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EXECUTI VE SUMMARY

The GKa&bICatchment, an I mpastant nhywdmrdlhowgeisd &
extends across parts of Kebbi, Sokot o, Ni ge
294872k @4 8h,elct)partelse cat chment supports agric
fishing, and rural l i veli hoods. Seasonal roi
|l andscape, sustaining wetlands and diverse
chall enges degeclmdasi dmndwater scarcity, and

threaten theteamcbhbmehbonabohgty.

The GKMadbCatchmentds topography ranges from
DankWasagu t-loyitmge filoowvodpl|l ains near Yauri and
from about 600 meters in the soutcheetacshimenmnt 1i5
characteri zekda bRy vtehre, Gu lnbaijnor tri butary of t
seasonal, with most precipitation occurring
dams, including the Yaufrliowsam,afhfaesctailngrwat e

ecosystem dynami cs.

Vegetation patterns vary from Northern Guin:t

Savannah grasslands in the north, i nfl uence
agricultural expansi on, def orest ataidonl,anand
degradati on. Security challenges, particul al
further disrupted traditional l and use and |
ri se steadily by 2050, wiwlalt eirncresasue cecsmpet i

Geol ogical Kpn, Cahe hGelnbhi mncl udes two main for

rocks dominating the southeastern uplands ar
nort hwest . Soi l types range fromflluivtihsooslosl sa
gl eysols along floodplains and river valley
runof f behavior, and -epeciifoinc rlisrkd, ameqwat
strategi es.

Land use and | and cover rmddiefcited Ibdreddc age n

regions are dominated by mixed woodland and
rice cultivation, fishing, and vegpstyashleen fsan

but are increasingly threatened by agricult:
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Urban growth is | imited -Yaur ie,mep gti tnigng na d diwtr
| ocal resources.

Sustainable | and and water management i s cri
recharge, and mai nt ai n ecosystem services.

Di fference Vegetation Index (ND¥peptatfen vactk

| and degradation, and resource use changes o
The GKabCatchment experiences a tropical cl i
Rai nfall di stribution is wuneven, with south
northern zones. Hi gh temperaturgat raannds ppirroaltoi

intensifying water scarcity during the dry s

Climate projections suggest rising temperat
negative i mpacts on water availability, agr.i
using CHIRPS rainfadRundatf amatda | SICliss tRéam tif aall |
variability acroseaegitdres,hc aitrcdhlmeau rog, ZAurbg yu n gre |
Ngaski

Eachcatubhment exhibits unigue hydrological f
T Zurius characterized by steep slopes, |l eadir

T Yel-Wauhhas moder ate rainf alelc essmsd obne megfriitcsulftr
water storage challenges.

T Argumgatures extensive floodplains that su

to flood damage.
T Ngashkis | ower rainfall and depends heavily

Targeted interventions such as watesshétd pr

i rrigation systems ar e needed t o bal ance v

governance, i nvest ment i n water | ndmtaisdlr ufca n
building resilience.

Wat er quality concerns arise from agricultu
Seasonal water shortages exacerbate pollutio
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ecosystems. Wat er guality assessments focus
conductivity, nitrates, heavy metals, and mi
The catchmentéés hydrogeology includes shal/l
deeper sedi mentary aquifers within the Sokot
Ri ver ar e declining due t o sedi memt wat en 8
management practices and competition among u

Streamfl o-Wai pe&kbbdaring ibptembery)saadodec]d

dur i

n

g the

A

Ni geri ads

nati onal

dry mont hs, rel

sur face

ying

heavi

Iy

on

wa tKearbesn ecs bbhut een e

estimated at 5.8 BCM/year, with groundwater
Climate change i s expected to further stress
areas with low infiltration capacities. I n cC
l evel s. Adapting to these dt rgernadusn drwead uveirr ensa ni.
approaches.

Wat er demand projections indicate significa
expansi on, and population growt h. Mo st rur a
seasonal streams -Yawirtih atl oswn st alpipki en gYesl wafi d e u
i mproved resource management, future water
l'iveli hoods.

The | ivelihood water requirements for the c;
activity and domestic needs. I mplementing su
efficiency, and promoting al taegrinnagt ifvwet ulriev ed ¢
sustainabl y.

Wat er pollution risks are Ilinked to fertild@i
wastewat er. Surface water contamination by
growing concern, particularly n&aouadwiatelti
generally of better quality but is vulnerahbl
dumps.

Over the past 50 years, the catchment has e
variable rainfall patterns. Futur ei4cAG nbayt e 1
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2100, with uncertain rainfaldl trends. These

necessitamer tl|l agraiteul ture and water conserva

A Gb&sed flood risk assessment identified v
proximity to rivers, l and use, and rainfal!l
of Y&&wnai and Shanga, where stadamagdge otverffdmn
settlements. Agricultural fields, especially
l and uses, underscoring the need for better

systems.

Hi stori cal flood events have disrupted far mi

i mportance of proactive flood risk managemen

Stakehol der consul tations reveal ed pressing
scarcity, and governance gaps. l nstitutiona
commu-ai t yen nat ur al resource managemrart ar

devel opment .

The GKabCatchment is rich in natural resourc
and miner al deposits such as gold and | i mest
overexploitation, insecurityotandi wgakndnsu
managing these resources wil/l require inte
adaptation strategies, enf orcement of envir

engagement .

To foster sustainabl e devel opment , key rec
governance, premotiiegt claigmatcel tur e, restor.i
investing in infrastructure that supports |
Past and Ongoing Development Initiatives in

To put the Pl an EirmoprloRerf epermns peegtdicutas,e sroonte  f
and ongoing development i nGulidiaiavedq meynwtdi ff e
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Tabl & BPRst and Ongoing I nitiatives by Governm
Catchment
S/ N Locat Past I niti.i Ongoing I nit.i
Proj:Eatro P ProjARCRe SAL (Ke
Project
Agenkgder al N Component)
KEBBI A-riculture AgenWogr |l d Bank &
STATE g Government
Resour ces ] . . .
_ . FocC€ési mate Resili
Focusrigat
Management
Devel opmet
Proj2wrtu Ear .
Agenkebbi S AgenZleru Agricul t
Gover nmen bebr_]tre
Focvat er Su Aggmléey ! State.
. . Focbsyl and Far mi
Il rrigati ¢
Pgogfzﬂgbfars Pr ojWatter Resourc
genny AgenKegbbi ACRe}
Gover nmen ] .
] Foc€enstructionl/
Focvat er Su
: : Dams, Borehol es,
Il rrigati d
Proj:8ma3dal ¢
Il rrigation
AgenKegbbi S Proj;:8acatar Power
Governmen| AgenRuyr al El ectri
Focédgricul tu Foc®sstainabl e
Managemen
ProjReftor est
Projects (
AgenKegbbi Mi 1
Environme
Foc&Esvironm
Conservat
ProjAkCRe S(AZa mf ar
ProjBakkol or i Component)
Zamf aaAgenkegder al G AgenWogr |l d Bank &
Stat| Focusrigatio Government
Supply FocCsi mate Resili
Management
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Projwater | nfrast
AgenkRYWASA
FocWwWASH

Proj®mal | Ear Proj@ammunity C
AgenzZaymf ar a Resilience
Gover nmen AgenzZzamfara ACR
Focivater Har Focbsyl and Mana

Agricul tu I nstitutional

ProjACReSAL ( Nige

AgenWogr |l d Bank &
Gover nment

FocCsi mate Resili
Management

Projkaitnj i
Ni gelAgenkgder al G
Stat|FociHydr opower
Regul ati o

Proj®maddal e

Il rrigation ProjFRantmer Suppo

AgenNiyger S Ageniiyger ACRe/

Governmen| Focdsaining on P
Focagricul tu Agricul tur al

Managemen

Proj;Ratal Water 9
AgeniMiyger RUWAS
FocWater Supp
Proj;ACReSAL (So

Proj@axrtonyo Component)
SokolAgenkEgder al G AgenWogrl d Bank &
St at Foc&sood Cori Government

Il rrigati Foc@Csi mate Resili
Management

Proj®akot o Er
Wat er shed Mz
Agency ( SEV
AgenSogkot o
Gover nmen
Foci&Es osi on C
Wat er shed Mg

Proj®tctat egi c C
Management Pl
AgenA@Re SAL & So
Government
Foc&®sstainabl e W
Management

Al t hough numerous initiatives hkKa eCateeemmeinng
concerns persist regarding their overal/l e f
devel opment out comes. Many I ntervemdgi ome aj

integrated framewor ks necessary t o addr es:

environment al degradations;ecowabenr cresbnecabis
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De g rVi ddeetsipaore;cad def orestation, overgr az
|l ed to accelerated soil erosi on, rec
pl ains, where over 90% of | and is cul
aluroafl nvaeget ati on buffers. I n several

tivabl e.

Re s o uTrhcee cSattrcehsnse:nt experiences highl

g the dry season, basefl ows drop sig
s to water for agriculture and domes
all coaoeemrudreaf ft o tshue fmi smatch bet ween
rn.

i ng ahwWcEeadsednr ai nf al l i ntensity, co
ded vegetation cover, has escal ated f
ience recurrent flood damage, affecti
sbeket yanflurther exacerbates | and degr
nd and Ecos Wettd m nlesg rt ehdhat iommrcce provi de
i ng grounds, and water filtration are
pread of invasive species |ike Typha
e the amlatfuurmadt iecems otgha&t regul ate hydr
te VBrsiabglieypgdCapuoegected by 2100)

rns are increasing evapotransfpedatio
ms . These conditions not only affect
dwatsair famwe water systems.

ver slebyt abséragmentati on, def orestat.i
rces have |l ed to a marked decline in
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and overfishing compounded by wetland degr
' iveli hood source.

SocBEcwonomic Challenges
Livelihood Wwlsrerraurialli thyausehol ds depend o
pastoralism, both highly sensitive to clir
Low access to extension services, i mprove
adaptive capeacgietnyeraand oinnc om

I .l nsecurity Rardneroddrd iconfl icts, bandi try,
barriers to stability and devel opment in t
of Niger. These security threats disrupt a
reduestimewnt in productive assets.

iiUrbanizati RmpPrde poprueati on growth and city
Kebbi and Gusau are displacing agricultural
flooding and straining already | imited pub

v.lnfrastructRioocer Deudrieali trsoads, l i mited acces
energy infrastructure inhibit mar ket acces:¢
gaps disproportionately affect remote comm
from scavelny. effect.
Gender | nMogmeanl iatrye; particularly disadvant af
financi al services, educati on, and partic
deci-md kinng i mi ts househol d and community
economic shocks.

i .lnstitutional and GCbwernahcbméevbksesésess
institutional maagan @y @onar dpionoart i iomt. e rSt ak ¢
enf orcement of existing environment al regu
sectors. This undesurstnaeisn ahbhiel ietfyf i ccfi echecwe lam
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El ements of the Catchment Management F

The el emé&ntl ia@hdt ¢ lhment Management Pl an are ¢

of the following strategic vision and object

Strategic Vision

To ensure the sustainable utilization, conservation, and integrated management
water, and ecological resources within the Gulen Catchmer@ enhancing resilience
improving livelihoods, and promoting inclusive development for present and f

generations.

Strategic Objectives
The catchment management plan defines eight core objectives:

a. Promote Climate-Smart Agriculture: Implement resilient farming systems to improve
food and nutrition security while reducing environmental impa@tgport farmers with
improved seeds, droughgsistant crops, and adaptive irrigation technologies.

b. Restore Ecosystems and Enhance Natural CapitalReforest degraded lands,
rehabilitate wetlands, and protect biodiversitgtrengthen land use enforcement,
especially in erosioprone and overgrazed areas.

c. Build Climate Resilience through Clean Energy and InnovationScale up the use of
solarpowered infrastructure in irrigation and rural electrificatidincourage eco
innovation for energy access and climate mitigation.

d. Integrate Water Resources Management (IWRM):Map and monitor surface and
groundwater resourcesStrengthen Water User Associations and establish standard
procedures for water facility maintenance.

e. Mainstream Gender and Social Inclusion:Ensure meaningful participation of women,
youth, and vulnerable populations in planning, implementation, and deaoisikimg
processesAddress systemic barriers to land and financial access.

f. Institutionalize Participatory Monitoring and Evaluation (M&E): Develop inclusive,
transparent M&E frameworks to assess project outco@esduct regular stakeholder
reviews and feedback sessions.

g. Strengthen Community Stewardship of Natural Resourced=oster local ownership and

accountability through commun#gd conservation and land management initiatives.
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h. Develop Effective Conflict Resolution MechanismsCreate institutional platforms to
mediate farmeherder conflicts and resource use disputes, particularly inrfggh.GAs

such as Dandi, Danko Wasagu, and Argungu.
Catchment Policies

For harmonious relationship and engagement o
i ns¢émate water resources the following treat.

rati fied treaties further domesticated.
Treati es

1T Vienna Convention on the Law of Treaties o
signed, rati(paetdaasdninberwvevanda

T UN Watercour ses-n@Gonwearntiiommlomsreomf shared
to surface water and connected groundwater

1T UNECE Water Convention on relevance to bo
application to all wuses of the shared wate

1T Niger Basin Water Charter as principal tre

1T Lake Chad Water Charter as principal treat

l nternati onal Policies That Affect Wat er 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

9 Draft Articles on the Law of Transboundary
Nati onal Laws and Policies

T 1999 Constitution of Feder al Republic of N
T 1993 National Water Resources Act

T 2016 National Water Resources Policy

T 2016 National Policy on Environment
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T National Climate Chan2g0e30OPol i cy 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 Qulj¥cnt i ves
catchment, the following are the strategic c
Component 1: Sustainable conservation:, ma n @
| mpl ementing modern irri-gaviimng tsggcshreaonsqgipe 0,
water allocation plans will enhance water wu
Establishing water wuser associ@asg,joansd pdeomo:
commuibnasgd water management wi || ensure equ
conflicts among user groups. iSon lcacmtnrselr vrad g
are essenti al to protect the catchment's e
management pl ans, water storage infrastruct
mitigate t he i mpact s of f Boocdast c Amdntdrsough
Comprehensive monitoring systems, | everaging
GI'S, will-ds uppeaorntackdiansgh catn d dregumr e utshh e ilnarbg | i

resour ces.

Component 2 Preservation and restoration
sustainable |l and use; including susfThienabl e
ecol ogi cal he-dadat Babnt¢hmédet Gus bcnuci al for t he
water resour ces, but pantireasiandgy hagancalkt uw
fuel wood hcaovlel elcée d ono severe ecosystem degr a

bi omass for energy has causedgiucnaslu satraeiansa b Iree s

forest fragmentation, biodiversity |l oss, and
To address this, the Catchment Management Pl
through reforestation, wetubangrprcoieesi omheas

be compl emendmar byagtd i enalt teu roec ka nma nsaugset naei nnta bt | o

environment al pressure while boosting produc
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The goal is to restore ecological resilien:
ecosystem seérewint essu sftoari nlactbong ity and cl i mate
Component 3: | mproved diversification- for e
bei Mgriculture is the makKan Qaitvcehl mehneta;dh Ibeunt ts
Ssubsistence farming and unsustainabl e pr ac:t
i nsecurity, and overuse of natur al resourc
mi griaon to urban areas, reducing | abour for

management .

To address these issues, the Catchment Manaf
diversificationbuKéyi agticapsaniaimyg | tadye i-clul mat
processing, andmegmaviepg emacueshi po finance, I
for women,sadamdenygaditemi ng | ocal v ad mgkr ocnhoatiinnsg f

commuinedypl anning and equitable resource gov

These measures aim to reduce pressure on ne

resilient, inclusive economic development in
ComponerCtl i #hat e change, di saster Friesski | man @ ¢
infrastThhet@&bCat chment faces growing c¢cl i ms
ri sing temperatures, erratic O@iunt akiedr i oL
agriculture, fisheries, and pastor al i vel:
dgraded ecosystems, poor infrastructure, and
use and |l ack of protective measures further
To address this, the Catchment Management Pl
risk reducti on i nto devel opmehdi redg €si il mamn tK
infrastructure | i ke i rr jegsattaibolni sshyisntge nesa ralnyd we

and emergency reenshpaonncsi en gp rl ootcoae ovlacsaep arca tt wr aflorr
managepmremmot i fbgpsreat wrod uti ons such as refores

anglroviding |l ocalized adriinaulet urmdlorarad i emo nt or

These measures aim to boost the regionbds adze

both |ivelihoods and ecosystems over the | on

Component 5: Strengthening institutional n
mechanTbBens GKAbICat chment spans mul tiple admi
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di verse stakeholders across sectors |ike wat
However, fragment edagmamc g atceoso,r dpoat i omtemand
governance hinder effective c¢&l laammbdomratdiucre,d i

of watershed initiatives.

To address Khai Lattclhhene@u |l Miamagement Pl an will
inclusive institutional framewor k. Key acti
mu tsttiakehol der coordination pstaoafermaead sbrah
empowering community governance structures,

devel opment pl ans.

This approach aims to enhance coordinati on,

| ohgrm success and sustainability of interve

Component ©6: Mai nstreaming gender equality e
Il n t heKa&GuCatiomhment, increased male migration
with women taking on greater responsi biliti
management , and community | eadeiresshifpar Twao mer
empower ment and economic gr-owthbnpnt @edr agcutat
chall enges due to persistent rbeadrirti,e red uscuacthi c

deci-md kinng.

