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EXECUTI VE SUMMARY
The Rima Catchment in l1Mdr, 9@ Kin@ 6 n 1 Padcyleoesista a ©

Kat si na, Zamf ar a, and Sokoto states, and i s
chall enges | i ke water availability variabil]i
popul ation growth by 205@Qrwielsl increase pres
The catchment has diverse topography, from u
floodplains in Sokoto, with el evatRiiomas Ri aregi
system, flowing into the NigexrpeRiiveemced swdth e
seasons, with peak river discharge from Jun:

reservoirs.

Vegetation ranges from Sudan Savannah in thi
climat e, soi |, and threats | ike | and degr ac
Precambrian Basement Complex, infrleaemdceonagr
Land use is varied, with the northern region
for intensive agriculture. Wetl ands, whi ch

pressure from water diversioni amldad laywydarcounwe

has i mplications for | and and water manageme
Sustainable | and and water management are e
scarcity. The NDVI aids in monitoring chang

|l i ke rainwater harvesting are nefedmeddatciat ade a

approach is crucial for enhancing resilience

Tabl & BPSst and Ongoing I nitiatives by Governm
Cat chment

S/ N Locatio Past I nitia Ongoing I nit
ProjeStrategic
Projlanlyyeal e Ri c¢{Management Pl an
Mobilization (20(2025)
AgenSgkot o Rima |AgenkAgrCd i mati c |
Devel opment Authin Semid Landsca
and Labana Farms ( ACReSAL)

Bagudo-Bekad
Shanga, Su
Yaur i LGAs

State FocusAgricul tura|lFocusSustainabl e
Food Security Management , Envi
Resilience, Live

ProjRicrha Vall ey ProjRicrha Vall ey
Project Phase | Project Phase 11
2 Sokoto StaAgencytederal GoyAgenkEgder al Exec
Nigeria (FEC) of Nigeri a
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Agricul tural ProProducti on, Emp |
Security Generation, Agri
Devel opment
ProjRakal or i I rr
and Dam RehabililProjRrcdavi sion of
AgenSgkoto Rima |Powered Ilrrigati
Devel opment Aut hAgenSgkoto Ri ma
3 Tal ata MaflTRI MI NG Project Devel opment Auth
Zamfara StfFocDsam RehabilitFoc®Renewabl e En:¢
Il rrigation I nfragSustainable I-rri
Management, Agri|Smart Agricul tur
Productivity
Proj@arntanyo Dam PrOJ@q:rto'nyo'Dam
. Rehabilitation
(Completed in 19 .
. AgenSgkot o Ri ma
AgenSgkot o Ri ma
Devel opment AutHh
Goronyo, SDevel opment Auth
4 under the TRI MI N
St at e Foc&ks$nod Control . .
. FocDam Rehabil idt
Storage, Il rrigat
Agricul tur al ExpStorage Enhance
Management, Wat g
Proj@erntre Pivot|Proj®arntghai Mo d e
Systems I nstall aFarms Devel opmenr
AgenkEgder al Mi ni|]AgenS8gkot o Ri ma
5 Sokoto andResources Devel opment Auth
St ates Focusrigation TegFocustegrated Fji
Agricul tur al Ef ffSustainabl e Agri
Production Empl oyment Creat
ProjZzatie Dam Con
(1970s
AgenkEgder al Gove
. Nigeri a, Local g
6 Katsina StFocusigation, Wa|
Agricul tural Pr o
Community Devel o
Projradama Praoje
2023) Projkattsi na St at
AgenNygti onal Agr|l mprovement Proj
Devel opment ProgAgenKagtsina St at
7 Katsina StLocal Far mer s, GCorporation
Agenci es FocMater Supply
FocAgricultural Domestic Water (
Il rrigation, FoodHeal th
Devel opment
Prolﬁéu:stt:a|nabIe: Projzamf:ara St at
Management Proj € ; .
) Moderni zation P
AgenWor.l d Bank
AgenzZzymf ara St at
Focuand Degradat .
8 |Zamf ara St ; JAgriculture
Sustainable Agri ! .
Focusrigation Mg
| mprovement, Angater Efficienc
Productivity Y
9 Zamf ar a StProjWocmecn Empowe|ProjErcvi:r onment a
Program3022)X016 and Afforestatid
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AgenNagti onal Agr|AgenzZaymfara St at
Power Program, VWEnvironment al P
Government Agenc/(ZASEPA)

FocMWemen Empower/lFocReforestati ol

Agricultural ProgEnvironmental Cg
Empower ment, GenEcosystem HealtHh
Proj@axrntranyo Dam |ProjeSbkoto St at
(1980s) Resilience Proje
AgenSgkoto StateAgencyokoto St a
Local Communiti e@Environment
101Sokoto StaFocnusx;rigation, ARFoc€$i mate Chang
Water Supply, Ag/Resilience Buil g
Productivity Sustainability

ProjRrcitmary Heal|Proj®uwgtai nabl e
Revitaliz20230)n ((and Agri busines
AgenSgkot o StateProject

Local Heal t hcar e AgenWor:l d Bank

n

11|Sokoto StaCommunities Foc&Ssstainabl e 4
Focieal t hcare I nMnAgribusiness De\y
Public Health, dLivelihood | mpr
Wel | being Agricul tur al Pr ¢
Many initiatives in the Rima Catchment have
integrated way. Numerous projects |l ack a <co
environmentecdonanmd cs dcisaes. Consenquueesnttlo , f & d
significant biophysical and social <chall enge

Main Biophysiecadnhoanad Ehail d enges

Thi s regi on i s vital for agriculture, wat e
ecosystems such as wetl ands and fl oodpl ains.
economic challenges that threaten its sustai

Bi ophysical Chall enges:

1.Climate Va@heabielgiitoymw: experiences significa
fluctuations in rainfaldl and temperature.
productivity and water availability. For i
sheepatpiopmumsd decreased, goat populations in
influencing goat populations in certain ar

2.Land Degrlaadnadt idoengr adati on occurs through e
fertile I and, threat eni nbga sseod |a shseeaslstnhe natn dr .
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seqirid ecosystem's vulnerability, under sc

management practices

3.Water Stheccaychment faces water scarcity
evaporation rates, and increasing aridity.
and unsustainable water extraction fdr irr
groundwater | evels. Projections indicate t
surface and groundwater, especially with t

4 . Fl oodAlnogodi ng poses a significant threat 1
settl ements. A geospatial study of the 202
farmland affected, highlighting the need f

5.Water Qkalluyion from agricul tural runof f
i ndustri al activities affects surface and
pose health risks to communities and reduc:
ad ecosystem health.

6.Bi odiver Wetyahdssegradati on, deforestation
resources have |l ed to a decline in Dbiodi)\
ecosystem services such as water purificat

7.1l nvasi ved nSypaesciivees :.pl ants | i ke Typha grass ha
bodi es, clogging water channel s and redu
negatively I mpact agriculture, fisheries,
productiorigays eahdmainnt enance costs.

Socdooonomi c Chall enges:

1. Agricultural AGustal habelisythe primary | iv
it faces challenges such as declining soil
variability. These challenges threaten fo
communities.

2.l rrigation PilojregttVioabiplriofjyycts in the reg

underutilizati on, with cultivated areas r a
| and. Challenges include ©poor participat:i
servicensa,ncanmd fcionstraints. These i ssues h

initiatives aimed at enhancing agricultura
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oRael ated Di Bpbademgnteads to the displac

l'iveli hoods, and destruction of infrast
gni ficant portions of farmland, di srupt. i
vel s.

verty andMadnyetommodsties in -pber catehyel
avily on natur al resources for their |
sources, coupled with environment al deg
eeicoonomi cedével opm

uth ParticipatTlher a ni Agaiootablre: | ack of
ricultural activities, |l eading to an agi
ture of agriculture in the region and
nerations to farming.

ter QualWatyerl scpweelsi:ty i s compromi sed by
di ment | oad and occasional high iron | ev
th surface and groundwater, posing healt
adequate | Aheasctartucchtmerng: | acks adequat e
pply, sanitation, and transportation, pa
cess to essential services, hampers econ

r residents

curity a hnasl el ceunr gi et sy:, including banditry

Ssrupt-edonsoontiico activities and affected I
security reduces agricultural producti vi
mmuni t i easc e rfhuarttihneg peaxverty and food i nseq«
mited Access to EdMazmayi aneasdwiHelil n hcthee

mited access to quality education and he
althcare | imits opportunities f dreiem@gqgnom
rpetuating cycles of poverty.

nder and SocGahdeémeduapatyties and soci
rticipation of women and marginalized ¢
king processes. These inequalities reduc
d sustai nabflfee cdteivnegl otphnee notv,e raa | | resilienc
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El ements of the Catchment Management F

The strategic vision of the Rima Catc
equitabl e management of natur al reso.l

resilience, environment al protection,

This vision aims to balance the needs of t hi
catchment's ecologicabyi engaging wintdhwaherf o

Objectives

Al igning with the vision of the Catchment Pl

Advocate for Sustainabl e DPwvéliecpesandand miEin
mechani sms for the regul ation, moni toring
Review and strengthen | aws to protect wat
defecation to enhance water quality.

| mprove Water Avai ll anpilleimeyntamdes@Qual ngy of

reservoirs, rai nwater harvesting, and eff|
water quality and monitoring stations with
Enhance Biodiversity B&BnHarEceosgxtemi lSer eco
establish new ones within the catchment. R
| mpl emedt t@e neagtye i ni ti atives for sustainabl e
Reduce Soil Erosion Eadodrice&and uBée quii achadt ieon :an
environmental | aws. Restore 45% of degrade
through sustainable i1rrigation and agricul
management and marirnitgaa tni can ,d ag eadosapsaet ioanl ,i we e
and | and use changes.

| mpl ement Flood Control Measures Dawel Dpoug
and i mpleaedtti emhmritand management strategi
Il nstall integrated early warning systems f
contr ol

Mainstream Gender, Secur Pt g mo taenrdggsepadaega lv e |

capalcuitlydi ng programs on alternative energ
donfounded projects from organizations | i k¢
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Facility (GEF), and African Devel opment Bal
green areas and recre@uirosmcenters to prom
Secure Funding kmpr Paetaecsds ptso finance al
including revolving | oans and grants for
conducive environment to attract foreign

exports.

Catchment Pol i cies

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

rati fied treaties further domesticated.

Treati es

A Vienna Convention on the Law of Treaties o
signed, rati(paetdaasdninbterwvevanda

A UN Watercour ses-n@Qwnweartiiommlomseomf shared
to surface water and connected groundwater

A UNECE Water Convention on relevance to bo
application to al/|l uses of the shared wate

A Niger Basin Water Charter as principal tre

A Lake Chad Water Charter as principal treat

l nternati onal Policies That Affect Wat er Res

1971 Stockhol m Decl aration on Human Enviro

1992 Dublin principles on water and sust ai

2008 ECOWAS Water Resources Policy

A
A
A 1992 Rio Declaration on Environment and De
A
A Draft Articles on the Law of Transboundary

Nati onal Laws and Policies

A 1999 Constitution of Federal Republic of N

A 1993 National Water Resources Act

A 2016 National Water Resources Policy

A 2016 National Policy on Environment

A National Climate Chan2g0e3 0ol icy for Nigeri a
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Component s

Ri ma Catchment Management Pl an aims to a

cat chbmenit mpl ementing a comprehensive set of

designed to promote sustainabl e resource m

resi

ience against climate <change. Bel ow i s

i nforfmaomoavaitlabl e sources

ComponeSrutst ai nabl e conservation, mandabdemenota lanids
to promote sustainable water resource manag
desilting channel s, enhancing irrigation eff
stations. We wi || al so strendtlkeecotlawgetoorn
participati o utiHrda ingh paaopa ainsy.
ComponeRtes2ervation and restoration of crit
sustainable |l and use (to include susTthae nabl
goal iI's to preserve and restore critical ecoc
includes enhancing exi stti-earge rsgyys tiemist, i a tmpuv eesane
wetl ands to prevent erosiornanmnd-telloodgicod o0glkP
heal t h, supported by col |l abiovet idude albese amnc
environmental aspects.

