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Uif!Lbwbohp!Cbtjoǀtibsfe!xjui!Bohpmb!boe!Cputxbobǀqsftfout!b!dpousbtujoh!izespmphjdbm!sfhjnf-!xjui!
dpnqbsbujwfmz!ijhifs!sbjogbmm!cvu!qspopvodfe!tfbtpobm!wbsjbcjmjuz/!Dmjnbuf!qspkfdujpot!joejdbuf!sjtjoh!
ufnqfsbuvsft!boe!npsf!fssbujd!qsfdjqjubujpo!qbuufsot-!mfbejoh!up!jodsfbtfe!vodfsubjouz!jo!uif!cbtjoǃt!ǻpx!
sfhjnf/!Sfevdfe!sbjogbmm!jo!uif!Bohpmbo!ijhimboet-!xijdi!hfofsbuf!nptu!pg!uif!cbtjoǃt!ejtdibshf-!dpvme!
tjhojǺdboumz!ejnjojti!epxotusfbn!ǻpxt-!bggfdujoh!xbufs!tfdvsjuz-!fdpmphjdbm!joufhsjuz-!boe!uif!sftjmjfodf!pg!
dpnnvojujft!uibu!efqfoe!po!ǻppeqmbjo!bhsjdvmuvsf/!Bu!uif!tbnf!ujnf-!fyusfnf!sbjogbmm!fwfout!dpvme!cfdpnf!
npsf!gsfrvfou-!ifjhiufojoh!sjtlt!pg!sjwfsjof!ǻppejoh!jo!mpx.mzjoh!tfuumfnfout!boe!dpnqspnjtjoh!svsbm!xbufs!
tvqqmz!jogsbtusvduvsf/ Uiftf!fwpmwjoh!izespmphjdbm!qsfttvsft!bsf!qbsujdvmbsmz!sfmfwbou!gps!qmboofe!OXTJTQ!JJ!
jowftunfout!bmpoh!uif!mpxfs!Plbwbohp!dpssjeps-!jodmvejoh!uif!Lbwbohp!Mjol!cvml.xbufs!usbotgfs!up!uif!Dfousbm!
Bsfb!pg!Obnjcjb!boe!uif!qmboofe!fyqbotjpo!pg!xbufs!tvqqmz!gspn!Svoev!up!tvsspvoejoh!svsbm!dpnnvojujft!
xjuijo!uif!211.ln!dpodfqu/ 

Lvofof!Cbtjo!Dibmmfohft 

Uif!Lvofof!Cbtjo!jt!ijhimz!wvmofsbcmf!evf!up!jut!efqfoefodf!po!sbjogbmm!psjhjobujoh!jo!Bohpmb!boe!uif!tuspoh!
tfbtpobmjuz!pg!svopgg/!Qspkfdujpot!tvhhftu!tvctuboujbm!xbsnjoh!boe!jodsfbtfe!espvhiu!mjlfmjippe-!xjui!
qpufoujbm!sfevdujpot!jo!sjwfs!ejtdibshf!uibu!nbz!uisfbufo!uif!tubcjmjuz!pg!nbkps!izesbvmjd!bttfut!tvdi!bt!uif!
DbmvfrvfƿPtiblbuj!dbobm!tztufn/!Fyusfnf!sbjogbmm!fqjtpeft-!bmuipvhi!mftt!gsfrvfou-!nbz!jodsfbtf!jo!
joufotjuz-!sbjtjoh!dpodfsot!bcpvu!fsptjpo-!tmpqf!jotubcjmjuz-!boe!ebnbhf!up!dpowfzbodf!jogsbtusvduvsf/!
Wbsjbcjmjuz!jo!dsptt.cpsefs!ǻpxt!bmtp!qptft!tusbufhjd!xbufs!nbobhfnfou!dibmmfohft-!sfrvjsjoh!dppsejobufe!
cjmbufsbm!pqfsbujpo!boe!jnqspwfe!npojupsjoh!up!tfdvsf!dpotjtufou!tvqqmz!gps!opsuifso!Obnjcjb(t!qpqvmbujpo!
dfoufst/ 

QBSU!JJJ/!Dmjnbuf!Ib{bse!Bttfttnfou 

Uijt!tfdujpo!qsftfout!uif!sftvmut!pg!uif!Dmjnbuf!Ib{bse!Bttfttnfou!gps!uif!Lvofof!boe!Lbwbohp!cbtjot-!
fybnjojoh!ipx!lfz!dmjnbuf!ib{bset!fwpmwf!bdsptt!tdfobsjpt!boe!ujnf!ipsj{pot/!Vtjoh!nvmuj.npefm!qspkfdujpot-!
uif!bobmztjt!fwbmvbuft!tjy!qsjpsjuz!ib{bsetǀfyusfnf!ifbu-!espvhiu-!qmvwjbm!ǻbti!ǻppet-!ǻvwjbm!ǻppet-!tuspoh!
xjoet!boe!dpowfdujwf!tupsnt-!boe!xjmeǺsftǀxjui!b!tqfdjǺd!gpdvt!po!jefoujgzjoh!nvmuj.ib{bse!iputqput!xifsf!
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tfwfsbm!ib{bset!bsf!qspkfdufe!up!sfbdi!ijhi!ps!fyusfnf!joufotjuz!tjnvmubofpvtmz/!Uiftf!iputqput!ijhimjhiu!
bsfbt!xifsf!XBTI!jogsbtusvduvsf!jt!nptu!mjlfmz!up!gbdf!sfdvssfou!ps!tfwfsf!dmjnbuf.sfmbufe!ejtsvqujpot/ 

Dmjnbuf!Ib{bset!boe!Qpufoujbm!Jnqbdut!po!Xbufs!Jogsbtusvduvsf 

Uif!bttfttnfou!jefoujǺft!ipx!dmjnbuf!ib{bset!dbo!ejtsvqu!xbufs!boe!tbojubujpo!tztufnt-!ijhimjhiujoh!ejtujodu!
nfdibojtnt!pg!jnqbdu; 

¶ Fyusfnf!Ifbu!bddfmfsbuft!nbufsjbm!efhsbebujpo-!jodsfbtft!fwbqpsbujpo!mpttft!jo!dbobmt!boe!sftfswpjst-!

boe!sfevdft!fǼdjfodz!pg!qvnqt-!usfbunfou!qspdfttft-!boe!tpmbs!tztufnt/! 

¶ Espvhiu!mjnjut!xbufs!bwbjmbcjmjuz-!tusfttft!hspvoexbufs.efqfoefou!tztufnt-!boe!jodsfbtft!dpnqfujujpo!

gps!tdbsdf!sftpvsdft-!bggfdujoh!tfswjdf!dpoujovjuz/! 

¶ Qmvwjbm! Gmbti! Gmppet!pwfsxifmn! esbjobhf! tztufnt-! fspef! fncbolnfout-! ebnbhf! qjqfmjoft-! boe!

dpoubnjobuf!xbufs!tpvsdft!xjui!tfejnfou!boe!efcsjt/! 

¶ Gmvwjbm!Gmppet!uisfbufo!sjwfscbol!joublft-!qvnqjoh!tubujpot-!boe!ǻppeqmbjo!tfuumfnfout<!qspmpohfe!

jovoebujpo!dbo!ejtbcmf!fmfdusjdbm!frvjqnfou!boe!bddftt!spbet/! 

¶ Tuspoh!Xjoet!boe!Dpowfdujwf!Tupsnt!ebnbhf!fmfwbufe!ubolt-!qjqfmjoft-!qpxfs!mjoft-!boe!QW!bssbzt-!

dbvtjoh!pqfsbujpobm!ejtsvqujpot/! 

¶ XjmeǺsft!foebohfs!fyqptfe!jogsbtusvduvsfǀftqfdjbmmz!qmbtujd!qjqfmjoft!boe!fmfdusjdbm!dpnqpofoutǀboe!

efhsbef!dbudinfou!wfhfubujpo-!jodsfbtjoh!tfejnfou!mpbet!bgufs!sbjogbmm/ 
 

Jo!uibu!sfhbse-!dmjnbuf!ib{bset!jnqptf!ejtujodu!eftjho!boe!pqfsbujpobm!dibmmfohft!bdsptt!uif!Lvofof!boe!
Plbwbohp!cbtjot/ Jo!uif!Lvofof!Cbtjo-!nvmuj.ib{bse!iputqput!dpodfousbuf!bmpoh!uif!mpxfs!wbmmfz!boe!bdsptt!
uif!opsui.dfousbm!qmbjot-!joufstfdujoh!fyjtujoh!boe!qmboofe!cvml.xbufs!tdifnft!tvdi!bt!uif!DbmvfrvfƿPtiblbuj!
tztufn!boe!sfmbufe!dpowfzbodf!jogsbtusvduvsf/!Jo!uif!Plbwbohp!Cbtjo-!bo!fmpohbufe!iputqpu!cfmu!efwfmpqt!
bmpoh!uif!mpxfs!Plbwbohp!dpssjeps!xjui!b!qspopvodfe!dmvtufs!bspvoe!uif!SvoevƿOlvsfolvsv!vscbo!bsfb<!uijt!
qbuufso!dpjodjeft!xjui!uif!dpodfquvbm!bmjhonfout!pg!uif!Lbwbohp!Mjol!boe!uif!211.ln!svsbm!xbufs.tvqqmz!
fyufotjpot!bspvoe!Svoev/!Uiftf!pwfsmbqt!joejdbuf!mpdbujpot!xifsf!espvhiu-!ifbu!tusftt!boe!ǻvwjbm!boe!qmvwjbm!
ǻppejoh!bsf!mjlfmz!up!joufsbdu!pwfs!uif!bttfu!mjgf!dzdmf-!boe!uifsfgpsf!xifsf!dpotfswbujwf!tjujoh-!fmfwbufe!
qspufdujpo!tuboebset!boe!sfevoebodz!jo!tvqqmz!spvuft!xjmm!cf!fttfoujbm!up!tfdvsf!mpoh.ufsn!XBTI!tfswjdf!
sfmjbcjmjuz/ 

¶ Lvofof!Cbtjo;!Ifbu!tusftt!cfdpnft!b!epnjobou!dpotusbjou!cz!nje.dfouvsz-!sfbdijoh!fyusfnf!mfwfmt!mbufs-!

xijmf!espvhiu!joufotjǺft!voefs!ijhi.fnjttjpo!tdfobsjpt-!sfevdjoh!efqfoebcmf!zjfmet!boe!jodsfbtjoh!

tfswjdf! wpmbujmjuz/! Qmvwjbm! ǻbti! ǻppet! sjtf! up! ijhi! ib{bse-! sfrvjsjoh! spcvtu! esbjobhf! boe! bddftt!

qspufdujpo<!ǻvwjbm!ǻppet!sfnbjo!mpdbmj{fe!cvu!xbssbou!tjuf.tqfdjǺd!difdlt/!XjmeǺsf!qfstjtut!bt!bo!

fyusfnf!ib{bse!uispvhipvu/!Iputqput!fyqboe!gspn!uif!tpvui.xftu!up!cbtjo.xjef!dpwfsbhf!voefs!

TTQ6.9/6-!tjhobmjoh!dpnqpvoe!espvhiuƿǻppe!qsfttvsft/!Sfdpnnfoefe!nfbtvsft!jodmvef!ǻppe.qsppg!

joublft-!vqtj{fe!tupsbhf-!dpotfswbujwf!hspvoexbufs!zjfmet-!nvmuj.tpvsdf!tvqqmz-!boe!tfbmfe-!sbjtfe!

tbojubujpo!tztufnt/!Vujmjujft!tipvme!fncfe!espvhiu!usjhhfst!jo!Xbufs!Tbgfuz!Qmbot!boe!bepqu!dpokvodujwf!

tvsgbdfƿhspvoexbufs!pqfsbujpot/ 

¶ Plbwbohp!Cbtjo;!Ifbu!tusftt!ftdbmbuft!gspn!npefsbuf!up!ijhi!ib{bse-!xijmf!espvhiu!sfnbjot!b!

qfstjtufou!dpotusbjou/!Qmvwjbm!boe!ǻvwjbm!ǻppe!ib{bset!tubz!ijhi-!efnboejoh!ǻppe.tbgf!tjujoh!boe!

esbjobhf!vqhsbeft<!xjmeǺsf!sjtft!gspn!npefsbuf!up!ijhi!mbufs!jo!uif!dfouvsz/!Iputqput!dpodfousbuf!bmpoh!

uif!mpxfs!Plbwbohp!dpssjeps!boe!fyqboe!bdsptt!Lbwbohp!Fbtu!boe!Xftu!cz!mbuf!dfouvsz/!Bebqubujpo!

qsjpsjujft!jodmvef!sftjmjfou!joublft-!npevmbs!usfbunfou!qmbout-!fmfwbufe!tupsbhf-!hspvoexbufs!sfevoebodz-!

boe!tbojubujpo!tztufnt!pvutjef!ǻppe.qspof!{poft/!Dsjujdbm!bttfut!tipvme!cf!qibtfe!pvutjef!iputqput!

ps!ǻppe.ibsefofe-!tvqqpsufe!cz!fbsmz.xbsojoh!tztufnt!boe!nvmuj.tpvsdf!tvqqmz!tusbufhjft/ 

Nvmuj.Ib{bse!Iputqpu!Bobmztjt 

Iputqpu!qbuufsot!jo!cpui!cbtjot!sfwfbm!b!dmfbs!ftdbmbujpo!pg!dpnqpvoe!dmjnbuf!sjtlt!pwfs!ujnf/ 

¶ Lvofof!Cbtjo;!Voefs!TTQ3.5/6-!iputqput!tubsu!bt!mpdbmj{fe!dmvtufst!jo!uif!tpvui.xftu!)3131ƿ314:*-!

fyqboe!bmpoh!uif!dpssjeps!boe!joufsjps!qmbufbv!cz!nje.dfouvsz-!boe!dpotpmjebuf!joup!mbshfs!{poft!cz!
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3171ƿ318:/!Voefs!TTQ6.9/6-!joufotjǺdbujpo!jt!gbtufs!boe!cspbefs-!xjui!ofbs.ufsn!dmvtufst!fwpmwjoh!joup!

cbtjo.xjef!dpwfsbhf!cz!mbuf!dfouvsz-!tjhobmjoh!xjeftqsfbe!dpodvssfodf!pg!espvhiu!boe!ǻppe!ib{bset/ 

¶ Plbwbohp!Cbtjo;!Voefs!TTQ3.5/6-!iputqput!qsphsftt!gspn!tdbuufsfe!qbudift!jo!uif!tpvuifso!cbtjo!up!

b!ejtdpoujovpvt!cboe!bmpoh!Lbwbohp!Fbtu!cz!nje.dfouvsz-!fyqboejoh!opsuixbse!upxbse!uif!sjwfs!

dpssjeps!cz!3171ƿ318:/!Voefs!TTQ6.9/6-!uif!tijgu!jt!tibsqfs;!gfx!iputqput!fbsmz-!cvu!fyufotjwf!

dpwfsbhf!bdsptt!Lbwbohp!Fbtu!boe!Xftuǀjodmvejoh!Svoev-!Olvsfolvsv-!boe!uif!ǻppeqmbjoǀcz!mbuf!

dfouvsz/ 

QBSU!JW/!Dmjnbuf!Fyqptvsf!Bttfttnfou 

Uijt!tfdujpo!qsftfout!uif!Dmjnbuf!Fyqptvsf!Bttfttnfou-!xijdi!fybnjoft!ipx!fyjtujoh!XBTI!jogsbtusvduvsf!.!
jodmvejoh!cpsf!ipmft-!ebnt-!xfmmt-!qvcmjd!ubqt-!xbufs!ubolfs!tfswjdf!qpjout-!boe!xbufs!qvnq!tubujpot!.!jo!uif!
Lvofof!boe!Lbwbohp!cbtjot!pwfsmbqt!xjui!bsfbt!qspkfdufe!up!fyqfsjfodf!ijhi.joufotjuz!dmjnbuf!ib{bset/!Cz!
tqbujbmmz!joufstfdujoh!hfpdpefe!XBTI!bttfut!xjui!ib{bse.dmbtt!nbqt!bdsptt!tdfobsjpt!boe!ujnf!ipsj{pot-!uif!
bobmztjt!jefoujǺft!xifsf!jogsbtusvduvsf!jt!dvssfoumz!fyqptfeǀboe!xjmm!mjlfmz!sfnbjo!fyqptfeǀup!espvhiut-!
fyusfnf!ifbu-!qmvwjbm!boe!ǻvwjbm!ǻppejoh-!tuspoh!xjoet-!boe!xjmeǺsft/!Uif!bttfttnfou!jt!dbssjfe!pvu!bu!cpui!
sfhjpobm!boe!dpotujuvfodz!mfwfmt-!qspwjejoh!b!efubjmfe!wjfx!pg!fyqptvsf!qbuufsot!boe!ijhimjhiujoh!qsjpsjuz!
iputqput!uibu!sfrvjsf!ubshfufe!dmjnbuf.sftjmjfou!eftjho!boe!pqfsbujpobm!nfbtvsft/ 

Fyqptvsf!pg!XBTI!Jogsbtusvduvsf!up!Dmjnbuf!Ib{bset 

Uif!bobmztjt!tipxt!ofbs.vojwfstbm!fyqptvsf!pg!XBTI!bttfut!up!nvmujqmf!ib{bset!bdsptt!cpui!cbtjot-!xjui!
tfwfsjuz!jodsfbtjoh!pwfs!ujnf!boe!voefs!ijhi.fnjttjpo!tdfobsjpt; 

¶ Ifbu!Tusftt;!Bmsfbez!ofbs.vojwfstbm!jo!uif!ofbs!ufsn<!cz!nje.dfouvsz-!bmm!bttfut!jo!Lvofof!boe!