To address Khi Latticthene@uw !l Miamagement Pl an int
Soci al |l nclusion (GESI) across all stages 0
empower wo men, yout h, and mar gi nal iszhed gr o
governance. Key actions include i mproving wo
ensuring their representation in governance
tackling social and instiGSsleasali barrndrsa

monitoring frameworks.

This approach seeks to ensure equitable reso

t he -tleornng success of catchment iIinterventions.

Component 7 ReseaSuabt ainmda bd xet eman agtE me nt o]
Catchment depends on-bhsesedl rgseakrenantThi evicaoeé
act-orminented studies and adaptive extension
pl anning aligneghwist It atl-e @aorde pioamn®@enbéert .
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Core research areas include the integ-ration
based solutions (e.g., reforestation, agr of
soi |l and water conservation efsf et isveedniensesn. t
model |l i ng, climate I mpacts on ecosystems an
building livelihood resilience.

Findings wild/l be translated into practical

school s, digital pl atfor ms, and partnership
marginalized communities to ensturper aecqtuiicteasbh.l e
Component 8: Effective coordinated monitori:t
and sylfhtiesemcomponent focuses on establishing

system to support t he ada&mt iCGaet crhameang e melntt &
buil ding institutional and technical capaci
watershed services and evaluate the effectiwv

Key priorities include standardizing indica
di gital pl dat fmer nmm efponr t r egl training stakehol
i ntegrating geospatial tool s fpemr ftoramakicreg rern
and knowledge products will guide adaptive p
Ulti mately, the MER system will -makiamg,e ardad
ensure that interventions deliver measurabl e
Tabl estEdSws t he signi ficant i ssues in the wat
the |l ocal, state, and national 1 mplementing

Tabl & BIImmary of Component«aarmlCdtAdhmewnitt iPéano

Component Activities Key Indicators Responsibility/Partners

Mapping and
) Percentage of
inventory of water

functional water State Ministries of Water
_ _ resources o
1. Sustainable conservatio _ facilities- Volume | Resources (SMWR), RUWASA
Strengthening o
management, and use of of water abstracte Nigeria Integrated Water
Water User _
water resources o sustainably Resources Management
Associations o
Numbers of Commission (NIWRMC)

Policy review and _
WUASs established
enforcement
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Establishment of
SOPs for water
facility

management

2. Preservation and
restoration of critical
ecosystems and services f
sustainable land use (incl

agriculture/livestock)

Reforestation and
afforestation
Enforcement of
mining and land us
policies

Promotion of soil
fertility practices
Rotational grazing

schemes

Area (ha) of
restored land
Vegetation cover
index (NDVI)
Percentage
decrease in land

disputes

Ministries of Environment and
Agriculture, Forest Department

Community Forest Committee

3. Improved diversification
for enhanced sustainable

livelihoods and welbeing

Agricultural Free
Trade Zone (AFTZ)
establishment
Support to rural
SMEs
Access to credit
facilities- Skills
training for youth
and vulnerable

groups

Number of SMEs
supported
Percentage
increase in

household income
AFTZ operational

status

State Ministries of Commerce (¢
Industry, NGOs, Microfinance
Banks, Community

Development Committees

4. Climate change, disastg
risk management, and
climateresilient

infrastructure

Installation of
meteorological
stations
Early warning
systemsClimate
smart agriculture
promotion Flood
control

infrastructure

Number of early
warning systems
operational Area
(ha) under climate
resilient farming
Number of disaste
response plans

enacted

Nigerian Meteorological Agenc
(NiMet), NEMA, SMWR,
ACReSAL Project Units

X

X Vi
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Stakeholder '
_ Number of multi
mapping and
stakeholder forum
engagement

5. Strengthening
institutional mechanisms

and project coordination

Capacity building
workshops
Harmonization of
sectoral policie
Conflict resolution

platforms

Percentage of
policies
harmonized
Number of
resolved resource

conflicts

Sokoto Rima River Basin Dev

Authority, Ministries of
Environment & Lands, LGAs,
NGOs

6. Mainstreaming gender
equality and social
inclusion (GESI)

Gendefresponsive
project planning
Inclusion of women
and PWDs in
leadership roles
GESI awareness

Percentage of
women in project
committees
Number of GESI
compliant
projects GESI
policy adoption

State Ministries of Women
Affairs, GESI Focal NGOs,
UNICEF

7. Research and extensio

campaigns
rate
) ) Number of
Collaboration with
o research
research institutes o
publications

Development of
innovation
platforms
Deployment of

extension officers

adopted Farmer
adoption rates of

new practices
Extension service

coverage

Agricultural Machinery Dev.
Institute (AMEDI), Livestock
R&D Centre, NIFR Yauri

8. Effective coordinated
monitoring, evaluation, an(

reporting (M&E) system

Realtime database
development
Design of logical
frameworks and
KPlIs

Feedback loops

from stakeholders

M&E reports
produced
annually

Stakeholder

satisfaction score
% of indicators on

track

Project Steering Committees,
ACReSAL M&E Units, State
M&E Offices

XX VI
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100% of key agencies
. participating in functional
coordination platforms
» 200,000 ha reforested; 50,000 ha
of wetlands rehabilitated
50% increase in average rural
/\ household income; 25,000 SMEs
supported
50% representation of women in
- decision bodies; GESI
mainstreamed in all programs

O 50,000 farmers adopting climate-
smart practices

’ 60% increase in yields of key
crops (e.g,, rice, maize, millet)

'{‘r:' 70% reduction in illegal logging,

qully erosion, and overgrazing
80% of communities with active
Catchment Management
Committees (CMCs)
90% of households have access
to safe water; 50,000 ha under
irrigation

Early warning systems in 100% of

B flood-prone LGAs; 20,000 ha
protected

3 catchment

[ state

—— River
| Lower Catchment
| Middle Catchment
| Upper Catchment
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Tabl e E.S. 3: Upper -K@atSe hme retgii &p aCtaili &lh @G@indli henges and I ntervent.
Secti oLGAT/low|Chall eng¢(Proposed AppropriatResponsi lExpected
I nterventi|For SustaiAgency Out come
Monitori ng
Eval uati orf
Upper |BukkuySevere gi(Gully recl|GI'S erosi (ACReSAILSt|Stabiliz
Catchm erosion ((check damdrone suryMinistry|landform
terrain vegetati ve Envirgnm¢reduced
FMEnv farmland
Ank a I 1l egal 1Land recl a Remote senMin. of Restored
| eading tenforcemen|l and degr dNESREA, {safer en
degradatiregul ationmining sitMin. of
Gusau |[Rapid urtUrban gree|lNDVI satelState Urll mproved
causing creation, i magery, UBoard, Flcover, s
def orest dprogr ams pl anning ( urban gr
Ur ban | angd
pl anning ¢
satellite
Mar u Deforest ¢Promoti on Community |State FoltReduced {
fuel wood|alternativ|{programs, |Dept, En¢i mproved
collectiq(clean coolenergy sunCommi ssi (househol
LPG) , comm security
woodl ot s

on
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Danko |[FIl ash fl (Constructi|Hydrol ogi (NI HSA, NIReduced
Wasaguvalley aftdams, stor|models, hgLocal, Go\i mpact,
drainage s FMAFS, communi t
ACRe SAL

Zuru Soil erogFarmer tralAgroforestAgric ExtEnhanced
unsustainagroforest|{demonstratState Miiftstabilit
farmi ng ( sl ope analAgricultisustaina
manageme

SakabagBiodi ver Commuidiased Bi odi ver siNat . Par lProtecte
due to hé¢conservati|jpartici pusstFMEnv preserve
encroachiarea estab|ipl anning bi odiver

Tabl e E. SCatciMnklhet eGKaShtirm Cagc b m&mdtCihall |l enges and I nteryv

Secti gLGAT/low|Chall engProposed |Appropri gResponsible |[Expected
I ntervent|ToolF(s) Out come
Sustained
Moni torin
Evaluati ¢

Mi ddIl ¢ Arewa ([FI oodi ngConstruct{Hydr ol ogi|NI HSA, NEMA, Reduced

Catchn seasonallembankmen model s, of Envi,ronmelri sk, en
communitylcommuinas$ g ACRe SAL. FMWcommuni t
ri sk mappgNIl WRMC safety
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early war
Ssystems
Bunza |Water sc/Smaddal e Borehol e |[RUWASSA, Agr|l mproved
during dirrigatiowith GI S, Progr a\vh WRMC,access,
water har|irunoff mgNI HSA drsyeason
structure farming
Dandi |[Land degRangel andlRange conState Livest Restored
due to managemen/isurveys, |[Extensi on |l ands, s
overgrazcontroll eimonitorinrn l i vestoc
fodder ba
establish
Suru Soil erogContour b|/Erosion rState Agric || mproved
moder at gagrofores mapping, |[ACReSAL, FMEconserva
field schidemonstr s better f
Jega Sedi ment|Desi lting/Sedi ment |[State Water Enhanced
small wareservoirmonitorinFMEnvACReSAL|storage
bodi es catchment|{wat er sheo reduced
protectio
pl anting
Mai yanDeforestfCommunity Househol gState Forest/Reduced
due to flwoodlots,|surveys, [Commi ssFMENnVfelling,
demand of clean |inventory al ternat
(LPG, i mp energy &
stoves)

X X X i
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Koko/ EFl oodpl a@aZoning an/ParticipgState Min. o/Protecte¢
encroachenforcemejuse plannFMEnvACReSAL|fl oodpl 4
farming |[buffer zojwetl and n sustaina
wetl and r wetl and
Fakai |[Poor soi|Soil fert|{Soil testAgric EXtens|{l ncrease
affectini mproveme|precisionbeptFMWR, LGyi el ds,
producti|programs,|{advisory soi l h e d
promoti on
organi c m
Rijau|{UncontroRecl amati|Mine siteMin. of MineRestored
artisanamined sit{remote segState Min. osafer mi
degradinformaliza practice
artisanal
NgaskijOver fi shCommunitylFish stodFisheries DeSustai nad
river sy fisheriesjassessmenExtension fisheri e
managemenisurveys, I mproved
hat chery |aquatic h stocks
devel opme maps
Agwar gSeasonal|lDr-gyeason Crop suitAgric Dev Pr|{l mproved
i nsecuri|jsupport, maps, molkhCommer ce security
access mar ket i nMnMini,sttGAy, FMWEf ar mer i
Il mproveme|systems
Yaur i Ri verbanRi verbank|{Ri verbanKkKNI HS2AACRe SALSt|Stabil i z
erosion |(stabilizahazard mgMi n. of Wor kjiriver ban
moni torin

X X X1 i
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threatenvetiver, protect ¢
settl emegpitching settl eme

ShanggWaterbor|l mproved |[Water qQquaRUWASSA, St a/Reduced

di sease |(facilitietesting, |Heal th Il nci denc
during flwater prohealth s i mproved
heal t h

Table E. S. 5: Lower -K@atSe hrae retgii & aCtailt &Ih G@in#li hnenges and I ntervention

Secti oLGAT/low/Chall eng|/Proposed Appropri alResponsi bllExpected
|l nterventi|For Sust a Out c ome

Moni torin

Evaluatio

Lower [Bagud(Frequent|ConstructilHydrol ogi |NIHSA, Sté&iReduced
Catchn floodpl aj|/l evees, primode ng, Agricul tuni mproved
i nundati |fl eocedsi | i ertpartici pa/FMWR, NI WEmanageme:|
damaging|varieties |use maps ACReSAL
farmland

Bagud{qCr cbsessr derfEst abl i shmConflict State LivgReduced f
grazing grazing retool shhas@dNati onal Eherder ¢
(due to peabcwei | di nfgrazing r|{Commi ssionnsecured ¢
to Beninidial ogue p routes

XX X0 i i



Mecon Geol ogy and Engineering Ser“mmes Lt d
Borgu|lLoss of CommuibiasedBi odi ver s|Nati onal AFConser ve(
bi odiver|fconservati|lsurveys, Service, Nbi odi ver g
riverinej{tourism primapping i ncrease
ecosyste communi t
Ri ver) ' i veli ho
Borgu |l ll egal StrengthenFish stoc|Fisheries |Recover e(
practicelregul ationmonitorin/Min. of Enpopul ati
fish sto|lenforcemenaquatic e sustainal
cananagemennGl S maps

XX Xi Vv
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Expected Outcomes

The successful implementationtbginterventiondn the GulbinKa SCMPwill result in:

T I mproved Wat er Avai:l abhlFough andf rQasatlriucyt u
rai nwater harvesting, and integrated wat el

water resour ce management .

T Restored Ec Ssyadbtid mszi ng hydrol ogi cal cycl e

reinforcing ecological i ntegrity through a

T Reduced Flood and Dr olugphlte méwmltnenrgabfilladd r

i mproving drainage systems, and developing
9 Enhanced LivEhmp ®hwerdisng | ocal communities
access to credit, and i mproved mar ket oppo
T I mproved Food | Seceasti gg agricul tsmalrt pro
agriculture, improved soidrifgati ontygdomaniag

9 Diversified Ecormemied oAd tigvscadadmataoruifftirys mnalmn ¢ ¢

economic activities to boost | ocal economi

T Strengthened Cl:i mBuel dAidmgpt attisohi ence to ¢

through dammuwniitny ti ati ves, r easfifsotraerstt adriom,p

T Sustainabl e Natural: REssowdtieegnMaamg ® ge ttal a
economic stability by addrmasusierdg vdid snerr taibfi il
T Strengthened Govern&msdabl|Stsrhuicntgur esnt egr at
management fr amewo rakgse mcnyd ceonchradhicn antgi am.t er
9 Inclusive StakeholEdaswr Engagemenutni ty-repr e:
making processes and strengthening institu

T Equitable PaPriomopanmigomender equality by ¢

i n demalkiimgqmn and resource management .

M9 Economic EmpoMreoweaditng women with greater

and access to economic resources.
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CHAPTER LNTRODUCTI ON

1 .Plurpose of the Pl an

The GKabCatchment Management Plan aims to pr
the sustainable management of the catchment
environmeadangmisom,ciand governance ephahl sagks
to promote sustainable development-ebgnbmi anc

devel opment. I|Its specific objectives include

| mproving Water Resour ce :anEnsRIlroondg FRsiusskt aNlar

resource management, i ncluding the protect
mi tigation of flood and drought risks. The
water infrastructures, sacth fBke ddeseladhmme net
water storage systems. It also advocates f
assessments, and public awarenesswatbewpaigr

rel ated hazar ds.

i .Preserving and Restoring CriPtriocteelc tk cnags yasntde
ecosystems, i ncluding forests, wetl ands, é
support ecosystem services, and promote ec
goals for afforestatipbabialnidz eveh y damal o geisct al

bi odiversity, and reinforce the ecological

i iPromoting Sustainable Agri:cuBrnhiamdi gy df ddd

and economic resilience through sustainabl
aims to increase agri culstmarral aprpa dwrccthiewsi,t y
fertility, and supparitnisingalalnido It ccecrh nfod rongeyr. s
t he adopt-ioni gt mbonorand erosion control me
Il v.Enhancing ClimaBei Rdsngi ehceate rb€saislkidence
initiatives, afforestati on-rpersagsrtaamst, cand t\

The pl an focuses on addr eissduingeddeselrnef ahl

ensur i-mngr moea@b | agedc osnoocmioc st ability.

| mproving Li vel i hoobdesi:nghk hp ddwenrainn gWell d c a | c
particularly small hol der farmers and fi she
credit fraredhdéyo economic activities. The p

1
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providing training programs, facil-hasaad ng

touri sm.

i .Strengthening Governance andEsStaal aksdli degr i
water resource managementagé&nameworok sd,i namg
ensuring inclusive commumalkiyngr eprrecsensg as.i
advocates for the establishmeetd whteegukbkat
management at the catchment | evel and the
enhance governance structures.

1 . Rationale for a Strategic Catchmer
The strategic wiasi@ant chfmeinhe MGulalgieme nt Pl an
resources sustainably, promote ecosystem se
preserving the ecological integriplyamfouthlei rc

the following strategic objectives:

9 I mprove water resource and flood risk mana
management, including the protection of wa

of flood and drought ri sks.

T Preserve and restore critical ecosystems
ecosystems, including forests, wetlands, a

support ecosystem services.

T Promot e sustainabl e agricultural and i v
agriculture, agroforestry, and integrated
degradation and i mprove |ivelihoods.

9 Enhance climate resiliresceé imynti mplaecme tteisn g
smart agriculture, di sadtbesedriashptatduoni omn
the catchment's resilience to climate chan

T I mprove the | tbveelnigh odd s tarkde hwelldler s i n t he
and youth, through enhanced access to educ

T Strengthen i nclusi ve governance and St ake
effective catchment management by buil di ng
| evel s of governance (federal, state, | oca
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1 . E3xpected Outcomes

1

.Environment al Out comes

| mproved Wat er Avai:l abhlFough andf rQasatlriucyt u
rai nwater harvesting, and integrated wat el

water resour ce management .