Compondmiprd8ved diversification for ermhramoged sus
The objective i s to enhance l i veli hoods by
agricul tural productivity through modern te
practices. Access -stcal €i mamranenrg fwarl | sibeel |i m
infrastructure devel opment for artisans. Cr
invest ment and support | ocal exports.
ComponerCtl i #hat e change, di saster Friesski | man & ¢
infrastTThuectquaeael: i s to enhance resilienede to
green initiatives and smart farming practice
expand renewable-reséedgyentuse.nf Chbmatieetsurien an
agriculture and water manbahgemestswwal habel dey
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onesmtebgthening institutional :&nd eprptiRreni o
di nation mechani sms is wvital for effec
gement wi t h al | stakehol der s. I ntegrat
aboration, while policiedefadrvelotpaeidnalCla
ding programs wil|l enhance stakehol ders
ementation of activities.

onehhe 6project emphasi zes gender equal.i
ucti-agngietnidweeuidapancgi tyr ograms on altern.
restation. It aims to empower women and
ececn@pportuni ties. Community participat
es are i nmdwidregd, ifno dteecriisngonsoci al i ncl us
oneMati ndtreaming gender equality andhesoci al
arch and extension composaendnadi snigomnm r p u
aborative research on | and management, w
nsion services wil!/| suppordi fablmeragrainau
tices. Pl atforms for sharing research f

ding programs to equip stakeholders with

oneRetsed@:rch andnerfé&mstome monitoring an
nti al for tracking project progress thr
cators. A comprehensive database wil!/| S |
ected tontdwal veaftfee citntvemwee s . Stakehol der

regul ar progress repo-dt BV eh knibaekei hnsgu. o @r ot br uas

rting mechani sms wil Iprfogceiclti toauttec ocnieesar ¢
e ES2 shows the significant issues in th
|l ocal, state, and national i mpl ementing
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TabHSBSummary of Components and Activities
Responsi bi
Component Activities Key I ndic
Partners
Report s, i m i
Rehabilitate existing pd Three tiers
an super i
the extensive removal P encompassing
water retention g FMWR and alli
Construsdalsemawdt er st
enhance rainwater h
Establish water allo Reports ¢
Sustainabl e cq Uupstream and downs COmMPrehens As above, N
management and study, poll
Fresources Construct embankment g i mpl ement a
syst emsriisnk hargeha s enf or cemg
Reducti on NHI SA, NI ME
Develop early warning environment
ri sk assessments :
di saster
Strengthen the net wor Bett efrechHamil
systems and hydro engagemenr
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public awaren

fl ood

Enhance
events.

| mpl ement integrated
that address
groundwater recharge,

di stribution to

Sseasong

me et

i ndustri al de ma

Define and operation

standards for water e

recycling) f-or re

ot her uses based o

Assessment of demand

water
mai I

Construction and

water t anks

recha
dri ed

Construction of

drying and

Routine R

Reports

NHI SA,t hTrreee t
government en
RBDAGs, FMWR

agenci es

NHI SA, NI MET,
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Roof rainwater harves
efficiency
Conservation and pres
areas, along with pl a
pl ant species which
abundance of wate
Restoration of 30% t
through affores|
Restore 25% and i mpro
Preservation an | and
critical ecosys
for sustainabl Restore and maintain
include sustain hydrol ogi cal cycl es
and |livestock )
Enforce the protecti v
and valuable reser
Il ncrease agricultural I ncrease i Federal ., sta
cli mantagt agriculture, oroduct i governmemn N
data gathering agriculture a
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Il ivestock, wa
|l mprove soil fertilit environmenr
and water conservat
Support small hol der f
access to improveog As above
As above
Encourage thHeruigeatafo I ncrease if
farmers. Bank of agric
other internad
CBOs
Il ncrease in
product i\
As above
Ensure the proper co
organi zation of fish f
| mproved diver natural and artifi
enhanced sust ai
Provide training prog
and -wei hg _ _ I mproved qud Federal st a
fishing, and aquac ’
government M
Facilitate access to
| mproved f
for small hol der f ar P
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Devel op ecboansneudn ittoyu #f ir § ra

economic activi

| mprove access to sus
| oovost energy, better
practices

Promote fawmilmug afgrh
products such as high

seeds such as mai-22, §

Providing comprehensi
techniques, preparat:i

ponds for irrig

I ntegrated Pest Mana
technical skills to w
communities to reduce€

water resour ce

Promote-yefarmelrtoips to

income of the peopl e

| mproved i

creatio

Availabil it
energy and

standard

n

0

Donor agenci ¢
cooperati v

CBOs and t he

gover nmen:t

As above
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Promote the use of w a

transport syst ¢

Promote the use of 1o .
Reducti on
masag range water bodi .
change indu
measures t o ¢ o nmbnadtu cce
drought .
) Federal , St a
_ Reducti on
Expand early warning . Government NGNK
_ . di environment g q hat
. . capacit or i sa onor age-hate
Climate chanigel P y and cl i mat J
) _ financial 1ins
management., -ah construct resilient | di saster
resilient |nf ri sks and water di s
Federal , St a
Government M

Support the adeptiisotm donor agen

varieties and effici | mproved a(
out put and
Promote afforestatidd empl oy men

desertification an
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Decrease in
| mpl ement -bcacsnendu niintiyt i mproved
floodpl ain management
Reducti on
Prepare ris«xiseermdiami ( environme

i mpl ement ation for i degradat.i

R i i : D i gnat

evital iasfef eecrtoesdi oanr e a s esignated
: r n

banks and gully stab|—|a eas and u

catchment vul ner g

Il ncrease in
availabl e f ¢

updated r

Promote green roads t

erospirGDme ar eas

Creating a green in
protect ecosystems, e
|l andscapes in the

As above
Focus on both structu

wal l s)-samdicnamal ( hai
vul nerability, ri sk n
measures for infrastr

preparedness
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Ensur e

ng

community rep

ma Kk i processes and

Undertake hazard and Updated r
the risk.
Conducting EI A/l EE of
to minimize i mpact
Undertake effective
monitoring of infrast Updated re
increase in
engagement
stakehol g
Updated r
Reduced co
Establish a regulator equitable d
water resource manage water res
st Ch _ Federal, st 4
ren enin
J J : .| Reduced conl g5yernment MI
m ; Strengthen coordinat.
echanisms an stakehol der
_ ) | | ; donor agehate
coordination n oca agencil es) Cituti ) . _
tnstrtutrony fjinancial ins
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Strengthening the wig
committee to i mplement
pl an. Il ncrease in
out put
I mpl ement i nbga sperdo diuncctei
monitoring mechanism
management Policy forn
. . | mpl ement
Devel oping mechani sm
i mpl ementation and mait
recharge areas, part.
l and.
Ensure equitable di Comprehen
responsibilities to w participat
communities during th stakehol d
; Feder al , st a
Mainstreaming g and evalwuation of an
] ) government ML
and social inc q hat
_ ; Con onor age-hate
mechanism Provide training and ¢ _ . .
and men in order to el financial ins
Better out
water conservation t ¢ _
environme
devel opment
conservat
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I dentify vulnerabl e a
gender and social dis
Updated Rep
and climate risk and . .
soci al i ss
address identifie .
communi t
Promote women and mar
| eader ship positiong;g
approaches.
Mor e women
Establishing counsel
domestic violence, gr )
, _ | mproveseorxs
services for -sepporof
) ) status of v
men, and marginal i 2
Undertake action rese lncreased
as:
V accounting of wa Feder al st a
V Indigenous knowl e donor agehat e
V nat-ma®ed sol ut financi al ins
V effectiveness of
measures,
V watershed servi
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NECON SERIGES LT i
V sedi ment yie
V climate change i m
|l and use,
V pest s,
V. mi cfrionance and ot-h Il ncreased
based watershed m out put
strategi es.
Establish a coordinat
management monitori
institutionalized 1in
institution in the
Effective coord V. Periodic monitorin Federal, st3
evaluation, af V. Monitoring the wo|Quarterly r government ME
mechani sm and V Structures and d watershed d?nor ége-héte
met hods for the financial s
V.1nclusion of gend NASRDA, NCR
projects6 devel opn
V Monitoring and ev

P
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9°0'0"E

LEGEND

. 1 million farmers trained in
climate-smart agriculture

100,000 ha of land restored; 40%
erosion reduction

15°0'0"N

50% in decision-making roles

200 flood-prone communities

A 100,000 women/youth trained;
O covered by warning systems

S million people benefit from
reliable water supply

14°0'0"N

EEJ 500,000 households benefit; 50%
income increase

* Annual reports published; real-
time data systems operational

. Functional CMCs in all 3 states

=z [ catchment

o

° [ state

% i

o River
| Lower Catchment
| Middle Catchment
| Upper Catchment

12°0'0"N

11°0'0"N

Fi g 3E. Bi. ma

Catchment

Showi
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Tabl e LBbwer3Catchment of t hieSpRaitmaalStChaatle geincg eGa tacnhdmelnmtt er venti on Ma
Secti gLGAT/lown({Chall engeglntervent Appropri aResponsi b|{Expect ec{
ToolF(s) OQut come
Sustained
Moni torin
Evaluati o
Lower |Goronyo, Seasonal |[FIl ood conFlood risSokoto RI|Reduced
Catchnwurno, Rl eading tireforestahydrol ogi|NI HSA, ,NE|fl oodi n¢
Gwadabawl oss and |[riverbankmodiei ng NI WRMC, protect ¢
di spl acen ACReSAL. communi t
Sabon BilBanditry |[CommunitySecurity |State Sec|Enhanceq
| sa, Shijlinsecuritpolicing |[rural resCounci |, security
Maradun |agricul tusecuernihtayn{fr amewor kExtensionirestor ec(
producti vagsochemes LGA activiti
Gada, | I|Deserti fijLargeal e Remote seMinistry Reduced
Tangaza ||l oss of ,gplanting, (vegetati|lEnvironme|degr adat
Loss of of drroeusgihfl and degr|{Forest,ry i mpr ov e (
. . crops maps NDVI |[ACReSAL, fertilidf
Biodiver s . . .
Mappi ng Mi ni stry
Kwar e Poor irrilRehabilitilrrigatioSokoto RI |l mproved
infrastrdirrigatiodiagnosti|Ministry i rrigat.i
water manintroduct/bal ance nResour ¢dM&lenhanc e
efficient ACReSAL yi el ds
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Tabl eeMEdS.l 4 Catchment of the&pd&tiimal SChaltlegnge Ladrcdh memtter venti on Mz«

Secti|LGA/ TowlChall elnterv|Appropr|Responsi bl e|Expected (
Tool (s)
Sustain
Monitor
and
Eval uat
Mi ddl|Kau+ a Gully [Gully Erosi on|]ACReSAL, St |Stabili zeq
catch Namoda, |[erosioreclammapping|/Environment|protected
t Bir—n?. damagi|check survey, State ADP, i nfrastrucd
Magaji/ |farmlaconstr|terrain restored |
, Bunguland contou
Gusau i nfrasfbundi n
e
Zarmi, DeforeCommun|Satelli|Forestry De|Restored
Kai t a, n and |[forest|monitor|Agenci edGO,L|reduced
fuel woprogra|forest ACReSAL deforest at
pressuwoodl ojcommuni I mproved ¢
|l eadi nfjestabl |[forest security
habita, cl ea
cookst
promot
Daur a, Wat er Dil I i ngilHydr oge|Rur al Water ||l mproved \
Sandamu|scarci|Solar | surve|Agency, Agriavailabili
Mai 6 Adu|i mpactipowere|groundw crop prod.l
boreho
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dry se/small recharg/ProgNBhRmMSA,
far mi njdams, mappi ng/ NI WEMC, FMW
rai nwa
harves
Gi wa Crepestlntegr|Remot e Agri c. Rese|Reduced ci
out brepest pest I nstitutes, |[better pesg
(e. g. manage|monitor|DepLtGA
birds,|[(I PM), | mobile
| ocustiwarni n|systems
system

Tabl e Bppmew: Catchment of the iBpmai 8t r&hablenGaschmdntntervention

Secti qLGAT/own( s|Chall eng/Proposed Appropri aResponsi|Expected
Il nterventiToolF(g) Agency OQut come
Sustained
Monitorin
Eval uati o

Upper |[Tsafe, F{Soil eroGully stalGlS erosi|]ACReSAILStReduced ¢
CatchnBakori, sl opes, reforestatmapping, |[Ministry/stabil i zg
Mal umf as|degradat|terr.acing|stabilizaEnvirgonmfarmland ¢
Kankar a : State mi|i mproved
"|Loss of Establ i sh . P
Danmus a, . . Tourism |heal th
bi odi verjareas for
Mus awa,

al ongsi de
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commu-ne d vy

reforest at
Dut sinma(/Water sc|Small dam|HydrogeollRural WalEnhanced
Saf ana, domesticlconstructisurveys, |(Supply Aavail abil
Kankiya, |agricultlborehol es|/balanclengADP NI HS|i mproved
Kusada, harvest i ng( NI WRMC, i vel i hooct
Charanch FMWR.
Bi ndawa
Zango, D|Deforest{Community|SatelliteForestry Restored
Nani, Ma{l oss of woodl ots, |[cover Depart melcover, r ¢
| n g aRnoan i bi odi verjagrof or esH . . FMAES NG(wood f uel

monitorin : . .
schemes, . State milbiodi ver s
efficient CommunltyEnvironrrprotecti(
pl ans

Katsina, |[Urban ex|Il mproved (Li DAR fl ogUrban PI|Reduced f
Batagarall eading |drainage, \mapping, |Authorit{vulnerabi
Rimi, Tsi{risk andcontrol cldrainage |[SEMA NEM|settl emei
Shanono probl ems FMEnv

Encour age

Diversifj{livelihooodt
Liveliholopportuni:t

ecotour-i si

ti mber f ol

product s,

scal e ragres

I ndustri es
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Al l tIse Hi gh you|/Yout hemgedqCBO f eedbSMEDAN, Reduced )
unempl oy|trainsegs Kaduna sSunempl oyt
and | imi|farming s Agricul t|tnhcreased
economic DeveloprrIncome
opportun Progr amm

( ADP)
Expected Out come
The successful i mpl ement at i Rinma fSttrhaet @ quit e r @ &ltnat m miensst eoMat &l G tgheeade ti dn  yti
out comes:
A Il mproved Water Availability
A Enhanced Agricultural Resilience
A Ecosystem Restoration and Biodiversity Enhancement
A Strengthened Governance and Stakehol der Engagement
A Reduced Flood Vulnerability
A SocBEmonomic Devel opment
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CHAPTER ONTRODUCTI ON
1 .Plurpose of the Pl an

The Rima catchment i's a significant ecosyst
l'iveli hood of millions of peopPladwibthticopedhe
provi de far sameavadrelgifcor the sustainable manage
Ri ma CatThfememt chment faces a multitude chall
we-bkeing of the inhabitants. Some of these <ch

Water Scar€xty azmndo@Gved ncreased demand for
and agricultural expansion is straining av
I .Pol lution and Water Quality Degradation: A
and industrial effluents contaminate surf;

human health and aquatic ecosystems.