Plbwbohp!sfbdi!Fyusfnf!fyqptvsf!voefs!cpui!TTQ3.5/6!boe!TTQ6.9/6-!tjhobmjoh!tztufn.xjef!uifsnbm!

tusftt/ 

¶ Espvhiu;!Fyqptvsf!joufotjǺft!qsphsfttjwfmz/!Jo!Lvofof-!Pqvxp-!Lipsjybt-!boe!Pvukp!sfbdi!Fyusfnf!

mfwfmt!cz!mbuf!dfouvsz-!xjui!cpsfipmft!boe!ubolfs!qpjout!pgufo!bu!211&!jo!Ijhi,!cboet/!Jo!Plbwbohp-!

Nqvohv-!Lbifohf-!boe!uif!Svoev!dpssjeps!ftdbmbuf!gspn!Npefsbuf!up!Wfsz!Ijhi0Fyusfnf-!bggfdujoh!

cpui!qspevdujpo!boe!ejtusjcvujpo!opeft/ 

¶ Qmvwjbm!Gmbti!Gmppet;!Ijhi!fyqptvsf!jt!xjeftqsfbe!gspn!uif!ofbs!ufsn!jo!Lvofof!boe!fyqboet!cbtjo.

xjef!cz!nje.dfouvsz<!cz!3171ƿ318:-!ofbsmz!bmm!bttfu!dmbttftǀjodmvejoh!qvnq!tubujpotǀbsf!ǻbhhfe!

Ijhi!voefs!TTQ6.9/6/!Jo!Plbwbohp-!Ijhi!fyqptvsf!epnjobuft!uif!Svoev!dpssjeps!fbsmz!boe!tqsfbet!up!

tvsspvoejoh!dpotujuvfodjft!cz!mbuf!dfouvsz/ 

¶ Gmvwjbm!Gmppet;!Qfstjtufou!Ijhi!fyqptvsf!bdsptt!cpui!cbtjot!gspn!uif!pvutfu-!xjui!mpdbmj{fe!ftdbmbujpo!

up!Wfsz!Ijhi!ps!Fyusfnf!voefs!TTQ6.9/6-!qbsujdvmbsmz!jo!sjwfs.bekbdfou!dpotujuvfodjft!)Pqvxp-!Fqvqb-!

Lipsjybt-!Svoev!dpssjeps*/ 

¶ XjmeǺsf;!Fnfshft!bt!b!cbtjo.xjef!Fyusfnf!ib{bse!jo!bmm!qfsjpet!boe!tdfobsjpt-!xjui!ofbs.dpnqmfuf!

dpwfsbhf!bdsptt!bttfu!uzqft!cz!nje.dfouvsz-!tijgujoh!uif!qmboojoh!gpdvt!gspn!tqbujbm!bwpjebodf!up!

pqfsbujpobm!sftjmjfodf/ 

Sfhjpobm!Tvnnbsz!pg!Fyqptvsf!pg!XBTI!Bttfut 

Bdsptt!cpui!cbtjot-!cpsfipmft-!qjqfmjoft-!boe!qvnqjoh!tubujpot!fnfshf!bt!uif!bttfu!uzqft!nptu!fyqptfe!up!
dmjnbuf!ib{bset/!Jo!uif!Lbwbohp!Cbtjo-!ǻppe.qspof!{poft!pwfsmbq!tjhojǺdboumz!xjui!mjofbs!jogsbtusvduvsf-!
jodsfbtjoh!uif!mjlfmjippe!pg!qiztjdbm!ebnbhf!evsjoh!fyusfnf!sbjogbmm!fwfout/!Jo!uif!Lvofof!Cbtjo-!fyqptvsf!jt!
esjwfo!qsjnbsjmz!cz!izespmphjdbm!tdbsdjuz!boe!uifsnbm!tusftt-!bggfdujoh!cpui!hspvoexbufs.efqfoefou!tztufnt!
boe!dpnqpofout!pg!nbkps!dpowfzbodf!jogsbtusvduvsf/ 

Uif!pwfsbmm!fyqptvsf!qbuufsot!ijhimjhiu!uif!offe!gps!joufhsbufe!sftjmjfodf!nfbtvsftǀsbohjoh!gspn!izesbvmjd!
eftjho!bekvtunfout!boe!jnqspwfe!esbjobhf!qspufdujpot!up!pqfsbujpobm!sfevoebodjft!boe!dmjnbuf.jogpsnfe!
bttfu!nbobhfnfouǀup!fotvsf!uibu!XBTI!jogsbtusvduvsf!sfnbjot!gvodujpobm!boe!sfmjbcmf!voefs!gvuvsf!dmjnbuf!
dpoejujpot/ 
 

QBSU!W/!Dmjnbuf!Wvmofsbcjmjuz!Bttfttnfou! 
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This section evaluates the intrinsic susceptibility of WASH (Water, Sanitation, and Hygiene) infrastructure to 

climate hazards, complementing the exposure analysis by examining how assets perform under stress. Using 

a typology-based default methodology, vulnerability is quantified across four engineering dimensions ǀ

Physical Damage (PD), Operability (OP), Service Life (SL), and Productivity (PR)ǀto capture both structural 

fragility and service continuity. For each hazard, differentiated parameter sets reflect the dominant 

mechanisms of impact  

The Vulnerability Index  for each asset type by hazard is computed using fixed weights and classified into 
reporting bands (Low, Moderate, High, Very High) to ensure comparability across typologies and locations. 
These results provide actionable insights for design and operationa l planningǀhighlighting which assets 
require flood-proofing, heat-tolerant materials, redundancy measures, or enhanced maintenance protocols. By 
making assumptions explicit and auditable, the approach offers a pragmatic bridge from l imited data to 
defensible vulnerability estimates, supporting climate -resilient investment decisions.  
 
This section evaluates how WASH infrastructure responds to the identified climate hazards. The vulnerability 

of each asset is influenced by both its sensitivity  to specific climate impacts and its adaptive capacity  to 

manage or recover from these stressors.  

The sensitivity of infrastructure refers to how susceptible each asset is to damage or reduced functionality 

due to specific climate impacts. For example:  

¶ Boreholes and wells  are sensitive to drought and heat stress, as these hazards can decrease 

groundwater levels and increase evaporation losses. 

¶ Pipelines  face heightened vulnerability from flooding and wildfires, which may cause physical 

damage, erosion, and contamination, leading to service interruptions. 

¶ Pump stations  are at risk from extreme heat, which reduces efficiency, and from fluvial flooding, which 

can disrupt the electrical systems and infrastructure.  

Adaptive capacity is the ability of an asset to resist, absorb, or recover from the impacts of climate hazards. 

This is influenced by: 

¶ Operational flexibility , such as the ability to switch between water sources in times of drought.  

¶ Maintenance regimes , including the frequency and quality of infrastructure upkeep to mitigate 

damage from extreme weather. 

¶ Institutional readiness , such as planning for climate-resilient water systems and emergency protocols 

for asset failure.  

The vulnerability assessment highlights areas where WASH assets are most at risk and where resilience 

measures are urgently needed. These include: 

¶ Reinforced infrastructure : Protecting critical assets such as pipelines, boreholes, and pumping 

stations from flooding, heat stress, and wildfires by incorporating heat -resistant materials, flood -

proofing measures, and fire-resistant components.  

¶ Redundancy measures: Building redundancy into the water supply network by ensuring alternative 

water sources and backup systems to maintain service continuity during extreme droughts or floods.  

¶ Enhanced maintenance protocols : Implementing regular inspection and maintenance routines to 

address the impacts of heat, drought, and floods on infrastructure, ensuring that assets remain 

functional throughout their service life.  

QBSU!WJ/!Dmjnbuf!Sjtl!Bttfttnfou! 

The Climate Risk Assessment (CRA) integrates the findings from the Climate Hazard, Exposure, and 

Vulnerability Assessments to evaluate the overall climate risk faced by water, sanitation, and hygiene (WASH) 

infrastructure in the Kunene and Kavango basins. This assessment quantifies risk by combining the likelihood  

of each identified climate hazard with the consequences on infrastructure performance. The Risk Index 

generated from this methodology is classified into four levels: Low, Moderate , High, or Extreme. 
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The CRA results for the Kunene and Kavango basins reveal significant climate risks for key infrastructure. The 

following summarizes the primary climate risks for both regions:  

Kunene Basin 

¶ Heat Stress: Extreme heat is projected to become a dominant risk in the Kunene Basin, especially for 

reservoirs , pipelines , and pump stations , due to increasing temperatures and evaporation losses. The 

risk level is classified as High. 

¶ Drought: Drought risk is significant, particularly for groundwater -dependent systems  such as 

boreholes  and wells , which are projected to face Extreme risk by mid-century (2040ƿ2059). Reduced 

water availability and increased competition for resources will exacerbate water scarcity.  

¶ Pluvial and Fluvial Floods : High to Very High risks for infrastructure in flood -prone areas, such as 

pipelines , drainage systems , and pump stations . These risks increase significantly with rising rainfall 

intensity under high-emission scenarios.  

¶ Wildfire : Extreme risk to exposed infrastructure, particularly plastic pipelines  and solar PV systems , 

due to increased temperatures and prolonged drought conditions.  

Kavango Basin 

¶ Heat Stress: Pump stations  and water treatment plants  are classified as High risk due to rising 

temperatures affecting operational efficiency and water treatment processes.  

¶ Drought: Moderate  to High risk for boreholes  and water supply systems  in areas like the Rundu 

corridor , which are vulnerable to decreased water availability during prolonged dry spells. 

¶ Pluvial Flooding : High risk to infrastructure such as pipelines  and pumping stations  in flood-prone 

areas, particularly along the Okavango River corridor, which faces higher rainfall intensity. 

¶ Fluvial Flooding : Extreme risk to infrastructure located along riverbanks, including intake structures , 

pumping stations , and treatment facilities , with significant potential damage from flood events.  

¶ Wildfire : Moderate  to High risk for solar-powered systems  and exposed infrastructure , with an 

increasing risk of fires due to rising temperatures and prolonged dry conditions.  

The CRVA highlights the urgent need for climate -resilient infrastructure and adaptive management strategies 

across the Kunene and Kavango basins. Key recommendations include: 

¶ Climate-proofing critical assets : Implementing robust design measures such as flood -proofing , using 

heat-resistant materials , and fireproofing  critical infrastructure like pipelines , pump stations , and 

reservoirs . 

¶ Building redundancy : Ensuring alternative water sources , backup power systems , and emergency 

preparedness to guarantee service continuity during extreme events such as droughts, floods, and 

wildfires.  

¶ Enhanced operational flexibility : Incorporating adaptive management  practices into water systems 

to address future climate risks, including early warning systems  and improved maintenance protocols  

to reduce vulnerability. 

QBSU!WJJ;!Qspkfdu!Tjuf!Dmjnbuf!Sjtl!boe!Wvmofsbcjmjuz!Bobmztjt 

Uijt!dibqufs!bttfttft!uif!dmjnbuf!sjtlt!boe!wvmofsbcjmjujft!bggfdujoh!qspkfdu!tjuft!jefoujǺfe!voefs!OXTJTQ!JJ-!
xjui!uif!pckfdujwf!pg!efufsnjojoh!ipx!qmboofe!XBTI!jogsbtusvduvsf!nbz!qfsgpsn!voefs!dvssfou!boe!gvuvsf!
dmjnbuf!dpoejujpot/!Uif!joufoujpo!pg!uijt!bobmztjt!jt!up!fotvsf!uibu!uif!eftjho-!tjujoh-!boe!pqfsbujpo!pg!qspkfdu!
dpnqpofout!joufhsbuf! dmjnbufƽsftjmjfou!nfbtvsft!gspn!uif!pvutfu/!Bmuipvhi!uif!jojujbm!qspkfdu!qpsugpmjp!
dpotjefsfe!nvmujqmf!qmboofe!jowftunfout-!b!gvmm!bttfttnfou!sfrvjsft!ijhimz!efubjmfe!jogpsnbujpo!bu!uif!bttfu!
mfwfm/!Hjwfo!uif!mfwfm!pg!ebub!bwbjmbcmf!gps!uif!joufoefe!OXTJTQ!JJ!jogsbtusvduvsf!qspkfdut!bu!uif!ujnf!pg!uif!
bttfttnfou-!uijt!dibqufs!qsftfout!uif!dpnqmfuf!dmjnbuf!sjtl!boe!wvmofsbcjmjuz!bobmztjt!gps!uif!Lbwbohp!Mjol!
Qspkfdu-! xijdi! dvssfoumz! pggfst! uif! ofdfttbsz! ufdiojdbm! epdvnfoubujpo-! eftjho! qbsbnfufst-! boe! bttfu!
tqfdjǺdbujpot!up!bqqmz!uif!DSB!nfuipepmphz!jo!gvmm/!Beejujpobmmz-!b!qsfmjnjobsz!dmjnbuf!tdsffojoh!gps!uif!Svoev!
211.ln!svsbm!xbufs!tvqqmz!fyufotjpot!jt!qspwjefe/ 

Lbwbohp!Mjol!Qspkfdu 
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Uif!Lbwbohp!Mjol!Qspkfdu!jt!b!tusbufhjd!xbufs!usbotgfs!jojujbujwf!eftjhofe!up!tfdvsf!mpoh.ufsn!xbufs!tvqqmz!gps!
Obnjcjbǃt!Dfousbm!Bsfb!)DBO*-!jodmvejoh!Xjoeipfl!boe!tvsspvoejoh!upxot/! 

Uijt!jogsbtusvduvsf!xjmm!dpoofdu!lfz!qspevdujpo!boe!ejtusjcvujpo!opeft!bdsptt!b!388!ln!dpssjeps-!jnqspwjoh!
tfswjdf!sfmjbcjmjuz!boe!beesfttjoh!tfbtpobm!tipsubhft/!Uif!qspkfdu!sftqpoet!up!qspkfdufe!jodsfbtft!jo!xbufs!
efnboe!esjwfo!cz!qpqvmbujpo!hspxui!boe!tfswjdf!fyqbotjpo-!voefs!b!EftjhoƿCvjme!)EC*!dpousbdu!fotvsjoh!
dpnqmjbodf!xjui!ObnXbufs!pqfsbujpobm!tuboebset/ 

Cz!3161-!xbufs!efnboe!jo!uif!DBO!sfhjpo!jt!fyqfdufe!up!sfbdi!79/9!Nn²0zfbs-!xijmf!fyjtujoh!tvqqmz!dbqbdjuz!
xjmm!sfnbjo!cfmpx!4:!Nn²0zfbs-!dsfbujoh!bo!boovbm!efǺdju!pg!41!Nn²/!Up!dmptf!uijt!hbq-!uif!Lbwbohp!Mjol!xjmm!
efmjwfs!46!Nn²0zfbs-!qsjnbsjmz!tfswjoh!Xjoeipfl/!Bctusbdujpo!xjmm!cf!mjnjufe!up!291!ebzt0zfbs!evsjoh!ijhi.ǻpx!
qfsjpet!up!njojnj{f!fowjsponfoubm!jnqbdut/ 

Uif!Lbwbohp!Mjol!Qspkfdu!jt!fyqptfe!up!tfwfsbm!dmjnbuf!ib{bset!qspkfdufe!up!joufotjgz!jo!uif!dpnjoh!efdbeft/!
Gmvwjbm!ǻppejoh!sfqsftfout!b!tjhojǺdbou!sjtl!evf!up!uif!tjufǃt!qspyjnjuz!up!nbkps!sjwfs!diboofmt!boe!ǻppeqmbjo!
tztufnt-!xifsf!jodsfbtfe!sbjogbmm!joufotjuz!nbz!mfbe!up!jovoebujpo!pg!mpx.mzjoh!tfdujpot!pg!uif!bmjhonfou/!
Qmvwjbm!ǻbti!ǻppet!qptf!beejujpobm!sjtlt!up!bcpwf.hspvoe!ps!tibmmpx.cvsjfe!bttfut-!qpufoujbmmz!dbvtjoh!
fsptjpo-!tfejnfou!bddvnvmbujpo-!boe!ebnbhf!up!qjqfmjof!tfhnfout!ps!bddftt!spbet/!Uif!qspkfdu!tjuf!jt!bmtp!
fyqptfe!up!sjtjoh!ufnqfsbuvsft!boe!ifbu!fyusfnft-!xijdi!dbo!sfevdf!qvnq!fǼdjfodz-!tusftt!nfdibojdbm!
dpnqpofout-!boe!bddfmfsbuf!nbufsjbm!efhsbebujpo/!Xijmf!espvhiu!ibt!b!sfmbujwfmz!mpxfs!ejsfdu!jnqbdu!po!mjofbs!
jogsbtusvduvsf-!ju!nbz!sfevdf!xbufs!bwbjmbcjmjuz!gps!bctusbdujpo-!dpnqmjdbujoh!pqfsbujpobm!sfmjbcjmjuz!evsjoh!
qspmpohfe!esz!qfsjpet/!Uphfuifs-!uiftf!ib{bset!dsfbuf!b!nvmuj.ejnfotjpobm!sjtl!fowjsponfou!uibu!nvtu!cf!
beesfttfe!evsjoh!eftjho-!dpotusvdujpo-!boe!pqfsbujpo/ 

Up!tztufnbujdbmmz!bttftt!dmjnbuf!sjtl-!uif!qspkfdu!bsfb!jt!tfhnfoufe!joup!DSB!{poft!uibu!sfǻfdu!ejggfsfodft!jo!
ib{bse!joufotjuz-!fyqptvsf-!boe!wvmofsbcjmjuz!pg!uif!bttpdjbufe!bttfut/!Fbdi!tfhnfou!jodmveft!tqfdjǺd!bttfut!
boe!bttpdjbufe!eftjho!difdlt!sfrvjsfe!up!fotvsf!sftjmjfodf!voefs!gvuvsf!dmjnbuf!dpoejujpot/ 

¶ Tfhnfou!2;!Ijhi!Gmppe!Fyqptvsf!Dpssjeps 

Jodmveft!bttfut!mpdbufe!dmptftu!up!sjwfs!diboofmt!ps!xjuijo!bsfbt!ijtupsjdbmmz!bggfdufe!cz!ǻppejoh/!Uijt!

tfhnfou!dpwfst!uif!sjwfs!bctusbdujpo!qvnq!tubujpo!bu!Svoev-!uif!jojujbm!26!ln!pg!qjqfmjof!bmjhonfou!

ofbs!uif!Plbwbohp!Sjwfs-!boe!bttpdjbufe!joublf!tusvduvsft/!Lfz!eftjho.difdl!jnqmjdbujpot!jodmvef!

fmfwbujoh!dsjujdbm!dpnqpofout-!sfjogpsdjoh!qjqfmjof!bodipsjoh-!jnqspwjoh!esbjobhf!boe!dvmwfsu!dbqbdjuz-!

boe!qspufdujoh!fncbolnfout!bhbjotu!fsptjpo!boe!tdpvs/ 

¶ Tfhnfou!3;!Gmbtiǻppe!boe!Tvsgbdf!Svopgg![pof 

Dpnqsjtft!bsfbt!fyqptfe!up!joufotf!qmvwjbm!ǻppejoh!sftvmujoh!gspn!tipsu.evsbujpo-!ijhi.joufotjuz!

sbjogbmm!fwfout/!Bttfut!nbz!jodmvef!qjqfmjof!tfdujpot!dspttjoh!fqifnfsbm!tusfbnt!boe!spbe!dspttjoht!

cfuxffo! Svoev! boe! Hsppugpoufjo-! bt! xfmm! bt! njops! qvnq! gbdjmjujft! ofbs! mpx.mzjoh! ufssbjo/!