Restored Ec Ssyadbtid mszi ng hydrol ogi cal cycl e

reinforcing ecological i ntegrity through a

Reduced Flood and Dr olungphlte méuwltn enrga bfilloadad/ r
i mproving drainage systems, and developing

.SocEmonomic Out comes

Enhanced Li vEhp ®hwerdisng | ocal communities

access to credit, and i mproved mar ket oppo

| mproved Food | Seceasti gg agricul tsmalrt pro

agriculture, improved soidrifgati dmntydomaniag
Diversified Ecormemied oAd tigvscamataorudftiryy mnanh ¢ ¢
economic activities to boost | ocal economi
.Climate Resilience Outcomes

Strengthened Cl:ii mBuel dAidmgpt attisohi ence to c
t hrough dammuwniitny ti ati ves,r easfifsotraertt adriom,p
Sustainabl e Natur al: REsswdrtieegnMaamyg @ ge tal a
economic stability by addrmasusierdg vdid snerr taibfi il
.Governance and Institutional Outcomes
Strengthened Govern&msdeabl|Stsrhuicntgur e smt egr at

management fr amewo rakgse mcnyd ceonchradhicn antgi am.t er

|l nclusive StakeholEdhswuwr Engagemenutni ty-repr e:

making processes and strengthening institu

.Gender Equality and Social I nclusion Outco
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Equitable PaPriomopanhigomender equality by

i n demalkiimgn and resource management .

Economic EmpoMrowieditng women with greater

and access to economic resources.

.EAnvironment al Rol es

The GulbinKa Catchment Management Plan outlines several critical environmental roles that

are essential for the sustainable management of the catchment. Thedeswiked beloware

designed to protect and enhance the natural resources and ecosystems within thiKaGulbin

Catchment, ensuring their lostigrm viability and continued provision of essential services to

the region's communities.

Conservation of Natural Resources The plan emphasizes the importance of
conserving natural resources such as water, soil, and biodiversity for future generations.
This involves sustainable practices that prevent overexploitation and degradation of these
resources. Key actions include fh®tection of water sources, efficient water use, and the
mitigation of flood and drought risks through sustainable water resource management.
Protection of EcosystemServices The plan recognizes the need to protect ecosystem
services, including water filtration, flood control, and carbon sequestration. These services
are vital for maintaining the ecological balance and providing benefits to human
communities. The plan advoest for the restoration of degraded ecosystems, such as
forests, wetlands, and wildlife habitats, to ensure the continued provision of these services.
Climate ChangeMitigation : The plan highlights the role of the catchment in mitigating
climate change impacts. By promoting sustainable land use practices, conserving water,
and protecting biodiversity, the catchment can contribute to reducing greenhouse gas
emissions and enhangircarbon sequestration. This is achieved through afforestation,
wetland restoration, and the adoption of clirastteart agriculture practices.

Soil and Water Conservation The plan focuses on soil and water conservation to
prevent erosion, reduce sedimentation in water bodies, and maintain soil fertility. This is
crucial for agricultural productivity and the overall health of the catchment's ecosystems.
Practices such a®witour farming, agroforestry, and the use of cover crops are promoted
to enhance soil and water conservation.

Biodiversity Conservation The plan underscores the importance of preserving the

catchment's rich biodiversity. This involves protecting habitats, preventing habitat

4
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fragmentation, and combating invasive species. The conservation of biodiversity not only
supports ecological balance but also provides aesthetic, cultural, and economic benefits to

the communities living within the catchment.

1. SSocEmonomi c Rol es

Theoeicoonomi c rol ear@ef atshd od dtoawlsmen't

l1.Livelihood T epgatttchment provides water for

ot her economic activities, underpinning | o

2.Economic Divelrtsidumg@arnton a range of econom

such as fishing, trade, and owaoammewr.ce, and

S3.Empl oyment :Gelhheg addatomhment generates empl o

from agricultural and |livestock activities

4 . Poverty All eviation and: | Bfyr aesnthrauncctiunrge aDge
productivity and providing economic opport
supports infrastructure development, i ncl

systems.

1. @overnance and I nstitutional Rol e s

The four Governance and I nstitutional Rol es

1. Enhanced I nstituti®nréndgiolmendi o@advrn dinnati on

and | ocal agencies to ensure cohesive cat

2.Stakehol der: EBgagreeneatti ve participation

|l ocal communities, civil s-makehyg, pandepse

3.Policy and Legi:sl|lheavievleo prramike weorrfkor ce pol i

support sustainable resource management a

4 Capacity Buil ding and : KBawll ed giensNMa rt aug & o
through training and knowledge sharing to

catchment .
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CHAPTERCHARACTERI STI CS OF THE CATC

2. Llocati on

2. 1Lokration and Boundary

The GKabiCatchment i's |l ocated in northwester
Zamf ar a, Niger, and SokoRbpmatRtesr Basis aatd
covers parts of the following four states:

T Kebbi: Stateuding areas such as Yauri and S

T Zamfara $matedi ng areas such as Bukkuyum a
9 Niger: Stmd¢leudi ng areas such as Argungu and
T Sokota Sthatlaudi ng areas such as Yabo and So

The catschhomenlRitigl2ties geographically bounded b
catchment to the north, Mal eWMdrai gatcamenhmenbd
east . It spans an area of approximately 2, 9:¢
topographygm ebhepganhgdfrocky a#fHegasngi f|toloa pd @au tr
northwest. The <cat ckhaneRitv @ rn,c |whdiecsh tihse aG untabjionr

Ri ver, and its network of rivers and seasona
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2. Precipitation, Temperature, Sunshi
The catchment s p,anznanmmfgar rpaar tNsi goefr kaenbdbiSok ot o
the SuNant Gedmea savanna ecological zones of
catchment i s characterized by distinct wet a

| nfTeopi cal Comee(dacze .

2. Precipitation

Rainfall in the catchment is markedly season
with the peak typically recorded in July ¢
approximately 800mm in the northerrtns ,f rrienfg eesc t
a neotwuhh .QRaadifaehti di stribution is influencec
prevailing wind patterns. Moslurat i bhe st ar mb ¢
often result in higrhg.r ulnhoeg fv aarnida biolciatlyi zoefd rfd

poses a fohaflrddade megger i cul t ure and water resourc
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Gulbin-Ka Precipitation Chart
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2. Aeper atur e

Temper atur esKai nCatthceh mgwmltbirremai n consi stently
average annual temperatures ranging from 26A
to May, where temperatures cantbtetanregtcead.
cooler months are during the hardnartitnagn wsheiacst
dayti metu¢ ® mpemai n rel atively warm Pbgogiataygy dn
northern part.s of the catchment

Gulbin-Ka Cathment Temperature C)
325
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w
o
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28
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Fi g3 e Annual Temperature of the Catchment

2. Zuhshine Duration

The region receives abundanti9sboashsnef wuhhl
day. Sunshine duration i s most pronounced
evaporation rates and potentialtwatéanctosspf
critical role in crop growt-heandtanfl|l oeraopesas

agricultural activities within the catchment
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Sunshine Duration (hrs/day)
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Fi gB4d e Annual Sunshine Duration of the Catclt

2. Red ative Humidity

Rel ative humidity in the catchment varies s
continent al air or moist mariti me ai 600 Durir
80% ontri buting to ptrhoevi glulintgr yf avomud iatfilean sc o n
agriculture and replenishing groundwater. H
significantlizyO%,0 lassadiong atso liOncr eased evapot
both crops Tamids |deesdam&lkmivdri at ihas idmnrect i

agricul tural pl anning and water resource man

Relative Humidity (%)

Relative Humidity (%)
[e2 N e) B> o) BENe) BN BN I T R\
g O N 00 © O P N W b

o))
a

1995 2000 2005 2010 2015 2020 2025
Year

Fi gk e Annual Rel ative Humidity of the Catcl
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2. Topography, Drainage, Geology and

2.3.1 Topography

The GKHadbCatchment i s characteri ta@i bua).di ver s
The terrain generally exhibits l ow to mo d
approxi mately 500 meters in the upper parts
to around 250 meters in the | oweat plamdrst nies
predominantly flat, with scattered hills and
|l ocali zed water flow patterns. The southern

States feature more el eavadtsedantde rrriadigness, twhiatth

dynamics. I n contrast, moving northward, t h
expansive floodplains, especially within Keb
flooding. Theserfulcoadplrail s i ml dyhearegi on' s

agriculture and sustaining fisheries.

Bifnin Kebbi

11°20'0"N
1
1
11°20'0"N

egend
A~ Stream
'C state Boundary

CQ catchment Boundary
Wlnternational Boundary

=
= Elevation (m) Z
= P -5
High : 840 S i 5
—
- Low : 136
™
0 125 25 50 75 100
- Km
\ Y]

T T T
4°00"E 5°00"E 6°0'0"E

Fi gR& e Digital El evation Model (DEM) of the ¢
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Lt

2. Drai nage
The drainage sysat eOatocfh mema Guwl et iIRnecdrbyntdh
tri bytrerdkeieg2iMpoe whi ch form a si g-Ri mac&nvepaBts
The GKabRnver originates from the highlands
and Zamfara States, eventually jJjoining the
includessngsmasonal streams and wetl ands that
River flow i hi ghly seasonal, with peak f
September) and significantly reduced d&iuxcdhhar
as the construction of dams and irrigation s
downstream hydrol ogy and water avail abi Ity
includes the Yaur.i Dam, whilcdhhcalegadraitesl twart e
suppl y. The drainage system is <critical for
' iveli hoods, and maintaining ecological bal a
P
e /”:
, P
Legend
e State Capitals
&ZZ Dam
g 1 ,.f ~"~ Stream z
® \ S \\J,N/J m State Boundary ﬂ-g
~ NIGER STATE (:3 Catchment Boundary )
, hd Nlnt}ernational Boundary %I_J
} X ,,//J 0 125 25 Y 50 75 100"
V\\ 1 //" :-:\:—Ifm
Fi g% e Drai nage -KMapCafclomébdi nshowi ng dams (Sou
TabAl@gr ovi des a comprehensive overview-of the
Ka Catchment These parameters are cruci al 1
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behavanadurf or planning effective water resour

h
covers an area of approximately 2,948, 700 he
1,700 km. The | ongest fl ow path wirtolxii matthed yb
0

27 k m. The catchment features a mature and

of 6th order. The total l ength of al |l strea
bi furcation ratio, whircdhl ionwdrcadeai nagee,staw
drainage density is relatively |l ow at O0.13 Kk
stream frequency is also low at 0.15, indica

el ongati on nr aelioon gsautgegde shhasa n shape with mode

ratio indicates a slow runoff response due t
or vertical wvariation, i s about 450 .meTtheer s,
ruggedness number indicates moderate terrain
shows that the terrain is generally gentl e

mor phometric characteristics col | felcow,yvelyor

capacity, and susceptibility to erosion and

Tab2le Mor phometric Pha a®ettcelrme mtf Gul bi n

ParameteFormula / Val ue Description /
CatchmerGl-Based ~2,948, Tot al surf ace
Area (A)calculati (29,487 the outlet pc
CatchmerGl-Based p Approx. Outer bounde
Peri metetracing K m catchment .
Basin 'Line from~270 kmlndicates t h
(Lb) farthest path within t
point
Stream Strahl er 6th Ord I ndicates a
(u) dendritic dre
Tot al Summati on Approx. Refl ect s t he
Length (l engths o km l ength contr.i
order s
Bi furcatRb = Nu/ N Avg. 3.l ndicates moc(
Rati o (F contr ol over
DrainagebDd = Lu / O0.131 kmULow drai nag
Density suggests perr

|l ow runof f .

13
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Stream FsENU / A 0.15 Low stream
Frequenc i ndicating h
capacity.

Form FFf = A |/ 0.40 I ndicates an
(Ff) shape; | ower
El ongati Re = (RBRB.0. 72 Sermil ongat ed
Rati o (F i mplies moder
CircularRc A 4 P] 0.40 I ndicates el
Rati o (F sl ow runoff r
Relief (MaxMin EIl €e~450 m- Il ndicates vV e
150m) influences er
Rel i ef Rr = H [/ 0.0017 Low relief I
(Rr) gentl e terrai
RuggedneRn = H I 58. 5 Moderate ter.|
Number ( and erosion r
Sl ope Gl-Based 0il 2% Affects runo.
anal ysi s (genera erosion poter
gent |l e)
Tab22Er r or ! Ref erencersecswerndes note fsauwnrd.m order
Gul &ian Catchment, which is essential for unde
and hydrological behavi or. The stream order,

from 1st tocathndgjedelwegpdadand compl ex draina
of streams decreases as the stream order i n
net wor ks. For example, there are 302 streams
km,hiwe there are only 23 streams of the 5t/

|l ogarithmic values of the number of streams

are also provided, which can bemadelfiung.f oThd
characteristics are cruci al for assessing t
flooding, and overal/l hydrol ogi cal response.

Tab22e Stream Order Ch-iaaCaechmentcs of Gul

Stream Number of Tot al Length Log Log
(u) ( Nu) (Lu) [km] (Nuj (Lu]

1 302 2,146. 714 2. 48 3. 33

14



Mecon Geology and Engineering Ser$¥ es Ltd

MECON SERVICES LTD (MSL]

2 152 1,202.245 2.18 3.07
3 56 428.8778 1.74 2.63
4 6 4 409. 7011 1.80 2.61
5 23 117.3248 1.36 2.06

The bifurcadhowhnarbadei 0 d Rheasure of the aver a

of a given order that join to form a stream

The mean bifurcation ratio (Rb_mean) is 2.0
contr ol over the drainage network. A higher
devel oped drainage system, whil e Thel vwémues:

observed i-Ka t@®at cGumebntn s uggestel @apredl atriav elayg

with a significant number of small er streams

Tab23e Bi furcation Ratio (Rb) Summary

Bi furcation Bet wee Bi furcation |
1st Order [/ 2nd 1. 9868
2nd Order [/ 3rd 2.7142
3rd Order [/ 4th 0.875
4t h Order [/ 5th 2.7826

Mean Bifurcation Ra- 2.0896

The mean str esahwWwmatstlor ( lessm)h stream order pt

about the average | ength of streams at weach
These values indicate that the average | engt
This is typical for dendritic drainage net w

15
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| arger streams. The relatively consist+ent I

di stributed and interconnected drainage syst

Tab2de Mean Stream Length (Lsm)

Stream Or de Mean Stream Length (
1 7.1066
2 7.9069
3 7.6596
4 6. 4016
5 5.1002

The | engtshh orwantaii2e 6 Rt he rati o of the mean | en

to the mean |l ength of streams of the next hi
These ratios indicate how the average -l ength
order streams. The values suggest that the

mer ge, particularly from the drsdert.o TZhnid oprad

consi stent with the observed decrease in the

Tab25e Length Ratio (RI)

Transition Length Ratio (
1st to 2nd Ol 0.5600
2nd to 3rd Or 0.3568
3rd to 4th O] 0.9553
4th to 5th O 0. 28614
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Fi g28&8aen d9showsLat hement Map Showing theMagcof ded

Met eor ol ogi cal stations within rtelrsep e c tQuvl ebliy
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Worl d Meteorol ogical Organi zation (WMO) reco

237 are recorded in Nigeria.
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2. HLedl ogy and Soil Types

2. 3G8olLlogy
The geol ogy -Kaf Ctah & s@elyt2it ® s characterized b

geol ogi cal formations that significantly ir
hydrol ogi cal behaviour of the region. Thes
Compl ex and the Sokoto Basin Sedi ments.

Precambri an Basement Compglhex (f®ountali @ rom Air
southern parts of the catchment, i ncludin
basement complex consists of ancient <crys:!

schists. These rocks aweeatthyepriicnag,l yl ehaadidn ga nt

of el evated terrains such as hills and ri
' i mited primary permeability, resul ting 1in
idoes support shallow groundwater in area:
fractured zones that all ow for some groun
regions is more rugged, with rocky outcrop
i .Sokoto Basin Sedi mentTsh e( Nworrtthheerrnn Afaserat) o f
Catchment is dominated by the Sokoto Basin
Nigeria. The geology here is primarily <con

including sandstoned,atceldaydtlanvea sa,l ared owsn da

have accumul ated over millions of years t
undul ating |l andscape. The sedimentary natu
grumdwat er potential, with aquifers provid
agricultural, and i ndustri al uses. The b
agricul tural productivity, as the sedi ment
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2.3S8i Rk Types
The soils K& Chediorad Btr g@okar e diverse and h

classified according to the FAO soil <c¢l assif
catchment due to differences in parent mat e
primary soil typesnt de@me i Arnemdos ol ¢ heVerattichan .
Leptosol s. Each of these soil types has di st
productivity, and water management
i . Arenosodlhsese are sandy soils found predon
catchment, particularly in Kebbihoandi nSg k o
capacity and |l ow fertilitry,simakainntg ctrhoegm s
and smrgbue to their coarse texture and g
irrigation for productive agriculture. T
necessitating soil conservation measures
i i .Vertisvdrsti soi shasei tbsayhat occur I n fl oc

within the catchment-swdhlycapacibity, hwlgihc
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chall enges for agriculture due to crackin
Vertisols are fertile and suitable for ri
conditions. The cracking of Veootri saod rsa tciaon

requiring proper drainage management .

iGl ey:soGlseysol s are hydromorphic soils f ol

near riverbanks and in floodpl ains. They
prol onged water saturati on, whi ch can I
agriculturGé eydowsvar,e i deal for paddy ri
ot her crops with appropriate drainage i mg

in the catchment's hydrology by storing
a

rel easriinmgg itthedudry season.