iiDeforestation and Land Degradation: Unsu:
deforestation and overgrazing, | ead to soi
iv.Climate Change | mpact s: Unpredictabl e rai.
prol onged droughts affect water avail abil/
Poor Catchment Governance and I nstituti ot
management policies, |l ack of coordination

hi nder effective conservation efforts.

i .Conflicts Over Wat er Us e: Competition bet
industry, and domestic use) | eads to dispu
I Sedi mentation and Siltation: Excessive soi
rivers and reservoirs, reducing water stor

12Rati onale for a Strategic Catchmer
The Rima Strategic Catdelvmdbuapeddh namg etmeert n é chr
critical environmentalohomydrehadgil ealgesamd f & c

The plan is designed to:

a.Promote Sustainable WateEnfesongceh&aawrgiein
for wvarious wuses, i ncluding domestic consu

whil e preeenriaacgi oneand depl etion.
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b.Enhance Cl i mat el hiRe scialticehnrceen t faces i ncr ea:¢
change, i ncluding erratic rainfall, drougt
strategies that mitigate these i mpacts and

c.Prevent EnvironmenthAaldr ®egiragatdiedmrestati o

degradation, and water pollution to mainta
d.Il mprove Agricul tura$®i nkereodagti vulttyure 1 s a
catchment, the plan promotes sustainabl e f

and better watershed management .

e.Ensure Equitabl e Acc:eskedtuoc i Wagt ecro nRelsiocutrsc ecs
establishing policies that bal ance the nec¢
pastoralists, and urban popul ations.

f.Support Economic GrowPhoandi ngvel fihamdswor |
economic activities, such -tasudiism, nghilierp
natural resources.

g.Strengthen Governance and Stmgpkelvadalnggerc o®al
among government agencies, | ocal communitd.i

effective water and | and management pol i ci

13Expected Outcomes

The Rima strategic catchment plan i s expecte

a)l mproved Water Availability and Quality
bEnhanced Ecosystem Services
c)Sust ai nakbcloen oSwicci oDevel opment

dXCl i mate Change Adaptation and Mitigation
eEffective Governance and Stakehol der Engage
f Enhanced Monitoring and Evaluati on

g) mproved Heal ttheiamgl Soci al Wel |

14Environment al Rol es
The environment al component of the Ri ma SCMI
water resources, and biodiversity of the <cat

1. Water Resour ceBheaRiamgae m@@MP promotes effi ci
pol l ution, and devel ops strategies t o er

management .
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2. Ecosystem ProtectiBnotaencdt Reensdt orasi one ecc
bi odiversity, and promot e sustainabl e | ar
resilience.

3. Climate Change Adaptlanpilcermeartd aMiatpitg astei ova t
promote carbon sequestrreadiiloing ntanfdaremicrogir mrg:

4. Wetl and and Fl ood:pHraocitne c Manaangde meest or e wet
sustainable floodplain management, and suj
reduce flood risks.

5. Pollution Control anldmEhemarmnth mealtiladt iHem | d¢ d
i mpact, and promote sustainable practices
6. Sustainable Lamkevéedse®pPlamdniemdg orce | and wus

ecos ybsatseemd pl anning, and engage | ocal C 0 mmil
7. Environment al EducatTihoben SSGWMP Apwaac mateess env
awareness, conservation, and sustainable r
and coll aboration with communities, govern

15SocEmonomic Rol es
The Rima SCMP is designed to address -not on
economic issues to ensure comprehensive and

soeicoonomic roles of the pl an:

1. Sustainable LivelihdtbhdsS@NMB pFoomotSesusiustya
provides credit to salilenfddrymdri sv,e sad md ks ypp [E
I i v
2. Eco

v
eli hoods and food security.
n
processing to boost economic value and cre
e
g
t

omi ¢ Di :vPerrosmoftieeg ariacrath t ur al aaatdiewdt taigerso

3. Poverty Reduction :anpdr oSnmdieasl tlhrec liunsp loenme nt

programs to reduce poverty, promotes gende
youth unempl oyment .

4. | mproved I nfrastr:ucditeurSCMPn de ndaamwciesesaccess
sanitation, transportation, and sustai nal

infrastructur e.
5. Stakehol der Engagement andEnCommamgiet yst R & et
participation I n pl anning and i mpl ement at

building for | ocal communities.
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Mar ket AccessiapdoVeadenar ket access for ac
goods and sbuwppdoerrt st rcardoes swi t h nei ghbouring
opportunities.

Heal t h and-b8aaigalhaWelel access to healthcare

areas and ensures the i mplementation of so
groups.
l16Governance and I nstitutional Rol e s
The governance and instipubmohab mrotesnbéabitl
resolution, capacity building, and adaptive

term ecol ogdccoan o naincd sdudsaticeal gnlta btiHe tfyol | owi ng:

Mul-Stiakehol der Engageme:nTth ea nSdC M@ o Ifloasht cerrast i i
deci-md kinng, encourages participatory gover

promotes partnerships with businesses and

l nstitutional CoorditEatoonages tMaemagemant c
management authorities, fosters coll aborat
and ensures | ocal devel opment plans align

Policy Devel opment : Suinmp olrmsl etmeent déevehopme
regul ations, and | egal framewor ks for |l an
environmental protection within the catchm
Monitoring, Eval uat:iThre, STMP Aocowmtaglkeis!| sty
and evaluation systems, ensures transpare
promotes efficient fund usage and proper g
Conflict Resolution : :Bmel E£OMBeoasesat 8ui tdnhl
mechani sms and eboaoutdaggs acmongehseal C O mmu
and other stakehol ders.

Capacity Building a:nnTdheKnSoGWMPe dfges tShrasr i gl |
research institutions and wuniversities to
S oeicoonomic conditions, whi |l e promoting 8

management .

Financi al Management andThRe s®QMR e s uMopba rl ti
devel opment of i nstitutions for sustainab
allocation to priority areas of the pl an.
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Legitimacy and :$hekskdMPdproVides feedback

trust in governance and promotes cultur al

within the catchment.

Adaptive Gdwer nrSeClMPe uses an adaptive gove
flexibility for adjustments and integrates

catchment management .

17Cat chment Policies

For harmonious relationship and engagement o
ins¢émate resources including water, the foll
recognized, and ratified treaties further do

Treati es

A Vienna Convention on the Law of Treaties
signed, rati(pmretdaasdnintereanda

A UN Watercourses Q@Q@Qawvv@grRtiomalonuse®nof s h a
application to surface water and connected g
A UNECE Water Convention on relevance to bc
application to al/|l uses of the shared waterc

A Ni ger Basin Water Charter as principal tr
A Lake Chad Water Charter as principal trea
Il nternati onal Policies That Affect Water Res
1T Stockhol m Decl aration on Human Environmen
f Dublin principles on water and sustainabl
1T Ri o Declaration on Environment and Devel o
T ECOWAS Water Resources Policy (2008)

19 Draft Articles on the Law of Transboundar
Nati onal Laws and Policies

T Constitution of Federal Republic of Niger
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T Nati onal Water Resources Act (1993)

T Nati onal Water Resources Policy (2016)

T Nati onal Policy on Environment (2016)

1 National Climate Chan2g0e30OPol i cy for Niger.

T National Agricultural Policy (2016)

s Agricultural Transformation Age

T Nigeria's National Forest Policy (2006)

Th
Re
al

re

fo

Th
Re
N

pr

e Strategic Catchment Management Plan (SCN
sources Policy (2016) for sustainable wat e
so integrates with the National v&nivom oame
storation. Additionally, the SCMP support
stering sustainable agricultural practices
e SCMP can integrate with the Niger Basin

sources Policy to promote sustainabl e wate
geria's Agricultural Transfosmppioon Agesn da
actices, as well as the National Forest Po

18l nt egration Mechani sms

T

Establish a coordination committee: Set up
rel evant gover nment agenci es, regi onal 0
coordination and integration.

Conduct policy gap analysi s: |l denti fy gap

Catchment Management Plan and existing pol

Develop a monitoring and evaluation framew

identify chall enges, and adjust ensure th
policies.

Engage stakehol der s: Il nvolve stakehol ders
organi zations, and | ocal communities, i n

ensure owneirship and buy
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T The catchment area spans parts of Sokot o,
adjacent catchment s. It experiences disti

varying-6f0or0Oomm3dnh the noXxth@0 nmmeign othise t Do 8

1 Temperatures are consistently high, rangin
March to May. The area sees significant di

1T Relative humidity is higher during the we
agriculture. The i mpact of seasonal patter
agricul tural activities in the region.

1T The <catchmentacaqueaiantiesd weltlh various devel

initiatives, including the Mul ti sector al
rehabilitating and enhancing critical i nfr
wader resources. The Ni geRi rma sBas iAnut Awtrh dryi

and the Rural Access -aROMMNGIi pr oye®r oamang

The Strategic Catchment Management Pl an ai ms
which spans Sokoto, Zamfar a, and Klat0QiOn annSt &
rainfall) and dry seasons, withfhtght tdmper
variations. The pl an seeks t o ensur e stra

i nterconnectedness of these factors and avoi

Sever al noteworthy examples of successful S
South Africa's National Water Act, the Mpang
Rwi zi Catchment Management Pl an, aalda tlcohcnaetnetd
Area Management Pl an, the Ngarelan Springs C

Di k Catchment Management Plan are prominent
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CHAPTERCHARACTERI STI CS OF THE CATC

2. Lllocati on
2. Lokration and Boundary

The catchment covers the | arger parts of Sol
area |ies bet vieled Nl aatnid utl®AO0I86AM3876 6 N, and | c
09A26 3 HigR&AE 1t is bounded by the Sokoto Zam
Sarkin Pawa catchmentamabdrhe catud hmemtd tHa dteh
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Fi g2k e Ri ma catchment shMSAi,ng20t2h5e) LGAs ( So
2. P2recipitation, Temperature, Sunshi

2. Precipitation

The Rima Catchment has a seasonal precipitat
Annual rainfall ranges fromamrB@GO0Oregi 666 amdi 8
mm in the southern areas, suppovedd g Imogtes r
October to April, characterized by the Harn

groundwater as water sources di minish
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1100 4

1000 +

900 -

800 4

700

Annual Precipitation (mm)

600 4

500 4

400 +

T T T T T T T T T
1971 1976 1951 1986 1991 1996 2001 2006 2011

Fi gRZAnnual preRiigaat ahmen2 ®Z 2V 0OSource: CHI RPS, 2

2. demperatur e

The Rima Catchmanti dhadiamahet (Kémpen BSh) wi
from 27AC to 30AC. The hottest months are N\

Har mattan conditions occur from Decepnpbienrg t o
bel ow 20AC in the north.

Over the ©past t wo decades, temperature trer
affecting evapotranspiration, water bal ance,

duringraheypseason, with some moderation dur
29.50¢+
29.25¢
29.001
28.75¢

28.501

Temperature (°C)
N
o
)
(S5}

28.001

2L05T

27.50

2000 2005 2010 2015 2020

Fi g3 e Annualle Ayver atger e f or2 ORBIDOP(3EatcbemenMSI, 20
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2. Bunhshine Durati on

The Rima Catchment area expepniuamc¢cexavieira@lyi agn

3,200 hour s annually, peaking during t he C
significantly i mpacts =evapotranspiirladahiolnit ya
Lorgrm data shows stability in sunshine dur

pl anning.

3350
3300}
3250}
3200F

3150

Sunshine Hours/Year

3100

3050¢F

20b0 20b5 2610 2615 2050

Fi gB4d e Annual Average 8Qatschh mentDu(raaddurocne iMSLE,h 2025)

2. Red ative Humidity

Rel ative humidity in the Rima Catchinbedh)t var
during the dry Har maitot0a4) s enastohne arnadi npye askesa s(0:
| aden wi-tnearsm tLrommgds i ndicate a sl iigaHtl yd ddInikre

to rising temperatures and | and use changes,
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Relative Humidity (%)

B
o
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w
(o2}
T

2000 2005 2010 2015 2020
Year

Fi g5 e AnnualReAwdriaacgee Humi dity of the Catchment (Sourc

2. Topography, Drainage, Geology and
2. Drhi nage

The catchment s pri+Ramal Ridefri Sgdtleyn,tconSo
and Soko(troefRArg®dy,es whi ch eventually drain intoc
The Ri marRigverajt es from the Gusau region in Z
serving as a vital watercourse for irrigatd.i

net wor k of di stributaries that comitadibwe res it to

and |livelihoods.

The Sokoto hRi vneari n river in the catchment, roi
St ate andofwehsltcewdryae before merging with the
plays a critical role in regional hydrology,

and domestic use.

The rivers in the catchment are highly influ
occurring during the rainy season (June to
shaped by bot mamaet udraaclt oarsd mrcil guadti inogn rsecshee mr
climate wvariability. Notable infrastructure
regul ate water f1l ow, i mpacting downstream h)

activities.
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%77///% %V//[
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b= — Km =
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Fi g e Drainage Map of Rima Catchment showi ng
2. Jopography

T The Rima Catchment spans across Katsina,
variety of topographi(cs&iegmmhag2myedr ol ogi c al

T 1t plays a crucial role in the hydrologic
influencing agricultural activities, floo

T The catchment generally exhibits | ow to n
approxi mately 500 meters in the upper p a
Zamfara states) to around 250 meters in t

T The region is characterized primarily by
(i solated rocky outcrops) .