Sfdpnnfoefe!eftjho!dpotjefsbujpot!jodmvef!jodsfbtfe!cvsjbm!efqui-!qspufdujwf!usfodijoh-!tmpqf!

tubcjmj{bujpo-!boe!jotubmmbujpo!pg!ejwfstjpo!tusvduvsft!up!nbobhf!dpodfousbufe!svopgg/ 

¶ Tfhnfou!4;!Ifbu.!boe!Espvhiu.Tusfttfe!Tfdups 

Fodpnqbttft!bcpwf.hspvoe!gbdjmjujft!ps!qvnqjoh!vojut!tjuvbufe!jo!mpdbujpot!xjui!ijhi!qspkfdufe!

ufnqfsbuvsf!jodsfbtft/!Bttfut!uzqjdbmmz!jodmvef!uif!cbtf!qvnq!tubujpo-!uisff!cpptufs!qvnq!tubujpot-!

boe!bttpdjbufe!fmfdusjdbm!boe!nfdibojdbm!frvjqnfou!bmpoh!uif!nje.!boe!tpvuifso!bmjhonfou/!Eftjho!

difdlt!gpdvt!po!ifbu.sftjtubou!nbufsjbmt-!foibodfe!wfoujmbujpo-!qvnq!efsbujoh!dpotjefsbujpot-!boe!

sfevoebodz!gps!qpxfs!tvqqmz!boe!dppmjoh!tztufnt/ 

¶ Tfhnfou!5;!Mpx!Wvmofsbcjmjuz0Npefsbuf!Ib{bse![pof 

Dpwfst!bsfbt!xifsf!ib{bset!bsf!mftt!joufotf!ps!xifsf!bttfu!wvmofsbcjmjuz!jt!joifsfoumz!mpxfs!evf!up!

voefshspvoe!qmbdfnfou!ps!qspufdujwf!tjuujoh/!Bttfut!nbz!jodmvef!effqmz!cvsjfe!qjqfmjof!tfdujpot!jo!

tubcmf!ufssbjo!boe!ofuxpsl!joufsdpoofdujpot!ofbs!Vju{jdiu/!Eftjho!jnqmjdbujpot!dfoufs!po!fotvsjoh!

tubcjmjuz!voefs!ǻvduvbujoh!ufnqfsbuvsft!boe!jodpsqpsbujoh!spvujof!npojupsjoh!up!efufdu!fbsmz!tusvduvsbm!

tusfttft/ 

Fbdi!tfhnfou!qspwjeft!b!dmfbs!cbtjt!gps!efufsnjojoh!tjuf.tqfdjǺd!fohjoffsjoh!nfbtvsft!boe!pqfsbujpobm!
tbgfhvbset/!Uif!DSB!gsbnfxpsl!bmmpxt!qspkfdu!ufbnt!up!qsjpsjuj{f!joufswfoujpot!bddpsejoh!up!ib{bse!joufotjuz-!
bttfu!dsjujdbmjuz-!boe!uif!qpufoujbm!dpotfrvfodft!pg!gbjmvsf-!fotvsjoh!uibu!sftjmjfodf!dpotjefsbujpot!bsf!gvmmz!
joufhsbufe!joup!uif!qspkfduǃt!mjgfdzdmf/ 
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Svsbm!Qspkfdut!xjuijo!211Ln!sbejvt!pg!Svoev!qsfmjnjobsz!dmjnbuf!sjtl!tdsffojoh 

Uif!211!ln!dpssjeps!tvsspvoejoh!Svoev!sfqsftfout!b!dpodfquvbm!fyufotjpo!pg!svsbm!xbufs.tvqqmz!tztufnt!
voefs!OXTJTQ!JJ-!bjnfe!bu!jnqspwjoh!bddftt!gps!ejtqfstfe!dpnnvojujft!bmpoh!uif!Plbwbohp!Sjwfs!boe!jut!
ijoufsmboet/!Uijt!bsfb!jt!tusbufhjdbmmz!jnqpsubou!cfdbvtf!ju!tvqqpsut!epnftujd!xbufs!tvqqmz-!tnbmm.tdbmf!
jssjhbujpo-!boe!mjwftupdl!xbufsjoh!jo!sfhjpot!dibsbdufsj{fe!cz!ijhi!qpwfsuz!boe!mjnjufe!XBTI!dpwfsbhf/!Jut!
efwfmpqnfou!jt!fttfoujbm!up!sfevdf!wvmofsbcjmjuz!up!dmjnbuf!tipdlt!jo!dpnnvojujft!uibu!dvssfoumz!efqfoe!po!
tibmmpx!cpsfipmft!boe!tfbtpobm!tusfbnt/ 
 
Uif!dmjnbuf!sjtl!qspǺmf!pg!uijt!dpssjeps!jt!tibqfe!cz!Ǻwf!nbkps!ib{bset!qspkfdufe!up!joufotjgz!pwfs!ujnf;!ifbu!
tusftt-!espvhiu-!qmvwjbm!ǻbti!ǻppet-!ǻvwjbm!ǻppet-!boe!xjmeǺsft/!Ifbu!tusftt!fnfshft!bt!b!qfswbtjwf!dpotusbjou-!
ftdbmbujoh!up!ijhi!ps!fyusfnf!mfwfmt!cz!nje.dfouvsz!voefs!cpui!fnjttjpot!tdfobsjpt/!Qspmpohfe!xbsn!tqfmmt!
boe!gsfrvfou!ebzt!fydffejoh!46¯D!xjmm!jnqptf!uifsnbm!tusftt!po!qvnqt-!tpmbs!tztufnt-!boe!qmbtujd!qjqfmjoft-!
sfevdjoh!pqfsbujpobm!fǼdjfodz!boe!bddfmfsbujoh!nbufsjbm!efhsbebujpo/!Espvhiu!sfnbjot!b!qfstjtufou!ijhi!
ib{bse!uispvhipvu!uif!dfouvsz-!xjui!TQFJ!boe!DEE!joejdft!joejdbujoh!mpohfs!esz!tqfmmt!boe!nvmuj.tfbtpo!efǺdjut!
uibu!voefsnjof!hspvoexbufs!sfmjbcjmjuz!boe!jodsfbtf!qsfttvsf!po!tvsgbdf!tpvsdft/!Qmvwjbm!ǻbti!ǻppet!qptf!b!
sfdvssfou!uisfbu!evf!up!tipsu-!joufotf!tupsnt!uibu!dbo!xbti!pvu!dvmwfsut-!fspef!svsbm!spbet-!boe!eftubcjmj{f!
tibmmpx.cvsjfe!qjqfmjoft/!Gmvwjbm!ǻppejoh!bmpoh!uif!Plbwbohp!Sjwfs!dpssjeps!beet!gvsuifs!dpnqmfyjuz-!fyqptjoh!
joublft-!qvnq!tubujpot-!boe!mpx.mzjoh!ljptlt!up!jovoebujpo!boe!tfejnfou!mpbet/!XjmeǺsf!sjtl-!xijmf!npefsbuf!jo!
uif!ofbs!ufsn-!sjtft!up!ijhi!mfwfmt!mbufs!jo!uif!dfouvsz!bt!ifbu!boe!eszoftt!joufotjgz-!jodsfbtjoh!jhojujpo!qpufoujbm!
boe!tqsfbe!sbuft/ 
 
Design and operational implications for the potential projects to be incorporated under NWSISP II include 
elevating intakes and pump houses, reinforcing embankments, sizing culverts for multi -day rainfall events, and 
installing diversion channels to manage flood risk. Heat resilience requires heat -resistant materials, improved 
ventilation in pump houses, derating of motors, and protection of PV arrays. Drought adaptation strategies 
should prioritize conservative groundwater yields, emergency storage, and conjunctive use of surface and 
groundwater sources. Wildfire protection calls for defensible space, fire-resistant enclosures, and backup 
power systems. Operational safeguards such as early warning systems for rainfall and river stage, drought 
triggers in Water Safety Plans, and pre-season maintenance of drainage and firebreaks are essential to 
maintain service continuity.  
 
Risk prioritization places fluvial flooding at river -adjacent intakes and pump stations in the extreme category, 
while heat stress and drought rank as high risks across all asset classes. Pluvial flooding at culverts and kiosks 
also constitutes a high risk , whereas wildfire and localized erosion hazards are assessed as moderate. These 
findings underscore the need for integrated, climate -resilient design and adaptive management to secure 
reliable water services in the Rundu corridor under future climate conditions.   
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INTRODUCTION  
The Global Center on Adaptation (GCA) is providing targeted technical support under the Africa Adaptation 
Acceleration Program (AAAP) to the Government of the Republic of Namibia (GRN) and the African 
Development Bank (AfDB) for the implementation of the Namibia Water Sector Infrastructure Program Phase 
II (NWSIP II).  

Namibia is the driest country in Sub-Saharan Africa, characterized by extremely limited water availability, high 
climatic variability, low and erratic rainfall, and a strong reliance on groundwater and transboundary water 
resources. These conditions, coupled with aging water infrastructure, growing population pressures, rapid 
vscboj{bujpo-!boe!tusvduvsbm!hbqt!jo!tbojubujpo-!qptf!dsjujdbm!dibmmfohft!gps!uif!dpvouszǃt!xbufs!tfdvsjuz/ 

To address these vulnerabilities, the Government of Namibia, with the support of the African Development 
Bank (AfDB), is implementing the Namibia Water Sector Infrastructure Support Program ƿ Phase II (NWSISP 
II). This strategic investment aims to improve access, quality, and resilience of water and sanitation services 
across the most climate -vulnerable northern regions. The program prioritizes climate -resilient infrastructure, 
including the rehabilitation of the  Calueque-Oshakati raw water canal, development of the Abenab borehole 
scheme, expansion of rural water supply systems, and construction of  climate-smart sanitation facilities. It 
also integrates objectives and intervention to ensure gender mainstreaming and social inclusion in the 
implementation of the NWSIP. 

In this context, the Global Center on Adaptation (GCA) is providing upstream technical support to integrate 
climate resilience into the program. Through its  Climate Resilient Water Services (CRWS) line of work under 
the Africa Adaptation Acceleration Program (AAAP) , GCA is leading the Climate Risk and Vulnerability 
Assessment (CRVA) and adaptation planning process to inform project design and climate financing 
strategies.  

By integrating climate change considerations and resilience -building measures into water infrastructure 
investments, this CRA aims to contribute to sustainable water security in Namibia. It seeks to ensure that the 
AfDB-financed interventions generate long-term, inclusive benefitsǀespecially for women, girls, rural 
communities, and historically underserved groupsǀwithin a context of increasing climate uncertainty.   

The CRVA will focus on investment locations in Northern Namibia as well as the broader  Kunene and Kavango 
River basins, assessing current and future risks under different climate scenarios and time horizons. The 
assessment will support evidence -based decision-making to ensure the long-term sustainability of water and 
sanitation infrastructure and services in the face of in tensifying climate impacts.  

The first objective focuses on understanding current and future climate risks affecting the water sector in 
Namibia, focusing on the Kunene and Kavango basins. This includes the identification of hazard patterns, 
exposure, and vulnerabilities at national, regional, and local levels. The climate risks and vulnerabilities  that 
threaten the sustainability of water infrastructure and services. This involves evaluating how both surface and 
groundwater systems, storage facilities, and supply networksǀparticularly those in rural and peri-urban 
areasǀare exposed and sensitive to climate-related hazards under various future scenarios. 
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1 PART I. METHODOLOGY 

1.1 Climate Change analysis  

The climate change analysis chapter characterizes the recent climate and projected future changes at national 
mfwfm! boe! gps! Obnjcjbǃt! Lvofof! boe! Plbwbohp! cbtjot! up! tvqqpsu! uif! Dmjnbuf! Sjtl! boe! Wvmofsbcjmjuz!
Assessment (CRVA) and the NWSSIP II planning windows. 

 Namibia is recognized as one of the most climate -vulnerable countries in Sub-Saharan Africa, with the Kunene 
and Okavango basins particularly exposed due to their geographic location and socio-ecological 
characteristics. These areas already experience considerable interannual climate variability, frequent 
droughts, erratic rainfall patterns, and high evapotranspiration ratesǀfactors that are projected to intensify 
under future climate change scenarios.  

1.1.1 Purpose and approach 

The first step of the Climate Risk Assessments is to evaluate the projected changes for the most relevant 
climate variables (climate indices) that may have an impact on the assets of interest. For this evaluation, it is 
first necessary to characterize the climatology of Kunene and Okavango River basins (the area of interest) 
using climatological data from the World Bank Climate Change Knowledge Portal (CCKP). 

1.1.2 Data sources and coverage 

DDLQ!qspwjeft!cjbtƾbekvtufe!DNJQ7!qspkfdujpot!po!b!sfhvmbs!hsje!pg!bqqspyjnbufmz!1/36¯-!uphfuifs!xjui!
historical climatologies derived from widely used observational and reanalysis datasets. We use portal outputs 
in two complementary ways.  

First, absolute climatologies  for specified periods (historical or future) are taken as the basis for maps and 
cbtjo!tvnnbsjft/!Tfdpoe-!bopnbmjft!boe!qsfƾdpnqvufe!dmjnbuf!joejdft!bsf!vtfe!ejsfdumz!xifo!tvqqmjfe!cz!
CCKP portal, always stating the reference period used in its computation.  

The objective is to deliver a rigorous method that is, reproducible while remaining technically sound for 
engineering screening. Additionally, CCKP uses the Coordinated Regional Climate Downscaling Experiment 
(CORDEX) to provide higher-resolution climate projections. For Africa, the CORDEX-Africa initiative has 
developed datasets at a spatial resolution of approximately 0.44° (50 km), covering the entire mainland 
continent with a domain size of 194 x 201 grid points. These downscaled products significantly improve the 
ability to capture local climate features relevant for impact assessments, such as rainfall variability, extreme 
temperature events, and seasonal shifts. 

1.1.3 Scenarios and time windows  

Future projections are reported for two CMIP6 scenarios, SSP2ƾ4.5 and SSP5ƾ8.5, to bracket a stabilization 
pathway and a highƾemissions pathway. To align with decision horizons, four future windows are used:  

 
(i) 2020-2039 as the near-term scenario (NF).  
(ii) 2040-2059 as the mid-term or mid-century period (MTF). 
(iii)  2060-2079 as a long-term or late-century period (LTF).  
(iv) Historical climatologies and anomalies are referenced to 1995ƿ2014 as the Reference Period 

(RP).  

 
These time horizons allow the project to assess near-term (2020-2039), midterm or mid-century (2049-2059) 
and long-term or late-century (2060-2079) anchors for planning and design envelopes. Covering the minimum 
and maximum expected lifespan of key infrastructure components under the Namibia Water Sector 
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Infrastructure Support Programme Phase II (NWSSIP II). Using near, mid, and long-term horizons allows the 
project to assess climate risks across the full asset life cycle:  

¶ Shorter-lived elements such as solar-powered water pumps and purification systems may operate within 
a 10ƿ15-year window. 

¶ Long-lived investments like reservoirs and transmission pipelines may remain in service for up to 50 years 
or more. and to plan 

¶  for the complete range of plausible future conditions.   

¶ Additionally, the inclusion of the long-term horizon (2060ƿ318:*!jt!bmtp!bmjhofe!xjui!uif!Bgsjdbo!Vojpoǃt!
continental vision, Agenda 2063: The Africa We Want, which calls for forward -looking infrastructure 
planning and resilience through 2063. 