.Fl uvi sell svi sol s are young, fertile soils

commonly found-Kal Rngetrhean@ulildisn tri butari
productive and suitable for a wide range
Their fertility makéesed hmaennd vialru agbaltee df carg rhbi
Fl uvi sols are susceptible to erosion and

to maintain their productive capacity.

Leptosdleptosols are shall ow, stony soil s
el evated areas of the catchment, such as
have | imited agricultural potential and a

sHd ow depth and rocky nature make them ur

supporting natural vegetation cover and n
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2.4and Use and Land Cover

The GKabCatchment covers a diverse | andscap:¢
human activities. The | samodowdsgadazd thamdt doo
catchment are influenced by various factors,
economic activities. Agriculture, l i vestock
components that define tnh.e Ovaenrd tuisneeyd ghouantaana
cover changes, including deforestation and t
natur al | andscape, with significant i mplicat

22



Mecon Geol ogy and Engineering *es Ltd

MECON SERVICES LTD (MSL]

4°00'E 5‘"0‘.0“E G"O'IO"E
N

12°0'0"N
1

2017 LULC

- Waterbody

] Vegetation

Wetland

B suitup
- Baresurface

Farmland

11°0'0°N

e International Boundary
\+~ Stream
(C3 Catchment Boundary

T T T
4°0'0°E 5°0'0"E 6°0'0°E

4°00'E 5°00"E 6°0'0"E
1 L L

12°0'0"N
I
T
12°0'0"N

2023 LULC
- Waterbody
Vegetation
Wetland
L2 M suitep
- Baresurface

Farmland

11°0'0"N

™ International Boundary
A~ Stream
C23 Catchment Boundary

T T T
4°0'0°E 5°0'0°E 6°0'0°E

Fi galr2a Land Use and Land Cover of Gulbin Ka Cat

23



Mecon Geology and Engineering Ser¥@@¥Fes Ltd
2. Naxur al Vegetation
The natural veget aktai oOa tct¢obvieeerg 2udr pv at rhiee sGufl rbomm n
to south, influenced | argely by climatic gr a
T Northern Area (Kebbi and Kebbe LGA of Soko
The northern part of the catchment, partic
i's dominated by Sudan saarviadn nraehg ivoeng ect cart s iosnt.
trees, mai nly Acacia species, andyegsoboiehsi v
[ i mit dense vegetation gr owt h, maki ng t h
communi ties. However, desertification, oV
fuel wood coll ection have contributed to ve
T Central Area (Zamfara State)
The central part of the catchment, coveri|
bet ween the Sudan savannah and Guinea sava
and scattered trees such as baobab, asméall
compared to the north allows for a richer
agriculture is a major factor reducing nat
T Southern Area (Niger State)
The southern parts of the catchment, parti
savannah zone, which supports a denser anc
such as neem, | ocust bean, and sheaxthiutet er
of tall grasses. The relatively higher ra
|l eading to increasing deforestation and | a
2. Ag2icul tur al Land Use
Agriculture is the doarakKianaGat clhameditus eOviem tt lne
decades, the expansion of agricultural act i
particularly in the fertile regions along ri
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Rai nf ed Agriculture (Zamf ar a and
Mo s t of the agriculture in the catchment
States, where the soils (especially Alfis
cultivation. Key c¢crops grown i n t hrewtes,ar e a
and cowpeas. However, the reliance on sea:
vul nerable to climatic variability, partic
droughts canmpaaqtnigriacadawndtliyvi ty.

I .lrrigated Agricul ture (Kebbi and
The floodplains of the Ka River and its tr
suitable conditions for irrigated farming.
value crops such as rice, veget abdrest,hami c
rainfed crops. While irrigation has enhanc
al so placed pressure on water resour ces,
conflictrs wsveramoange farmers and pastoral i st

iiFall ow and Shifting Cultivation (Northern
Il n some areas with poorer soils, particul a
fallow and shifting cultivation practices

regenerate before cultivatioad batshaoactens

periods, resulting in soil degradation and

2. AWNeld3 | ands

The wetl|l andsKaofc atthceh me@wltbiar e signi ficant | an
Kebbi, Niger, and Zamfara States, as well as
fed by tklme RGwlebri mnd its tri mutsarmpipog,t imlgaybii roc

and | ocal l'iveli hoods.
Ecol ogical Significance (Kebbi, Niger, Zamf a

The wetlands provide a habitat for various |
making them essential breeding and feeding g
storing excess water duringngt hiet rdauirniyn gs etahseo r
This hydrological function helps maintain wa

ecosystems.
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Agricul tur al Use (Kebbi, Niger, Zamfara Stat
Wetl and agriculture, particularly rice far mi
Gul ian Ri ver. The seasonal flooding repleni :
availability for crops even i nfrdameunanoxnttaisn
farming practices, overgrazing, and upstream
| ohgegrm viability of these wetl ands

2. 45rda4zing Land and Pastoralism

Livestock Grazing

Livestock grazing i s -Kaa ntagtocrh meamtd, upsaer tiinc u lheer
and Zamfara States, as wel |l as Kebbe LGA i
' iveli hood acti vidmymawii tch hred dadisc mengd ospe miar 6
of pasture for their cattle, sheep, and goat
savannah and areas of marginal l and not suit
Pastoralism in Northern Areas

The drier norther-Haregtohment, tmha&r tGud bliar | vy
States, support | arge numbers of pastoralist
and the |l oss of vegetation coedr biyncdomat are
such as reduced rainfall and an increased fr
pasture.

Conflict with Agricultural Land

The expansion of croplands into traditional

l and and resources between farmers and her de
common as both groups strugglceultaa | agc cdeusrs nfge |
season. I n some <cases, these tensions have

security.

2. HAuBnman Settl ement s
Human settl emeKasCanchmentGudame nconcentrated

fertile agricultural zones. The popul ation d
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the catchment, particularly in Kebbi, Ni ger
Sokoto State, where major urban and rural se

Ur ban Areas

Maj or urban centers such as Birnin Kebbi, Ko
activities, including trade, manufacturing,

putting pressure on surroundeny s garsul uubatk

has | ed to theurchoannveagt ioanulotfurpdr il and i nto
devel opments, reducing avail a-bte patrméansd. an
Rur al Settl ement s

Small wvillages or hamlets that are closely t
Access to basic infrastructure such as roads
rur al areas, -empaomingdehekepmegi oak.t Seasort
and reliance on traditional farming technigqu

2. £06 est and Woodl|l and Areas

Forest and Woodl and Areas

Smal | patches of forests and woodl anKls ar e
catchment , particularly in Kebbi and parts

protected reserves or exi st as remnant s of t

Deforestation (Kebbef arnadstMitg eorn Shtaasst elsden wi

catchment due to agricultural expansi on, hi g
This has | ed to biodiversity | oss, increased
areas, makdi mgreheul aerable to desertificatio

Reforestation Efforts (Kebbn ,reNsipgoenrs,e atnod dZeaf
sever al reforestation and afforestation proj
ri sk of desertification, such as northern Ke
degraded | andfser tiimlpirtow,i ngnd oeanhanci ng water

throughanteeg initiatives and sustainable | &
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Fi g23® Veget ati orKaMamtaofh mewmltbi(MSour ce:

2.4.7 Bi

odi versity

Component

Description

Ecol ogi cal

-Predominantly Sudan and Sahel
-Transition to river ikKiae awed | Riinndg
-Seasonal floodplains and scatt

Maj or Ecos

-Savanna wwiotdh amuwlist i purpose tre
neem) .
-Ri verine and ,weitd alnud isryg t panrsma
bodi es.
-Fl oodpl ai n agsruipcpuwolrtturneg zwoinleds a
-Community farce®tds groves, and g

FIl ora (Pl 4
Diversity)

-SavannaActarcei eas,Mci d coitaVesheeylallar j a |
Adansoni,Azaidgiraathaa indica
-GrasAmrdropogohygayahdgsaisae dr U foa
erosion control ).
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-Wet | and: Typdai do,@riygandiongwst dri
Ny mphae(@wdtodgrusl i |l y).
-Agrboi odi veMsi tet, sorghum, mai 3
i ndigenous fruit trees.

Fauna (Wil

-Mammal 4 e oPpaanrtdh e(r)a [praardeal]s, Roan
Hi ppotragus WakPhihmws oer)us af ri
-Bi ndBicaokwne daclreaare c(p, pAlvYyHaS$ inm@
hor nbBudadr \us )a,byMarianliep sotpdr B §(s
-FishNi | eOrteiocahprioam)(s €&t faird lmws6)g,
Het e Hetties of¢ i)ss nil oticus

-Reptiles/ AmNhi i @mecodyll ¢s (rMoln
| i zdardanus)ni Abti cBgaxbaéphab)gs(

Wetl|l and &
Ecosystems

-Support seasonal agriculture,
-Provide water storage, fl ood Db
connectivity.

-Threatened by: dam const-ugetio

conversion for farming.

Agrboi odi ve

-Staple crops: millet, sorghum,
-Cash crops: groundnut, cowpea,
-l ndigenous fruit trees (shea,
i ncome.

-Livestock: Cattle,0 mhetelpy meait
indigenous breeds.

Ecosystem

-Soil fertility, erosion contro
sequestration).

-Pol lination and pest control
-Source of food, forage, fuel wo
-Supports | ocal l'iveli hoods and

Key Threat

-Habitat degradation from far mi
-Def orestation for fuel wood and

-Poaching and species |l oss (e.g
-lnvasive 3pphbaedofmbngenhbansds) .
-Climate variability and decl in
Conservati|-Wetl and restoration and invasi
Opportunit/l-Agroforestry and sustainabl e g
-Commutbiased wildlife protection
-lntegration of biodiversity in
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2. Fbydr ol ogy and Water Resources

2. Hydrol ogy

The hydrologiaotatboakem&ut bi @ defined by its i
flood patterns, underlying groundwat-Ka rese
River serves as the principal nwattehrec oaurresae',s
availability. This river system significant]l

supply, and the ecol ogical bal ance of surrou

2. Hyarograph/ Water Budget of The Cat cl
The hydrographs and whkKaest rbatdggites odt cthhnree nGu
insights into its hydrol oFgigdrieoc88aiai2ibe r i st i
to,2.the catchment exhibits homogeneous hydr
generated during the wet season. Peak fl ows
di scharge recorded from April toéhMovcvamiecédmenh
reach peak f | ownorftoh | drwe ds ebays can .f our
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Month
Fi g¥2 Hydrogralka 8Bfr &ubyia Catchment
Based @éAmMSHE®@del | ing for Strategic catchment.
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The water budget, as shown in Figure 4.5, re
for most of the year, resulting in a remarKka

4.1 highlights a summary of hmwamre, ogattercas e
occurs for only four mont hs, indicating prol
for alternative water supply solutions.
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Tab26e Summary of Discharge, Rainf alKla &nd alEwap act
Catchment
Mo nt h PPT T Synthetic P
( CMS)
JAN 0.01 15. 82 0.01
FEB 0. 114 9. 77 0.09
MAR 2. 37 11.51 1. 54
APR 22.36 23.76 18. 84
MAY 86. 42 68. 24 85. 02
JUN 127.90 (117.45 (160. 43
JUL 186. 71 |125.51 (224. 21
AUG 273.21 (108.40 |333.61
SEP 211.03 (116.19 |353.30
OCT 47.07 100.89 |159. 77
NOV 0. 46 67. 38 18.13
DEC 0. 02 34. 45 0.15
Prospects
T The major potenti al here is for
the region and can be devel cpandnuas ta essaur ¢
Groundwater exploration and management .
Wat ershed restoration and protection
functions of he watershed to ma i
biodiversity an help alleviate water

2.5Theédl Kiagt rategi c
GKadl Bnrategic

The
Rivers
Kebbi

Ka

catchment

Ri ver

Kanunu,

states in

fl ows

s hydrologyriigd chamadteer imaedk eldy by

Kar kasi |,

Ni geri a,

and

nto the
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and | ow rainfall. Seasonal rainfall patter |
bet ween June and October. As a result, evapo

of high temperatures and | ow-Khumatdegyc Thecl

i s shaped by wvarious factors, i ncluding its
availability. These factors contribute to t|
maki ng it an i mportant asroeua c eo f masntaugdeyme i t

sust ad emadll epment .

2. 5Wa8ter Resources Assessment Concept in
Water demand within the Gulbin Ka Catchment
creating chall enges for sustainabl e water m:
Kebbi, Niger, and Zamfara States,ndi dioeistioc
farming. However, factors such as <c¢climatic
strategi es, and increasing water abstractior
The expansion of irrigatbankscboemebe @Gal bi ou
its tributaries, has |l ed to |l ocalized confl

season when resour ces ar e mo st scar ce.

The hydrological regi me of the catchment hac:c
construction, deforestation, and the expansi
vegetation encroachment, and tb&etgphaadras$si
further i mpeded water flow, affecting downst
an integrated water resource management appr
hydrol ogi cal variabilstypyf amdtipbpéecwmperi ng
sections provide an overview of the water q
Gul bin Ka Catchment.

2.5S2r8am Fl ow and Seasonal Variability
The hydrological cycle within the Gulbin Ka

rainfall patterns. River discharge and groun

di fferences between the wet and dry seasons.

During the wet season (June to September), h
runof f, | eading to peak flows in the Gul bin
of the catchment, particularl ysiigmi Kebéant an

contributions from the undulating terrain,

34



Mecon Geol ogy and Engineering Ser!mmmes Lt d

Shanga, and Sakaba Rivers. FIl ooding is c¢omm¢
River, where expansive floodplains serve as
di scharge is typically recorded bealtwééonodul
recession agriculture, known | ocally as fada
communities.

During the dry season (October to April), roi
Wat er availability becomes heavily reliant o
regul ated releases from resehammnels. dfFd pwdnra
someti mes falling below 10 cubic meters per
in surface water availabi-teayomposesi gatri oms:
watering, particularly in downstream areas

Dams and reservoirs within the catchment, s
role in r-segabanimyodsy by storing water dur i
releasing it. However, i ncreasi eguaupdt waa mr
availability for downstream users, | eading t
the retreat of floodpl ains due tdepgrnddentog
farming, further exacerbating water scarcity
2. 5DRPsdharge Measurements

Moni toring river discharge in the Gulbin Ka
management, especially given its strong seas
assessing wat er availability, |mpmedintt wagerf
management strategi es. The Nigeria Hydrol oc
relevant agencies conduct periodic flow ass:
catchment. These measur emenmask ipnrgo vriedgea rcdriintg c
schedul ing, reservoir operations, and flood
data collection remain a challenge, i mi ti nc
for water resource planning.

2.
Th

ayv

co

5SAr bace Water Resource Potenti al

e Gul bin Ka Catchment | i els) ,wiwhhiicnh Hyedcreoil vo
erage annual precipitation of 767 mm. How
ntributes to surface runoff, withoft he res:
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racti oh, tWe¢ ht mt &ddllA i nternally generated
c meters (BCM) per year, while the ove
oxi mately 35.1 BCM per year.

total water resources potenti al i's asses
rnal inflows. The internal total water r
, while the total water resebghbesr ipog e

tries, stands at 37.4 BCM peprypyeamatAal yi
BCMepeéergedli geria through transboundar:
Gul bin Ka River, highl i gwattienrg stohuer cceosu.nt r

ndwater recharge within the Gulbin Ka Ca

newabl e resource. However, the increasin
gation and domestic use is pl arcdinwge pr es:
ol ogi cal data collection is needed at t
ainability of groundwat er extraction ar
cies.