T The southern portions of the catchment in
terrains, with occasional hills and ridge
Movi ng northward, t he terrain becomes
fl oachpl,a especially within Sokoto, which
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T The SBkmadaoRiver system is the major dr ai

numerous tributaries and seasonal streams
rainy season. However, water availmpility
seasons, making sustainable water managen

14°8'0"N
1
T

14°8'0"N

12'5{'0"N
T
12°57'0"N

~"~— Stream
m State Boundary
CQ catchment Boundary

N International Boundary
.Elevation (m)
High : 816

Zamfara " : & ) JIGAWA

 S—
Low : 244

Ea
0 20 40 80 120 160
Km

11°46'0"N
T
11°46'0"N

T T T T
5°47'0"E 6°58'0"E 8°9'0"E 9°20'0"E

Fi g% e Digital EIl evation Model (DEM) of the ¢
STATES OF | NFLUENCE

1. KASI BAATE
2. ZAMFABAATE
3.SOKOBAATE

2. HLedl ogy and Soil Types
T The Rima Catchment, spanning Katsina, Zar
di verse geological formations that influe

use potenti al
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T The geol ogy of the region is primarily <co
soils exhibit variations ranging from fer
geol ogi cal and soil characteri striacls apnlday
hydrol ogi cal dynamics of the catchment.

2. 3G8ollogy

The geol ogical fr amewaocsr ks hadbfwgRdcea nRibmnea cGa tecghome
into two major provinces: the Precambrian Ba

sedi ment s.

1.The sout hern catchment area, covering p a
characterized by Precambrian Basement Comg

rugged terrain results in shallow, | ess fe
|l ow rock permeability.

2. The northern part of the catchment in Sokoi
sedi mentary area in northwestern Nigeria.

such as sandstones and <c¢l aystonéehs.f |Tuhve sad

processes, resulting Iin Bhagesneéediymamtdairlyat m
Sokoto Basi n, particularly its porous and
to groundwater storage and recharge in thi
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5°0'0"E 6"“;“"E 7“0;U"E B“O;O"E 9"0;0"E

1590'0°N

LEGEND

Clays and grits

14°0°0"N

Clays and grits with pebble beds
- Clays and shale
. Older Granite
Sandstone and mudstone

Undifferentiated basement complex
with pebble beds

- Undifferentiated meta-sediments

lS"q'lJ"N
13°0°0"N

[] catchment

O state

H— International Boundary

Jigawa

1egoN

Fi gRh& e Geol ogi cal Map of Rima Catchment (S
2.3S81i Rk Types

Il n the Rima Catchment, soils are classified

formati on processes and parent materi al s.

Gl eysol s, Fl uvi sol s, and Lept owatl esr, reetcenn twi a
agricul tural potenti al. Thi s classification
i mplications for | and u9.e and environment al
Soil types in the catchment i1include:

1.Arenosol s

Arenagscel saneyg, oarisdi |l s found mainly in nortd.l
|l ow water retention and o#f@ga&nisd amat tcero.psTHa)

sorghum but need fertilizers and irrigation
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2.Vertisol s

Locati on: Found in floodplains and drepcrhessi
soils that shrink and swell with moisture
waterlogging. 1t is ldeal for nrsi batamaequti ver
management to avoid soil cracking.

3.Gl eysol s

Locati on: Found in waterl ogged areas, parti.
with poor drainage and prolonged water satur

require drainage i mprovements.
4 . Fl uvisol s

Location: Common along riverbanks and fl oodp
river deposits with high fer-tetesygi oAgraigec uil
supporting crops |i ke rice, maize, and veget

5.Leptosol s

Location: Found in the rugged, el evated are
stony soils on hard rock substrates with 1|
grazing and forest |l and with minimal cultiva
Sustainable agricultural practices and soil
productivity while mitigating environment al

waterl ogging.
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Fi gRB9Se0i | Map of Rima Catchment (Source:
Varied geology and soil types across the cat
soils support agriculture, while sandy soils
and water management, espneiczieal d gyr iicrurlitguartailo ng
combat soil degradation in the north.
The groundwater potenti al i n the sedi mentary
for irrigation amredx pWwaotietrats wmp loyf, tbhuitd eorveesro ur
sustainability concerns, especially in the f
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2.ldand Use and Land Cover
The Rima catchment features a diverse | andsc
activities Key Il and wuses include agricul tu
Humamduced changes | i ke deforesveatsiogniafnidc el
i mpacted the environment and water resources
g g 2017 LULC
ClassName Ha %
Water 5320.54 0.05
Trees 95011.42 0.93
Wetland 479.71 0.00
g z| Builtup 38350.38 0.38
z {Bareland 3477836 341
Rangeland 9709181 95.22
Total 10196127 100
- Waterbody
g Z [ Vegetation
i € Wetland
I suitup
\- Baresurface
- Farmland
i e~ International Boundary
>~ Stream
500 600°E 700°E B00E S00E C3 Catchment Boundary
2023 LULC
Class Name Ha %
Waterbody 13024.11 0.127736
Vegetation 147126.25 1.442962
g z| Wetland 6812.57 0.066815
1 3| Built Up 32104.37 0.314868
Bareland 21110.17 0.207041
Farmland 9975951.97 97.84058
Total 10196129.44 100
- Waterbody
j§ 18 - Vegetation
i . Wetland
B suitup
- Baresurface
= = Farmland
R E «~~ International Boundary
- Stream
500°E 600E 700°E #00E wO0E m Catchment Boundary
Fig¥r@® Land Use and Land Cover of Rima Catchmen
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2. Nal ur al Vegetati on

The natural EFegelt)afi omec®Vvenra catchment vari

influenced | argely by climatic gradients and

1 Northern Area (Sokoto State)

The northern catchment area, especially in
scattered Acacia tr-aesdaoldi gatesl amdss déBsses
suitable for pastor al grazing.f utd weowear ,c od d =¢
are | eading to vegetation degradation.

A Central Area (Katsina State)

The centr al part of the catchment, covering
the Sudan savannah and Guinea savannah. Thi s
trees such as baobab, shea butaenfalhdcomammanr
north allows for a richer vegetation cover,
reducing natural vegetation.

A Southern Area (Zamfara State)

The southern parts of the catchment, partic
savannah zone, which supports a denser and m
neem, | ocust bean, and shea bmitxtur e oonfi ntad lel

The relatively higher faaeagfatcblbl aodepel eadi 8¢

deforestation and | and conversion for far mi n

2. Ag2icul tur al Land Use

Agriculture is the dominant | and use in the
expansion of agricultural activities has sig
the fertile regions along river floodpl ains.

ARainfed Agriculture (Katsina and Zamfara St

Il n Katsina and Zamfara States, mosui agbieul D
mill et, sorghum, mai z e, groundnut s, and cow
farming vulnerable to climatic variability a

regions.
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Alrrigated Agriculture (Sokoto and Zamfara S
The floodplains of the Rima River in Sokoto
higlal ue crops |ike rice and vegetables. Whil
al so strains water resour ces sdureitnue etnh & ad My

pastoralists.

AFall ow and Shifting Cultivation (Northern
Il n some areas with poorer soil s, particul ar |l
fallow and shifting cultivation practices a
regenerate before cultivationl edbutto is:lcaretaesri
periods, resulting in soil degradation and d

2. ANe3 | ands

The wetl ands of the Rima catchment are signi

and Zamfara States. These wetl ands are fed
cruci al role in supporting biodiversity and
1T Ecological Significance (Sokoto and Zamf a

The wetlands provide a habitat for vari
popul ations, making them essenti al breed
natur al flood regul ator s, storing excess

relregsit during the dry season. This hyd

availability for surrounding communities
T Agricultural Use (Sokoto and Zamfara Stat
Wetl and agriculture, particularly rice fa
of the Rima River. The seasonal flooding
availability for crops even in drier mo
unsustainabl e farming practices, overgr a

irrigation posd®ran tvhradatl ity tolie tlhemsge wet
2. 4H5r4azing Land and Pastoralism

Livestock Grazing

Pag@é&flg?7
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vestock grazing is a major | and use in the
rts where pastoralism is an i mpawatdarct hleirwde
ve across the region in seaand godatpsa s t@rraez
clude the natural grasslands of the savann
ltivation.

Pastoralism in Northern Areas The drier no
| arge numbers of pastoralists. However, o
vegetation cover i n s ome iameataisc fTahd tso rhsa s
duced rainfall and increased frequency of

Conflict with Agricultural Land The expans
d to increasing competition for |l and and

er |l and use are becoming moressommoni ae b
ter, particularly in times of scarcity.

Hu5man Settl ement s

man settlements in the Rima Catchment are
ricultural zones. The popul ation density
rticularly in Sokoto State, .which has majo

Urban Areas Major urban centers such as S

tivities, including trade, manufacturing,
tting pressure on surroundi nyge aargsr,i cuurlbtaun ad
s |l ed to theurchoanrveagrn ioaulotfurpadr il and i nto
vel opment s.

Rural Settlements Most rural settl ements i
e closely tied to agricultural producti on.
d healthcare facilities aicsti Inigmietbeedn csnoncd ma

devel opment of these regions.
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2. £06 est and Woodl and Areas
2. 4F6r ést and Woodl and Areas

Smal | patches of forests and woodlands are f
particularly in Zamfara and parts of Katsina

reserves or exist as remnants of the origina

2. 4D6f@drestation (Katsina and Zamfara St e

Deforestation has been widespread across t he
demand for firewood, and charcoal producti on
erosi on, and the degradati on dofmomae ev u lcrad rcahk

desertification.

2. 4R6f 8restation Efforts (Sokot o, Kat si ne

Il n response to deforestation, sever al refo
introduced, particularly in areas at risk of
States. These efforts focus ioln frersttiolrii tnyg, daeny
water retention in thel bhbabhdesgape, tohtemes han

management practices.
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Fi gRBle Vegetati on Map of Rima Catchment

2.4.7 Biodiversity

Category Description

Ecosystem |[-Sudan and Sahel -Riawearninnae (edc
(Rima River and tributaries
-Seasonal floodplains and w
val |l ey)
-Fadama | ands

FIl ora (Pl aj-Savanna VAgactahtiAaomdcoita ,Baeonbe
Diversity)|(Adansoni,ahea g( VYiatt eal) INereima p
(Azadirachta indica)
-GrasAerdrompagya@imysarrheni a r
-Wetl ands/ Ri pTayrp haan dPol,idinft gke iRs
(Oryza | onWatséegrmamlinlay a() Ny mp h
Fauna (Wil |[-Mammal Roan Hdinppedompeaogys-Requ
g azekEluldeo r(c as) ,r uWaiPfhradocongsc K 0 e r )u
HyenGrsoc(ut aHynreoat)ayaena
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-Bi rrdsA Mi gr etrorwn:e dB lear cakngee, d  §
Whi-t @ced whistling duck A R
Grey heron, Mar abou stork

Fish Resou|l-Key spOaceioecshromi(sSinhi€pbati) @ss
gar i e(pGantutbe s By ot i-Suppbotiau
fisheries and | ocal protein

Reptiles &|-Rept:ilINdsl e Crocodyl as ( rFirlecth

Amphi bi ans

turtles
-Amphi bi &hms i cafy xiudd @ hraolgu,s

frogs inhabiting wetlands a
AgrBoi odi ver|/-CropsA Cereals: Millet, sor
Cowpea, groundnut A Veg-etab
Livestdcikattl e (White Ful an
Wetl ands &|-Seasonal floodplains provi
Ecosystems|migration stopovers A Seaso

filtration and erosion cont

Ecol ogi cal

-Biodiversity supports: A S
roots and litter) A Wwater f
Groundwater recharge A Carb

Communi ty

-Fuel wood coll ecTiadi (i Acraal

Bi odiversi|ineem, bao-Fals hli eagv eGnda zZhiumngtail n
and seed preservation pract

Key BiodivVv|-Ri ma RiveKwicombarmarFor est- H

Ar eas Dutsin Ma Wet$SaasondlKatlso oa
and Gagere rivers

Conservat.

-Overgrazing an-dadcdowgmtveprs

Chall enges|deforelsltlaeggaln f i s hi ngDraynidn gw

wetl ands from climate varia
Legal /Il nst|-Forest Reservenanamgedc odomamurs
Protection|l aws (1| i mit-€Edvdmnfoonrnteenmeant )r ¢

NESREA and State Ministries
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2. Fbydr ol ogy and Water Resources

2. Hydrol ogy

The hydrology of the Rima Catchment i s shap
dynami cs, groundwater resources, and the int
fl ows. The catchment i's primarilwawrie$| uawhce
sustain agriculture, l i vestock, and | ocal e
seasonal, with distinct wet and dry periods
a) River Systems

Ri ma RliherRi ma River serves as the backbone
hi ghlands of Katsina State and flowing north
with the Sokoto River. This river i smlserasona
during the rainy season, while drastically r
i s significantly influenced by rainfall v
infrastructure, such as the aGdracdonyad tanm,orwh i
domestic use.

Tri butary Nétewarak chment i s fed by sever al k
Gagerand Ka Rivers, which contribute to | oc
productivity in the floodpl ains. Many of t he
the rainy season and drying up inrtehecdapl m
water sources for communities relying on sur
b) Fl ooding and Wetl ands

Seasonal FI Oodpkai hBe per mandmgturwetrlegmnads, oft h
Catchment is characterized by vasRimaabasah.
These floodplains play a cruci al rolti ngqm wat
floodplain agriculture and grazing |l ands. Tt
soi | nutrients, making them i deal for far min

Wetl and EcoWlistemsot as extensive as those i

we
f o

e X

tland areas around the Goronyo Reservoir a
r aquatic | ife and migratory birdsst  These

cessive flooding, reducing the i mpact of h
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c) Groundwater Resources

Groundwater is essenti al for communities 1in
Zamfara States, wherreousnudr.f ace water varies y
f Major aquifers in the Sokoto Basin offer

access confined aquifers for stable suppl
! Katsina State has basement complex aqui f
The region's hydrology balances seasonal
fl oodpl ain processes.