 
The emission scenarios used are:  

¶ SSP2-5/6!)Tubcjmj{bujpo!tdfobsjp*!sfqsftfoujoh!b!ǆnjeemf-of-the-spbeǇ!ps!cvtjoftt-as-usual pathway 

¶ SSP5-8.5 (High emissions, worst-case scenario) representing a high-emissions worst -case pathway.  
 
This dual-scenario approach provides a robust basis for stress -testing infrastructure performance under 
different climate futures, supporting the identification of no -regret and flexible adaptation strategies.  
 
These trends and projections will serve as the foundation for the climate hazard mapping in subsequent 
phases of the assessment. Downscaled data and historical baselines will be cross validated using local 
meteorological records  when available. The analysis will focus on identifying threshold conditions critical to 
the functionality and resilience of water supply, sanitation, and supporting infrastructure systems in the two 
river basins. 

1.1.4 Geographic domain and spatial aggregation  

All results are reported for two nested domains:  
 
¶ The National extent of Namibia . 

¶ At river basin level of the Kunene and Okavango basins. Portal grid cells are intersected with these 
polygons. Basin time series, indicator counts and summary values are computed as areaƾweighted means 
over each basin mask. When displayed as maps, values are shown at the native resolution of the 
underlying portal grid; when reported in tables, they represent spatial means over the relevant mask. 

1.1.5 Preƾprocessing and quality checks  

The analysis accepts the portal pipelines and applies consistency checks to ensure the CRVA purpose. These 
checks include: (i) examination of seasonal cycles and spatial gradients for climatological plausibility; (ii) 
verification that ensemble warming signals fall within ranges documented for Namibia; (iii) inspection that 
heavyƾrainfall indicators peak in the north and northeast in line with wetƾseason maxima; (iv) confirmation that 
dryƾspell metrics increase coherently in western and southern arid zones. These steps do not replace 
stationƾlevel validation but ensure that portal outputs are coherent and interpretable for screeningƾlevel risk 
work. 

1.1.6 Climate indices  

The index suite is aligned with ETCCDI/WMO practice and with the Namibia hazard framework so that results 
flow directly into the CRVA matrices: 

¶ Heat and temperature stress are characterized by TXx (annual maximum of daily maximum 
ufnqfsbuvsf*-!XTEJ!)xbsn!tqfmm!evsbujpo*-!boe!pqfsbujpobm!uisftipmet!tvdi!bt!ebzt!xjui!Unby!Ǵ!46!¯D!
boe-!xifsf!sfmfwbou-!Ǵ!51!¯D/! 

¶ Shortƾduration heavy rainfall relevant to pluvial flash flooding is represented by Rx1day and, where 
bwbjmbcmf-!dpvout!pg!ebzt!xjui!Ǵ!61!nn/! 

¶ Multiƾebz!sbjogbmm!sfmfwbou!up!gmvwjbm!sftqpotft!jt!sfqsftfoufe!cz!Sy6ebz!boe!dpvout!pg!ebzt!xjui!Ǵ!31!
mm.  
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¶ Dryness and meteorological drought are represented by CDD (maximum consecutive dry days) and 
SPEI 12ƾmonth accumulation windows.  

 
Changes are computed with respect to the harmonized 1995ƿ2014 baseline for the same indicator.  All the 
climate indices used in the study are compiled in table 1. 
 
 

 Table 1. Climate indices used in the study. 

Abbreviation Climate indices name Definition / Unit  Primary use (hazard) 

TXx 
Annual Maximum of Daily 
Maximum Temperature 

Ipuuftu!ebjmz!Unby!fbdi!zfbs<!ð!wt!SQ!jo!
°C 

Heat 

TX90p 
Warm Days (90th 
Percentile of Tmax) 

Share of days with Tmax > RP 90th 
percentile (%) 

Heat 

WSDI Warm Spell Duration Index 
Ebzt!jo!tqfmmt!Ǵ7!ebzt!xjui!Unby!?!SQ!
90th percentile (days/yr)  

Heat 

Rx1day 
Maximum 1ƾday 
Precipitation  

Wettest 1ƾebz!upubm!jo!b!zfbs!)nn*!ps!ð!
vs RP (%) 

Pluvial 

Rx5day 
Maximum 5ƾday 
Precipitation  

Wettest consecutive 5ƾday total (mm) or 
ð!wt!SQ!)&* 

Fluvial 

R20mm 
Very Heavy Precipitation 
Days 

Ebzt!xjui!qsfdjqjubujpo!Ǵ31!nn!
(days/yr)  

Fluvial (frequency) 

R50mm 
Extremely Heavy 
Precipitation Days 

Ebzt!xjui!qsfdjqjubujpo!Ǵ61!nn!
(days/season)  

Pluvial (frequency), Storms 
(frequency) 

SDII Simple Daily Intensity Index 
Total precip on wet days / number of 
wet days (mm/day)  

Pluvial, Storms 

CDD Consecutive Dry Days 
Longest run of days with precip <1 mm 
(days) 

Drought, Wildfire 

SPEI-12 
Standardized 
Precipitationƿ
Evapotranspiration Index 

Tuboebsej{fe!bopnbmz!pg!)QǭQFU*!pwfs!
23!npouit!)ć* 

Drought, Wildfire 

SPIƾ12 
Standardized Precipitation 
Index 

Standardized anomaly of precipitation 
pwfs!23!npouit!)ć* 

Drought (corroboration)  

 

1.1.7 Ensemble treatment and agreement  

All maps and tables summarize multiƾmodel ensembles. Unless otherwise noted, the central tendency is the 
ensemble mean.  
 
Basinƾlevel figures report spread using interquartile ranges and the full model range. Maps or captions indicate 
areas of high or low model agreement to distinguish robust signals from areas where scenario or model 
differences are significant . No bespoke model weighting or performanceƾbased selection is applied, as the 
portal ensembles are intended to be representative and ready for screening applications. 

1.1.8 Limitations and appropriate use  

Spatial detail is limited by the resolution of CCKP and very localized phenomena such as siteƾspecific wind 
gusts. Some indicators, particularly wind, are not available across the portal, in which case qualitative 
engineering implications are provided with explicit notes on data availability.  
 
For basinƾscale screening and program planning, the portalƾbased ensemble provides transparent, 
reproducible evidence suitable for decision support. For engineering design at specific sites, these results 
should be paired with hydrologic or hydraulic studies and local observations.  
Maps present either absolute climatology for the reference period or change relative to 1995ƿ2014 for 
projections, always identifying the scenario and future window.  
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Basin tables and time series represent areaƾweighted means or counts over the Namibia portions of the 
Kunene and Okavango basins.  
 
Climate indices maps and summaries indicate ensemble spread; where agreement is low, captions flag that 
results should be interpreted with caution. A crossƾwalk in the results section translates each index into the 
hazard classes and thresholds used by the CRVA so planners can move directly from projected change to a 
hazard level relevant for infrastructure decisions.  
 

1.1.9 Validation and uncertainty  

The climate information used in the CRVA comes from the World Bank Climate Change Knowledge Portal 
(CCKP) CMIP6 0.25-degree dataset, which is based on a multi-model CMIP6 ensemble that has been bias-
corrected and downscaled using ERA5 for the 1995ƿ2014 historical reference period. The analysis uses 
primarily the ensemble median as the central estimate for most indicators and time slices, and the 90th 
percentile for selected variables and horizons where a conservative, high-impact view is needed for stress -
testing (for example, extreme rainfall indices). Beyond the bias correction and downscaling already applied in 
the CCKP dataset, no further statistical adjustment or formal comparison with national station records has 
been carried out in this study, due to limited and non-systematic access to national meteorological data. 
Instead, we have verified that the projected patterns and trends are physically plausible at basin and regional 
scale, and that related indicators (for example, temperature and hot-day counts, or rainfall and drought indices) 
behave consistently with each other. 
 
Uncertainty is due to model structural differences, internal variability, scenario choice and the translation of 
continuous indicators into discrete hazard classes. The CCKP partly captures this through 10thƿ90th 
percentile ranges around the median, which indicate the spread of model results. In this context, the CRVA is 
designed to provide robust, decision-oriented ranges for key hazardsǀsufficient to support climate -resilient 
siting, design and prioritisation of NWSISP II investments.  

1.2 Climate hazard assessment  

This chapter sets out the methodology used to assess climate hazards and derive decisionƾready risk evidence 
for water and sanitation (WASH) infrastructure in Namibia, with emphasis on the Kunene and Okavango river 
basins. It includes: 

¶ Hazard identification and prioritization for the WASH sector in northern Namibia.  

¶ Hazard intensity and hazard frequency calculations. 

¶ Hazard labeling considering intensity and frequency into a single hazard level and time horizon.  
 
The methodology is aligned with international standards for climate ƾrisk assessment and water utility 
management, and it is suitable for due diligence under the African Development Bank (AfDB) Climate 
Safeguards System (CSS) and the Updated Integrated Safeguards System (ISS). [18,19,1,2,3,9] 

1.2.1 Standards and traceability  

This assessment conforms to:  

¶ ISO 14091:2021 on adaptation to climate changeǀguidelines for vulnerability, impact and risk 
assessment. 

¶ ISO 14090:2019 on adaptation principles and requirements. 

¶ ISO 31000:2018 on risk management. 

¶ ISO 31010:2019 on risk assessment techniques.  

¶ Sectorƾspecific guidance is drawn from ISO 24510:2007 (service to users), ISO 24511:2007 (management 
of wastewater utilities), ISO 24512:2007 (management of drinking water utilities), ISO 24516ƾ1:2016 (asset 
management of drinkingƾwater distribution networks) and ISO 24518:2015 (crisis management of water 
utilities).  
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These standards frame the CRVA definitions, classification logic , assumptions and limitations. [1,2,3,4,5,6,7,8]. 

1.2.2 Climate Hazards identification  

Northern Namibia is arid to semiƾarid, with high interƾannual rainfall variability and strong transboundary 
influences from Angola and Zambia. For WASH systems, the most relevant climate hazards are extreme heat, 
drought, pluvial flash floods, fluvial floods, strong winds and convective storms and wildfires. T hese hazards 
were prioritized based on the national climateƾsjtl! fwjefodf! cbtfe! jo! Obnjcjbǃt! Gpvsui! Obujpobm!
Communication to the UNFCCC, the World Bank Climate Risk Country Profile for Namibia, UNDRR Disaster 
Risk Profile, global screening (GFDRR ThinkHazard), combined with infrastructure exposure patterns in the 
NWSSIP II pipeline. [14,16,15,17]. 

1.2.3 Hazard level analysis   

Each hazard is represented by a pair of measurable components: intensity and frequency components. The 
intensity component measures how strong the hazard is with respect to the RP; the frequency component 
measures how often events of concern occur within a season, year or decade. Both components are computed 
from the indices listed in Table 1, using thresholds that are locally calibrated and widely adopted in the 
fyusfnfǃt!mjufsbuvsf!boe!XNP0FUDDEJ!hvjebodf/!Uif!gpmmpxjoh!tvctfdujpot!nblf!fwfsz!dbmdvmbujpo!explicit 
and justify each threshold. [12,10,11,3] 

1.2.3.1 Heat Stress 

Extreme heat affects WASH assets via higher evaporation in open storage and conveyance, softening of 
polymers and linings, accelerated disinfectant decay, reduced oxygen solubility for biological processes, and 
derating/overheating of pump/VSD and electroƾmechanical equipment; it also reduces PV efficiency and 
worker productivity and safety. [1]  
 
The hazard of extreme heat events is assessed by combining intensity and frequency using suitable climate 
indices. Intensity is quantified from the annual maximum of daily maximum temperature (TXx ) and warm days 
above the 90th percentile (TX90p); frequency is measured with the Warm Spell Duration Index (WSDI). TXx 
and WSDI are ETCCDI indices designed for robust detection of heatƾrelated extremes and persistence. Heat 
thresholds interface directly with ISO 24512/24516 asset management for temperature ƾsensitive components 
and ISO 24518 crisis readiness for staff safety and process stability. [12,7,8] 
 

¶ Lowƾintensity  events were defined as a +0.0ƿ0.7 °C increase in the annual maximum of daily temperature 
)ðUYy*!wfstvt!uif!sfgfsfodf!qfsjpe!)SQ*/!Uijt!cboe!sfgmfdut!ufnqfsbuvsf!dibohft!vomjlfmz!up!nbufsjbmmz!
affect asset performance beyond routine design margins.  

¶ Moderateƾintensity  events were assigned for +0.8ƿ2/8!¯D!)ðUYy*-!sfdphoj{joh!opoƾlinear sensitivity of 
WASH systems: higher reservoir and canal evaporation, faster disinfectant decay and biofilm growth, 
reduced oxygen solubility for biological processes, and increased risk of motor/VSD overheating in poorly 
ventilated pump houses. 

¶ Highƾintensity  fwfout!xfsf!jefoujgjfe!gps!Ǵ!,2/9!¯D!)ðUYy*/!Bu!uijt!mfwfm-!dvnvmbujwf!fggfdut!)uifsnbm!tusftt!
on polymers/linings, higher head loss with warmer water, process instability in sludge/biological 
treatment, and elevated O&M cooling needs) can materially degrade service reliability without targeted 
adaptation.  

Frequency is measured as the number of days per year in warm spells above the 90th percentile of the 
reference period (WSDI): 

¶ Lowƾfrequency  fwfout!xfsf!efgjofe!bt!ǳ!3:!ebzt0zfbs!jo!xbsnƾtqfmm!dpoejujpot!)ǳ!q:1!fydffebodf!ebzt*-!
consistent with isolated heatwaves manageable through operational measures.  

¶ Moderateƾfrequency  events were set at 30ƿ58 days/year, indicating recurrent heatwaves that materially 
increase O&M burden (shift scheduling, ventilation/cooling, reservoir level management).  

¶ Highƾfrequency  events were > 58 days/year, reflecting persistent heat stress that elevates failure 
likelihood in electroƾmechanical equipment and increases evaporative losses from open storage and 
conveyance. 
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We assign the heatƾstress hazard level by combining intensity and frequency in a 3×3 matrix. Frequency is 
fwbmvbufe!xjui!XTEJ!boe!fyqsfttfe!bt!ebzt!qfs!zfbs!pg!xbsn!tqfmmt;!mpx!gsfrvfodz!jt!ǳ!3:!ebzt0zfbs-!nfejvn!
frequency is 30ƿ58 days/year, and high frequency is > 58 days/year. 

¶ When intensity is low , the hazard is low if warm spells are infrequent, moderate when they occur with 
medium frequency, and high when they are frequent. 

¶ When intensity is moderateǀdefined as an increase between 0.8 and 1.7 °C in the annual maximum of 
daily temperatureǀthe hazard is moderate under low frequency, high under medium frequency, and very 
high under high frequency. 

¶ When intensity is highǀdefined as an increase of at least 1.8 °Cǀthe hazard is high under low frequency, 
very high under medium frequency, and extreme under high frequency. 

All metrics are calculated for each location and each future horizon. The ensemble median is reported as the 
central estimate, and the interquartile range (IQR) quantifies the associated uncertainty. The heatƾstress 
hazard levels are reported for each grid cell area and scenario. 

 
       Table 2.Hazard level matrix to assess Heat stress. 

 

Hazard intensity 
Hazard Frequency 

Low 
29 days or less 

Moderate 
30-58 days 

High 
More than 58 days 

High intensity 
1.8°C - more 

High Very High Extreme 

Moderate intensity  
0.8 - 1.7 °C 

Moderate High Very High 

Low intensity 
0.0- 0.7 °C 

Low Moderate High 

 

1.2.3.2 Drought 

The drought hazard level is quantified by intensity and frequency from standardized hydro-climatic indices and 
hydrologic indicators relevant to surface and groundwater that supply WASH services, relative to the historical 
reference period (RP). Intensity is assigned using a multi -indicator approach centered on the 12-month 
Standardized PrecipitationƿEvapotranspiration Index (SPEI-12) as the primary signal, with Consecutive Dry 
Days (CDD) anomalies characterizing dry-spell persistence. For each asset, the strongest indicator available 
sets the intensity, with the other used for corroboration. Heat and drought thresholds interface with ISO 
24512/24516 asset management for water utilities and ISO 24518 crisis readiness for staff safety and process 
stability. [12,7,8]. 
 

¶ Low-intensity  drought corresponds to mild hydro -dmjnbujd!efgjdjut!)f/h/-!TQFJ!ǭ1/6!up!ǭ1/::!ps!tnbmm!DEE!
anomalies, Ṃ +4 days) typically absorbed by operational storage and demand management. 

¶ Moderate-intensity  espvhiu!jt!tfu!bu!TQFJ!ǭ2/1!up!ǭ2/5:!ps!DEE!bopnbmz!,5ƿ15 days. 

¶ High-intensity  espvhiu!jt!TQFJ!ǳ!ǭ2/6!ps!DEE!bopnbmz!Ǵ!,27!ebzt/ 

Frequency counts years per decade with at least one event meeting the relevant intensity threshold: low 
gsfrvfodz! jt! ǳ! 2ƿ2 years/decade; moderate frequency is 2ƿ4! zfbst0efdbef<! ijhi! gsfrvfodz! jt! Ǵ! 5!
years/decade or multi -season drought. 
 
We assign the drought hazard level by combining intensity and frequency in a 3 by 3 matrix: 
 

¶ When intensity is low , the hazard is low under low frequency, moderate under moderate frequency, and 
high under high frequency. 

¶ When intensity is moderate , the hazard is moderate under low frequency, high under moderate frequency, 
and very high under high frequency. 

¶ When intensity is high , the hazard is high under low frequency, very high under moderate frequency, and 
extreme under high frequency. 
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All metrics are calculated for each location/asset and for each future horizon. The ensemble median is 
reported as the central estimate, and the interquartile range (IQR) quantifies the associated uncertainty. 
Drought hazard levels are reported for each grid cell area and scenario. 