Gul bin Ka Catchment is an essential wate
g with t#ZemRama, SodotMal enda Catchments

ace and groundyat evepotreptrieaslend&te steh € ulhA |

hment s. Sustainabl e water management p
ciency, enhanced watershed protection,
i cal i-heemswati @eg $eagrity for bcdonmnkuani t i e

r system.
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Fi gRIr®ater Resources of the catchment

Tab27enat er resourcel potential for HA

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
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Precipitation (P)

Total Runoff (RO)

Groundwater Recharge (GRE)
Loss of Recharge (LOS)

Runoff Rate (RO/P)
Recharge Rate (GRE/P)
Loss Rate (LOS/P)

Total Water Res. Rate (RO+LOS)/P)
SourJcle®PA ojTeam

38

(mm/
year)
(mm/
year)

(mm/ year)

(mm/

year)
(%)
(%)
(%)
(%)
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2. 5RAn60ff yield

Tab28and shoWs t he ®&oXFuofffac¥i Watder -Rasoauvumrte€ondi Qi
the Downstrean Etnhlekd&ushamdisneendt i vely
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Tab28e Runof f Yi el d

Average

. _SHA Average Monthly Runoff Yield (Height) (mm/month) Annual AR Average
divided by Annual
. Runoff S Runoff
National : Precipitation
Boundary Jlste (mm/year) REUE (),
6 7 8 (mml/year)
103 103 3,387.30 12 05 02 01 0.7 45 109 327 438 149 64 28 119 940 12.6
104 104 2,933.60 13 05 02 01 03 29 92 331 458 157 6.8 29 119 909 13.1
105 105 3,456.60 08 03 0.1 01 04 43 94 267 312 97 42 18 89 945 9.4
10601 10601 689.1 21 14 09 06 05 17 36 107 133 68 45 31 49 887 5.6
10602 10602 10,960.30 3.1 2 13 09 08 24 64 243 356 152 84 5 105 922 114
10603 10603 1,08490 09 06 04 03 03 12 33 69 72 3 2 13 27 828 3.3
0 107_e 192410 37 25 17 11 11 28 43 144 22 123 83 55 80 1,028 7.8
107
107_i 6,223.40 21 14 09 06 06 2 38 105 136 69 46 3.1 50 930 5.4
108 108 e 6351740 0 O O O O O 04 09 01 o0 0O O 1 337 0.4
108 i 772490 01 0 O O O 01 13 27 07 02 01 01 5 514 1
109 109 14,037.50 36 24 16 11 14 3 47 129 212 12 8 54 77 1,006 7.7

Source JICA 2014 MP
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Tab29e Surface Wat erNatewroallr c@osndint iQumsdt t he Downstream End

1 2 3 4 5 6 7 8 9 10 11 12

103 103 3,387 1,389 1,019 481 167 88 140 487 1,618 2,281 1,677 1,484 1,494 1,027.20 162.7 17
104 104 2934 1 1 0O O O 3 10 36 52 17 8 3 11 0.1 0
105 105 3,457 1,386 1,018 480 167 87 131 464 1,540 2,172 1,640 1,467 1,488 1,003.40 158.1 17
10601 10601 689 27 19 11 7 8 35 183 518 542 172 87 46 138.5 6.5 0.5
10602 10602 10,960 13 9 5 4 3 10 26 99 150 62 35 20 36.6 3.9 0.4
10603 10603 1,085 14 9 5 3 &5 25 155 415 389 108 50 24 100.8 2 0.1
107_e 1924 3 2 1 1 1 2 3 10 16 9 6 4 4.9 0.7 0
17 107_i 6,223 1,358 999 469 159 78 90 269 988 1,588 1,455 1,375 1,440 855.2 127.1 15.4
108_e 63,517 O 0 0O 0O O O 14 30 5 1 0 0 4.3 0 0
108 108_i 7,725 O 0 0o 0 O O 10 22 3 0 0 0 3 0 0
109 109 14,037 1,351 993 466 157 76 83 243 924 1,534 1,430 1,357 1,428 836.1 113.5 14.3
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2. Brdundwater Recharge

Groundwater recharge within the Gulbin Ka (
decl i ne, primarily due to climate vaseabil]
changes. The extent of this decline mamre es
severely affected than others. Given the r e
domestic use, |ivesavak watieganigonanadnderyst a
recharge rates i s essent iaglenfenrt .sustainabl e

Recharge rates tend

to be higher i

n ar eas w

bodies contribute to-airnfdi Irtergdatoinsn .ofHdvev era,t ¢

of
v ul
def

2 .

Kebbi and Niger

ner abl e t o decl i

States, gnREumdgwathers er ac ke

ning water tabl es.

orestation of key recharge zone

Hy4drogeol ogi cal
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2 \Water De mbaur dKid@d@ant ¢ h me n't

2. BNat1 er Avail aPaisliinty by Sub
Wat er avail abtiKai tcyatfcohrmetnnte i Gu lsbuibndi vi ded i nt

Su

T Se
e X
fl

fo

¢ Ra
to
bo

i .Gr

T AQ
s e
t h

rface Water Resources
asonal TRhee@alPbiimer and its tributaries
periencing significantiCcltoovb edur ianngd tnhienirl

ow during the iAdpyi bpasdhi é6Neeambanl ity a

r agrieculdomestic use, and | ivestock.

i nfall Patet arergs on receives an average at
1000 mm, with variability across the c:
dies during the wet seasomoluntd.i s i nsuff
oundwater Resources

ui fer Char dbdteerciagstcihenent | i es within the
di mentary formations that host aquifers
rough shallow wells and deep borehol es.

T Water Qud&ltiutdy es i ndicate that groundwater

SO
po
1 Re

w h

r e
i i Ra
T Fe
op
r e
T Be

pr
do

me areas, parameters such as nitrate col
sing health risks.

charge ®Rmnoesdwater recharge is primarily
ich is | imit-adi dduel itmatteheansdemioi | char a
charge rat es xamd cpgadtoenn tcioanlc ea wesr.

i nwater Harvesting Potenti al

asi:biQiivieyn t he seasonal nature of rainfa
tion to augment water availabilisygal Bechr
servoirs can be i mplemented at the house
nef iRtas nwater harvesting can reduce press
ovide a reliable water source during dr
mestic and agricultur al pur poses.
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2. BNa2er Use and Demands
Current and future water d&@malfas cWweneatesatriema
met hodol ogy applied in the NWRMP (JI CA, 201
rel ated data obtainedhwevine gB2ale eTdh eo nS tt ehtee SStcaad r
are part of Sokoto, Zamfara, Kebbi and Niger
[ ) ‘Water
~ Sokoto r : bbdy
P .. | \
IVV 3 ‘.}Katsma v . Jigawa Y Yobe
Zamfara N
Kebbi ~ [~ L ¥ang: Borno
Golbin-Ka' .
S YL ' i
‘l_ Kaduna . Bauchi ' :
= ) ~Gombe
Niger ‘ 1
: .~ Adamawa
i~ Fedefal; . Plateau :
' 2= apital/
\ Kwara ‘
\ & ér_rjtory Nassarawa —
o RET ey L1~ 2 Taraba (
: | Ekiti /%, Kogi
- ) Osun ‘
| / / Benue
Ogune—"~_,~/Ondo _
Lagos : ”Edq \ Enuguds
\. Anambra hon#
Y WS ST )/ Cross
¥ Deltal Imo Abia| River
(" Rivers [ 7
“Bayelsa_ . Akwa Ibom
%, il Y N et
FighaB®ap Showi-Kg Gat bhment on Nigeri a
The water dem&md cian cthhme nGu hksi fdo Ivli dwidn g nd at eg
T Municipal water demand (including domestic
T I'rrigation water demand.
T Livestock water demand.
1 Aquaculture water demand.
2. Mudicipal water demand
Munici pal water demand i s a cowrlribmmant/iSomaldf Tw
(SU/ ST) domestic water demand, rur al domest
industri al demand. Some of the stateka consi
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basi n. Consequentl vy, not the entire water de
determine the water demand per SHA, the demze
| evel based on the population pe NWRKBR (Cit

met hodol ogy, projections am2e0 6nba daes fsohrbinke e nd e
21 @G nBBi ga222el ow.

Tab2l®d Water Demand per Annum per Location

State

Sokoto
Zamfara
Zamfara
Zamfara
Zamfara
Zamfara

Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Niger
Niger
Niger
TOTAL

WATER DEMAND PER ANNUM PER LOCATION WITHIN THE CATCHMENT

Water
LGA Dﬁgﬁid 2022 2025 2030 2035 2040 2045 2050

2006
Kebbe 8621 12599 13528 15232 17149 19308 21739 24476
Anka 10055 14695 15778 17765 20002 22520 25355 28547
Bukkuyum 15144 22134 23766 26758 30127 33920 38190 42998
Gummi 14470 21149 22708 25567 28786 32410 36491 41085
Gusau 26860 39256 42150 47457 53432 60159 67733 76261
Maru 20520 29990 32201 36255 40820 45959 51746 58260
Bagudu 16661 24350 26146 29437 33144 37316 42014 47304
Dandi 10235 14958 16061 18083 20360 22923 25809 29059
Fakai 8384 12253 13157 14813 16678 18778 21142 23804
Koko/Besse 10837 15839 17007 19148 21558 24273 27329 30769
Maiyama 12163 17776 19087 21490 24196 27242 30672 34534
Ngaski 8827 12901 13852 15596 17560 19771 22260 25062
Shanga 8900 13007 13966 15725 17705 19934 22443 25269
Suru 10393 15190 16310 18363 20675 23278 26209 29508
Wasagu/ Danko 18569 27139 29140 32809 36939 41590 46826 52721
Yauri 7039 10288 11047 12438 14004 15767 17752 19987
Zuru 11573 16915 18162 20449 23023 25922 29185 32859
Agwara 4014 5867 6300 7093 7986 8991 10123 11397
Borgu 12098 17682 18986 21376 24067 27097 30509 34350
Rijau 12334 18026 19355 21792 24536 27625 31103 35019

247,699 362,012 388,708 437,646 492,746 554,782 624,629 703,270
Source NPC 2006 Projected to 2050

Fi gh222ZnTa b2léds howsutltbe n Ka catchment water

respectively.
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Water Demand (Millions)

State

Sokoto
Zamfara
Zamfara
Zamfara
Zamfara
Zamfara

Kebbi
Kebbi
Kebbi
Kebbi
Kebbi
Kebbi

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0gy

and

Engineering

GULBIN-KA CATCHMENT WATER DEMAND

2006

LGA

Kebbe
Anka

Bukkuyum

Gummi

Gusau

Maru

Bagudu

Ko

Dandi
Fakai

ko/ Besse

Maiyama

Ngaski

2022

2025

2030

Fi gaBul bi n

Tab2llaNat er

Water
Capacity
m?/d
2006
11207
13071
19688
18812
34918
26676
21659
13305
10899
14088
15812
11475

2022

16379
19103
28774
27493
51032
38987
31655
19446
15929
20590
23109
16771

Period

2035

2040

Ka catchment

Ser¥

MECON SERVICES LTD (MSL]

2045

water

CapacKayChoch@ehbi n

2025

17587
20512
30895
29521
54796
41862
33989
20880
17104
22109
24813
18008

46

2030

19801
23094
34785
33237
61694
47132
38269
23508
19257
24892
27938
20275

2035

22294
26002
39165
37422
69462
53066
43087
26468
21682
28026
31455
22828

2040

25101
29276
44095
42133
78207
59747
48511
29800
24412
31555
35415
25702

2045

28261
32961
49647
47438
88053
67269
54619
33552
27485
35527
39874
28938

es Ltd

2050

demand

2050

31819
37111
55897
53410
99139
75738
61495
37776
30945
40000
44894
32581
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Kebbi Shanga 11570 16909 18156 20442 23016 25914 29176 32849
Kebbi Suru 13511 19747 21203 23872 26878 30261 34071 38361
Kebbi  Wasagu/ Dankc 24140 35280 37882 42651 48021 54067 60874 68538
Kebbi Yauri 9151 13375 14361 16169 18205 20497 23077 25983
Kebbi Zuru 15045 21989 23611 26583 29930 33698 37941 42717
Niger Agwara 5219 7627 8189 9220 10381 11688 13160 14817
Niger Borgu 15728 22986 24682 27789 31288 35227 39662 44655
Niger Rijau 16034 23434 25162 28330 31897 35912 40434 45524
TOTAL 322,009 470,616 505,320 568,940 640,569 721,217 812,018 914,251

A ¥ 4 A ~

{2dzNDS bt/ Hnnc tNR2SOGSR (2 wHnpn

GULBIN-KA CATCHMENT WATER CAPACITY

» 1.0
c
Q
= 0.8
3
2 0.6
O
S
CUO-4
@)
o 02
S
=
2006 2022 2025 2030 2035 2040 2045 2050
PERIOD

Figha3® Water Capacity for Gulbin Ka Cat
2. 6i4estock I ndices and Water Demand
The number sbbwiha h2ddtoockke 28s i s by far | arger
country than in the south because northern i
on crop farming, naturally depending too hea
preci pitataitoenr, asvuariflaache |lwty i s particularly |
rainy season sufficient water seldom runs in
water as i ts | ast resortis Wat gdrunc © n s a mptfi o
temperatur e, l i ve wei ght and awdi Itahbei [wetiyg ha
grazing grass iIs nothing but water, and i f &
to drink 16 |iter of water thet kawmwemaenghin
(0.15 I / kg l|ive weight). I n an extreme dro
grass cover becomes so thinner over grazing
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a dlary.such a case it should drink at | east 1:
its body. Mor eover, moving/ walking | ivestoc
the staying one. Thante @& e~ r3e5a sloint ewh yo fa dwd tte rc
depending on its |Iive weight and its activit

situations ar efsicmitftdtel. b alilbbbgpasstc asafarldi vest oc

watreerqui I @ merncaziome shown in one of | ivestock
in 1960s. Of cour se, domest hadailflfye rkeenptt sltiavneds
strict sense:
Tab2l&€Caodvatreerqui pemeadi vest ock
Livestock Live Maintaining Uptake from Grosswater Annual
specie Weight * need grazing Drink (L/day) (m?3)
() (L/day) Grass/feeds(L/day) requiremen
t
Cattle 250 60 38.4 21.6 7.9
Goat 30 6.6 4.3 2.3 0.8
Sheep 40 8.8 6.8 2.0 0.7
Pig 90 20 16.7 3.3 1.2
Donkey 110 24 15.6 8.4 3.1
Camel 350 80 55.4 24.6 9.0
Horse 300 70 47.8 22.2 8.1
Fowl 2 0.4 0.292 0.108 0.039
Sourdd:i ve Suo-Wéeao i r o pAfcraiCoaim tlr9i6ds ,
Tab2lé€Recent trend of | ivestock herd siz

2000

005 07/08

1995 1999 2006/ 07 08/09 2009/10

Specie

Cattle 16,577,962 15,071,237 n.a 16,278,946 16,537,748 16,488,085 16,699,939
Goat 56,524,075 43,079,529 n.a 51,208,000 52,489,243 54,200,434 55,145,439
Sheep 35,519,759 27,363,427 n.a 32,308,632 27,390,700 33,683,100 34,686,165
Pig 7,471,730 2,426,747 n.a 9,298,275 9,554,900 9,808,289 10,108,258
Donkey 1,084,770 - n.a - - - 279,093
Camel 49,810 - n.a - - - 109,421
Horse - - n.a - - - 783,303
Fowl = 192,13,325 112,441,618 n.a 92,035,038 84,781,229 86,600,907 96,606,920

SouMaeRasoMasPBEABINBBA DS tarnBlo hAspr i ¢c Dt ar al

Tab2lleNumber of |l i vestocKah€atdseshméowl snf 200%ul

Livestock Cattle

Heads
Kebbi

440,469

Goats

1,974,189

Sheep

1,063,894

Pigs

140,500

Poultry

3,598,760

Donkeys Camels Horses

14,726

18,057

4,174

Niger

529,067

2,290,808

843,860

64,000

4,734,575

2,572

0

0
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Sokoto | 1,427,080 3,155,584 3,194,837 35,000 3,848,501 73,107 20,162 0
Zamfara | 458,720 | 2,334,979 2,115,105 12,975 | 6,941,239 13,748 | 44,421 96,285
SoumMaeRasoMasPbEaBIS

Tab2l&8 orresponding |livestock water require

Kebbi 3,467,812| 1,674,11 | 789,409 | 167,757 | 140,352 | 45,312 | 162,13 | 33,517
Niger 4,165,344 i,942,60 626,144 | 76,416 184,648 | 7,914 g 0
Sokoto | 11,235,40 2,675,93 2,370,56 | 41,790 150,092 | 224,950| 181,03 | 0
Zamfara $,611,503 2,980,06 2,569,40 15,492 270,708 | 42,303 298,85 573,16

SouMaeRasoMasPbEaBIS

Tab2llegeEsti mated growth rate of | ivestock head:
Specie Formula of linear regression Annual growth rate
Cattle: Y=121.3 X + 15,470.2 0.681%/year
Goats: Y=1352.2 X + 41,466.8 2.011%lyear
Sheep:  Y=1372.3 X + 20,327.7 3.000%/year
Pigs: Y=268.3 X +7,411.7 2.154%lyear
Fowls: Y=1265.9 X + 79,006.1 1.227%lyear

Sour ce: JI CA 20114

Tab2léeNumber of | ivestock heads/ fowls pr

Livestock
Heads

Cattle Goats Sheep Pigs Poultry Donkeys Camels Horses

Kebbi 504,281 2,947,521 1,886,254 214,902 4,357,800 14,726 18,057 4,174
Niger 605,714 3,420,243 1,496,140 97,891 5,733,178 2,572 0 0

Sokoto 1,633,825 4,711,378 5,664,357 53,534 4,660,216 73,107 20,162 0

Zamfara 525,176 3,486,191 3,750,022 19,846 8,405,265 13,748 44,421 96,285
Sour ce: JICA 2014
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Tab2lé€orresponding

neer i

ng

|l i vest ock

Ser 9

water

requirel

Livesto Cattle Goats Sheep Pigs Camels Horses
Kebbi 3,975,751 2,475,91 1,376,96 258,957 169,954 45,150 162,134 33,822
Niger 4,775,452 E2;,873,00 E15,092,18 117,959 223,594 7,886 0 0
Sokoto 12,881,075 g,957,55 421,134,98 64,509 181,748 224,146 181,035 O
Zamfar | 4,140,487 28,928,40 20,737,51 23,914 | 327,805 42,151 | 398,856 780,197
; Sourcle: JI6CA 2014

2. Aqaculture water demand

BasDeatf @20 30 0] eArt eodf m:rpro nly=i s hSetrayt a st ischsown i n

Tabdle®Qa n d Gover nmer

20.fRi0g elr mae notforRr i vate and

Hatcheries (Dec.