T Sustainabl e water management strategies

and increasing consumption.

2. Hyalrograph/ Water Budget of The Cat cl

The hydrographs and water budgets of the Ri:
The catchment exhibits uniform hydrologic ch
and September during the wet S e as otno. Citgonbiefi
especially in the five tonghspl eadpegkupl bw,
foomonth dry season

Rima flow
700

600

_. 500
0
£
& 400
2
£ 300
O
R0
2 200
100
0
NS ODONOVDOANMTULNODOODOO A NTOLONDODDATNMSTEL OO O N
W OWOWWWMWMODDDDDDDDDDOODOODOODOOO0OO0ODO0OO0000 N NN
[oNoNoNoNoNoNoNoNoNoNoNoNoNoNoNeoNeolNoNeololololNoNe oo oo oo oo oo No)
e A A A A A A A A A A A A NN AN N NN NNNANNANNNNNNNNN
Year
Figr2z2 Hydrograph of Rima Strategic cat
Based @éAmMSHE®@del | ing for Strategic catchment.
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Evapotranspiration exceeds precipitation mo:
budget ofNo&4.bdYmmwater surplus occurs for or
water shortages and emphasizing the need f o

thedtal | enges.

Synthetic Peak Runoff (CMS)

350.00
300.00
250.00

200.00
150.00
100.00
50.00 l I

0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Discharge (m?/s)

Fi gRr3® 4k ar Summary Hydrograph of Rima Str

500.00
400.00
300.00

200.00

Flow (m3/s)

100.00

0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

2013 2014 2015 2016 2017 2018
2019 2020 2021 2022 2023

Fi g2¥2 Hydrograph of Rima Strategic Catchm
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IEGN !VE! L lll
250.00
200.00

150.00

Depth

100.00

50.00

0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

e PP e ET

Fi g2 Water Budget for Rima Strategic
200
150

100

ET mm/month

50

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

2012 2013 2014 2015 2016 2017
2018 2019 2020 2021 2022 2023

Fi gRr&Mont hly Actual Evapotranspiration Distrib

Prospects

T Significant potenti al for agricul tural de
opportunities f esreasoni gfaatriminngandGr duynpdwat
manage@Gremundwater flow plays a cruci al rol e

River during the dry season.

19 Effective management of water resources is
and mitigate the i mpacts of climate wvaria
involve revitalizing and preservimag nt hd sna
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ecol ogi cal integrity, water quality, and b

in the region.

Tab2le Summary of Discharge, Rainfall and Evapo
YEAR PPT ET Synthetic P&ask
Jan 0.0( 1.9 0. (
Feb 0.0] 1.4 0. (
Ma r 0.4( 1.7 0. 4
Apr 3.3] 4.7 3. ¢
May 35.3 27. ¢ 42,
Jun 72.9 71.( 102.
Jul 158.|128. 218.
Aug 195.|124. 297.
Sep 112.] 99. ¢ 219.
Oct 9.5¢{ 33. ¢ 42,
Nov 0.0 6. 2 1. 7
Dec 0.0( 3.1 0. (
2.55Préam Fl ow and Seasonal Variability
Stream flow in the Rima Catchment exhibits
rainfall distribution across the region. The

wet and dry season fluctuati onsr, ecihmpacet,i nar
fl oodpl ain dynamics.
a) Wet Season FIl ow

The wet season (June to September) mar ks t he
driven by monsoonal rainfal/l and surface run

upstream portions of the catchmenof { Kat simn &
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terrain feeds into the Rima River and its ¢tr
September, sustaining floodplain agriculture
Ri ma Ri Vkee Rima River experiences a sharp in

di scharge rates varying between 40 and 180
rainfal]l i ntensity. FIl ooding is commarulalrdrg
in Sokoto State, where the expansive floodpl

Tributary Confhe bBumoDuUsu, Gager e, and Ka Ri
feeders to the Rima system, contributing si
tributarielsi pedvbde ishbense waeasonnhbowsul §

ssitaining | ocal ecosystems.

b) Dry Season Fl ow

From October to April, river discharge dr ops
groundwater and reservoirs. FI ow rates <can
water scarcity concerns for irrigation and |

The Goronyo Dasne arseognu Ifaltoewss doryy st oring and r e

upstream irrigation reduced edowngstceadmunne al
floodplains in Sokoto and Zamf-aeas®&aamesasgprb
their extent is diminishing due to changing

2. 5DRs2harge Measurements
Monitoring river discharge is vital for effe

with significant seasonal variability. Me a s
Agency (NI HSA) provide criticabemasi ghasdf d

control

2. 5SArB8ace Water Resource Potenti al

The country's average precipitation is about
767mm/ year. Only 24% of this ©precipitation
generated internally.

T The tot al water resources potenti al i S ec

BCM/ year from neighboring countries.

T Approximately 71. 4% of surface water reso
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Groundwater recharge data is primarily av

T Hydrol ogical Area 1 coXa&mfsaRa maatCahmémtent
Ka Catchment and Malenda Catchment Areas
groundwater potential at HA | evel- can be
mentioned catchments.

W

106081_ 106082_

108_e

106082 i m@g—;’—/\\\k
) /= -
106081" 223 1060861_i1
= 10608 4 NAC

_. 1bgoaz_i
\\106 8 _Ie
| !

/1060861 i "
106082_i » B .
106086

—_— Main
C, Rivers Water
] Bodies SHA
'—1 Boundary HA

Fi gRBr® Water Resources of the catchme

Tab22e Table bel ow shows the-lwater resourc

Water Resources Potential
Total Water Resources Potential

Including inflow from outside Nigeria (BCM 37.4
lyear)

Only internal generation in Nigeria (BCM 10.7
/year)

Surface Water Resources Potential

Including inflow from outside Nigeria (BCM 35.1
/year)

Only internal generation in Nigeria (BCM 8.4
lyear)

Groundwater Resources Potential

Groundwater Recharge (BCM 5
/year)
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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

2. Hy3drogeol ogi cal Di sposition of the

The hydrogeol ogical disposition of the catch
| ayers make up part of the water r eBiogiurcees
21 8

5°0°0"E 6"‘0;0"E 700°E 8°0'0'E 9“0"0"E

15°0°0"N
T
15°0'0"N

LEGEND

Complex

14°0'0"N
T
14%0'0"N

B

Sokoto Basin
(Cretateous)

ks of the Sokolo Basi

13°0'0°N
T
13°0'0"N

12°0'0"N
12°0'0"N

11°0'0"N
T
11°0'0"N

Fi gRr& Hydrogeol ogical province Map of the C.

2. 56Bolndwater Recharge

Groundwater recharge within the Rima Cat chm
primarily due to the impacts of <climase char
changes.
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T The degree of this decline varies across
affected than others. Given the regionés
agricultural us e, understanding tfher spat
sustainabl e water management .
1T Recharge rates are naturally higher in art

where surface water bodies coartird brueggei amns

t he catchment, such as eastern Sokot o,
growatder recharge 1is relatively | ow, ma
declining water tabl es.

2 . \Mater Demdamtha f ohment
The Ri ma Catchment i sb adkii vmisd e de aicrht owi & éhv edriaslt

characteristics and water availability patte

2. BNater Avail aBoaisliinty by Sub

Kaura Na#Bada
600 to 800

Sok-®Rti ona -BRwsb n
800 to 1,00

Gwadaba®Basbn
400 to 600

Ar g un gBia sSiurb 800 to 1,00

2. BNa?2 er Use and Demands

Current avad e f utdurRea md Catweheeni nuatidd Béeng
met hodol ogy adopted in the NWRaMPat(ed CdatTa aonb t
were based on the State |l evel. The States co
of JigawdFigaia¥eKano
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RIMA CATCHMENT WATER DEMAND

~ 2.0

L
oON RO ®

© o o
> o ©

© o
[N

Domestic Water Damand(Millions
(@]

2006 2022 2025 2030 2035 2040 2045 2050
Period

Fig2@® Daily Municipal Water Demand for R

RIMA CATCHMENT WATER CAPACITY

N N w
o [ o

WATER CAPACITY (MILLIONS)
[En
a1

1.0
0.5
0.0
2006 2022 2025 2030 2035 2040 2045 2050
PERIOD
Fi g Wat er capacity for Ri ma Cat chm
2. i ¥¥estock I ndices and Water Demand
Projected water demand for inland aquacul tur
cubi c met er s in 2010 to 8.109 mil |l i on cubi c

demand grows from 2.41 to 4.33 mibhltaomal sabis

i ncreases. I n the RbBmal €atchmgati ameaystseamas
schemes, use surface and groundwater. Il rrig
vegetabl es, reflecting conservative and opti
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Tab23e water requirement per head of

Uptake from

Livestock Live Maintaining* ;
grazing

specie Weight (kg) need (L/day)

Cattle

Grosswater Annual (m?)
Drink (L/day) requirement

Camel
Horse

Sourrdd@:i veSuo-Mdedo Mr o pAfcraiCoam t1r9|6e03 ,
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Number of | i vestock heads/ f owl s

T a b2l4.e

Katsina 1,676,024 4,488,812 4,336,486 0 5,204,109 6,108 0 0
Kebbi 440,469 @ 1,974,189 | 1,063,894 140,500 3,598,760 14,726 | 18,057 | 4,174
Sokoto = 1,427,080 3,155,584 3,194,837 35,000 3,848,501 73,107 20,162 0
Zamfara | 458,720 | 2,334,979 | 2,115,105 12,975 | 6,941,239 | 13,748 | 44,421 | 96,285
Total 4,002,293 11,953,564 10,710,322 188,475 19,592,609 107,689 82,640 100,459
Tab2be Esti mated growth rate of |ivestock hea
Specie  Formula of linear regression Annual growth rate
Y= 121.3X +15470.2
Y= 1352.2 +41,466.8
Y= 1372.3X +20,327.7
Y= 268.3X + 74117
Tab2ee Corresponding |ivestock water requir
21 ¢9w 59a! b5 6aouv Chw 9! /1 [L£9{¢h/Y Lb ¢19 wLa!
HAMAN HAMp HANHDAN HNHP HnNnon Hnop HAnnn HAnp HNpn
/' §gfl nnnHH NMnMNAN NHYyOO NNOMH NnpynmM NnTRNHO ndncnan pAnTpn pHPAC
D2 4 mmdpo| MOHAN| MONPYT| MCMMO| MTYnna| Mmpccn| HMTHH| HOdCc| Hcpny
{KS§ mnTtTmMn| mHnMc| mnodgo| mccyc| mMmponn| HHNHpP| Hpddc| onmMoT| ondorT
t A3 MYyynil HMAMI HONHJ HCMHH HMGMHE OHNTd OCHAQGQ NANOCT NpAany
t 2dzf | mpp PH| HMNOpP| HONPH| HpCpPpK HynNnTOo| OANTMN| 0OOCAN| OCTCP| NAHHN
52y1 MATCY MMPNY MOHPd MAOTANY MCOMY MYMAH HAAYY HHHYY HOTHY
/' YS| ywucn bmcy MAMTJ MMHY{ MHPHH MOy drnq Mpnmg MTMAQGd MYy dTC
Il 2NBR| mnnng MMMnd MHOCd MOTHIJ MPHHd McydJs MyTodq HATHON HOANCY
¢che¢!|ncZToypmMEITOo{pTZOoOn(coXpn{(TtnXpolTtTyZop{yTEImMo(dcZdhdy | mMmnyzxno
Source: JICA 2014 MP
Tab27e Breakdown of water requirement into

Water Demand (MCM)

2030

63.9
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2. dq@aaculture water demand

Basic Data for 2030 projection: Area of farm

of Private and Government Fi sh Har mTablde Hat
2.8) .

Tab2l8e Fi sh Farm Pond

7 29 0
56 57.7 0
9 14.2 0
375 0
81 138 0
Source: JI CA 2014 MP
Annual water supply per hec#8®&me siourestdi ma toend
wells and the remainder from surface runoff

chemicals, with a neutral pH andtdi Gy @luwnadvaad

is preferred due to its higher oxygen conten
The envisaged inland fish farming in Nigeri
assuming a population of 257 million and a ¢
surpassing rice yields, but rnreiqluliircers ha gshweirt
fish culture, projections suggest |l ess t han
mar keting chall enges.
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Tab29%e Projected Water Demand for I nland Aquacul ture
Real istic Aqu Water Water Water Water Water Water Water Water Water
Demand Al Il oc a| St at Demand Demand Demand Demand Demand Demand Demand Demand Demand
Catchment Ar ¢ Aqguacu|Aquacu|AqguaculAquacu|lAquacu|AquaculAqguaculAguacu|Aquacu
State 2010 2015 2020 2025 2030 2035 2040 2045 2050
70 % KATSI | 2. 41 3.40 3.64 3.75 3.87 3.98 4.10 4. 21 4. 33
35% SOKOT 0.59 0.83 0.89 0.92 0.95 0.97 1.00 1.03 1.06
35% Z AMF A K 1.56 2.20 2.35 2. 42 2.50 2.57 2.65 2. 72 2.80
Total Aguacul 4.56 6. 42 6.809 7.009 7.31 7.53 7.75 7.97 8.19
Demand
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2. 6r51 gation water demand
Severascaslmalilrrigation systems, both for mal
Local communities develop Fadama schemes mo
di version or smal/l di esel pumps. fdéeNigeliga
National Water Resources Master Plan ( NNWRMF
for rice, the most conservative estimat e, at
irrigation.