 
Table 3.Hazard level matrix to assess droughts. 

 

Hazard intensity 
Hazard Frequency 

Low 
ǳ!2ƿ2 yrs/dec 

Moderate 
2ƿ3 yrs/dec 

High 
Ǵ!5!zst0efd 

High intensity 
TQFJ!ǳ!ǭ2/6<!DEE!Ǵ!27 

High Very High Extreme 

Moderate intensity  
TQFJ!ǭ2/1!up!ǭ2/5:<!DEE!6ƿ15 

Moderate High Very High 

Low intensity 
TQFJ!ǭ1/6!up!ǭ1/::!ps!njops!
bopnbmjft<!DEE!ǳ!5 

Low Moderate High 

 

1.2.3.3 Qmvwjbm!gmbti!gmppet!)tipsuƾevsbujpo-!ijhiƾjoufotjuz!sbjogbmm* 

Convective storms can damage elevated tanks, kiosks, solar frames, and pump-station electrical systems 
(including lightning/surge), and trigger flash -flooding that undermines rural distribution lines, latrines, kiosks, 
compound drainage, and access roads. Where wind fields are unavailable, precipitation extremes are used as 
severity proxies. The indicators used are: 
 

¶ Seasonal maximum 1ƾday precipitation (Rx1day). 

¶ 50th/95th percentile of Rx1day from the baseline (P95).  

¶ Simple Daily Intensity Index (SDII) as the total precipitation on wet days divided by the number of wet days. 

¶ Dpvou!pg!ebzt!xjui!Ǵ61!nn!jo!uif!sbjoz!tfbtpo!)S61nn*/ 

We classify intensity by comparing observed storm metrics to a fixed climatological baseline at the 
station/grid ƾcell level: 
 

¶ Low intensity  )Sy2ebz!ǳ!Q61*!jt!vomjlfmz!up!fydffe!mpdbm!esbjobhf!dbqbdjuz!ps!eftubcjmj{f!tpjmt!bspvoe!
latrines, kiosks, or shallowƾburied pipelines. 

¶ Moderate intensity  (Rx1day > P50ƿP95 of RP, or SDII +5ƿ10%) captures events that overload compound 
drainage, erode access roads, and expose shallow pipelines.  

¶ High intensity  )Sy2ebz!?!Q:6!pg!SQ-!ps!Ǵ61!nn0ebz-!ps!TEJJ!?!,21&*!jt!dpotjtufou!xjui!qju!mbusjof!dpmmbqtf-!
infiltration/inflow surges, and washouts at culverts and small ƾstream crossings. [12,10,11] 

Xf!dpnqvuf!gsfrvfodz!qfs!sbjoz!tfbtpo!cz!dpvoujoh!uif!ovncfs!pg!ebzt!xjui!Ǵ61!nn!pg!sbjogbmm!)S61nn*!bu!
the site or area. For multiƾyear analysis we summarize by season (how many seasons fall in each band) or use 
the average R50mm per season to capture recurrence [12,11]: 
 

¶ Low frequency : R50mm = 0ƿ1 days/season (isolated shocks).  

¶ Moderate frequency : R50mm = 2ƿ3 days/season (recurrent O&M disruption).  

¶ High frequency;!S61nn!Ǵ!5!)sfhvmbs!gbjmvsft!xjuipvu!esbjobhf!vqhsbeft*/ 

Percentileƾbased Rx1day and SDII are the recommended ETCCDI tools for shortƾevsbujpo!fyusfnft<!uif!Ǵ61!
mm/day marker is widely used in impact studies and provides a clear O&Mƾrelevant trigger compatible with 
ISO 24518 emergency procedures [12,7]: 
 
We assign the pluvial flashƾflood hazard level by combining intensity and frequency in a 3 by 3 matrix. 

¶ When intensity is low , the hazard is low under low frequency, moderate under moderate frequency, and 
high under high frequency. 

¶ When intensity is moderate , the hazard is moderate under low frequency, high under moderate frequency, 
and very high under high frequency. 

¶ When intensity is high , the hazard is high under low frequency, very high under moderate frequency, and 
extreme under high frequency. 
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All metrics are calculated for each location and each future horizon. The ensemble median is reported as the 
central estimate, and the interquartile range (IQR) quantifies the associated uncertainty. Pluvial flashƾflood 
hazard levels are reported for each grid cell or service area and scenario. 

 
        Table 4.Hazard level matrix to assess pluvial flash floods 

Hazard intensity 
Frequency 

Low 
R50=0ƿ1 

Moderate 
R50=2ƿ3 

High 
S61!Ǵ!4 

High Intensity 
Rx1day >P95 or 

Ǵ61!nn!ps!TEJJ!?!,21& 
High Very High Extreme 

Moderate Intensity 
Rx1day >P50 

or SDII +5ƿ10% 
Moderate High Very High 

Low Intensity 
Sy2ebz!ǳQ61 

Low Moderate High 

1.2.3.4 Fluvial floods 

Flood hazard to WASH assets (intakes, canals, borehole heads, pump houses, access roads, elevated tanks) 
is assessed via precipitation extremes and, where available, hydrologic response. Fluvial floods are relevant 
to intakes, river crossings, canal embankments, elevated tanks near floodplains, and access/SCADA rooms 
vulnerable to inundation. 
 
Maximum 5ƾday precipitation (Rx5day) is used as a precipitationƾextreme proxy.  
 
Intensity is calculated in the reference period (RP) using station/gridƾcell climatology and, where available, 
hydrologic response: 

¶ Low intensity  xbt!tfu!bu!Sy6ebz!ǳ!Q61!pg!uif!sfgfsfodf!qfsjpe-!uzqjdbmmz!xjuijo!diboofm!dbqbdjuz!boe!
existing protection for intakes and canals.  

¶ Moderate intensity  (Rx5day > P50ƿP75 of RP) reflects events with meaningful siltation/contamination 
risk at intakes and localized overtopping of canals or access road inundation. [12,10,11] 

¶ High intensity  (Rx5day > P75 of RP) indicates conditions capable of structural damage (borehole heads, 
pump houses), widespread waterƾquality deterioration, and supply interruptions without additional 
protection. [12,10,11] 

Frequency measures: 

¶ Ovncfs!pg!wfsz!ifbwz!qsfdjqjubujpo!ebzt!)S31nn*!qfs!zfbs!)dpvou!pg!ebzt!xjui!Ǵ31!nn*/ 

¶ Multiƾyear summary using either seasonal counts (how many seasons fall in each band) or the average 
R20mm per season. 

Gsfrvfodz!dbmdvmbujpo/!Xf!ublf!uif!npsf!dpotfswbujwf!pg!uxp!nfbtvsft;!)j*!S31nn!)ebzt!xjui!Ǵ31!nn0zfbs*!
classed as Low (0ƿ2), Moderate (3ƿ6*-!Ijhi!)Ǵ7*/!\23-22^ 
 
Justification. Multi ƾday precipitation percentiles are standard proxies for fluvial hazard. [8,3] 
 
We assign the fluvialƾflood hazard level by combining intensity and frequency in a 3 by 3 matrix: 

¶ When intensity is low , the hazard is low under low frequency, moderate under moderate frequency, and 
high under high frequency. 

¶ When intensity is moderate , the hazard is moderate under low frequency, high under moderate frequency, 
and very high under high frequency. 

¶ When intensity is high , the hazard is high under low frequency, very high under moderate frequency, and 
extreme under high frequency. 

All metrics are calculated for each location and each future horizon. The ensemble median is reported as the 
central estimate, and the interquartile range (IQR) quantifies the associated uncertainty. Fluvialƾflood hazard 
levels are reported for each grid cell or service area and scenario. 
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        Table 5. Hazard level matrix to assess fluvial floods. 
 

Hazard intensity  
Frequency 

Low 
R20=0ƿ2  

Moderate 
R20=3ƿ5  

High 
S31Ǵ7! 

High intensity 
Rx5day >P75  

High Very High Extreme 

Moderate intensity  
Rx5day >P50ƿP75  

Moderate High Very High 

Low intensity 
Sy6ebz!ǳQ61 

Low Moderate High 

 

1.2.3.1 Storms 

Convective storms can damage elevated tanks, kiosks, solar frames, pumpƾstation electrical/SCADA rooms, 
telemetry masts, river/canal crossings and access roads. Lightning  surge can compromise electrical systems, 
and windƾdriven rain can force water into equipment housings and control rooms.  
 
We classify intensity against a fixed reference period using windƾfirst metrics where wind fields are available . 
Where wind is missing, precipitationƾbased proxies are applied.  
 
Precipitationƾbased proxies (when wind fields are unavailable or incomplete) [12,10,11] are: Maximum 1ƾday 
precipitation (Rx1day) and Maximum 5ƾday precipitation (Rx5day). 
 

¶ Low intensity  xifo!Sy2ebz0Sy6ebz!ǳ!Q86!)vtvbmmz!xjuijo!esbjobhf!boe!tusvduvsbm!dbqbdjuz*/ 

¶ Moderate intensity  when Rx1day/Rx5day > P75ƿP95 (storm runoff, localized overtopping and erosion).  

¶ High intensity  when Rx1day/Rx5day > P95 (likely structural/erosion damage, widespread service 
disruption).  

Gps!gsfrvfodz!xf!dpvou!ipx!nboz!ǆtupsnzǇ!ps!ǆwfsz!ifbwzǇ!ebzt!b!tfbtpo!qspevdft!boe!dmbttjgz!uibu!dpvou/!
Windƾbased counts are used when available; otherwise, rainfall proxies are used: 

¶ Ovncfs!pg!wfsz!ifbwz!qsfdjqjubujpo!ebzt!)S31nn*;!ebzt!xjui!Ǵ31!nn!jo!b!ebz/ 

¶ Ovncfs!pg!fyusfnfmz!ifbwz!qsfdjqjubujpo!ebzt!)S61nn*;!ebzt!xjui!Ǵ61!nn!jo!b!ebz/ 

The most conservative among the available indicators is used to determine the frequency class. Low 
frequency when R20mm = 0ƿ2 per year or R50mm = 0ƿ1 per season; Moderate frequency when R20mm = 3ƿ
5 or R50mm = 2ƿ4<!Ijhi!gsfrvfodz!xifo!S31nn!Ǵ!7!ps!S61nn!Ǵ!5.  
 
We assign the storm hazard level by combining intensity and frequency in a 3 by 3 matrix: 
 

¶ When intensity is low , the hazard is low under low frequency, moderate under moderate frequency, and 
high under high frequency. 

¶ When intensity is moderate , the hazard is moderate under low frequency, high under moderate frequency, 
and very high under high frequency. 

¶ When intensity is high , the hazard is high under low frequency, very high under moderate frequency, and 
extreme under high frequency. 

Justification. Percentileƾbased Rx1day/Rx5day are standard ETCCDI proxies for shortƾduration convective 
tfwfsjuz-!boe!uif!Ǵ61!nn0ebz!uisftipme!jt!xjefmz!vtfe!jo!jnqbdu!tuvejft<!tupsn!usjhhfst!boe!sftqpotf!
protocols are compatible with ISO 24518 emergency procedures for water utilities. [12,7]  
 
All metrics are calculated for each location and each future horizon. The ensemble median is reported as the 
central estimate, and the interquartile range (IQR) quantifies the associated uncertainty. Storm hazard levels 
are reported for each grid cell area and scenario. 
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   Table 6. Hazard level matrix to assess Storms. 
 

Hazard intensity 
Hazard Frequency 

Low 
R20=0ƿ2 / R50=0ƿ1 

Moderate 
R20=3ƿ5 /R50=2ƿ3 

High 
S31Ǵ7!0!S61Ǵ5 

High 
Rx >P95 

High Very High Extreme 

Moderate 
Rx >P75ƿP95 

Moderate High Very High 

Low 
Sy!ǳQ86 

Low Moderate High 

 

1.2.3.1 Wildfires 

Wildfire is treated as a complementary climate hazard for WASH assets exposed (especially plastic 
HDPE/PVC pipelines, GRP/PE tanks, remote solar PV arrays and cabling, kiosks, meter boxes and telemetry 
masts). Prolonged heat and dryness raise ignition and spread potential, leading to melting or deformation of 
plastics, loss of power and control at remote pumps, smoke and dust contamination of panels and cabinets, 
and blocked access routes that lengthen repair times.  
 
The indicators used to measure intensity are as follows:  
 

¶ Ovncfs!pg!ebzt!xjui!nbyjnvn!ufnqfsbuvsf!Ǵ!46!¯D!)UY46*;!dbquvsft!uifsnbm!tusftt!po!gvfmt!boe!
installations.  

¶ Standardized PrecipitationƿFwbqpusbotqjsbujpo!Joefy!)TQFJƾ23*;!joufhsbuft!sbjogbmm!boe!fwbqpsbujwf!
demand over 12 months, signaling seasonal fuel aridity and moisture stress.  

¶ Dpotfdvujwf!Esz!Ebzt!)DEE*!bopnbmz;!nfbtvsft!qspmpohfe!sbjoƾgsff!tqfmmt!wfstvt!uif!cbtfmjof-!
indicating fuel curing and easier ignition/spread.  

¶ Number of tropical nights (minimum temperature > 20 °C): persistent warm nights dry fuels continuously 
and raise operator fatigue and safety concerns. 

¶ Npouimz!qsfdjqjubujpo!njovt!qpufoujbm!fwbqpusbotqjsbujpo!)QƾQFU*;!xbufsƾcbmbodf!tjhobm<!mbshf!ofhbujwft!
mark sustained dryness. 

Intensity (any primary active signal qualifies):  

¶ Low intensity : no active thermal or dryness signal (routine wayleave, vegetation management sufficient).  

¶ Moderate intensity;!UY46!Ǵ!Q86-!ps!TQFJƾ23!ǳ!ǭ2/1-!ps!DEE!bopnbmz!,7ƿ15 indicates elevated ignition and 
spread potential of fire.  

¶ High intensity;!UY46!Ǵ!Q:1-!ps!TQFJƾ23!ǳ!ǭ2/6-!ps!DEE!bopnbmz!Ǵ!,27!sfgmfdut!tvtubjofe!gvfm!bsjejuz!xjui!
credible risk of pipe deformation, PV damage, and access restrictions.  

Dpnqmfnfoubsz!dvft!)tvqqpsu!ftdbmbujpo!xifo!nvmujqmf!dvft!dpƾpddvs*;!Uspqjdbm!ojhiut!Ǵ!Q:1/ 
 
Gsfrvfodz!)6ƾzfbs!xjoepx*;!efgjof!bo!ǆbdujwf!tfbtpoǇ!xifo!bu!mfbtu!pof!dvf!sfbdift!jut!uisftipme<!uifo!dmbttjgz!
uif!6ƾzfbs!xjoepx!cz!uif!ovncfs!pg!bdujwf!tfbtpot; 

¶ Uifsnbm!mpbe;!UY46!ebzt!Ǵ!Q86!)Npefsbuf*!ps!Ǵ!Q:1!)Ijhi*/ 

¶ Tipsuƾufsn!eszoftt;!TQFJƾ23!ǳ!ǭ2/1!)Npefsbuf*!ps!ǳ!ǭ2/6!)Ijhi*/ 

¶ Persistence of dryness: CDD anomaly +6ƿ26!)Npefsbuf*!ps!Ǵ!,27!)Ijhi*/ 

Frequency classes: 

¶ Low frequency: 0 active seasons within 5 years. 

¶ Moderate frequency: 1 active season within 5 years. 

¶ Ijhi!gsfrvfodz;!Ǵ!3!bdujwf!tfbtpot!xjuijo!6!zfbst/ 

 
We assign the wildfire hazard level by combining intensity and frequency in a 3 by 3 matrix: 

¶ When intensity is low , the hazard is low under low frequency, moderate under moderate frequency, and 
high under high frequency. 
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¶ When intensity is moderate , the hazard is moderate under low frequency, high under moderate frequency, 
and very high under high frequency. 

¶ When intensity is high , the hazard is high under low frequency, very high under moderate frequency, and 
extreme under high frequency. 

All metrics are calculated for each location and each future horizon. The ensemble median is reported as the 
central estimate, and the interquartile range (IQR) quantifies the associated uncertainty. Wildfire hazard levels 
are reported for each grid cell area and scenario. 

 
       Table 7.Hazard level matrix to assess Wildfires. 

 

Hazard intensity 
Hazard Frequency 

Low 
0/5 yrs 

Moderate 
1/5 yrs 

High 
Ǵ306!zst 

High 
Ǵ2!qsjnbsz!tjhobm 

High Very High Extreme 

Moderate 
Ǵ2!qsjnbsz!tjhobm 

Moderate High Very High 

Low 
No active signal 

Low Moderate High 

 

1.3 Multi-Hazard Hotspots methodology 

Uijt!dibqufs!eftdsjcft!ipx!nvmujƾib{bse!iputqput!xfsf!efsjwfe!gps!uif!Lvofof!boe!Plbwbohp!cbtjot/!Uif!
bqqspbdi!jt!dpotjtufou!xjui!b!dmjnbufƾsjtl!tdsffojoh!mphjd!uibu!ijhimjhiut!uif!mpdbujpot!xifsf!nvmujqmf!ib{bset!
dpƾpddvs!bu!ijhi!joufotjuz!tp!uibu!spcvtu!eftjho!nfbtvsft!boe!bebqujwf!qbuixbzt!dbo!cf!qsjpsjujtfe/ 
 
A hotspot is any grid cell where all assessed hazards, in the overlay, reach at least high levels in the same 
scenario and time slice. Five climate hazards were assessed with consistent data and methods: (i) heat stress, 
(ii) drought, (iii) pluvial flash floods, (iv) fluvial floods and (v) wildfires . All hazard layers are built from 
nvmujƾnpefm! fotfncmf! qspkfdujpot! bhbjotu! uif! ijtupsjdbm! sfgfsfodf! qfsjpe! 2::6ƿ2014. Two emissions 
qbuixbzt!bsf!bobmztfe!)TTQ3ƾ5/6!boe!TTQ6ƾ9/6*!boe!uisff!ujnf!tmjdft!bsf!sfqpsufd: 2020ƿ2039, 2040ƿ2059 
and 2060ƿ2079. Each hazard raster is classified into ordered categories: Very Low, Low, Medium, High, Very 
High and Extreme. 
 