Tab2léri s h

2004)

published in 2007

Farm PKadCancBmeht n

Number of Water Area of Brackish Water Area
Fish Farm Farm Pond(ha) of Farm Pond (ha)
KEBBI 56 57.7 0.0
NIGER 29 29.0 0.0
SOKOTO 9 14.2 0.0
ZAMFARA 9 37.5 0.0
TOTAL 103 138.4 0
Source: JI CA 2014
Tab22dPr oj ected Water Demand for I nland A
Wa t 2a ma(nMC M)
HA 2010 2030
1 17.9 28. 6
Source: JICA 2014
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2. 6r61gation water demand

The Government of Nigeria has placed rice as
security as well for exportable commodity in
(refTearb22edbo 2. HO )Wwewredtgmean miciapgreo d urcet maaibhn £ 3

mi | It iolmeosk 0 2a3gaddy.

AmondcveabBlt getr € ant haerreya,i tfaobri pe o d uiceg s toinrmadt. &d

mi | hiagnaccounting for around 5% of the nati
1.8 million ha. The area of irrigable far mla
but in reality, the irrigated epretr irmederpriocdu
shar e-fefd rugilfaendd ,| aovaliannd and i rrigated | owl an
respectively. 't foll owsedt tadatnditc®nc wictciuypa tet

very |l owgeaated oObwian@®tord/hhagenfermpdddy yield

maxi mum in the case of production in irriga
existing irrigation schemesfandbeewl|l ghaéctleadpg
According to ANational Ri ce Devel opment Str a
area and production are issued as foll owing:

Tab22eMargets on paddy cropping area, yield

Rain-fed upland Rain-fed lowland Irrigated lowland

Area Yield Production Area Yield Productio Area Yiel
(ha) (tha) (ton) (ha) (tha) n (ha) d
(ton) (t/ha)
Z0l0fsl 510,05 1.62 826,281 1,243,15 1.99 2,473,870 47,799 3.50
- 1
Zekel 71492 172 1,229,674 1,663,27 2.20 3,659,196 269,802 4.50
7 1
2018
Source: Jica Team 2014
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Tab22e&5ummari zed targeted annual growth rat e

Total

Area(ha)

2008 1,801,000 1.92
2013 2,648,000 2.30
2018 3,500,000 3.79

SoumMad: Bin@d v el oPtnreaithNeRyD/S )

Yield (t/ha) Production(ton)

Table 2.1.2 above summarizes the targeted an
Judgfirngm hitherto performances on budgetary
i mpl ementation and devel opment process of ac¢
annual yield increment given i n tparmsitarm,l ei,.
14. 4% seem to too much diverged from what ha
exceedingly diffiawmltti |t 0dt8t.ain these target

Taba2&fargeted annual i ncrement rates of ri c:

Rain-fed upland Rain-fed lowland Irrigated lowland

- Area Yield Area
6.99 1.21 41.4
4.12 3.06 4.42 9.10 15.7
s o e ||~

Sour ce: JI CA Team

Yield

Area

6.00 2.03

Anngalowabé&s oppri aagli ed fdasi eudp | a nldo wlra ncde

The trends of rice cropping area, yield and
and -wt®aeéei nformati on are given in the tabl e
area compr i sfeesd nuapil nalnyd raanidn liotwel da nadr ewai t thn dveerr

|l owl and.
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Tab22efrend of rice cropping area, yi el

Crop year Cropping area(ha) Yield (ton/ha) Production (ton)

s S R

Sour ce: JICA 20114

2. &Ex1i sting and Potenti al l rrigation Al
Gul &ianCat chment |I|-Iociat edomwtitehrim NidAgerdi & omel aovi
scanty annual rainfall, however, rice cul tiv
so far |l earnt ample experi encdesot hpeerr fcoerrneaanlc e
well as vegetables are mainly cultivated bec
and high cost of diesel to fuel the water ge

53



Mecon Geology and Engineering

Curr@mdpPartg er n

Théol | avwibsilgpo weeur rceamtppabgtas@e@nmRBDAGS
mat eandt espping acsealgesi ofi garigen schemes.
Tab22&Cur rCamtppi nd dPatt ern

Irrigation scheme(%) Small-scaleprivate irrigation (%)

Wet Season Dry Season Wet Season

Paddy Upland Paddy Upland Paddy Upland Paddy R8Js]Eill

:

40 25 5 60 20 50
I N A S

Tab2268 HALE Xx i sQrionpgPa h g er n

Wet season Dry season Crop intensity Developed

Area (ha) | Area (ha) Area (ha)

Scheme

Shagari Rice
Others
Middle Rima Valley (A
Others
Bakalori e
Others
Jibiya RIZE
Others

28 200

55

v 1,188

84

& 8,000

10
L 3,000
90

Zauro Polder e 85 0 85 100
Others 15 15 15

Niger Valley s g oo ¢ 7,000
Others 1,400 6,300 20 90

Total Rice 7,335 700 38 4 19,488

SournaoeesuomMpyal |l ec&EBRBOMt eaPr epete
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Tab22ePr op&€segpPih {f &) n

Irrigation scheme(%o) Small-scaleprivate irrigation (%)

Wet Season Wet Season

Dry Season
Paddy Upland | Paddy Upland Paddy Paddy @ Upland | Paddy
40 60 0 50 10 75 0 75

Dry Season

Source: JICA TEAM
a) Crocpoef f(ikd)ent

Crop coefficient (Kc) on growth stage is

i's clwamkor

Ri ce

Season |Initial stage(1) Initial stage(2) Middle stage | Tardive

First month Second stage 30
15 days month 30 30days days
days
Common Wet 11 11 1.05 0.95
Common  Dry 11 11 1.25 1.0
Mai ze

Irrigatio  Initial Initial Middl Tardi
n stage (1) stage (2) estage ve
interval 30days 30days 30days stage

30days
HA-1  Wet May 5.8 7 0.44 0.75 1.05 0.55
Dry Nov. 3.2 7 0.58 0.87 1.15 0.60
Wheat

HA Season Sowing ETo Irrigatio Initial Initial Middle  Tardive

time (mm n stage (1) stage (2) stage stage

/day) interval 30days 30days 30days 30days

HA-1 Dry ‘Dec. ‘2.7 ‘7 ‘0.6 ‘0.88 ‘1.15 ‘0.2
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2. 08 al Wat er Demand
Tab2c2éb el shwows t he Wat er

Tab2l2e8Vat er Bal ance

Bal ance

Anal ysi s

Ser¥

Anal ysis f

es Ltd

MECON SERVICES LTD (MSL]

or

for Gul bi n K

WATER BALANCE ANALYSI 8AFCRTGHMBNN

WATER DEMAND (CUBI C M 2025 2050

MUNI ClI PAL 141,87, 256, 69

LI VESTOCK 48,332 71,850

AQUACULTURE 6,951, 8, 027,

| RRI GATI ON 36,200 101, 10

TOTAL 233,36 437,67

AVAI LABLE WATER RESOURCES 3,921, ¢3, 921, ¢

WATER BALANCE (CUBI C 3,688, 43, 484,
SOURCEI CA 2014 MP AND GHI Water and Water sheoq
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2.6n3rastructure and Assets
Tab22e&s hows the different I nfrastructure
Tab228 | nfrastructure and Assets of
Infrastructure Location Importance Risk Factor
Provides irrigation water for
approximately 5,000 hectares arf  The absence of downstrean
Zobe Dam & supplies domestic water to | irrigation infrastructure limits
o Dutsinma LGA, | surrounding communities. Despi| the dam's utility, posing a ris
Imigation Katsina State | its capacity, the irrigation facilitie] to agricultural productivity
Scheme and canal networks downstrean and water resource
were not installed as initially optimization.
planned.
Supplies irrigation water to 3,00 Although completed, the
Sabke Dam & | hectares of farmland and provid¢ irrigation schem-e has yet tg
igation Ma i .6 adu, p?table water to Daura and .become operational due to
Scheme Katsina State | Mai 6 adua ¢ ommu| incompletecanal networks,
was completed after years of | risking underutilization of the
abandonment. water resource.
The project is among severg
B Intended to support agricultural irrigation schemes that are
[?a”é“ Bindawa LGA, activities through irrigation, either noroperational or
lrsg;zz: Katsina State | contributing to food security ang underperforming, posing a ris
livelihoods. to their intended agricultural
benefits.
While completed in several
Stormwater Katsina, Funtua, Constructed to manage stormwa LGAs, the effectiveness of
_ Malumfashi, and  and control erosion under the these systems depends or
Drainage Jibia LGAs, Nigeria Erosion and Watersheq maintenance; lack thereof
Systems Katsina State | Management Project (NEWMAP]| could lead to renewed erosid
and flooding issues.
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. Sustaining these water supp
Each water scheme provides ab

Dutsi and Mashi systems requires ongoing
Water Supply ) 250,000 gallons of treated water )
_ LGAs, Katsina _ _ N maintenance and manageme
Projects their respective communities, .
State neglect could compromise

enhancing access to potable wal _ o
water quality and availability

Encompasses approximately | These areas are susceptible

Fadama Various 36,200 hectares of floodplain are  flooding and require proper
Irrigation locations acrosg suitable for irrigation, supporting management to prevent lan
Areas Katsina State smallscale farming and degradation and ensure

livelihoods. sustainable agricultural use

2 Water Quality

2. Buxface Water Quality
Water quali®«pw ICattclhene@ul,bisppanning parts of K

is influenced by both natur al and human f ac:
practices, artisanal mi niKmag Ri, & ead npag corr starnibtua
Niger River, serves as a <critical source of
support. However, t hese water bodi es face
agrochemical runof f, hmiaocwryo bmealal p cwlolnu taimd m.at i
Wat er guality asksae sesmesi deirns Guhlybsiinc al , che
parameters, which determine the suitability

ecosystem health.

2. 7Phy&i cal Parameters
Physical water quality parameters influence

essential for assessing suitability for dome
a) Temperature

Water temper&tucCaschme@ul biamge from 24AC to
the dry siEVwasyon (SNMarldhow water bodies and r ese
experience higher temperaturesdi §saldvad owry
|l evel s. The southern portions of the catch

temperatures due to denser vegetation and in
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b) Turbidity

Turbidity |l evels vary with seasonal river f
seasonSeptuenreber) due to soil erosion and sur:
Ngaski and Shanga LGAs show hiagmhdr defiobiedi @
along riverbanks. Turbidity values typically

active minpmgnandedi owos.

c) Colour

Water i-KaGappears yellowish to brown, partic
and Sakaba, where Jlateritic soils contribut
(Bagudo, Ngaski ), the presence uwrft hdeerc aiyn fnlgu e
watercolor, particularly during flooding.

d) Total Suspended Solids (TSS)

Hi gh Tot al Suspended Solids (TSS) Il evels, ra

mi ning and deforested zones, where sedi ment
Reservoirs such as the Yaur.i secatli ome ddfmenh
accumul ation, affecting hydroelectric power

e) Tot al Di ssolved Solids (TDS)

Tot al Di ssolved Solids (TDS) concentrations
in groundwater sourcegidhe geol agideal yifog man
salinity is obseWawedy ui lanpa rFtask adf LDOGAA=kxohwh et s

hi gher concentrations of dissolved salts and
f) Electrical Conductivity (EC)

El ectrical Conductivity (EEKa lFemgksfromsauaRoO:
OS/cm, with elevated values near mining zon
fl ows. Groundwater sources i n KiegbhbsihoSut antaet,ury

hi gher EC due to protoogefilocmatiachswith mine

2. 7Chehi cal Parameters
Chemical water quality indicators determine
and aquatic ecosystems. Chemical character
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agricul tural runof f, and human activities s

artisanal mi ni ng.

a) pH Levels

pH val uesKa nr aGuglebifnrom 6.2 to 8.4, which 1is
irrigation. However, |l ocali zed acidic condi't
where mine tailings and acidic runoff affect

b) Nitrates (NO )

Nitrate concentrations range from 8 to 60 n
Bunza, Argungu, and Yauri . Hi gh nitrate | ev
wetl ands, reducing water quality and harming

c) Chlorides (ClI )

Chloride concentrations vary between 12 and
irrigation return flows and saline groundwa

LGAs experience elevated chlorcdetblueakl ssein
d) Sul phates (SO | )

Sul phate | evaelrsanigne Guloom nf to 110 mg/ L, with

by mining activities. I n arti samnrbaelarminngi nng nreer
|l eaching raises sulphate concentrations in n
Mining ar eWss aou,DaMma&koai |, and Zuru contribut
surface water with | ead (Pb), mercury (Hg),
bodi es exceed 0.02 mg/ L, surpassing fsafe C
bi oaccumul ation in fish and human popul ati on
2. 7TBlLoBogi cal Parameters

Bi ol ogical contaminants provide critical 1ins
domestic useKa l@attchtremeGutl,bimi cr obi al cont ami i
especially in areas with poarges.anitation and

Coliform coKmat Lateh@Gahbi irequently exceed 6
near informal settlements and | ivestock wate

wet season, when fl oodwaters mi>x wnmatnhurwa g tr e\
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azing | ands. Common waterborne diseases in
phoid fever, especially in densely popul at

col i |l evel s exceed 250 CFU/ 100 mL in wate€
rridors. Hi gh E. col i contamination i s con

ny communities rely on unprotected surface

|l minth infections such as schistosomiasi s
treated water i's used for bat hing and dri
tected in wetland and floodpgrnani ageasd b
ttl ements is high.

ochemical Oxygen Demand (BOD) Il evels in po
th higher values recorded in areas | mpacte
oodplain wetlands near Yauri iandrN@aslici mea>

ducing dissolved oxygen and affecting fish

Grdundwater Quality

oundwater is the primary source of water f
| &lan Cat chment . However, its quality wvari e
rmations, aquifer depth, and proximity to

7GRolndwater Electrical Conductivity (E
ectrical conductivity (EC), which measure

di cator of groundwater quality. The aquif
rmations such as the Nupe Sandsyvomehahbdt C

derate EC |levels ranging from 250 to 700 O

eas close to mining activities, particular
ceeding 1,000 OS/cm dubetbontli bsohvednhefvm
e Yauri floodplain, shallow aquifers have

turn flows contributing to increased salin

7FRu@ride Distribution

uoride distribution i n groundwater i s gel
tchment, with concentrations below the WH(
calized areas, particularly in ¢t heflleosdmne

ncentrations above 2.0 mg/L have been rec
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uor osi s. Communities in these areas may r €

eatment to ensure safe drinking water.

7NRt Bate Distribution

trate contamination i s another concern in
d poor sanitation in rural settlements. Th
ve been recorded in shaild oBvagwedd sama aYa uargi
ses, nitrate | evels surpass the WHO | i mit
fants. The correlation between high nitrat
rtilizers and lppetteéentwaste dugpesals $ haten
plication are needed to mitigate groundwat

7H2ady Metals and Other Metal s
avy met al contamination in groundwater i s

ol ogi cal forsmadlienisnduwantdr isalalpr ocesses. L e
rticularly high in Fakai and MRarclkio yWa svadhg 't
ed in gold extraction, has been detected
ncerns over its i mpact on human healt h,

mage.

romium and cadmium cont ami niannd wsnt riisal | ocaweer
kot o. However, | ocali zed cases have been
iyama and Bunza. Arsenic cont ami ntagn soinv eh a s

sticide use, particularl-Kai Rimgricultur al

on and manganese l evel s i n groundwater \
ncentrations, often exceeding 0.3 mg/ L, h
eas with lateritic soil formatiomesteMangar

a

me wells in Suru nd Bunza, affecting the

mitigate these risks, industrial wastewat

vironmental regulations should be enforced

xi mum all owable I imits and health i mplicat
heavy metals are presented in the

6 2
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Tab23éb el ow:
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Tab23®d Heal th riskgrounkheaayemet al s i

Heavy
metal

Nickel

Recommended Impacts on Humans (LoAgrmexposure)
Limits (mg/l)

0.01

0.003

0.05

0.01

0.002

0.02 Decreased body weight, heart and liver damage, andrstation

Source: SAP by SMEC 2019

Groundwater quality assessments in the Gul bi

centers with high groundwater exploitation d

agricul tural practices. Labbyaheayyamat gbks si
areas, with the highest |l evel s recorded 1in
i ndustrial discharge and mining activities.

2. Bu3 face Water Resour ces

The Gulbin Ka Catchment | i els) ,wiwhhiicnh Hyedcreoil vor
average annual precipitation of 767 mm. How
contributes to surface runof f, withoft he res:

abstracti oh, tW e ht et ddlIA i nternally generated

cubic meters (BCM) per year, while the ove

approximately 35.1 BCM per year.

The

total water resources potenti al i's asses

external i nfl ows. The internal tot al water r

6 4
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year, while the total water r enseoi ugrhcbeosu r p amitge
countries, stands at 37.4 BCM per year. A si
26. 7 BCMepeergedli geria through transboundar:
and Gul bin Ka River, highlighting the countr

Groundwater recharge within the Gulbin Ka Ca

a renewabl e resource. However, the increasin
irrigation and domestic use i s pl amcdinge pr es s
hydrol ogi cal data collection is needed at t
sustainability of groundwat er extraction ar
policies.