Public irrigation schemes mostly wutilize su
s masiclal e private irrigation systems in flood

after flood recadei m.i vhhe s maflllpgatdipdai ogs tme

utilize groundwater for irrigation purposes.

Tab2ldg o
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Surface Water Demand, Underfl ow
Tab2l® Surface Water Demand of Existing lrrig:

106081_e 2,220.30
106081 =
106081_i 4,132.30 1400 5,737 3,864 8 54 134
106082_e 80,006.80
106082 106082_i1 1,322.20 0 5,737 3,864 134 4.9 12.3
106082_i2 6,043.40 1280
106083 106083 412.5 1308 5,737 3,864 75 51 12.6
Rima 106085_e  290.3
106085 -
1 124,684.60 106085_i = 1,499.60 0 5,737 3,864 0 0 0
1060861_e 6,067.90
1060861 1060861 i1 164.7 0 5,737 3,864 17.2 11.6 28.8
1060861_i2 548 3000
1060863 1060863 @ 3,509.30 50 5,737 3,864 0.3 0.2 0.5
106087_e  632.3
106087 =
106087_i = 1,216.50 0 5,737 3,864 0 0
1060881 1060881 5,750.60 160 5,737 3,864 0.9 0.6 15
1060883 1060883 @ 2,513.80 0 5,737 3,864 0 0
106089 106089 @ 8,354.10 0 5,737 3,864 0 0
Total 7,198 17 11 69.1
Source: JICA Team
Note: e = outside Nigeria, i = inside Nigeria
Tab2ld Surface Water Demand of Existing lrrig:

SHA Inside (1) Wet Dry Wet Dry
divided by or Seazon Seazon Seazon Seazon
National Outside Diversion Diversion Water Water
Boundary (@) Water Water Demand Demand
~ Nigeria Req. Req.
Area (ha) (m3/ha) = (m3/ha)
106081 e O
106081 i | 1400
106081 Wurno 700 5,737 3,864 4 2.7 6.7
Kware 300 5,737 3,864 1.7 1.2 2.9
Kalmalo 400 5,737 3,864 2.3 1.5 3.8
106082 _e O
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106082 il | 0
106082_i2 | 1280
106082 Sabke 540 5,737 3,864 3.1 21 5.2
Ajiwa 500 5,737 3,864 29 1.9 4.8
Rima Mashigi 0 5,737 3,864 0 0 0
Mangwal 0 5,737 3,864 0 0 0
Deberam 240 5,737 3,864 14 0.9 2.3
106083 106083 | 1308
Goronyo 120 5,737 3,864 0.7 0.5 1.2
Middle 1188 5,737 3,864 6.8 4.6 11.4
Rima
Valley
106085 106085 e (@)
106085 i | 0
1060861 e O
1060861 1060861 i1 | 0 0
1060861 i2 | 3000
Jibiya 3000 5,737 3,864 17.2 11.6 28.8
1060863 1060863 | 50
Raddewa 50 5,737 3,864 0.3 0.2 0.5
106087 106087 _e O
106087 _i | 0 0 0 0
1060881 1060881 | 160
Zobe 60 5,737 3,864 0.3 0.2 0.5
Makere 100 5,737 3,864 0.6 0.4 1
1060883 1060883 | 0 0 0 0
106089 106089 | 0
Gagere 0 5,737 3,864 0 0 0
Total 7,198 184.6 124.6 69.1
Source: JI CA Team
Note: e = outside Nigeria, i = inside Nigeria

Tab2le Underfl ow Water Demand of Existing | rri

Catchment divided by Fadama Underflow | Total
National | Irrigation Total (B) | (A)+(B)

Boundary @ Area (ha) (MCM) | (MCM)

HA SHA
106081 106081 _e

106081_i 1,291 892 | 2,183 3,757 8.2 21.6
106082_e

106082| 106082_i1 983 679 1,662 3,757 6.2 6.2
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Rima 106082_i2 187 129 | 316 3,757 1.2 1.2
106083| 106083 177 1221 299 3,757 11 13.7
106085| 106085 e
1 106085 i 409 283 692 3,757 2.6 2.6
1060861 _e
1060861 1060861 il 50 34 84 3,757 0.3 0.3
1060861 _i2 0 0 0 3,757 0 0
1060863 1060863 0 0 0 3,757 0 0.5
106087 | 106087_e
106087 _i 148 102 250 3,757 0.9 0.9
1060881 1060881 360 249 609 3,757 2.3 3.8
1060883 1060883 324 224 548 3,757 21 21
106089 | 106089 424 293 717 3,757 2.7 2.7
Total 4,353 3,007 | 7,360 27.6 96.7
Source: JICA Team
Note: e = outside Nigeria, i = inside Nigeria
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Tab2l8 Groundwater Demand of Existing Ilrrigat

Catchment SHA Private Wet Ground

Dry

divided by Small Seazon Seazon Water
National Irrigation Water  Water Total
Boundary = Area(l) Demand Demand (MCM)
(ha) (MCM) (MCM)
HA SHA
106081 106081 e
106081 i 309 3,772 3,757 1.2 12 24
1 106082_e
106082 106082 _i1 0 3,772 3,757 0 0 0
106082_i2 1,240 3,772 3,757 4.7 4.7 9.4
106083 106083 0 3,772 3,757 0 0 0
Rima 106085 106085 e
106085 _i 0 3,772 3,757 0 0 0
1060861_e
1060861 1060861 il 0 3,772 3,757 0 0 0
1060861 _i2 58 3,772 3,757 0.2 0.2 0.4
1060863 1060863 515 3,772 3,757 1.9 1.9 3.8
106087 106087_e
106087_i 0 3,772 3,757 0 0 0
1060881 1060881 541 3,772 3,757 2 2 4
1060883 1060883 478 3,772 3,757 1.8 1.8 3.6
106089 106089 1,290 3,772 3,757 4.9 4.8 9.7
Total 4,431 16.7 16.6 333
Source: JICA Team
Note: e = outside Nigeria, i = inside Nigeria

2.6r6i1igation Water Demand Projection

Ri ma Catchment -floc¢at endbrwihtelminn NiH&reird az ddree owpg

scanty annual rainfall, however, rice cul tiwv
so far | earnt ample experienceser pceerrfeoarlmacnrcoe
well as vegetables are mainly cultivated bec
and high cost of diesel to fuel the water ge

Curr@mdp@PPang er n

Théol | orwibalga nTa bAdless hotwwbeur rcemtppabgt
basenRBDAMat erainalropping acseaesioffi at gen

schemes.
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Tab2lelCur rCamtppi ng %Battern
Irrigation scheme (%) Small-scale private irrigation (%)
Wet Season Dry Season Wet Season
Paddy Upland Paddy Upland Paddy Upland Paddy [RSJsERD!
Tab2léd HAExisting Cropping Pattern
Wet season  Dry season Crop intensity Developed
Scheme Crop Area (ha) INCENGEVN Wet (%) — Dry (%) Area (ha)
_ Rice 50 O 25 0
Shagari Others 110 80 55 40 200
Rice 80 0 7 0
Middle Rima Valley Others 1,000 950 84 80 1,188
_ Rice 7,200 0 90 0
Bakalori Others 800 4,000 10 50 8,000
» Rice 0 0 0
Jibiya Others 2,700 1,500 90 50 3,000
Rice 85 0 85 0
Zauro Polder Others 15 15 15 15 100
_ Rice 0 | 700 0 10
Niger Valley Others 1,400 6,300 20 92 7,000
Rice 7,335 700 38 4
fotal 5,025 11,895 19488
Sourlnaoeesuo®epral | ecoE®BBOAMt enPr epet e
Tab2llé Proposed Cropping Pattern ( %)
Irrigation scheme (%) Small-scale private irrigation (%)
Wet Season Dry Season Wet Season Dry Season
Paddy Upland Paddy Upland Paddy Paddy Upland Paddy
‘ ‘ 40 60 0 50 10 75 0 75
Source: JICA Team
a)Crocpoef f(ikc)ent
Crop coefficient (Kc) on growth stage i s sel
i's clwamkor
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Rice

Season

Initial stage(1)
First month 15
days

and

Initial stage(2)
acond month 30
days

Engineering

Se es

MECON SERVICES LTD (MSLI

Middle
stage

Tardive stage 30
days

30 days

Ltd

Common Wet 11 11 1.05 0.95
Common Dry 11 11 1.25 1.0
Maize
Season Irrigation Initial Initial Middle Tardive
interval stage (1) stage (2) stage stage
RIEWS 30days 30days 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

Season

interval

Initial
stage (1)
30days

Irrigation

Middle
stage
RIEVS

Tardive
stage
30days

Initial
stage (2)
RIEVS

Pagéflg?



Mecon Geol ogy and Engineering Se

MECON SERVICES LTD (MSLI

2. d071 al Wat er Demand

Tab2lles hoMat er Bal ance Analysis for Rima Catchment

Tab2lg Water Bal ance Analysis for Ri ma

WATER BALANCE ANALYSI S FOR RI MA CATCH
WATER DEMAND (CUBI C METE 20 2 205
MUNI CI PAL 333,92 604, 16
LI VESTOCK 63,549 108, 03
AQUACULTURE 7,090 8,188
I RRI GATI ON 130, 00 307, 80
TOTAL 534,56 1,028, 1
AVAI LABLE WATER RESOURCE/ 992,16 992,16
WATER BALANCE (CuBI C MET 457,59 (36, 02

SOURCE: JICA 2014 MP AND GHI Wat er and Watershed
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2.086n8rastructure and Asset s
Tab2les ho@ast chment I nfrastructure and Assets of Ri ma Catchment Area.
Tab2le8 Cat chment I nfrastructure and Assets
S/ NI nfrastructu|{Location |l mportance Ri sk Factor
1 Wat er Manage|Ri ma River Basi |Regul ates water {Siltation, water | os s,
I nfrastructu agriculture and
2 Goronyo Dam Sokoto State Provides irrigatiSiltation, reduced do
domestic water sivariability
3 Bakol or i Dam|Zamfara State Supports irrigatilnefficiencies in irri
supply
4 Jibia Dam Katsina State Provides irrigatiEvaporation | osses, s¢
5 Kwal kwal awa Katsina State Stores water for |Climate variability,
6 Lugu Dam Katsina State Supports irrigatiClimate variability,
supply
7 Shagar.i Dam Kat sina State Stores water for |Climate variability, v
8 Energy I nfra|Various |l ocatio|Supports power g4¢Climate variability, i
catchment di stribution
9 Agricultural|Rima River floo|lSupports floodpl dClimate variability,
agriculture)
10 |[Traditional Various | ocatio|Supportsxcadmalilrri|Climate variability,
catchment |l ivestock wateri:
11 Earth Dams a|Katsina and Zam|{Stores rainwater |Climate variability, v
(Rijiya Syst |l ivestock, and d
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12 |[Fadama (Fl oo|Rima River Basi|Utilizes seasonal _
Farming Fl oodpl ain, Sok|lagriculture Climate variability, water
scarcity
13 |Water Harvesj]Arid areas |l mproves soil moiClimate variabi Y,
Techniques
14 |Cul tur al and|Various |l ocatio|Supports tourism|Climate variahbi Y,
I nfrastructu|jcatchment
15 |[Sultan of So|lSokoto State Hi storical and cU(Climate variabi y,
16 Shehu Ut hman|{Sokoto State Hi stori cal and c(Climate variabi Y,
Tomb
17 |Sokoto Centr|Sokoto State Rel i gious nd culClimate variabhbi Y,
18 |[Argungu Fish|Kebbi St ate Cul tur al and ecoflClimate variabhbi Y,
1 Kat sina Emir|Katsina State Hi stori cal and c(Climate variabi Y,
20 Gobarau MinalKatsina State Hi stori cal and c(Climate variabi Y,
21 Kur mi Mar ket |Sokot o State Economic and cul tCli mate variabi Y,
22 Zamfarads An(Zamfara State Hi stori cal and c(Climate variabi Y,
Wal l s and Ru
23 |Goronyo Dam |Sokoto State Recreational and|Climate variabi Y,
(Recreationa
24 |Dutsi Rock P|Katsina State Archaeol ogical arfClimate variabi y,
significance
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2 Water Quality
This study analyzed the hydro®Rhenmi §t opdepi as n
sampling sites were selected, and 30 water s
showed that BOD, TDS, Mg 2 +, and eBe3obrexaoe enki
water. Coliform analysis revealed the presen
Citrobacter freundi , i ndicating unsafe wat e
pol |l ut aftf wash rock waatghgraicngras iHufmawme moct |
agriculture and municipal -seM@yand-tR@£2 isbut
sewage
Tab2ll® Water Quality Status of Some Rivers v
N |[Stat §Ri vName Cod¢ WesBSeas| Dry NFA
Seas
Ri vSeork a Gao sWTLP SwW/ 0|Good Poor N i
Zamf .