In multi -hazard maps specific hotspot areas are defined as grid cells that fall within the High, Very High or 
Fyusfnf!ib{bse!dmbttft!)ifsfbgufs!ǆIjhi,Ǉ*/!Uiftf!Ijhi,!cboet!bsf!vtfe!up!efsjwf!uif!nvmuj-hazard hotspot 
maps for the Kunene and Okavango basins and for the 100-km Rundu rural water-supply corridor. Multi -Hazard 
Hotspot maps support prioritisation and the choice of robust design options but should be read in a broader 
context together with assets exposure, criticality of services and feasibility constraints.  
 
Heat stress and wildfires are projected to be spatially pervasive and intense across both basins in all future 
horizons. Therefore those have been usfbufe!bt!cbtfmjof-!cbtjoƾxjef!dpotusbjout!sbuifs!uibo!ejtdsjnjobupst!pg!
where risk concentrates. To reveal meaningful spatial differentiation, the hotspot analysis has combined only 
the remaining three hazards: pluvial flash floods, fluvial floods and drought.   
 
Iputqput!ep!opu!sfqmbdf!tjohmfƾib{bse!nbqt/!Uifz!jefoujgz!xifsf!nvmujqmf!ib{bset!bsf!tjnvmubofpvtmz!ijhi/!In 
the hotspot analysis the areas out of the hotspots are not necessarily low risk or safe: the background hazards 
pg!ifbu!tusftt!boe!xjmegjsft!sfnbjo!bdujwf!cbtjoƾxjef!boe!tipvme!cf!beesfttfe!cz!vojwfstbm!eftjho!nfbtvsft/! 
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1.4 Climate exposure assessment methodology 

The exposure analysis determines whether each hazard can physically affect WASH assets and potentially 
cause damage. Geocoded assetsǀpipelines, reservoirs, boreholes, pump stations, treatment units, and 
distribution networksǀare overlaid on hazard-class rasters for each scenario (SSP2-4.5, SSP5-8.5) and time 
slice (2020ƿ2039, 2040ƿ2059, 2060ƿ2079). Each asset is assigned the hazard class of its underlying grid cell. 
Results are reported by constituency and asset type as the proportion of assets in the High, Very High, and 
Fyusfnf!fyqptvsf!cboet!)dpmmfdujwfmz-!ǆIjhi,Ǉ*-!xjui!dsjujdbm!opeft!)f/h/-!qvnq!tubujpot, borehole and dams) 
fyqmjdjumz!gmbhhfe/!Jo!uif!jowfoupsz!ubcmft-!ǆOBǇ!efopuft!uibu!b!hjwfo!bttfu!uzqf!jt!opu!qsftfou!jo!b!dpotujuvfodz/ 
 
For Kunene North, Kunene South, Kavango West, and Kavango East, maps depict the spatial evolution of 
exposure from the near term to the long term, while companion tables quantify the share of assets falling in 
High+ bands. These outputs enable synthesis of spatial patterns and translation into implications for WASH 
design and operations. 
 
Where suitable data exist, exposure results are corroborated with historical damage-and-loss records by 
hazard to relate modelled exposure to observed consequences, refine prioritization, and ground recommended 
measures in documented impact levels.  

 

1.5 Climate vulnerability assessment methodology 

1.5.1 Vulnerability assessment of WASH assets in Kunene and Okavango 
regions 

The methodology for vulnerability assessment of WASH assets in Kunene and Okavango regions by 
constituency defines how vulnerability will be quantified for water, sanitation and hygiene assets under climate 
hazards in both basins. The objective is to estimate how each asset type is likely to perform when exposed to 
climate  hazard conditions in each scenario and time slice, and to aggregate results to constituencies and 
regions by basin for design and planning. The approach is aligned with international good  practice for climate 
risk assessment and with African Development Bank guidance, and it is designed to operate under both data 
rich and data limited conditions.  
 
Vulnerability is treated as the propensity of an exposed system to suffer adverse effects when a hazard occurs. 
In operational terms it combines two ideas. Sensitivity reflects the degree to which the physical asset and its 
service functions react to stress because of siting, materials and process design. Adaptive capacity reflects 
the ability of the operator and the institutional context to anticipate, absorb, accommodate and recover 
through redundancy, procedures, standby power and access to spares. Hazards considered are heat stress, 
drought, pluvial flooding driven by intense rainfall, fluvial flooding driven by river levels and wildfire s. Hazard 
fields are taken from the climate ensemble used in the hazard chapter, and model spread is acknowledged 
through ensemble statistics.  
 
Assessment units are individual geocoded WASH assets in the inventory of water supply points (NSA 2022) 
from the Ministry of Agriculture, Fisheries, Water & Land Reform. Those for urban areas are from the Ministry 
of Urban and Rural Development (2022), including boreholes and wells, public taps and kiosks, tanker filling 
points, pump stations, small dams and assets listed as ǆotherǇ.  
 
Spatial roll ups are provided at constituency, region and basin level. Given information constraints the 
assessment is prioritised on multi hazard hotspots, which are areas where the discriminating hazards co -occur 
at high, very high or extreme levels. Heat stress and wildfire remain basin wide constraints and are handled 
through design notes that apply universally. 
 
Vulnerability is resolved into four engineering dimensions that together reflect both infrastructure fragility and 
service performance: 
ω Physical Damage (PD): describes structural or material harm to works and equipment such as scour, 

inundation of electrical components or heat damage.  
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ω Operability (OP): describes the ability to run and be accessed during and after the event including loss 
of access, power interruptions, intake clogging and tanker queuing.  

ω Service Life (SL): describes long term degradation and maintenance burden such as heat ageing of 
elastomers, siltation and abrasion or corrosion from wet dry cycling.  

ω Functionality or Productivity  (FL):  describes the capacity to deliver the required output and quality 
such as yield or pressure shortfalls and raw water quality.  

 
Each dimension is scored on a continuous scale between zero and one for each asset type and hazard. A 
score of zero indicates negligible effect and a score of one indicates severe effect.  

 
Scores are combined in a single Vulnerability Index using fixed weights that are consistent with typical WASH 
impact pathways. The Vulnerability Index is the weighted sum of the four-dimension scores :  
ω Physical damage weight is 0.30 
ω Operability weight is 0.35 
ω Service life weight is 0.15; and  
ω Functionality weight is 0.20.  

 
For reporting the index is classified into four bands so that results can be compared across hazards and 
locations : 
ω Low: corresponds to values below zero point two five,  
ω Moderate: corresponds to values from zero point two five to below zero point five zero,  
ω High: corresponds to values from zero point five zero to below zero point seven five, and  
ω Very high: corresponds to values of zero point seven five and above. 

 
Two parameterisation modes are supported so that results remain traceable as new information becomes 
available. In the data rich mode, the four-dimension scores are derived from measured attributes at the site 
such as plinth or threshold elevations relative to mapped flood depths, pump intake margins relative to 
projected drawdown, motor control centre elevations and enclosure ratings, storage autonomy and  access 
vulnerability.  
 
In the data limited mode which applies when site attributes are missing, scores are set by typology-based 
defaults per asset type and hazard. These defaults are derived from engineering judgement, prior operations 
and service guidance and are applied uniformly to assets of that type within a constituency. All defaults are 
recorded in an annex table and can be updated when field information arrives.  
 
To maintain a link with the vocabulary used in standards, the four dimensions can be mapped to sensitivity 
and adaptive capacity. Sensitivity is represented by a sub-index that emphasises physical damage and service 
life together with the intrinsic part of the productivity dimension driven by design and yield limits. Adaptive 
capacity is represented by a sub-index that emphasises operability together with the managerial part of the 
productivity dimension driven by procedures, standby power and redundancy. Where required, a qualitative 
three by three combination of sensitivity and adaptive capacity can be reported alongside the Vulnerability 
Index to maintain compatibility with guidance.  
 
Hazard specific interpretation rules ensure that dimension scores are assigned consistently.  
ω For drought, the dominant effects are on operability and productivity through yield and pressure losses 

and increased reliance on tanker service, while direct physical damage is typically limited.  
ω For pluvial flooding, physical damage is influenced by inundation and debris impact at low plinths and 

operability is affected by access loss and electrical submergence, while productivity is reduced by 
turbidity spikes and short outages.  

ω For fluvial flooding, longer saturation and hydraulic loads affect crossings and embankments, 
overbank flows and isolation affect operability and raw water interruptions and sediment pulses 
derate productivity.  

ω For heat stress, materials and electrical systems experience derating and thermal trips, longer term 
ageing accelerates and output falls through lower pump efficiency at higher temperatures.  

ω For wildfire, radiant heat and combustion threaten kiosks and cables, safety shutdowns and smoke 
limit operations and water quality can be affected by ash.  

 
The workflow to implement the methodology is structured as a sequence of transparent steps.  
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1. First, inputs are imported which include the asset inventory, the hazard layers and the hotspot 
polygons for the selected scenario and time slice.  

2. Second, the dimension scores are assigned for each asset type and hazard either from measured 
attributes where available or from typology -based defaults where site attributes are missing.  

3. Third, the Vulnerability Index is computed per asset and hazard using the fixed weights and the results 
are stored together with a confidence flag that reflects the richness of the underlying data.  

4. Fourth, results are aggregated to constituency, sub-region and basin level.  
a. Asset type summaries report average values and the share of assets in the higher classes.  
b. Constituency summaries report the average index across present asset types and identify the 

asset types that contribute most to vulnerability.  
c. Basin summaries present the distribution of classes and maps.  

5. Finally, quality assurance and traceability checks are applied to outliers, and all assumptions, weights 
and thresholds are documented for review. 
 

The methodology is consistent with principles for climate risk assessment and with sector guidance for 
drinking water and wastewater services and provides a practical and transparent basis to update results as 
field data become available. 

 

1.6 Climate risk assessment methodology 

1.6.1 Climate Risk Calculation Method for screening with asset -specific 
limited data  

The Climate Risk and Vulnerability Assessment (CRVA) apply a structured, engineering-based method that 
converts limited but spatially explicit information (spatial exposure, typology -based vulnerability and systemic 
criticality) into a transparent, formula -based Climate Risk Index. The process is robust under limited data 
conditions, replicable across basins, and suitable for decision -making in infrastructure planning and climate 
adaptation  
 
The process is intentionally formula -driven, enabling defensible screening even when detailed asset-specific 
data are unavailable. 
 
Step 1. Establish Exposure. Exposure is quantified as the percentage of assets, by typology and constituency, 
that fall within the High, Very High, or Extreme hazard hotspot classes (High +). This is computed directly 
overlying GIS asset coordinates with hazard hotspot rasters. 
 

% Exposed Assets in High+ = (Assets in High+ hotspots / Total assets) × 100 
 
Step 2. Compute the Vulnerability Index (VI). Vulnerability is evaluated at typology-level, not per individual 
asset, to reflect structural sensitivity under limited -data conditions. Each asset- hazard combination is scored 
across four engineering criteria: (i) Physical Damage (PD); (ii) Operability (OP); (iii) Service Life degradation 
(SL); and (iv) Productivity loss (or functionality) (PR). The resulting Vulnerability Index represents the intrinsic 
susceptibility of each asset type to each hazard, independently of its location.  
The weighted formula is: 
 

Vulnerabiity Index (VI) = 0.35 PD + 0.30 OP + 0.15 SL + 0.20 PR 
 
Step 3. Assign Criticality (C). Criticality adjusts the vulnerability score to reflect the systemic importance of 
an asset type. Fixed multipliers are used due to limited performance data. Thus: C = Criticality multiplier per 
typology: (i) Pump stations, intakes, treatment units (C=1.30); (ii) Motorised boreholes, dams (C=1.20); (iii) 
Tanker filling points (C= 1.10); Public taps, wells, other small assets (C=1) 
 
Step 4. Compute Hazard-Specific Risk per Asset Type. For each hazard, constituency, scenario and time slice, 
the risk per asset type is computed. This step transforms exposure and engineering susceptibility into a 
quantified hazard-specific risk value: 
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Risk (asset, hazard) = % High+ × VI × C 

 
Step 5. Aggregate Risks Across Asset Types. The constituency-level risk for each hazard is obtained by 
summing the contributions of all asset typologies. This produces a continuous index useful for comparing 
hazard impacts across locations:  

 
Sjtl!ib{bse!Dpotujuvfodz!>!õ!)&Ijhi,!À!WJ!À!D* 

 
Step 7 ǀ Multi -Hazard Aggregation (Optional). A composite climate risk score is obtained by summing 
hazard-specific risks. This identifies constituencies facing cumulative impacts across hazards.  
 
Step 8. Interpretation and Prioritisation.  The resulting scores allow ranking and categorisation of 
constituencies as Low, Moderate, High or Very High risk. They guide: (i) Design upgrades; (ii) preparedness 
planning; (iii) investment prioritisation; (iv) Integration into long -term WASH planning. 
 

1.6.2 Climate Risk assessment method when asset-specific data  is 
available (Kavango-Link water project).  

The climate risk assessment for the CANƿOkavango Link follows the standard risk framing used by the IPCC 
and climate-resilient infrastructure guidelines. In this framing, climate risk is understood as the combined 
effect of: (i) climate -related hazards, (ii) the exposure of the infrastructure to those hazards, and (iii) the 
vulnerability of the system.  
 
The objective of the assessment is to identify and compare climate risk levels along the Okavango Link ƿ 
including the intake, pump stations and transmission pipeline ƿ and to support the design of robust adaptation 
measures. This is achieved by: (i) segmenting the project into homogeneous stretches of infrastructure, (ii) 
characterising present and future climate hazards for each stretch, (iii) assessing vulnerability in four 
dimensions of infrastructure performance, and (iv) combining hazard and vulnerabi lity into a segment-level 
climate risk index.  
 
Climate data, scenarios and hazard indicators  
 
Climate hazards are derived from regional climate model projections and hydrological simulations used for 
the project. The analysis is performed for standard future time horizons (near -, mid- and late-century) and for 
at least two emissions scenarios.  
From these datasets, a focused set of hazard indicators is derived for the project area, including: 
ω Changes in mean, minimum and maximum air temperature. 
ω Changes in total annual and seasonal precipitation. 
ω Changes in drought characteristics, especially the longest dry spell. 
ω Changes in river regime at and around the intake and along the conveyance system. 

All indicators are expressed as changes (absolute or percentage) relative to a historical baseline period. This 
allows direct comparison between present and future conditions.  
 
Segmentation of infrastructure and exposure analysis  
 
Because the CANƿOkavango Link is a linear system, the analysis is carried out by infrastructure segments. 
The alignment is subdivided into stretches that are homogeneous in terms of:  
ω Asset type (intake, pump station, buried pipeline, above-ground pipeline). 
ω Topographic, geotechnical and land-use context. 
ω Climate-hazard patterns, according to the gridded hazard maps. 

 
Break points are placed at all major nodes (intake and pump stations), at crossings with significant 
hydrological features, and wherever hazard classes change along the alignment. This segmentation creates a 
set of stretches that each have a coherent exposure profile. 
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For each segment, the geometry of the stretch is overlaid with the climate and hydrological rasters within a 
GIS. For each hazard indicator and time horizon, representative values are extracted (e.g. median or upper-
quantile values within or near the segment). These values define the exposure of that segment to each hazard. 
Where several grid cells intersect a segment, the dominant or worst-case class is retained to avoid 
underestimating risk.  
 
Vulnerability assessment in four dimensions  
 
Vulnerability is assessed for each segment in four complementary dimensions of infrastructure performance:  
 

1. Structural robustness:  resistance of physical components to climate stresses, considering pipe 
material and pressure class, burial depth, corrosion protection, structural design of pump stations 
and freeboard at the intake. 

2. Operational vulnerability:  sensitivity of operations to climate extremes, considering dependence 
on continuous power supply, availability of backup systems, operational flexibility, access for 
maintenance and availability of spare parts.  

3. Service life : susceptibility of the local environment to erosion, gullying or instability, considering 
slope, soil characteristics, proximity to floodplains and riverbanks, and the presence or absence 
of protecting vegetation.  

4. Service criticality:  the criticality of each segment for the continuity of water supply, considering 
the share of demand it serves, the presence of redundancy or alternative routes, and the 
consequences of temporary failure.  

 
Each dimension is scored on a simple ordinal scale from 1 (very low vulnerability / high robustness) to 5 (very 
high vulnerability). Scores are based on design documentation, geotechnical and environmental information, 
planned operational strategies and expert judgement from engineers and climate specialists.  
A composite vulnerability score is then calculated for each segment as a weighted average of the four 
dimensions.  
 
Hazard classification and thresholds  
 
The continuous hazard indicators are converted into a common hazard index on a 1ƿ5 scale, where 1 indicates 
very low hazard and 5 very high hazard. This step enables a transparent and comparable representation of 
hazard across indicators and segments.  
 
The procedure to evaluate climate risk combines: (i) how often a hazardous condition is expected to occur 
(Likelihood); with (ii) how severe its effects would be on the asset or service (Consequence).  
 