The Gul bin Ka Catchment i(g edRirgxdemidaibale wat e
23)lwi t hin Hydrological Area-Zamfalangamwdt Mal &

Catchment s. As such, the current -Isulrdwaele an
represents a cumulative total of these catch
ihading I mproved i rrigation efficiency, en|
hydrol ogi cal monitoring, weltm Wwaterri secal i

communities dependent on the Gulbin Ka River
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106081_e 106082_e

108_e

1060856

1060821 X’—/\\\\
7 -
106081 i A 1060861 _i1
106083 4 "\K\\
Ll
1060861
[06087_i 1& .
\‘.
: \ .
Y 41060861 _i2 -
106 !
106082_i2 B ‘e

1060863
1060881

— Main Rivers
[C] Wwater Bodies
[ SHABoundary
r—l HA Bounadry

Fi gh24/ater Resources of the catchment

Tab23eMat er resourcel potential for HA

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)

6 6
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Groundwater Resources Potential

Groundwater Recharge (BCM 5
lyear)

Runoff Condition Only internal generation in Nigeria

Precipitation (P) (mm/ 767
year)

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. TRBveér fl ow patterns

The Gul bin Ka Cautncihtmenitt,hian vHytdarloIsougbi c al Ar e e

by pronounced seasonal river fl ow patterns s
and human |l and use activitie$eedhagGuhbbntHK
Sok®ti na Basin, experiences its highest fl ows
to September, when heavy rainfaldl and runof

river discharge. DurtiondgJlatyle drly ws dsesvsehl sy@aton
Fi gazbi gaz2% with many minor tributaries and s

to mini mal precipitation and el evated evapor
The river system in Gulbin Ka is primarily d
to fluctuations in annual precipitation. Are
receive relatively more rafhobaws! , | hekpnhgas
sections, especially those bordering drier r
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g es Ltd
flow or complete strisamfaees avtaiten. | Gt eurcwa
mai ntaining baseflow in parts of the catchm
soil s fasurlfiaad ewastudbr exchange.r Halwsveactioh
irrigation, househol d consumpti on, and aqu
basefl ows, especially during the dry months.
A number of dams and irrigation schemes, suc

the Gulbin Ka Catchment to manage water avai

While these infrastructures Heslop dhbwfrfueprt sneaa st
regi mes by reducing downstream discharge, a
ecol ogi cal i ntegrity of wetlands and fl oodpl

Synthetic Annual River Flow for River Ka (1965-2010)

—&— River Ka
45 A

40 -

35 1

Flow {m?3/s})

30 1

25 1

T T T T T
1970 1980 1930 2000 2010
Year

FigRa®River flow graph for the catchment (

2. 7R81 dation between flows and fl oodpl ain

Il n the Gulbin Ka Catchment, floodpl ains are
moderating floods, and supporting | ocal wecos
overfl ow their banks, spreadiinmgf iwattreat easc rtohses
contributes to aquifer recharge. This natur a
groundwater | eveseas owvmhilbcahs esfulpows ti draydj acent
water for domestids.and agricultural ne

6 8
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The rate and effectiveness of infiltration i
including soil composition, vegetation cove
| oamy soils, particularly al oemrg irnfvielrtbraatkiso ra
better groundwater recharge potential. Conve
often worsened by overgrazing and machiner
increased surface ruinodnf and reduced water r
| n recent year s, | and degrcaudattiivoant i tomr, o uagnhd
accumul ation has reduced the ability of fl
activities such as river channel iegrafteroend awmidt
the natur al connectivity between rivers and
restricting groundwater replenishment. Whil e
adapted by wutilizing r éxisdwdalt efnl doeddp |tao nt hmeo
hydrol ogi cal regi mes and altered natur al rec

2. 71 ;pd8ct of changed fl ow patterns
The Gul bin Ka Catchment has experienced cons

by <climatic changes, Il ncreasing human dema

infrastructur e. -rTehaecshei ncgh ainngpelsi chaatvjeo afgarrif ou | t i

and rur al l i vel i hoods.

T Increased Flow Irregularity: The region is
climate change, resulting in extended dry
events. This has |l ed to unpreahbicltiatoy ef o1 vfee
and |ivestock more unreliable.

9 Declining Baseflow during Dry Seasons: Un |
with | and degradati on, has weakenedftbwa. r

streams and tributaries now dry upruooampl et

communiti es.

M9 Escalating Flood and Erosion Risks: As sur
areas with degraded vegetation, the catchm
These events damage farmlands, ruedwece sunid

settl ements in downstream zones.
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T Hydrol ogical |l mpacts of Dams and Water Di v
irrigation and municipal supply, alter the
and i mpact aquatic biodiversityglemReshmedt s
floodpl ains, making agriculture |l ess produ

To address these chall enges, the Gul bin Ka

frameworks, including:

T Enforcing sustainable groundwater withdraw
T Promoting reforestation and soil conservat
T Expanding themase Dfrchbamabr technol ogi es,
T And enhanci dh@seadmmwaniery resource management

2. GrHoundwater 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 Nbhgemdarytgrmamsndwater is | 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 th@ab@eénod &2r.y34i)n | arge scal e

Tab23ecr oundr evalh 2r g e .

Item Hydrological area
HA-1

Area(km2) 135,128

Average 768

precipitation (mm/year)

Average groundwater recharge

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

SourJcle®A ojTeaimm

Tab2a3&&5r oun dRvead e Agiasi f er ;

A Formation GroundwateRecharge
ge (mml/year)
HA-1
Eocene GwanduFormation 24
KalambainaFormationSokotaroup) 1
Paleocene DangeFormation Sokotogroup 1
WurnoFormation RimaGroup 18
DukamajeFormation RimaGroup 34
Maestrichitian ' TalokaFormation RimaGroup 6
Il Formation 10
GundumiFormation 10
PreCambria Basementomplex 40

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

Situati ebnouond atrryamgsr oundwater i s explained be

where groundwater is flowing in | arge scal
Sokoto Basin
There is multiple aquiferTad33 em in Sokoto B

Tab23eAqui fer of Sokoto Basin

Period Formation Lithology
Tertiary Gwandu Formation Partially consolidated sand and
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

Judging from groundwatgexgel evewasomatssumenhap hi
is flowing form NE to SW direction and fina
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Study). Aquifer in Sokoto Basin extends

form Niger.

Section IE[ -

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

es Ltd

t o

F

Fi g2@®&roundwater Flow in Sokoto Basin

Tab2a3é o 2. 38 show the aquifer potentials
Tab23egAqu Mbere |

Per me a Stati

coef f(ik ground
| evel

We at het
Hi gh WH 0. ;b6 da
permeab We at he

Weat het ?%Scim‘
Mi ddI e WM 0. tin7 d a
weat hi
per meab 50m
parthe
We at hert A
Low WL P 0. On®/6d ¢
rock:
per meab
Mul ti pl
permeabMI_I Sandst e s
Mul tip sand)
Mi ddl eMM f or ma-
RSN per meab - wi t hi
aqui f Mul ti p alter:
Low WIS oS ands
per meab angh al

SourdJdePA ojTeam
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Tab23déRe | abteltowdegeunTly @ e Aq un itifo e re |

A0

Per meabAqguisfcearl e

Large
Ofifche e Mi ddlI e
Mi ddI e
s mal |
Large
W o2l Middl e
Mi ddI e
Smal |
Large
Cret ac Mi ddl e
Mi ddI e
Smal |

| Bas e me JUINCI

Vol can g h

| e

A g u i nfioedr

Lar(gseandallctlearymfatc’t@m
pl ai n)

Mi ddlsanhtteymfatda)an
pl ai n)

Smaddn chyearl | pulva ian a
river)

Sma(lsli lal/tcdraryat i on )l
Large (sandstone/cl
alternation)

Mi ddI e (sandstone/
Sma(lssandstone)
Sma(ldl aystone)
Large (sandstone/sh
Mi dd I e(sandstone/sh

Sma(lssandstone)
Sma(lshal e)
We a t hreor cekd

Smal | WH

SourdJdegPA ojTeam

Tab23eGr o un dbDwavt eelr oPponteerbt g ai f er

Age Formation

HA-1 NigerNorth
Gwandu

Eocene Formation

Kalambaina

Formation
(Sokoto
group)
Paleocene
Dange
Formation
Sokoto
group
Wurno
Formation

Lithology

Ground
water
recharge

(mmfyear)

Aquifer
Characteristics

Aquifer
Model

Aquifer with large

Sandandclay. outcroppingareaof 24 MM
maximumthickness
of 300m.Basal
sandstonéorm good
aquifer.
Limestone, Sandstonéorm
calcareoushale. perchedaquifers, 1 ML
which provide
groundwater to
shallowwells.
Shale and Aquitardconfining 1 WL
limestonet underlyingaquifer.
bottom.
Fine sandstone Confined aquifer of
andDukamaje = medium to coarse 18 MM
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(RimaGroup clay stonatthe  sandwith recharge

top. areaof 330km?.
Dukamaje Shale limestone,
Formation clay stone. Aquitardwith 34 WL
(RimaGroup thicknessof less
than20m.
Maestrt  Taloka Sandstone and  Argillaceous aquifer
chitian Formation claystone. with low capacityof 6 ML
(RimaGroup 1 5m/hours.
Maximum thickness
is180m.
I Formation Sandstone Unconfined and 10 MM
confined aquifer
withwide recharge
area.
Gundumi Sandstone and Unconfined and 10 MM
Formation conglomerate.  confined aquifer
withwide recharge
area.
Basement Granite, gneiss, Metasedimentary
Pre complex schist,phyllite,  rockform better 40 WM
Cambria quartzite. aquiferthangneiss

andmigmatite
Source: JICA 2014 MP

Tab23eOpt i MiuemBdbr ehioé led

Ur ban/uwrnbaad n /t somen! |

Aquitfyepre

[ON R RGN JONSCN NRCY: Popul absappl i ed
(persons)

WH, WM, WL, MH, MM

Numbers of Borehol @sl K@ &tt aimesntCovering
Fi g2 ndab23é& how i mage of borehole field dis:

density of boirethioéleds i on of

74



s Ltd

Mecon Geol ogy and Engineering Ser 9ggFe

MECON SERVICES LTD (MSL]

* Motorized pumps

* Hand pumps

MH

MM

I | ML

> WH
S WM
WL

200 300 400
Kilometers

FigaPenoiDliystriolBoriebiot(e2GBRGA at SokotkKa basi n/ C

Source: JICA Project Team

Tab23ebe niDtiyst r iolBwtr iebioe(eddGBRNGA at SokotkKa basi n/ C

(3 _ Urban, small
S Aquifer Area (km?)
S urban,town
S g 5
G c IS
[ <
£ £
Kebbi Suru 10 118 1,158 66 0 0 11 9 2 18 12 | 116
Kebbi Koko/Besse 20 57 668 0 0 18 557 12 1 13 8 78
Kebbi Augie 9 293 894 0 0 0 0 11 3 15 12 | 107
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Kebbi Shanga 54 104 36 0 0 1426 77 20 3 39 10 88
Kebbi Wasagu/ 0 0 0 0 4019 O 10 3 18 12 | 106

Danko
Kebbi Bagudo 23 525 3,277 420 O 565 1 7 5 11 10 72
Kebbi Fakai 59 0 0 0 0 2,224 25 | 12 1 13 10 | 95
Kebbi Dandi 1 29 1878 O 0 0 98 4 3 7 7 65
Kebbi Ngaski 59 0 0 3 0 2633 O 11 5 19 10 | 73
Kebbi Zuru 50 0 0 0 0 654 10 7 38 9 81
Kebbi Yauri 45 | 251 23 359 O 758 7 6 14 10 81
Kebbi Maiyama 13 0 892 24 0 1 112 14 3 27 12 105
Niger Agwara 54 0 0 440 O 1,100 8 1 9 7 63
Niger Rijau 50 0 0 0 0 3,198 6 1 7 9 86
Niger Borgu 84 0 295 12,154 O (8,831 O 7 2 8 8 69
Sokoto Kebbe 31 0 511 751 O 964 394 6 8 15 8 67
Zamfara Anka 59 O 22 0 0 2726 O 4 1 4 7 63
Zamfara Maru 97 0 0 0 0 6,657 O 4 2 8 70
Zamfara Gummi 34 141 870 414 O 1,187 O 11 3 21 15 134
Zamfara Gusau 74 0 0 0 0 3366 O 15 1 16 20 195
Zamfara | Bukkuyum = 55 109 181 0 0 2927 O 12 3 22 16 148
Source: JICA Project Team
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2.G8li mate Chaniyat empantd Dand Resourc

2. Historical and Future Climatic Trent
Temperature and r ai Kfaalclattcrhemechs fweerr et lhpa oG elc
2023 to 2050, using historical mont hly and
temperature and rainfall, and 1990s twer2d 2 2
devel oped using a simple growth rate approac

The applied growth rate formula is defined a
Growth Rate (%)iBeg|] 6EnhdgnyYaNMakde/ Beginning

This calcul ated rate was then used to extrafg

known data point, thereby creating a ti me sSeE&
previous one. This method emfabprscj e@ctsdd ad¢ Igihm
over ti me.

The analysis adopted simple growth rather t|

l inear characteristics observed in the histo
While Excel was wutilized to graphically il 1lwu
t he actual forecasting was based on the wunde

not on Ekxkoaefosebasttng functions.

All temperature and rainfall data wused in th
Vi ewer a«meckrealsd or consistency with |l ocal cl
Met eorol ogi cal Agency (Ni Meth.wihlThhsbenhbureste
dat asets-speadi fegiohi matic paKad ecgatsc lborhesretr.ved

2. &nadual Rainfall &ud KiasGapehantewmte f or
2. 8T@mperature Tr&ad€atohméulkbin
Temperature and rainfall tUrpeored s Nfi ggre rt) h eCa®wclhh

forecast (projected) from 2023 to 2050 base:
2022 (for temperature and rainfadépl anidnd 919K
growth rate schema in Excel. It is of the fo

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

This above rate iIis then used to extrapol ate

with the ending value. The formula is thus al
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2 .

Fi g2 & nTda b24és h o wsMetame mont hl y
CaozhmerRth 500231981

Upper

Tab2ldéeMe an

Modht hi

Ni ger)

Engineering

Me c on ogy and

each val to the previous
to be noted that growth
growt h. What has been
data when explored from
Excel used to plot

n temperature and not
The temperature and

Admi ni st raactciecsmswedat a These

Met eorol ogi cal

used,

ar e

peri od,
be of
m,o weivved n
point of

trends
the projection.

I dat a

Soci ety.

Me a n fdhrdpuelrbaitnu r kea

mont hly

temperat vdppdéror NiGgé b)) nC&tac It Ma b

temper at u+ e

Ser¥

es
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i ndi cat ed

comparabl e

Catchment

2022 amd50D023

Mean mont hly Mean mont hl

Mont h temper®@t ur e temper®@t ur e
1981022 2023050
Janua 24 .1 22.9
Febru 27.18 26. 2
Mar c h 30. 52 30. 4
April 31.89 31.18
May 30.25 29.94
June 28. 29 27. 88
July 26. 66 26. 82
Augus 25. 85 25. 93
Septen 26. 2 26. 26
Octob 26. 81 26. 9
Novemkl 25.56 25. 61
Decemk 23.85 22. 36
Ma x i my 31.89 31.18
Mi ni mt 23.85 22.36
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Me an 27. 26 26. 87

Table 3.3 provides a comparison of the mean
Upper Ni ger) Catchment over two @02¢2i matd pme
projected £é&Ki0od of 2023

The historical pattern shows that the highe
(31.89AC), mar king the peak of the hot seasc
in December (23.85AC), indicatingrehd ¢oolmne
January to April, followed by a decline towa
to October before cooling again in November

for -2®@8B2 is 27.26AC. This alriegndss wo htshe rtvheed ain

2. 28 wheretaemm meamgs remain relatively stable

The projected05p0e)r ifoal [(0Iw0s23a si mil ar pattern
monthly temperature is in April (31.18AC),
(29. 94AC) . This suggest s-Atpraithy ) he xpaake emc ¢ s
t emper at uryeesar TnmoeniSnkipd ¢ hlneare) show moderate t
from 25.93AC to 27.88AC, |likely due to cloud

The mean monthly 26BmPpemnatctugesefal | g 622082wer t F
across most months. The maxi mum t e m@Rer2a2t)ur e
to 31.1820G00202r%e minimum temper at2p@ tdr opp
22.36AQ06D2023 The annual mean tempe2@22a)y et ae:
26. 87AQ06D023

There is a gener al cooling trend in the c:
expectations. However, this could be due to
cover, rainfall changes); thegruaienadal tonnr amh
gener al out. This could also be due to model
use changes, aerosol s).

The pattern i s2.r28f1 ected in Figure
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& QQ})‘ w S N ,@ Oc}‘ @6\ oef{\
(_OQ,Q eo QQ;
Year
m Mean monthly temperature (1981-2022) ® Mean monthly temperature (2023-2050)
Figa8ean monthly temperatudppdronr NiGge b)) nC&tac lf Mwa t
2022 amRd5D023

2. Prdojected Mean AnnGuall Kid@anpeh rad nutr e f «
FigAQrd9esents a time series analysis of ten
projections extending to 2050.