2 Ri v@argatentkl&er ajlsw/ 0|Good Poor |Nizn

N a moWwTaP
3| sokol|RI vVBI maS okt & Sw/ 0|Good Poor -

Ri vBokoto &MPS|SW 0|Good Poor FeNi
4 | Kat s|Ri vSeork afAp i Dvaam SW/ 0|Good Poor Ni

NotTeh e u mboesra mp b iwmggeura i Bh § wtoi nfeosh @#wes e aaonan o ti hderry

seasTomtyabl e shows only preliminary evalwuation based o
Criteria:
m== Good qualiBtOQb = < 3 and 6=<DO (based on Niger.i

watreecreati omModl efriagdeeB G &)NHd=<X6( baes®d ger i a

St anVdalrtdessur fwvatienrr i §ae ub@grBOD > 6 or DO < 4 (p
JI A oject Team)
NFAreédr abeestkancadshper e sefmicgh&Iriute lisea mptlheashset andar d
(abdulgedi almusal |l ected 30 samples at selected points
findings revealed that
2. Buxface Water Quality
The Ri ma Catchment faces i ncreasing ri sks
urbani zati on, i ndustrial (arce fiTeanba2p@ sWh ialned iatgr
l ess industrialized compared to the Hadeji a
gual ity deterioration in the region. Some
Catchment include:
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AgriculturalLaBRadeffirrigated agriculture, p &
Goronyo Dam and Bakol ori Il rrigation Scheme,
pesticides i1into the Rima RivbasadstemtiITihze
her bi mindes bt es t o nutrient | oadi ng, l ead
contamination of drinking water sources.
Urban WastewaterToDnsclsarcdge as Sokot o, Gusau
untreated or poorly treated sewage into ri Ve
treatment infrastructure, allowing domestic
l ndustrial Whfiflleuemtdsustri alization in the RIi
Kano, there are tanneries, textile processin
and Gusau. Effluents from these industries
cami um, and | ead into the water.
Mi ni ng ActArvtiitsiaensa l mi ning in Zamfara State,
contamination of water sources with | ead, m
hazard to communities relying on these water
Sedi ment Load and Erosion
1T Due to deforestati-ose apdachnisuss ai inmbl easds a
maj or concern in rivers such as the Gage
River.
T High sedi ment | oads degrade water qualit.y
as the Goronyo Dam.
f Studies conducted on the Rima River have

solids (TDS), <coliform bacteria, and heayv
industri al areas. Further 4d4evestpioggatwuit oo
and their i mpact on agquatic ecosystems an

2. Grdundwater Quality

Gro
and
aqu

ass

undwater in the Rima Catchment i s an esse
|l i vestock production. However, water queé
i fer dept h, and proximityr @ametpeorlsl uari e nc rsj
essing groundwater quality in the catchme
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2. 7TGRolndwater Electrical Conductivity (E
El ectrical conductivity (EC) is a key indica

the Rima Catchment:

1T The Sokoto Basin aquifer system, which 1in
formati ons, generally exibBDDbi tOsS/ mmid er dtned i
relatively fresh water.

T Areas near urban centers such as Sokot o,

exceeding 1,000 OS/cm, due to industrial
waste infiltration.

T The highest EC values are observed in sha
irrigation return flows contribute to inc

2. 7TFRudride Distribution

T Fluoride <concentration in groundwater i s
Catchment . WHO and Nigerian drinking wat
permissible fluoride concentration of 1.5

T High fluoride | evels (above 2.0 mg/ L) h a
particularly in northwestern Sokoto Stat
fluorosi s,

T The shall ow unconfined aquifers general/l
permissible | imit, making them suitable f

f Mitigation strategies such as defluoridat
need to be conskdaredsin high

2. 7TNRt Bate Distribution
T Nitrate contamination is primarily | inkedo

|l atrines, particularly in urban areas.
T Highest nitrate | evels (above 100 mg/ L) |
from Sokoto and Gusau, exceeding the WHO

T The correlati on bet ween high nitrate co

contamination from poor sanitation-infras
urban agricul tur al | ands.

T Shall ow groundwater sources neatr i rrigat.i
show el evated nitrate | evels.
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T To prevent further contaminati on, proper
controlled fertilizer use must be enforce
2. 7THe2ad¥y Metal and other Metals
Heavy metal contamination in the Rima Catchm
activities, and natur al |l eaching from rock f
Lead and: M&ot¢wdr yni ning activities in Zamfara
(Pb) and mercury (Hg) Il evels, causing severe
Chromium and Cladmieurmes i n Sokoto anidchGusa:
effluents, which i nfi Itteram eh egarlotum drwiastkesr. and
ArseniAc seni c contamination is | ocalized but
particularly in agricultural zones along the
To mitigate these risks, industrial wastewat
environmental regulations should be enforced
Maxi mum all owable I imits and health i mplicat
of heavy metals abel pwesented in the table

Tab22®d Heal th risks of heavy metals in

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

0.01

0.003

0.05

0.01

0.002

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

Source: SAP by SMEC 2019
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MECON EEI'MCEE'III Nl
Groundwater gquality assessments in the Ri ma

centers with high groundwater exploitation d

agricultural practi ceshealvayb omatt lr y mmanstzdvngeis naa t
areas, with the highest |l evel s recorded 1in
industrial discharge and mining activities.

2. Bu3 face Water Resources

Description of the basin

The Rima River Bas+Hdamiids Nort hat ed Nigetrha.s dimie

a strongly seasonal rainfall regi me. Around
mont hs, bet ween June afiéedSagtr @&t @emsu @mo rptai
for | ivestock grazing, with little or no f1 ¢
pastoralists concentrate in the vast floodpl

of the Rima River ftleomvsi.s Trheec hgarroguendd wwatienrl ys yfsi
due to riverbank overtopping and to a | ess
depressions. -TRS Ml N&Ge PREONNWRT REPORT 2016)

2. GrHoHundwat er Resources

Groundwater t hat fl ows acr o-beundear ybogurnauam dy\

Groundwater flows following regional topogr a

T I'f aquifer extends beyond boundary, t her
through the boundar ybhoulnnd acas eg roofu nMiwgd reir a

sedi mentary rock area because:

T Aqui fer system in Basement Compl ex S (
Therefore, groundwater cannot flow in reg
smal | aquifers.

T Aqui fers extend in | arge area in(Tabtdée ment

22 anTab22g¢gcan fl ow passing through the bour

Tab22d Ground water recharge

Hydrological area

ltem
HA-1
Area(km2) 135,128
Average 768

precipitation (mm/year)
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Average groundwater recharge

(mm/year) 37
Percentage of precipitation to recharge ( 4.8
SourlJcle®A ojTeamtm

Tab22€¢ Groundwater Recharge by Aqui f el

Age Formation Groundwater
Recharge
(mm/year)
HA-1
Eocene GwanduFormation 24
KalambainaFormationSokotogroup) 1
Paleocene DangeFormation Sokotogroup 1
WurnoFormation RimaGroup 18
DukamajeFormation RimaGroup 34
Maestrichitian | TalokaFormation RimaGroup 6
[l Formation 10
GundumiFormation 10
Pre-Cambria Basementcomplex 40
Source: JICA 2014 MP
Sokoto B-ayin (HA
Situati enouond atrryamgsr oundwater i s explained be
where groundwater is flowing in | arge scale.
Sokot o Basin
There is multiple aquifer system in Sokoto B

Tab22ea nFi g2ax2e

Tab228 Aqui fer of Sokoto Basin

Period Formation Lithology

Tertiary Gwandu Formation Partially consolidated sand and clay
Kalambaina Formation Sokoto Group = Limestone and volcanic shale

Wurno Formation Rima Group Fine sandstone, silt
Cretaceous lllo Formation Sandstone, conglomerate
Gundumi Formation Sandstone, conglomerate
Source: JICA Project Team
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Kins 50 o 50 “1_?0 150 Kms

Fi g22Groundwater Flow in Sokoto Basin

Error! Referencd osource not f ound.

Tab?2b6s howguiMoedeRel abebowhguni Tyepre Agrud Mede l |
Gr oun dDneavteelrobanteetntYAgai f er and Opti mum Yield of

Ri ma Catchment

Source: The Study for Groundwater Devel opmen

Thick Per meab Static
Mo d e | Symbol Aquitfyepre so f coef f(ikc ground

aqui f |l evel

Weat her ¢ WH

Hi gh Weat her ed

per meabi Basement 50m

Weat her ¢ WM weat hered

Mi ddI e t hoet teympec

per meabi

Weat her e WL

MH
Sandstone
MM formati on200m

alternat.i
0. Ond/3d a

‘sandsangna
Tab22et Rel ation between Aquifer Type and

SourddePA ojTeat

Aquifer scale Aquifer
model

Large (sand/clayalternation of coastaplain)

Middle (san/clay alternation of coastaplain)

Quaternary i Small sandlayer (alluvial plain alongriver)
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L e

Tertiary

Cretaceous

Large
Middle

Middle
Small
Large
Middle
Middle

Small

widdle

Volcanic

High

ogy and Engineering Se

=
=

Small(silt/clay alternation)

<
T

Large (sandstone/claystone alternation)

<
<

Middle (sandstone/ claystone alternation)

Small(sandstone)

=
=

Small(claystone)

Large (sandstone/shale alternation)

Middle

—

(sandstone/shale alternation)

Small(sandstone)

=
=

Small(shale)

=
<

<

Weatheredock

=
T

Small

SourdJdePA ojTeam

Tab2l2é Groundwater

Formation

HA-1 NigerNorth

Devel opment

Ground

Lithology Aquifer Characteristics water

recharge

(mm/year)

Potenti al

Aquifer
Model

Gwandu Aquifer with largeoutcroppingarea
Eocene Formation Sandandclay. = ofmaximumthicknessof 300m.Basal 24 MM
sandstonéorm goodaquifer.
Kalambaina Limestone, Sandstonéorm perchedaquifers,
Formation calcareous which provide groundwater to shalloy 1 ML
(Sokotgyroup)  shale. wells.
Dange
Paleocene  Formation Shale and Aquitardconfiningunderlyingaquifer. 1 WL
Sokotaggroup limestonet
bottom.
Wurno Fine sandstone Confined aquifer of medium to coars
Formation andDukamaje sandwith rechargeareaof 330km?. 18 MM
(RimaGroup  clay stonat
the top.
Dukamaje Shale,
Formation limestoneclay = Aquitardwith thicknessof lessthan 34 WL
(RimaGroup stone. 20m.
. Taloka Sandstone anc Argillaceous aquifer with low capacit
Maestrt Formation claystone. of 1 5m¥hours. Maximum thickness 6 ML
chitian (RimaGroup is180m.
Il Formation  Sandstone Unconfined and confined aquifer witl 10 MM
widerechargerea.
Gundumi Sandstone anc Unconfined and confined aquifer witl 10 MM
Formation conglomerate. wide rechargearea.
Basement Granite, Metasedimentaryock form better
PreCambria complex gneiss, aquiferthangneiss andanigmatite 40 WM
schist,phyllite,
quartzite.
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Sour ce: JICA 2014 MP

Tab22éé Opti mum Yield of Borehole Fiel

Aquifer Urban/small urban/small town

=

Optimum yield of boreholes Population to be supplied
field (persons)

m3/day

1,000 10,000

500
400
1,500
1,000

SourddePA ojTeam. WhauM WLSMHAMWMM and ML

Figa2*® 6i gaxdeensi ty of Di st r i pBuatliaonnc eo fo fB oG reohuonl
Demand andnRlatharcgeof Groundwater Demand ano

of Climate Change

0 50100 200 300 400
Kilometers

FigR23® Density of Distribution of Borehol e
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4‘0;0'E G'O;D'E 12'!{0’5
£
Sarkin Powa-Kaduna'
KADUNA
Wase-Taraba
11%-20%
" [ 21%-30%
. WQE B 31%-20% |,
o4 Lo
C ) State Boundary - 41%-50% | =
QENESONI00 200 300 4o00n Catchment Boundary - 51%-60%
4‘0!0'E 8'0"0‘E 12'0”0"5
Fi g2z Bal ance of Groundwater Demand and [
4'0;0“2 E'OP'E 12‘0;0‘2
g
J L§arkin Powa-Kaduna'
= KADUNA
z
E- State Boundary 11-20 E
o_ 50_ 100 200 300 400 Catchment Boundary - 51-60
4'0"0"5 E'Q‘ID‘E IZ'OI‘D‘E
FigR2® Bal ance of Groundwater Demand and Rechar
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2.G8i mate Change I mpact On Water anodo
Climate change is significantly altering the
threatening water security, agricultural pr
i mpacts are driven by <changesnd neXtermpmea ave a
eveBebow is an overview of climate change i m

catchment .

2. Historical and Future Climatic Tr encq
The Rima catchment i s vital for agriculture
ri sks | i ke water scarcity and reduced agr.i
changing rainfall patterns wi |l lenworasnaen ctl h ans
resilient practi-tesmaveabsbenyi al for l ong

2. An2ual Rai nfall Rnaoddeompmeat ure for
2. 8Rai baf al l Trends

Fig2@&s the annual rainfall t2r0ebn0d) .f oFrr otnmh et hRei
the slope of 1.8599 indicates a d26bDhi n®nt
average, rainfall increases by 1.86 mm per y

An R] of 0.3522 suggests that approximately
by the trend, meaning that while rainfaldl i S
and other factors may i nf lafenkdies traariincaall | a npda
Periods

T The increasing trend in rainfall could ha
and flood risks in the region. |l ncreased
agriculture, hydropower, and ecosystems.