Likelihood (L)  measures frequency on a five-point scale for the selected time horizon. Scores are interpreted 
as follows:  

1. Rare: means an annual probability up to five percent (5%). 
2. Unlikely: means five to twenty percent (20%).  
3. Possible means twenty to fifty percent (20 -50%).  
4. Likely: means fifty to eighty percent (50-80%).  
5. Almost certain means above eighty percent (>80%), thus every year.  

 
To assign Likelihood, climate metrics such as the number of days above the P90 temperature threshold, the 
frequency of heavy rainfall days, river stage exceedance, among other indicators are translated into an annual 
probability for each asset or segment under the chosen scenario. 
 
Consequence (C) measures severity on a five-point scale that reflects functional impact, repair needs, service 
disruption, and potential health, safety or environmental effects:  

1. Insignificant indicates negligible damage and no service interruption and routine O&M only. No 
asset damage.  

2. Minor indicates very short service interruption, minor O&M, superficial asset damage and minor 
repairs.  
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3. Moderate indicates service interruption up to two days, component replacement, limited local 
public-health or environmental effects with localized effects.  

4. Major indicates multi -day service interruption with significant asset damage and repairs or partial 
reconstruction, risk of non -compliance with water or effluent standards.  

5. Catastrophic indicates major asset failure or a prolonged loss of service or production capacity; 
widespread environmental or public-health impact and major cost.  

 
Figure 1. Illustration of Climate risk assessment process. Source: the author. 

 

 
 
 
The Risk Index is calculated as the product Likelihood (L) x Consequence (C) and ranges from 1 to 25. For 
each segment we converted climate metrics into a Likelihood score from 1 to 5, for example days above the 
P90 temperature threshold, heavy rainfall frequency, river stage exceedance at Rundu, drought indices, and 
storm frequenc y. We then assigned a Consequence score from 1 to 5 based on service impact, operations and 
maintenance implications, asset damage, and compliance risk for water and sanitation services.  
 
Multiplying Likelihood by Consequence produced a Risk Index from 1 to 25, which we mapped to Low, 
Moderate, High, or Extreme using fixed bands. For every case we will document the chosen mitigations and 
the residual risk in next stages of the assessment. The same procedure has been applied consistently across 
all segments, enabling comparison and easy updates as new climate data become available. 
 
Two short examples illustrate the method:  

Natural hazard

Climate
(cl imate events at defined intensity)

Temperature
Precipitation

Wind
Sea Level rise

Etc.

Other Hazards, e.g.,
Seismic

Volcanic

Exposure
(Potential interactions)

Is  the element exposed to the 
cl imate hazard in a way that 

can cause a risk?

If the element is exposed to the 
cl imate hazard, how will it be 

affected?

Vulnerability

Impacts criteria
Physical/Structural?

Capacity/Functionality?
Operations?

For the selected cl imate hazards, at 
their defined intensities, that may 

impact the elements at risk, what is 
thei r probability of occurrence?

Likelihood
(Probability of occurrence)

Recent/Current climate
Future Cl imate

Risks
(Analysis over the selected time horizons and service life of 

assets and components)

Risk = Exposure x Vulnerability x Likelihood

Risk Treatment
(Manage risks over the life-cycle of the assets in the Asset 

Management program)

Avoid, Accept, Reduce, Transfer, Share
Manage residual risks

Elements at risk

(assets, components)
Infrastructure

Bui ldings
Faci lities

Equipment
Environment

People
Activi ties and Processes
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ω Jg!gmvwjbm!gmppejoh!bu!uif!sjwfs!joublf!jt!bmnptu!dfsubjo!evsjoh!ijhi!xbufs!zfbst-!tp!ǆMǇ!frvbmt!gjwf!)6*-!
boe!xpvme!dbvtf!nbkps!ejtsvqujpo!vomftt!njujhbufe-!tp!ǆDǇ!frvbmt!gpvs!)5*-!uif!sjtl!joefy!jt!uxfouz!
(20) and the rank is Extreme.  

ω Jg!fyusfnf!ifbu!bu!uif!Cbtf!Qvnq!Tubujpo!jt!mjlfmz!jo!uif!3161t-!tp!ǆMǇ!frvbmt!gpvs!)5*-!boe!xpvme!ibwf!
b!npefsbuf!fggfdu!po!qfsgpsnbodf!xjuipvu!beejujpobm!dppmjoh-!tp!ǆDǇ!frvbmt!uisff!)4*-!uif!sjtl!joefy!jt!
twelve (12) and the rank is High. 

 
Risk treatment  follows the rank:  

¶ Extreme requires redesign or relocation and immediate engineered controls.  

¶ High requires engineered mitigations and operational controls with monitoring.  

¶ Moderate calls for low -cost measures and procedures with periodic review.  

¶ Low may be accepted and documented with routine monitoring.  

The method is deliberately simple. It relies on the best available climate information to score frequency, 
anchors severity in asset performance and service continuity, and produces a single index that enables clear, 
auditable decisions. As new data become available, the scores can be refreshed and the register updated 
without changing the underlying logic.  

 
Table 8. Risk Assessment Criteria Tables. 

 

 
 

Risk Treatment  is the step where each asset/system gets a lifecycle plan that turns risk scores into concrete 
action: for every prioritized risk, decide whether to avoid, reduce, transfer, share, or accept the risk. The criteria 
used to treat risk are clear and related risk levels, cost-effectiveness, feasibility, co-benefits, and 
socioenvironmental safeguards. For selected options an implementation plan will be defined, including 
measure, responsible entity, timeline, Key performance indicators (KPIs) showing the impacts reduction. 
Additionally, the required Standard Operation Procedures (SOP) and Supervisory Control and Data Acquisition 
(SCADA) monitoring systems to operate and verify performance will be defined where feasible. Finally, state 
the residual risk, set alerts and review cycles, and commit to updating measures as climate conditions, assets, 
or service demands change.  
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2 PART II. CLIMATE CHANGE ANALYSIS RESULTS  
Uijt!dibqufs!eftdsjcft!Obnjcjbǃt!qiztjdbm!tfuujoh!boe!epnjobou!dmjnbuf!esjwfst-!boe!qsftfout!b!dmjnbupmphjdbm!
analysis based on portal-derived CMIP6 information. The objective is to provide a clear reference frame for 
interpreting projected changes and for  linking climate signals to hazard classes used in the CRVA for the 
Kunene and Okavango basins. This chapter presents a focused assessment of current and projected climate 
conditions in Namibia, with emphasis on temperature and precipitation related extrem es. Unlike studies that 
rely on bespoke downscaling, this analysis uses authoritative, pre-processed multi -model information from the 
World Bank Climate Change Knowledge Portal (CCKP). This portal provides CMIP6 ensemble outputs and 
standardized indicators  that have undergone quality control and bias adjustment within their pipelines. All 
results are harmonized to a 1995ƿ2014 reference period for mapping and comparison and are reported for 
the Kunene and Okavango basin areas in Namibia. 
 
The emerging picture is consistent across ensembles: continued warming in all seasons with an increase in 
both the frequency and duration of hot conditions, particularly inland; high interannual variability of rainfall 
persists, while short, intense rainfall events during the wet season are expected to become more consequential 
for pluvial and small -catchment flooding in the north and northeast. Longer dry spells and episodic 
meteorological drought remain a defining feature of the climate, with implications  for water-supply reliability 
and ecosystem stress. Portal indicators for wind are less uniform; where available, they do not indicate a 
robust country-wide shift in mean winds, so wind-related risk is discussed cautiously and in conjunction with 
heat and aridity signals.  
 
Overall, the report is designed to feed directly into CRVA hazard grading and NWSSIP II decision windows. By 
using transparent, reproducible CMIP6 information and standardized indices, the analysis supports proactive 
adaptation planning -from heat-ready operations and occupational safety to drainage design for intense 
rainfall, to drought-resilient water resources management.  

 

2.1 Topographic and geographic analysis 

Namibia spans about 825,000 km² between 17 to 29°S and 11 to 26°E, with roughly 1,500 km of Atlantic 
coastline. The terrain organises into three north-south belts: the hyper arid Namib coastal plain, the abrupt 
Great Escarpment, and an elevated interior plateau that grades east into the Kalahari Sandveld. In the north lie 
the Etosha Pan and the CuvelaiƿEtosha ephemeral network. Perennial boundary rivers govern surface-water 
availability and flood risk (the Kunene to the northwest and the Okavango/Zambezi systems to the northeast) 
while most interior channels are seasonal; settlement and infrastructure concentrate on the plateau and 
northern regions.  
 

Figure 2: Topography, perennial and ephemeral rivers and water bodies in Namibia. 
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2.2 Main drivers of the climate in Namibia 

Seasonal rainfall over northern Namibia is tied to the australƾsummer migration of the Intertropical 
Convergence Zone (ITCZ) and the development of a shallow Angola Low, which together support deep 
convection from roughly October to April, with a peak between December and March. Moisture transport from 
the tropical At lantic and the Congo air mass feeds convective systems that organize along mesoscale 
boundaries and topographic contrasts. Along the southwest African margin, the cold Benguela Current 
maintains a cool, stable marine boundary layer that suppresses convection near the coast and reinforces the 
hyperƾarid regime of the Namib Desert. Interannual variability is modulated by largeƾscale modes, particularly 
ENSO: El Niño events generally reduce summer rainfall over much of Namibia, while La Niña increases 
wetƾseason activity in the north and northeast. Anomalies in South Atlantic Seaƾsurface temperatures and the 
Southern Hemisphere subtropical circulation further modulate moisture fluxes, pressure gradients and the 
frequency of convective outbreaks.  
 

2.3 Climate change in Namibia 

2.3.1.  Temperature 

Projected mean daily temperature  (Tmean) 

The reference-period (1995ƿ2014) multi -model ensemble median tipxt!Obnjcjbǃt!uzqjdbm!uifsnbm!hsbejfou;!
cooler along the Atlantic coast under the Benguela upwelling and warmer over the inland plateau and far north-
east. Late-century projections indicate country -wide warming of the mean daily temperature, with the SSP2-
4.5 scenario showing a moderate increase that is slightly stronger over the interior and north -eastern regions 
and weaker near the coast. Under SSP5-8.5, the magnitude of warming is larger and more spatially uniform, 
extending well inland and further elevating already warm areas. Overall, both scenarios point to higher baseline 
temperatures, reduced coastalƿinland contrast, and increased thermal stress across Namibia by 2060ƿ2097, 
with SSP5-8.5 representing the upper bound. 
 
Figure 3. Mean daily temperature for the reference period (on the left) and absolute changes (with respect to the reference 
period) of the mean daily temperature recorded for the SPSS 2-4.5 and SPSS 5-8.5 future scenarios (2060-2079), central and 
right side, respectively. 

 
Climate 
Index 

Reference Period (1995-2014) Absolute Change. Multi -model ensemble median 

Mean daily 
temperature 

 SPSS 2 - 4.5 
(2060-2097) 

SPSS 5 - 8.5 
(2060-2097) 
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Tmean monthly anomalies relative to 1995 ƿ2014 

Voefs!TTQ3ƾ5/6!)gjhvsf!6-!mfgu!qbofm*!!npouimz!nfbo!ufnqfsbuvsft!jodsfbtf!dpotjtufoumz!bdsptt!bmm!npouit!
relative to 1995ƿ2014: about +0.9 to +1.1 °C in 2020ƿ2039, around +1.8 to +2.2 °C by 2040ƿ2059, and roughly 
+2.8 to +3.2 °C by 2060ƿ2079, with marginally larger anomalies in late austral autumn and spring (AprilƿMay 
and OctoberƿNovember). Uncertainty bands (10thƿ90th percentile) widen modestly with time but remain 
obsspxfs!uibo!jo!uif!ijhiƾfnjttjpot!dbtf/!Voefs!TTQ6ƾ9/6!)gjhvsf!6-!sjhiu!qbofm*-!uif!tfbtpnal shape is similar, 
but the amplitudes are larger: +0.9 to +1.1 °C in 2020ƿ2039, +2.0 to +2.5 °C by 2040ƿ2059, and +3.5 to +4.5°C 
by 2060ƿ2079, again peaking in late autumn/spring and with a broader uncertainty envelope. These 
trajectories confirm robust -!zfbsƾspvoe!xbsnjoh!bdsptt!Obnjcjb-!tuspohfs!voefs!TTQ6ƾ9/6-!xjui!jnqmjdbujpot!
gps!dppmjoh!efnboe-!fwbqpusbotqjsbujpo!boe!ifbuƾsjtl!nbobhfnfou!bdsptt!tfdupst/ 

 
Figure 4. Projected timeseries of average mean daily temperature from the historical reference period (1950-
2014) and SPSS 2-4.5 and SPSS 5-8.5 future scenarios. Dots represent the median values, shaded areas the 10th-
:1ui!qfsdfoujmfǃt!sbohf/ 

 
 

 

Projected timeseries of average mean daily temperature from the historical reference period (1950 -2014) in 
figure 4 below, shows a steady warming of mean daily temperature from the historical baseline (1950ƿ2014), 
followed by a clear scenario divergence after about 2030: under SSP2-4.5 the median trend rises more 
gradually and begins to stabilize toward late century, whereas SSP5-8.5 accelerates throughout the second 
half of the century. In both cases the uncertainty envelope (10ƿ90th percentile) widens wit h time.  

Figure 5. Projected change of average means daily temperature for 2020-2039, 2040-2059 and 2060-2079 time periods. 
Multi-Model Ensemble (reference period 1995-2014) for SPSS 2-4.5 on the left and for SPSS 5-8.5 on the right. 
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2.3.2.  Precipitation  

Mean annual total precipitation  

Nfbo!boovbm!qsfdjqjubujpo!nbqt!jo!gjhvsf!7-!tipx!Obnjcjbǃt!xfmmƾlopxo!xftuƾupƾfbtu!hsbejfou!jo!nfbo!boovbm!
qsfdjqjubujpo;!wfsz!mpx!upubmt!bmpoh!uif!Bumboujd!dpbtu!boe!tpvuiƾxftufso!eftfsut-!jodsfbtjoh!pwfs!uif!dfousbm!
qmbufbv!boe!qfbljoh!jo!uif!gbs!opsuiƾfast (Kavango/Zambezi corridor), while the south and west remain arid. 
Mbufƾdfouvsz! qspkfdujpot! joejdbuf! npeftu! dibohft! jo! boovbm! upubmt/! Voefs! TTQ3ƾ5/6! )3171ƿ2097), the 
nvmujƾnpefm!nfejbo!tvhhftut!tnbmm!bctpmvuf!tijgutǀofbsƾofvusbm!up!tmjhiumz!esjfs!pwfs!jnterior and western 
epnbjot-!xjui!mpdbmj{fe!tmjhiu!jodsfbtft!upxbse!uif!opsuiƾfbtuǀqsftfswjoh!upebzǃt!hsbejfou/!Voefs!TTQ6ƾ9/6-!
uif!tqbujbm!qbuufso!jt!tjnjmbs!cvu!xjui!tpnfxibu!mbshfs!bnqmjuveft-!bhbjo!xjuipvu!b!spcvtu!cbtjoƾxjef!xfuujoh!
signal. Overall, bpui!tdfobsjpt!jnqmz!uibu!ufnqfsbuvsfƾesjwfo!bsjejuz!)wjb!ijhifs!fwbqpsbujwf!efnboe*!sbuifs!
than large gains in annual rainfall is likely to be the dominant pressure on water resources, with interannual 
variability remaining a key factor for planning.  
 
Figure 6. Mean total annual precipitation for the reference period (on the left) and absolute changes (with respect to the 
reference period) of the mean total annual precipitation recorded for the SPSS 2-4.5 and SPSS 5-8.5 future scenarios (2060-
2079), central and right side, respectively. 

 
Climate 
Index 

Reference Period 
(1995-2014) 

Absolute Change. Multi -model ensemble median 

 
 
 
 
 
 
 
 

Mean annual 
precipitation  

 
 
 
 
 

 
 

 SPSS 2 - 4.5 
(2060-2097) 

SPSS 5 - 8.5 
(2060-2097) 

 

 

 
Uif!nvmujƾnpefm!fotfncmf!)tff!Gjhvsf!8!ujnftfsjft*/!tipxt!mbshf!joufsboovbm!wbsjbcjmjuz!jo!Obnjcjbǃt!boovbm!
precipitation and a wide uncertainty envelope that persists through the century. Median projections under 
TTQ3ƾ5/6!sfnbjo!dmptf!up!uif!ijtupsjdbm!nfbo!xjui!op!spcvtu!usfoe-!xijmf!TTQ6ƾ9/6!fyijcjut!b!tmjhiu!epxoxbse!
drift in the median toward late century. In both scenarios, the 10thƿ90th percentile range is broad and overlaps 
the historical distribution for most years, indicating that changes in mean annual totals are not strongly 
constrained by the models and that variability will continue to dominate planning. In practical terms, this points 
to the need to manage volatility (dry and wet years) rather than expecting a large, uniform shift in average 
rainfall.  
Monthly changes relative to 1995ƿ2014 (see Figure 8 below) across time horizons, monthly anomalies cluster 
ofbs!{fsp!gps!nvdi!pg!uif!zfbs-!xjui!tnbmm-!opoƾspcvtu!efwjbujpot!uibu!wbsz!cz!ipsj{po;!npeftu!ofhbujwf!
anomalies often appear during the core rainy months (JanuaryƿMarch) and again in spring (Octoberƿ
November), while some months in the early dry season (MayƿJune) show slight positive departures. 
Ejggfsfodft!bsf!hfofsbmmz!mbshfs!voefs!TTQ6ƾ9/6!uibo!TTQ3ƾ5/6-!zfu!uif!vodfsubjouz!cboet!bsf!xjef!boe!
encomqbtt! {fsp! jo! nptu! npouit/! Pwfsbmm-! uif! fotfncmf! tvhhftut! op! dpotjtufou-! cbtjoƾxjef! tijgu! jo!
seasonalityǀsfjogpsdjoh!uibu!xbufsƾsftpvsdf!tusftt!jt!npsf!mjlfmz!up!bsjtf!gspn!ijhifs!fwbqpsbujwf demand and 
episodic variability than from substantial changes in mean monthly rainfall.  

