity.
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1000.00 y =-1.7569x + 761.38
R2=0.3218
900.00

800.00

E I A e e e O S R S S S @ ¢

700.00

THEY 2409000000000
s e

Tg 600.00
~— 500.00
&
E 400.00
2 300.00
c
£ 200.00
3
c 100.00
>
I
0.00
Q ] > Vv o Q ™ D v © Q ™ o) Z © Q
Q Q N N N > X
FEF S S S S S S
Year
=—@=— Annual evapotranspiration (mm) ==@—_ong-term mean (1981-2022)
==@=|_ong-term mean (2023-2050) ==@=|_ong-term mean (1981-2050)

e e ¢ o Linear (Annual evapotranspiration (mm))

Fi gRa2@Bnnual evapotranspZamaftama Caeb@mer SbH&®1

2. Mag or | mpacts of Climate Change

Climate change pesaedhi sgvehal aedgéar across m
Sok@Ztaomf ara Catchment, sigeaecbnomntl| yabmpactprc
and critical infrastructure.ghhesereptedtagasn
productivity, heightened vulnerabil iTaplef co
2270utl i nes -rkeelyatceldi mampact s observed and pro

drawing attenti on taot etdh ea nudr gaednatp tnieveed nfaonra gienm:
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Tab22¢g Key | mpacts of Climate Change

S/ N | mpact s Details

- Agricultural losses due to erratic rainfall, rising temperature
and soil degradation reduce crop yields (e.g., rice, sorghun
1 Economic millet).
- Fishing and livestock income drop during drought/flood yea
- Higher food prices affect affordability.

- Increased migration from degraded areas to urban centers o
zones.
2 Social - Rising tension between farmers and herders over shrinking
and grazing resources.
- Livelihood insecurity pushes rural populations into poverty

- Desertification encroaching from the north, degrading forests
pastures.
3 Environmental - Wetland shrinkage (e.g., Soke®ma floodplains) reduces
biodiversity and ecosystem services.
- Deforestation accelerates due to fuelwood dependence

- Heatrelated illnesses rising due to increased average
temperatures (projected #3°C).
4 Health Impact - Flooding leads to outbreaks of waterborne diseases (cholg
diarrhea) and vectdrorne diseases (malaria).
- Drought reduces water access, affecting hygiene.

- Urban flooding in cities like Sokoto and Argungu damages ra

Infrastructure & S housing, and drainage_ systems.

5 Services - Irrigation infrastructure (e.g., Bakolori, Goronyo) stressed by
inflows and sedimentation.

- Energy services affected by declining hydropower potentie

2. Nati onal and I nternational Cli mate

The NWRMP (JICA,2014) investigated tther ml i ma

trend of rainfall and air temperature in tF
met eorol ogi cal datasets collected from NI MET
x There is a linear tendency oyeansrease in

x There is a |linear tendency for a decrease
variation by decades is much | arger than t

x Generally, most parts of-tehen tempeErgaskeew
x Annual rainfall showed a decreasceoumft ry .t o
According to JICA studies 2014, it was found
coming 35 years. HoweverA ohertempet atmer é r@a
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2. 8ClFimate Change Scenari os

For the possible future climate conditions,
di scussed as shown bel ow.

According to the 4th I PCC report (2007), It
West Africa area 5n d2lgd0e ewdCwell d ibues abhouthe3d cas

is about 1.5 times higher than the average i

As for the precipitation, the predictions of
mu c h . ltis difficult to conclude the gener al
2. 8Nivrgriads First National Communi cati or
I n the Nigeriabs First National Communicatio

Nigeria have been discussed based on sever al

were noted.

f The most significant changes are-rwiltah edes
parameters.

T There has been an obser-8adat aernWERioswAtlr dést d
will be put on hold or reversed as the cen
t hat the additional wat er need ctrebyetdhéy
increpseesi pintati on.

T The di fference in climate conditions from

could become more significant.

2. 8Ni7rg8riads Second National Communicatic
Nigeria's Second National Communication (SN
addressing climate impacts in |ine with the

anal ysis of greenhouse gas emissionbsgatcil @ ma

strategies relevant to Nigeria's unique cont

The findings of the SNC highlight the escal

ecosystems, economy, and communities, partic
findings are |listed bel ow,;

i . Greenhouse Gas (GHG) I nventory and Emi ss
ii.Vulnerability and I mpacts of Climate Cha
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iii Adaptation Measures and Chall enges

I v.Mitigation Strategies and Potenti al

v. Barriers to Climate Action

vi .l nternational Cooperation and Support Ne
Some of the outcomes and Future Steps ar

i . Strengthening Policy Frameworks

ii .Public Awareness and Community Engagemen

iii Focus on Renewabl e Energy Expansi on

il v.Capacity Building and Research Devel opme
2. 8Nirgériads Third National Communi cati or
The Third National Communication on climate

addressing greenhouse gas emi ssi ons and cl
Agricul tur e, Forestry, and Other Larmd olhise ( A
with projections of a 58% increase by 2035.

flooding, and reduced agricul tural producti v

Key findings and outcomes were similar to t

i mprovement such as;

i . Capacity Building, Technology Transfer,
ii .Enhanced Policy Framework and Institutioa
iiiScaling Up Renewabl e Energy and Green Ec

iv.Strengthening Community Engagement and F

v. Research, l nnovation, and Monitoring Sys

Pagerlof 193



Mecon Geology and Engineering Services Ltd

2. 8THe5Paris Agreement
Since becoming a member of the United Natior

(UNFCCC) in 19914, Nigeria has ratified the K
in 2007.

The Paris Ae®ergadrmhgntbiindiang i nternational trea
by 196 Parties at the UN Climate Chahgfe Conf

December, 2015. I't came into effect on the 4
lts overarching goal i's to cease fAthe increec
2AC abownduptei al |l evel s0 and pursue efforts
above npluestri al |l evel s. 0

2. ood and Drought Vulnerability
The Flood Vulnerability was performed throu

|l ocations using theWwegghéeedv Oveal bpwipirias e d

answer questions that are i mpacted by many f
factors. The result gives more information t
the vulnerability ratel/emott hvawnl rge rva mlge ornd syu lat

FigR3@® The fl ow chat Sofurtclkee M&ELhoRORSEYY
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Various factors that influence or contribute
determining Wwlrnetrhmibd estarckcya,s. sl ope, el evati
use/ Land cover and rain fall d eti ghdted weree |
standardization is carried out by reclassify

(i .e. 1 to 65, 1 to 9, et c. )Fitnhaaltl ywi Itlh eb ew ep rge
|l ayer is assigned, ithhea Iwaey grhd ealr @veaos mhlaiyne an
See Fiog. algraphical depiction of the model wu
exercise.

2. Elkvation

El evation is <crucial i n fl ood modelling as
floodwaters. Model s use elevation data to p
areas. The terrain's slope and gteaedWwWahewi nf |
naturally flows from higher to | ower elevati

Figa3Pigital El evation Model of the Cat chm
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