T Higher rainfall could enhance soil moi stu
variability does not | ead to extreme fl oo

Il f the increasing trend continues, it coul d
threaten infrastructure, settl ements, and f a

T Variability in rainfall, i ncluding droug

chall enges for water resource management .
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While increasing rainfal!/l could benefit agr.
events such as droughts and fl oods wil/l be ¢
600 y = 1.8599x + 372.84
R? = 0.3522
500
~ 400
£
E
= 300
c
T
X 200
100
0
%) ) o) 4 ) 9 > A < ) > 2 ) %)
'\ng" & P {190'\ SIS q/@ﬁ‘ S ® q,Qb:\ & o
Year
==@=—Annual rainfall (1981-2050) ==@==Periodic mean (1981-2022)
=—@=— Periodic mean (2023-2050) =—@—|_0ong-term mean
e e ¢ o Linear (Annual rainfall (1981-2050))
Fig2& Annual rainfall tre&mdoflar Ri ma Cat
2.8T@mRgerature Trends
f The mean monthly temperatures d2ulr.i5n8gACt he

(Janu@8BypP8AC ( May)

indicating¢g-ignasy gni fi

Theool esits mdamnbharhyo,t twehsiitls emdtalyt eh

f I'n January (20.58AC) and February (23.55
sharp increase in March (28.05AC), reachi
T Temperatures remain high but begin to dec
(29.55AC) being hot and August (27.58AC)
f September (28.22AC) and October (28.04AC
November (24.79AC) as Harmattan sets in.
The projected period follows the same patte
maxi mum temperatures compared to the histordi
f The mean temperature Oi. 40 ACojme Qt7e d 4tAC it mc 1
indicating a gradual warming trend.
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T The overall warming trend aligns with glo
significant increases occurring in spring

T The slight cooling in August and Septemb

climatic factors, which can someti mes off
T The projected increases in spring and su
strategi es, such as improved heat mi ti ge

pl anning.

40

35

30
o
) 25
2
@ 20
o
3
£ 15
'_

10

5

0

N X < < < <
0,06 0,2,6 {5\(‘,(‘ va\ Q\rs\ \o& \\}‘\ “%\’? S A S & L
N N NS S R <
N oY) N @ © @ @ oD &
< %Q’Q O P A\ N
Year

® Mean monthly temperature (1981-2022 m Mean monthly temperature (2023-2050)

Fi gha® Mean mont hly temper ata022 forRd BODnA3 Cat clt
2. Prdjected Mean AnnRian@aTecnnpreernat ur e f ¢

Error! Referenceresents @motifmeuseries anal ys

1981 to 2022, with projections extending to

Figur2e8h@ws that the annual mean temperature
2050 is gradually increasing with a slope of
at an aver @glel 8rALt @peaf year 18A€C peprognmat el y

An R] of 0.3357 suggests that about 33.57% o
be explained by the Iinear trend, while the

Il n general, the linear trend |Iine indicates
with the proj-205e6y berngdwéeme@B t ha&m 2t2he hi s
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T The increasing temperature trend could h:
water resources, and ecosystems in the Ri

T Higher temperatures may | ead to increas
changes in crop productivity.

T The neigmpawvte of i ncreasing temperature

aggravat eherhdeerf accrmesri s being experienced
T The projected warming trend highlights
i mproved water management, heat mitigati

greenhouse gas emissions) to address the

R? = 0.3357
28.50
28.00
4
o 27.50
=
© 27.00
)
g
g 26.50
|_
26.00
25.50
25.00
o < N O M O O N O 00 A < N~ O M O 0O N N 0 A < N~ O
W W W O O O O O O O «d d 4 o N N N OO o0 OO & & S W
D OO O O O O O O O O O O O O 0O 0O O O o o o o o o
T = A d " " NN NN AN NN NN AN NN NN NN NN N
Year
==@=Annual mean temperature ==@==Periodic mean (1981-2022)
=—@=— Period mean (2023-2050) =—@—|_0ong-term mean
e e o o Linear (Annual mean temperature)
FigRaz& Trends in mean annual te#a@&0ature for Ri me

2. &n4al ysis of Downscaled Output of GC|

To explore future climate changes, the stat.i
is analyzed, using Worldclim3 for bias <corr
mont hly precipitatioyyeamdranmi ngmp@zastgtees tiir

2080s. Various emission scenarios are avail a

u A1B: High economic growth withsgurodbed i z
u A2: Hi gh econagrmiobadgin awt h owi t h
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u Bl1: Low economiobglrbwahi wnt h

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

for download.

u CCCMBCM3. 1
u CRI AMMKX3. 0

u | P&IM4

u MPECHAMS

u MRICCSM3. 0
u UKM&AHADCM3
u UKM&HADGEMI1

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.
u In general, the average change among
much smaller than the standard devi at.

uncertainty pornectihpei tcahtainogne. i n
u For all HAs, the precipitation tends

May) and increase Adwgmisng AhA( JUON , ( Seupl

October, November) .
U The rate of change increases gradually
the initial direction of change.
explore future climate conditions, t he

mate Models (GCMs) was analyzed using

nomi c growth with balanced energy sources

Changes in precipitation and temperature

horizons are presented in Figures 43 and

study foll ows the NWRMR'as mathimo cdh gf @rv ed atg

years 2035 andyea6s5preGjeen bhitgppenl]
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2069 averages) from the GCMs are app20e¢eabl e
averages) apply for 2065.

The study assumes seasonal precipitation cha
annual change in mean air .telnmperahamge rfedd
summar iFzgd 2i. 2 9,nTd& b2geb2 1.3 Qv

Tab22¢ Overview of change factors for the

Parameter Season 2035 2065
P (%) DJF +12.3 +17.1
MAM -0.5 2.1
JJA +7.9 +12.0
SON +7.6 +11.7
T (°C) Annual +2.5 +3.9
Average Change in Precipitatic
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FigRpz®Average changes in precipitation der
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2. EvRApotranspiration

Evapotranspiration rates are high throughou

conditions, particularly during the dry seas

T I'n the northern areas, annual evapotrans,|
exceeding annual r ai n(fsalielg,ur)ee &2di3ng t o wat

T This high rate of water |l oss | imits surfa
and increasing reliance on groundwater r
|l ivestock rearing.

T The combination of high temperatures, ses¢

contributes to the catchment s vulnerabil

instability.
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e o o o Linear (Evapotranspiration (1981-2050))

Fi g3 Annual evapotranspirati-20506yend for

2. Mag or | mpacts of Climate Change

Climate change is significantly impacting multiple sectors in the Rima Catclshewn in
T a b22e8 Addressing theémpacts of climate changehallenges requires climate adaptation
strategies, including water resource management, resilient infrastructure, improved healthcare

systems, and sustainable agricultural practices.
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Tab2288 Key | mpacts of Climate Change
S/ N Sector | mpact Detail s
Increased vulnerability of communities Higher poverty rates due to crop failures and loss of livelihoods.

1 Social Food insecurity Reduced agricultural productivity leading to food shortages

Displacement and migration Flooding and droughts force people to leave their homes
Health risks Increased prevalence of waterborne diseases due to poor water quality.
Desertification and land degradation Soi l erosi on, reduced soil fert

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

Wetland degradation

Shrinkage of wetlands due to reduced flooding and increasgubration.

Water scarcity

Reduced river flow and groundwater recharge.

Wat er borne di s e

Il ncreased incidence of di sease

Heatrelated illnesses

Higher temperatures leading to heatstroke and dehydration.

3 Health
Malnutrition Reduced food availability and quality affecting overall nutrition.
Increased vecteborne diseases Spread of diseases like malaria due to changing climate conditions.
Damage to water infrastructure Flooding and erosion affecting dams, reservoirs, and irrigation systems.
Urban flooding Increased frequency and intensity of floods in urban areas.
4 I nfrast

Reduced effectiveness of drainage systems

Inability to handle increased runoff and flooding events.

Increased maintenance costs

Need for more frequent repairs and upgrades to infrastructure.
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Water supply disruptions Reduced availability of water for domestic and agricultural use.
Servic — . . . .
Increased demand for irrigation Higher water requirements for crops due to changing rainfall patterns.
Reduced hydropower generation Lower river flows affecting hydroelectric power production.
Increased costs for water treatment Need for more advanced treatment to address water quality issues.

Page&flg?




Mecon Geol ogy and Engineering Sefg

MECON SERVICES LTD (MSLI

2. NatTi onal and I nternational Climat e

2. 8ClFiMmate Change Scenari os
For the possible future climate conditions,

di scussed as shown bel ow.

According to the 4th | PCC report (2007), It
West Africa area tbn d2lg0hOe 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 . It is difficult to conclude the genera
2. 8Nirg@riads First National Communicati or
Il n the Nigeriabdés First National Communicatio
have been discussed based on several GCM mod

T The most significant changes ar e-rwiltah edes
parameters.

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

T The di fference in climate conditions from

could become more significant.

2. 8Ni7rg8riads Second National Communicatic
Nigeria's Second National Communication (SN

addressing climate challenges in |ine with
greenhouse gas emissions, climate vmudtnegiads |

tail ored t oecNomngoemiica'asnd oecnvoi ronment al cont ex

The findings of the SNC highlight the escal

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

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

I v.Mitigation Strategies and Potenti al

v. Barriers to Climate Action

vi .l nternational Cooperation and Support Need
Some of the outcomes and Future Steps are al
i . Strengthening Policy FrameworKks

Ii .Public Awareness and Community Engagement

iii Focus on Renewabl e Energy Expansi on

Il v.Capacity Building and Research Devel opment
2. 8Nirgériads Third National Communi cati or
To build on previous insights and provide an
( GHG) emi ssi ons, climate vulnerabilities, é
Communication on climate change cwansmirtenheenats etd
climate action and sustainable development,
directions. The Agriculture, Forestry, and
contributor to emissions at 6 03 31.99, %. f oWiltohwoel
intervention, emi ssions are projected to ri:
climate vulnerabilities, including risks of
productivity.

Key findings and outcomes were similar to t

i mprovement such as;

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

i v.Strengthening Community Engagement and Res

v. Research, l nnovation, and Monitoring Syste
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2. 8THe5Pari s Agreement
Since becoming a member of the United Natior

(UNFCCC) in 1994, Nigeria has ratified the K
in 2007.

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

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

2. ood and Drought Vulnerability

The Flood Vulnerability was performed throu

| ocations using theshwewghyed®OReBltad pPulomers:
analaylsliosws us to answer questions that are i
weights to each factor. The result gives mo
| ocations wadexcerabmi theyrrather than giving

resul t .

T

Reclassify (4)

FigR32 The fl ow chat of the methodol o

Various factors that influence or contribut e

determining vulnerabl e areas.

Pageflg?



Mecon Geol ogy and Engineering Seig

MECON SERVICES LTD (MSLI

T For this study, slope, elevation, proxi mi
dat asets were used. Before performing the
out by reclassifying each | ayer .5, THi 4 ogi9y
etc.) that wildl be preserved in the final

f Finally, the weight of each | ayer is ass
overl ay, and the reuliBi@s argrampal caéd.deP
model used to carry out the flood vulner a

2. 9.1 EDiegidttcidcer

El evation is one of t he most critical facto
fl ow, direction, and extent of fl oodwaters.
water moves across a | ands caarpeea,s wahreer emoistt avcucl

i nundati ofF.i ghilrgeye@dt.e30dlni nes t he sl ope and gr ac
dictate the direction and speed of water flo

T Water naturally flows from higher to | owe

5“0;0"E G"O‘IO"E 7”0'[0"E B"O;O"E 9°O;O"E

15°0'0"N
L

13°00"N

13°0'0"N
1

12°0'0"N
1

m Catchment Boundary

C2 state Boundary
I
International Boundai
é‘fg.:,:y HECAN . : - - Km
5°0'0"E 6°0'0"E 7°0'0"E 8°0'0"E 9°0'0"E

Fi gR33® Digital El evati on Model of the Catch
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T Steeper sl opemsmoecangl ehdotdwatasseri ncreasi

while flatter aremevimay bupemoeecewi despee
From the | egend above.
T The | ight grey areas indicate areas with
green shows | ower el evation areas.
T The gener al el evation ofSsmtthe hémhalkeovter a

particul ardgygstearm hpastouath the catchment a

of the rivers in the catchment.

2. Ra2 nf al |

Rai nf all significantly affects flood vulner
flooding event s. It drives surface runoff a

preci p(irteaffeirgnotroe 2. 34

The amount and intensity of rainfall wi t hin

flash floods, urban floods, and riverine flo
T Short, intense rainfaldl events can overw
and | ocalized fl ooding.

T Lonmgur ati on, moderate rainfall can satur at
and | ake basin flooding.

Pageflg?



Mecon Geol ogy and Engineering Se

1 5°(Z'0"N

14"OI‘0"N

1 S“Q'O"N

Rainfall (mm)
High : 76.9167

. Zamfara
Low : 15.75

~~~— River ‘

) m Catchment Boundary

m State Boundary

N_Iﬂtgrga_tional Boundary~

—T T T T T
5°0'0"E 6°0'0"E 7°0'0"E 8°0'0"E 9°0'0"E

12°0'0"N

12°0'0'N

Fi g3« Rainfall Map of the Catchment (Sou
Rai nfall varies significantly across geogr aj
vul nerability can differ based on topography
T I'n mountainous regions, for instance, rai
causing flash floods in valleys and footh
The rainfall map of the catchment revealed a
showing a sharp variation in spatial di strick
rainfall in the catchment area.

T With these minimum values of precipitati

not be the major driver of flooding in tfF
when there is high intensity of rainfal!]l
2. Bl dDpe

Sl ope affects the speed and volume of surfac
rainfall tends to flow faster d{Fe gtuos)egrzaBist y
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T This rapid movement of water can | ead to
or hilly regions, where water moves quic
systems and causing damage to infrastruct
On the other hand, flatter areas tend to
better water infiltration and | ess I mmed,:
accumul ated water can eventually odérwhel
runoff i s exceeded

Figh3%® Sl ope Map of the Catchment (Sourc

1T The map delineates various |l evels of incl
the | andscapeds characteristics.

T Areas with f1l at tiy) veerrey pgreendtd nei nsalnatpl eys f (I C
|l i keli hood of water pooling and sl ower dr
heavy rainfall. Regiiaf)6 fwaictihl igertel ebedltcep
compared with fl atter areas but still pos
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