Figadrddows that the annual mean t efpereat ur e
Niger) Catchment from 1981 to 2®5®M®099, swihgl
indicates that temper at WOr. @D 90OrAeC rpiegi rygg aat. an

An R] of 0.191 suggests that approximately 1
by the trend, meaning that while temperatur

exists, and other factorsamdiclhse.s | ocal clinm

The cooling trend contradicts gl obal war mi ng
increased clused changr,s,| amdaerosol effects).
could delay madepeadieohn ¥ar i breaateison Rceodwlcde da let
storage in the watershed, affecting river fI
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28.5 y =-0.0099x + 27.46
R2=0.191

28

27.5

27

26.5

26

25.5
25

24.5
1 357 9111315171921232527293133353739414345474951535557596163656769

=—@=— Secriesl == Series2 =@ Series3
=—@=— Series4 e e e e Linear (Serieslp e e o Linear (Series4)

Fi g2Frends in mean annual t emfprpaetrurMa gfear) &uwlthki
(198@50)

2. Provject eRaiAmfmailall Trends for the Gul b

Fi gaxls the annual rainfall -Upped Niobget heC&u
(19850). From the figure, the slope of 11. 4
rainfall o2@5%50)Ji m@n (d¥s8rlage, rainéat | dumicmnga

rainy season.

An R] of O0.738 suggests that approxi mately !
by the trend, meaning that while rainfall [

‘N

and other factors may infl bédemrHdiestoaicfhal lanpa

Peri ods

The increasing trend in rainfaldl could have
flood risks in the region. l ncreased rainfa
hydropower, and ecosystems. Hiugrhee ra nrda i snuf papl d r
production, provided that wvariability does n
Il f the increasing trend continues, it coul d
threaten infrastructure, settl ement s, and f &

and extreme wet periods, rneasyo usrtciel | mapnoasgee ntehnat!|

While increasing rainfaldl could benefit agr.i

events such as droughts and fl oods wi |l be ¢
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2000 y=11.447x + 785.13
1800 R2=0.738

Rainfall (mm)

200

0

N S o S T S T S S N S~ WY, N - BN
F P F PP q,QQ (190 (190 q,d\ q,°\ q/Qq, (19'1, (19’1/ q/gfb q,Qq’ q,QV q,Qb‘ q/ob‘
Year
——@— Annual rainfalll series (1981-@)50) —@— Periodic mean (1981-2022)
==@=—= Periodic mean (2023-2050) ==@=—|_ong-term mean (1981-2050)
e e ¢ o Linear (Annual rainfalll series (1981-@)50))
Fi g3F®nnual rainfall trenrUdppfeaor NGuwlelri)n -Zasb @(hWaet netr

2. Evapotranspiration Trends for the G
Fi gR3depi camsnuahle evapotrandnopi rtehtei oQu | (bET) Ktar «
Upper Niger ) 1®a0t0c ht nme i2t0 5f0r. o m

FigAr@®tesents the annual evapotransUpipreart i on
Ni ger) Cat chment from 1990 to0-029666 Fnadimc 4t
declining trend i n annual eVv0abplo)t.r a @e p i avaeri

evapotartanosnpiirncreases by 0.51 mm per year.

An R] of 0.0734 suggests that approxi mately

explained by the trend, indicating that othe
| aamde changes, and soil mon.sture) influence
The periodic i2mMeéadn (f8o/rl . B U &b) i s s | i2g0h2t2l y [
(888. 80mm) me an, suggesting that future evaj

slightly. A declining ET trend may iadicate

benefici al for crop water retention. However
reduced vegetation cover, It may i mpact pl an
A decrease in ET coul d suggiesstturle,wepro sastinolsyp h
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cooling or increased humidity. Changes in r:
changes (e.g., deforestation, urbanizati on)
ET plays a critical role in maintaining ecos
wetl ands, and soils. A decline in ET could r.
i mpacting catchment rainfall patterns.

1200.00 y =-0.5066x + 896.61
R2=0.0734

~ 1000.00
£
E
c 800.00
Q
8
‘S 600.00
0
c
©
© 400.00
Q.
©
>
W 200.00
0.00
N} 3 > © Q ™ ® © N ™ ) © o
S &S (9& S g S q/gfﬂ’ &S {ng’ S
Year
==@=—= Evapotranspiration (1990-2050). ==@=— Periodic mean (1990-2022)
=—@=— Periodic mean (2023-2050) ==@=_0ong-term mean (1990-2050)

--------- Linear (Evapotranspiration (1990-2050).)

Fi g23FBnnual evapotranspiration Uppert Nemgerfor
Cat chme+#t0502990

2. &naAal ysis of Downscaled Output of GC|

Il n order to explore the possible change in
downscaled output of GCMs , which is provide
downscaling as well as bias <corr eicktutoino nwacsf

parameters providdedsdty. Wohédabaiml able datas
average monthly precipitation and air temper
to 2080s. As for the emissiloenn. scenarios, the

it AlB: Hi gh economic growth withsagurobead i zat.i
it A2: High econagmiobadi awt h owi t h
Ut B1: Low economliobgltowatbhi wnt h
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At this moment, the down scaled output of the following seven (7) GCM are available for

download.

u CCCMBE&CM3. 1
u CRI AMK3. 0

u | P&IM4

u MP-ECHAMS5

u MRICCSM3. 0
u UKM&HADCMS3
u UKM&AHADGEM1

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.

Ut 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 dur iAwgg WwsItA)( Jaamcke ,SANI I (ySept ember, 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 Global Cli mate Mo
scenari o Al1lB. This scenari o assunoens uhtiighi ze c
bal anced energy sources. The change in prec
GCM results$ meohorhzees are shown in Figure 4

The approach used in NWRMP for identifying t

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

the time horizon between 2015 and 2085(=2035
the GCMs can be applied.e -yY3:0aser G&€MIi ngsalesad

2069. Similarly, for the average <condition
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(=2065+50), the results for 2080s from the ¢
descri byeeatrhe uaMhi ng average of 2070 to 2099.

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 10NG Mded olTvh €
24 B nHi g2a3 2 3

Tab2dd Overview of change factors for t

Parameter Season 2035 2065
DJF +12.3 +17.1
MAM -0.5 2.1
P (%)
JJA +7.9 +12.0
SON +7.6 +11.7
T (°C) Annual +2.5 +3.9

Source: JICA 2014 MP
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Fi g3 Average changes in precipitation derived
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Fi gRh33® Average changes in temperature derived fr
2. Ev&potranspiration
Evapotranspiraiiaomreatheghi duGultlbi nntense sol
conditions, particularly during the dry seas
T I'n the northern areas, annual evapotransp

exceeding annual rainfall, |l eading to pers
T The high evaporation rates accelerate wate

irrigatiomeandtanoughops essential for agr
T I'n drier years, seasonal ri vers and water

groundwater extraction for both domestic a
This climate variability significantly influ
and rur al l iveli hoods, necessitating adaptiyv

production and ecosKKat€mtbhbmkenhh. in the
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2. Ma9 or I mpacts of Climate Change

Cli mate change presents serious and widespr e
Gul &ian catchment, with growing consequences
infrastructur e. These i mpact s are |bhedcomi ng
agricul tural yi el ds, ri sing vulnerability ar
water and social services.

The observed andelpatogkueinimile dhbdddetheghl!l i ght t

urgency

of adopting integrated, adaptive st

sustainable devel opment across the catchment

Tab2de Key | mpacts of Climate Change

Infestation and

Diseases

Impact Details
Increased temperatures, erratic rainfall patterns, and frequent flooding
Decline in led to reduced agricultural productivity. Farmers report that harvested
Crop Yields often do not sustain them for extended periods, necessitating alterna
income sources.
Communities experience prolonged dry spells, leading to decreased V
Water availability for domestic and agricultural use. Observations include lo
Shortages gqueues at water points and reliance on water vendors, indicating stre
existing water resources.
. Deforestation, bush burning, and overuse of chemicals have degrade
Decrease in . o - . . . .
. N guality, reducing its fertility and agricultural potential. This degradatio
Soil Fertility _ _ _ _ _
contributes to lower crop yields and increased food insecurity.
Diminishing agricultural returns and degraded natural resources com
RuratUrban . . . _
Miarat residents, especially the youth, to migrate to urban areas in search of
igration . . . . "
opportunities, leading to labour shortages in rural farming communitie
Increased Heavy and unpredictable rainfall events have resulted in frequent flooc
Flood damaging crops, infrastructure, and homes. Floods also contribute to
Incidences spread of waterborne diseases and disrupt community livelihoods
Crop Changing climatic conditions have led to the proliferation of pests ar

diseases, affecting crop health and yields. Farmers report increasg

incidences of infestations that were previously uncommon in the regi
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Decline in Overexploitation of forest resources for fuel and construction, combin
Forest with climateinduced stress, has led to a significant reduction in forest ¢
Resources affecting biodiversity and ecosystem services.

Increased Cos| Reduced agricultural output due to climate stressors has led to higher

of Food Crops prices, exacerbating food insecurity among vulnerable populations

Climate change has contributed to the spread of diseases such as mal
Health Impacts cholera, especially during flood events. Additionally, heat stress and f

nutrition due to food scarcity adversely affect community health.

Livestock Extreme weather conditions, including heatwaves and droughts, ha
Mortality increased livestock deaths, impacting pastoral livelihoods and meat sy

2. 8Ndt0Oi onal and I nternational Cli mat e
Framewor ks/ Agreement s

The NWRMP (JICA,2014) investigated tther ml i ma
trend of rainfal]l 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 temperegtskew
x Annual rainfall showed a decreasceumft ry.t o
According to JICA studies 2014, it was found
coming 35 years. HoweverA oherte¢empet atmer é r@am

2. 8.Cll0Ol.mMlate 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 tbn d2lg0rOe ewdCwell d ibues abno uthed3 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
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2. 8.Nli0g.e2ri abs First National Communicatio
I n the Nigeriabs First National Communicatio

Ni geria have been discussed based on sever al

were noted.

1T The most significant changes are-rwiltah edes
parameters.

1T There has been an obser-8abdat aenWERiosvAtlr dést d
will be put on hold or reversed as the cen
t hat the additional water need ctrelbyetdheéy
increpseesi pintati on.

T The difference in climate conditions from

could become more significant.

2. 8.NLi0g.e3ri abs Second National Communi cat.i
Nigeria's Second National Communication (SN
mi |l estone in the country's ongoing efforts t
chall enges of <c¢climate change on sa Amgateieanmeallt s

the United Nations Framework Convention on
which provides a comprehensive analysis of
vul nerability, and adaptive andumidgueasbonc

economic and environment al context s.

The findings of the SNC highlight the escal.

ecosystems, economy, and communities, partic
findings are | isted bel ow.

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

iv.Mitigation Strategies and Potenti al
v. Barriers to Climate Action
vi.lnternational Cooperation and Support Need

Some of the outcomes and Future Steps are al
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Strengthening Policy Frameworks
i .Public Awareness and Community Engagement

iiFocus on Renewabl e Energy Expansi on

v.Capacity Building and Research Devel opment
2. 8.NLi0g.edri abs Third National Communi cati o
To build on the insights successes from ¢t

updated assessment of the countrybés greenhou
and strategies for adaptation anodn noint icglaitnaot
change was held to also reflects Nigeriaos

sustainable devel opment, presenting a compr e
undertaken, and fut-nwe<ei ldi e-ecrt hwmoh skt dwowmomy .cl li tm
t hat emissions in Nigeria are primarily driwv
(AFOLU) sector, which contributed 60.1% of
33. 9 %. Wi t hout I ntepvenectoemd teoni seCcCoDBAaSaeeby
Nigeria faces significant climate vulnerabi
flooding, water scarcity, and reduced agricu
Key findings and outcomes were similar to t

i mprovement such as;

Capacity Building, Technology Transfer, an
i .Enhanced Policy Framework and Institutiona
iiScaling Up Renewabl e Energy and Green Econ

v.Strengthening Community Engagement and Res

Research, l nnovation, and Monitoring Syste

2. 8.TlhCe. 5Pari s Agreement

Since becoming a member of the United Nati or
(UNFCCC) in 1994, Nigeria has ratified the K
in 2007,
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The Paris Agrgadrmegntbiindiang i nternational trea
by 196 Parties at the UN Climate Chahgfe Conf

December, 2015. It came into effect on the 4
|l ts overarching goal is to cease Athe incree
2AC abowdupteial levelso and pursue efforts
above npluestri al l evel s. 0

92



Mecon Geology and Engineering

Jggge s Lud
29Fl ood and Drought Vulnerability
FI ood Vulshmemwdb ighaBteymws performed through GI S
t he vul nerabl e |l ocations usWeaigg htt el wealil giletr e
analaylsliosws us to answer questions that are i
weights to each of the factors. The result
ranks | ocations based on the vuéehepowbvUlul hgr a
resul t.

FigR3Z& The flow chat of the methodol o

Various factors that influence or contribut e
determining Wwlrnetrhmibd estarckcya,s. sl ope, el evati
use/ Land cover and rain fall d eti ghdtesd weree |
standardization is carried out by reclassify
(i . e. 1 to 5, 1 to 9, et c. )Fitnhaaltl ywi Itlh eb ew ep rge
|l ayer is assigned, ithhe Iwaey grhd ealr @veaos mlaiyne an
See HFiog. algraphical depiction of the model wu

exercise.

29. El evati on
El evation is one of the most critical facto

fl ow, direction, and extent of fl oodwat er s.
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water moves across a |l andscape, where it acc
i nundati ofF.i gEABEYatteromi nes the sl ope and gr ac
dictate the direction and speed of water f|
el evations due to gravity.

4"0‘.0"E 5"0'[0"E 6"0'.0"E

SOKOTO

12°0'0"N

T
12°0'0"N

Zamfara

11°0'0"N
1

Elevation (m)
High : 840

|—
- Low: 115

NIGER
[«f\/w River
m Catchment Boundary
CS State Boundary
[_ 0— 15— 2 2 2 12&m Nlnternational Boundary
#00°E 500E 6°00°E

Fi g3 ®Pigital El evati on Model of the Catchme

Steeper slopewmovamgl|l ¢éadodwat astser i ncreasing

flatter ar eas nAmaoyv ienxgp ebruite nntoer es Iwoiwdeers pr ead f |

The | ight grey areas from the | egend above i
to the |l ight green shows | ower el evation ar e
bet ween 115m to 840m above pant |l efvel h@acat ck

serving as the source of most of the rivers

29. Rai nf all

Rainfall i's a critical factor in flood wvuln
i mpact on the | ikelihood, severity, and ext
runoff and river dischargtegr mianindfglfll gpdd yrsi sa

in regions prone to heavy or intense preciapi
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The amount and i(nteémrisg ady@iotfhirnaianfsapdci fic t

essenti al for predicting flash floods, ur bar
events can overwhelm drainage systems; causi
duration, moderate thensall, cancsaetasing the

flooding.

4°0'0"E 5°0'0"E 6°0'0"E
1 1 1

SOKOTO

12°0"

Zamfara

11°0'0"N
11°0'0"N

Rainfall (mm)

. High : 90.25
Low : 62.3333,

NIGER
[M River
m Catchment Boundary
15 30 60 90 12& xcs?xlsiate B:"”"C:QBTV d
[ - m nternational Boundary
4"0'10"E 5°0"0"E 6’0’0“E
Figh3@®ainfall Map of the Catchment (Sour
Rai nf all varies significantly across geogr a|
vulnerability can differ based on topograph
regions, for instance, rainfakl cawmsiegdft as
in valleys and foothills.
The rainfall map oksomeehaat cnbenttrevaalgedod
with the values showing gradual vari ation i
annual rainfal/l in the catchment area.
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29. 3l ope

Sl ope affects the speed and volume of surfac
rainfall tends to flow faster due to gravit
movement of water dasielg@a)} partlhi ash afrll godinn g

hilly regions, where water moves quickly do:
causing damage to infrastructure. On the ot
runof f | whi ch may faillltorwa tfioorn baentd elre swsa tiemmei dni
even in flatter areas, accumul ated water ca
capacity to handle runoff is exceeded

4°0'0"E 5°0'0"E 6°0'0"E
1 1 1

SOKOTO

12“0.'0"N
T
12°0'0"N

Zamfara

Slope (Deg)

Bl o-1.334 -

7] 1.3341 - 2.8347
[ ] 2.8348-5.6693
[ 5.6694 - 11.172
B 11.173 - 4252

-/\»~ River 1

(:3 Catchment Boundary

(::3 State Boundary
15 30 60 90 120
ARA Km International Boundary

T
4°00"E

11°0'0"N
1

11°0'0"N

T T
5°0'0"E 6°0'0"E

Fi gR3¥F Bl ope Map of the Catchment (Source:

The map delineates various | evels of i nclin
|l andscapeds characteristics.ilAB eaarse wiirtehd ofmiant
flat, increasing the |ikelihood of water po
flooding during heavy rainifa8l f a®Rielgii oatse wh &

runoff compared with flatter areas but stildl
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with moder ab &7 sel xohpiebsi t( 2a 8moder ate steepness,

runoff, reducing water retention, and height

Steep silolf)e2sar(es5.fusceptible to swift runof f
causing the displacement o f sedi ment and ac
sl opes in thid4s2° Gartecphrneesnetnt( 1tlhe st eepest gr ac

velocity of runoff 1s at its maxi mum.

29. Proximity to River

Di stance is a critical factor in flood model
spread, the time it takes for flooding to i
effects. Di stance determines thew souwirclkl W af Ir

breach, or coast al ar ea)ast os hkdoogad 8t Thamdobst an

from the flood source influences the spati al

Fi gRI®roximity to River Map of the Catch

Topography also tends to interact with dis

mountainous regions, floodwaters may travel
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