  



 

 

 

            CRA for Namibia Water Sector Infrastructure Support Program (NWSISP II) | Climate Risk and Vulnerability Assessment  38 

 
 

 
Figure 7. Projected timeseries of precipitation from the historical reference period (1950-2014) and SPSS 2-4.5 and 

SPSS 5-8.5 future scenarios. Dots represent the median values, shaded areas the 10th-:1ui!qfsdfoujmfǃt!sbohf/ 

 
 
 

Figure 8. Change in the mean total annual precipitation from the reference period (1995-2014) to the historical period 
(1991-2020, in black) and SPSS 2-4.5 and SPSS 5-8.5 future scenarios (left side). Dots represent the median values, 
shaded areas the 10th-90th pesdfoujmfǃt!sbohf/ 
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2.4 Climatological analysis by river basin 

2.4.1.  Climatological analysis in Kunene River basin  

2.4.1.1.  Temperature variability   

Annual maximum of the 90th percentile of daily maximum temperature ( TXx P90) 

 
The multi-model ensemble indicates a steady, basin-wide intensification of peak daytime heat relative to 
1995ƿ2014. Under SSP2-4.5, the spatial pattern of warming is like the high-emissions case, but its magnitude 
and pace are smallerǀshowing moderate increases through 2020ƿ2039 and 2040ƿ2059, with lower end-
century extremes by 2060ƿ2079. By contrast, SSP5-8.5 shows an earlier and stronger signal: warming is 
already evident in 2020ƿ2039, becomes pronounced and spatially uniform by 2040ƿ2059, and is strongest by 
2060ƿ2079, with large increases across both interior lowlands and headwater areas. Overall, this index points 
to substantially higher extreme-temperature ceilings later in the century, heightening thermal stress on assets 
and operations during heat events. 
 
 
Figure 9. Kunene river basin. Change in Maximum of Daily Max-Temperature Percentile 90 (TXx P90) from the reference 
period (1994-2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, 
World Bank. 
 

Maximum of Daily Max-Temperature Percentile 90 (TXx P90)  
(Change vs. Reference Period: 1995-2014). Multi -Model Ensemble 

 2020-2039 2040-2059 2060-2079 

SSP5 - 8.5   

   

SSP2- 4.5    

   

 
Heat Waves 

WSDI (Warm Spell Duration Index, days in warm spells above the historical threshold).  

 
Projected changes point to a clear increase in the duration of warm spells across the Kunene Basin. Under 
SSP2-4.5, warm-spell days rise graduallyǀfrom modest near -term changes to broader, basin-wide extensions 
by 2040ƿ2059, reaching sustained but comparatively smaller totals by 2060ƿ2079. By contrast, SSP5-8.5 
follows a steeper trajectory: modest early changes evolve into widespread multi -month conditions by 2040ƿ
2059 and intensify further by 2060ƿ2079. The lengthening of warm spells implies longer periods  of sustained 
heat stress, with implications for worker safety, cooling/ventilation requirements, and process stability in heat -
sensitive components.  
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Figure 10. Kunene river basin. Change in the warm spell duration index from the reference period (1994-2014) to near 
future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World Bank. 
 

Warm Spell Duration Index (WSDI- Number of days)   
(Ref. Period: 1995-2014), Multi-Model Ensemble 

 2020-2039 2040-2059 2060-2079 

SSP5 - 8.5   

   

SSP2- 4.5    

   

 

2.4.1.2.  Precipitation  

Maximum daily precipitation  

Mean maximum 1-day accumulated precipitation ( Rx1day) 

 
Under SSP2-5/6-!qspkfdufe!dibohft!jo!Sy2ebz!bsf!npeftu-!mbshfmz!gpmmpxjoh!upebzǃt!tqbujbm!hsbejfou;!b!xfbl!
signal in 2020ƿ2039, a gradual uptick by 2040ƿ2059 focused on the upper/northeastern escarpment and 
headwaters, and incremental increases by 2060ƿ2079ǀimplying only a limited rise in design-storm intensity, 
mainly relevant for small catchments, culverts, and compound/urban drainage in the highlands. By contrast, 
SSP5-8.5 shows the same pattern with stronger amplitudesǀfrom modest near -term changes to more 
pronounced increases by 2040ƿ2059, and noticeably higher, more spatially uniform peaks by 2060ƿ2079, 
especially across the headwaters and escarpmentǀindicating a greater likelihood of short -duration 
pluvial/fluvial responses, network surcharging, and overtopping at road crossings compared with SSP2-4.5. 
 

Maximum 5 -day accumulated precipitation (Rx5day)   

 
Under SSP2-4.5, the multi-model ensemble for Rx5day indicates modest to moderate increases, concentrated 
mainly along the upper basin and escarpment where orographic effects dominate. The near-term (2020ƿ2039) 
signal is small, strengthens by 2040ƿ2059, and then stabilizes by 2060ƿ2079 at levels below those expected 
under high emissions; the arid western lowlands show little change. This suggests a limited but noticeable 
rise in multi -day storm runoff and local overtopping at culverts and small crossings in headwater catchments. 
By contrast, SSP5-8.5 retains the same spatial pattern but with earlier onset and larger amplitudes: increases 
are more pronounced by 2040ƿ2059 and become higher and more spatially coherent by 2060ƿ2079, 
especially across the headwaters and escarpment beltǀimplying a greater likelihood of short - to multi -day 
fluvial responses, drainage network surcharging, and more frequent overtopping at road and canal crossings 
compared with SSP2-4.5. 



 

 

 

            CRA for Namibia Water Sector Infrastructure Support Program (NWSISP II) | Climate Risk and Vulnerability Assessment  41 

 
 

Figure 11. Kunene river basin. Dibohf!jo!Nfbo!Nbyjnvn!2ƾebz!qsfdjqjubujpo!)Sy2ebz* from the reference period (1994-
2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World 
Bank. 
 

Mean Maximum 1ƾday precipitation (Rx1day)  
Change vs. Reference Period: 1995-2014. Multi -Model Ensemble 

 2020-2039 2040-2059 2060-2079 

SSP5 - 8.5   

   

SSP2- 4.5    

   

 
Figure 12. Kunene river basin. Dibohf!jo!Nfbo!Nbyjnvn!6ƾebz!qsfdjqjubujpo!)Sy6!ebz* from the reference period (1994-
2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World 
Bank. 

 
Maximum 5ƾday precipitation (Rx5day) 

(Ref. Period: 1995-2014), Multi-Model Ensemble 
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Heavy precipitation events  

Ebzt!xjui!qsfdjqjubujpo!Ǵ31!nn!)R20mm) 

 
Under SSP2-4.5, the heavy-precipitation indices show a restrained signal focused on the orographic belt. For 
S31nn!)ebzt!xjui!Ǵ31!nn*-!uif!ofbs-term (2020ƿ2039) change is small and largely confined to the 
headwaters/escarpment; by 2040ƿ2059 a modest increase spreads along this upper-basin corridor, with the 
arid western lowlands showing little to no change, and by 2060ƿ2079 the pattern stabilizes without a basin -
wide jump. By contrast, under SSP5-8.5 the same spatial pattern emerges earlier and with larger amplitudes. 
R20mm days become more frequent by mid-century and more spatially coherent by 2060ƿ2079. 

 
Ebzt!xjui!qsfdjqjubujpo!Ǵ61!nn!)S61nn* 

 
Under SSP2-4.5, R50mm increases are limited and remain localized to the same high-relief zones, indicating 
only a slight rise in very heavy-event frequency; under this pathway, design implications concentrate on spot 
upgrades to drainage crossings and erosion control in headwater catchments. Under SSP5-8.5 the same 
spatial pattern emerges earlier and with larger amplitudes. R20mm days become more frequent by mid-
century and more spatially coherent by 2060ƿ2079, while R50mm also shows clearer hot spots in the upper 
basin and along the escarpment. The high-emissions pathway therefore points to a greater likelihood of short -
lived but intense runoff, compound drainage surcharging, and more frequent overtopping at road and canal 

crossings, especially in the headwaters, compared with SSP2-4.5. 

2.4.1.3.  Drought 

Drought Index (SPEI) 

 
Across the Kunene Basin, the multi-model ensemble SPEI show a clear, progressive drying signal relative to 
1995ƿ3125/!Voefs!TTQ6ƾ9/6-!dpoejujpot!sfnbjo!ofbs-neutral in 2020ƿ2039, shift to widespread mild drought 
by 2040ƿ2059, and intensify to moderate drought by 2060ƿ2079, with the strongest negative anomalies 
concentrating over the western and central basin (downstream Namibian reaches) while the headwaters to 
the northeast also trend drier. The lower-fnjttjpot!qbuixbz!)TTQ3ƾ5/6*!ejtqmbzt!uif!tbnf!tqbujbm!pattern but 
a smaller magnitude: mostly weak drying through mid -dfouvsz-!tusfohuifojoh!up!njmeƾupƾnpefsbuf!eszjoh!cz!
2060ƿ2079. The temporal progression and the divergence between pathways indicate that drought risk is both 
ujnfƾ! boe! tdfobsjpƾefqfoefou-! xjui! nbufsjbmmz! ijhifs! ib{bse! voefs! TTQ6ƾ9/6/! Qsbdujdbmmz-! uijt! jnqmjft!
increasing pressure on baseflows, reservoir inflows, and groundwater rechargeǀraising the likelihood of 
tvqqmz!efgjdjut!boe!uif!offe!gps!efnboe!nbobhfnfou!boe!espvhiuƾsfbez!pqfsbujpot!jo uif!cbtjoǃt!XBTI!
systems. 
 

Consecutive Dry Days (CDD) 

 
The multi-model maps indicate a basin-wide lengthening of the longest seasonal dry spells in the Kunene Basin 
relative to 1995ƿ3125/!Voefs!TTQ6ƾ9/6-!jodsfbtft!bsf!npeftu!jo!3131ƿ2039, become widespread by 2040ƿ
2059, and are pronounced by 2060ƿ2079, with the central and western reaches showing the largest extensions 
pg!esz!tfrvfodft/!Voefs!TTQ3ƾ5/6-!uif!tqbujbm!qbuufso!jt!tjnjmbs-!cvu!uif!tjhobm!jt!xfblfs!boe!fnfshft!npsf!
gradually. A longer maximum CDD implies extended intervals without effective rainfall, raising the risk of 
tpjmƾnpjtuvsf!efqmfujpo-!ijhifs!jssjhbujpo!boe!tupsbhf!esbxepxot-!boe!hsfbufs!qsfttvsf!po!tnbmm!tvsgbdf!
sources and shallow groundwater. In operational terms, lengthier dry spells can increase the need for demand 
management, trucking or conjunctive use, and heighten wildfire risk in the dry season.  
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Figure 13. Kunene river basin. Dibohf!jo!uif!Ovncfs!pg!ebzt!xjui!qsfdjqjubujpo!Ǵ!31!nn!)S31nn* from the reference 
period (1994-2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: 
CCKP, World Bank. 
 

Ovncfs!pg!ebzt!xjui!qsfdjqjubujpo!Ǵ!31!nn!)S31nn*! 
(Ref. Period: 1995-2014), Multi-Model Ensemble 
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Figure 14. Kunene river basin. Dibohf!jo!uif!Ovncfs!pg!ebzt!xjui!qsfdjqjubujpo!Ǵ!61!nn!)S61nn* from the reference 
period (1994-2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: 
CCKP, World Bank. 
 

Ovncfs!pg!ebzt!xjui!qsfdjqjubujpo!Ǵ!61!nn!)S61nn*! 
(Ref. Period: 1995-2014), Multi-Model Ensemble 
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Figure 15. Kunene river basin. Change of the Drought index (SPEI) from the reference period (1994-2014) to near future (2020-
2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World Bank. 
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(Change vs. Reference Period: 1995-2014). Multi -Model Ensemble 
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Figure 16. Kunene river basin. Change in Maximum number of Consecutive Dry Days (CDD) from the reference period (1994-
2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World Bank. 
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(Ref. Period: 1995-2014), Multi-Model Ensemble 
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2.4.2.  Climatological analysis in Okavango river basin  

2.4.2.1.  Temperature variability  

Annual maximum of the 90th percentile of daily maximum temperature (TXx P90)  
Under SSP2-4.5, the multi-model ensemble shows a steady, basin-wide rise relative to 1995ƿ2014: warming is 
modest in 2020ƿ2039, becomes more pronounced by 2040ƿ2059, and continues to intensify into 2060ƿ
2079/2080ƿ2099 with a broadly uniform spatial pattern  across the Okavango headwaters and downstream 
reaches. By contrast, SSP5-8.5 follows the same spatial progression but with an earlier onset and much larger 
amplitudesǀalready prominent warming by 2040ƿ2059 and widespread, strong heat intensification by 2060ƿ
2079/2080ƿ2099. Overall, the maps indicate progressively higher extreme-temperature ceilings, implying 
greater heat-stress risk for communities and operations, higher evaporative losses, and tighter thermal 
margins for heat -sensitive assets. 

Figure 17. Okavango river basin. Change in Maximum of Daily Max-Temperature Percentile 90 (TXx P90) from the reference 
period (1994-2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, 
World Bank. 
 

Maximum of Daily Max-Temperature Percentile 90 (TXx P90)  
(Change vs. Reference Period: 1995-2014). Multi -Model Ensemble 

 2020-2039 2040-2059 2060-2079 

SSP5 - 8.5   

   

SSP2- 4.5    

   

Heat Waves 

WSDI (Warm Spell Duration Index, days in warm spells above the historical threshold).  
Under SSP2-4.5, the duration of warm spells in the Okavango Basin increases graduallyǀfrom modest near -
term changes in 2020ƿ2039 to broader, basin-wide extensions by 2040ƿ2059, reaching sustained but 
comparatively smaller totals by 2060ƿ2079/2080ƿ2099. The spatial pattern is fairly uniform, with early 
strengthening in the northern/headwater sectors and a slower response downstream. By contrast, SSP5-8.5 
exhibits an earlier onset and larger amplitudes: near-term increases grow into widespread multi -month warm 
spells by mid-century and intensify further toward late -century. The lengthening of warm spells implies longer 
periods of sustained heat stress, with implications for worker safety, cooling/ventilation requirements, and 
qspdftt!tubcjmjuz!jo!ifbuƾtfotjujwe components. 
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Figure 18. Okavango river basin. Change in the warm spell duration index from the reference period (1994-2014) to near 
future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World Bank. 
 

Warm Spell Duration Index (WSDI- Number of days)   
(Ref. Period: 1995-2014), Multi-Model Ensemble 
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2.4.2.2.  Precipitation  

Mean maximum 1-day accumulated precipitation (Rx1day)  

 
Under SSP2-4.5, the multi-model ensemble for Rx1day in the Okavango Basin indicates minimal to modest 
change relative to 1995ƿ2014. The near term (2020ƿ2039) signal is weak across most of the basin, with slight 
increases confined to the orographic headwate rs and escarpment; by 2040ƿ2059 a gradual uptick appears in 
these upper-basin corridors while the drier southwestern lowlands show little to no change. By 2060ƿ2079 the 
pattern persists with incremental increases rather than sharp jumps, implying only a li mited rise in 
eftjhoƾtupsn!joufotjuzǀmost relevant for small catchments, culverts and compound/urban drainage in 
ifbexbufs!upxot/!Cz!dpousbtu-!TTQ6ƾ9/6!sfubjot!uif!tbnf!tqbujbm!qbuufso!cvu!xjui!fbsmjfs!potfu!boe!tpnfxibu!
mbshfs!bnqmjuveft;!npeftu!ofbsƾufsn dibohft!cfdpnf!npsf!qspopvodfe!cz!njeƾdfouvsz!boe!tpnfxibu!ijhifs!
cz!mbufƾdfouvsz-!qbsujdvmbsmz!pwfs!uif!ifbexbufst!boe!ftdbsqnfou/!Uif!ijhiƾfnjttjpot!qbuixbz!uifsfgpsf!
qpjout!up!b!hsfbufs!mjlfmjippe!pg!tipsuƾevsbujpo!qmvwjbm!tvshft!boe!mpdbmj{fe!pwfsupqqing at road and canal 
dspttjoht!jo!uif!vqqfs!cbtjo-!xijmf!b!cbtjoƾxjef!tufq!dibohf!jt!opu!joejdbufe/ 

Maximum 5 -day accumulated precipitation (Rx5day)   

 
Voefs!TTQ3ƾ5/6-!dibohft!jo!uif!nfbo!pg!uif!boovbm!nbyjnvn!6ƾebz!qsfdjqjubujpo!)Sy6ebz*!sfmbujwf!up!2::6ƿ
2014 are small and spatially muted across the Okavango Basin through 2020ƿ314:-!xjui!ofbsƾofvusbm!
bopnbmjft! pwfs! nptu! tvcƾcbtjot/! Cz! njeƾdfouvsz! )3151ƿ2059) the ensemble median suggests slight 
increasesǀat most on the order of a few tens of millimetres ǀconfined mainly to the northern headwaters and 
upper mainstem, with little signal elsewhere; by 2060ƿ2079 this pattern persists, indicating no robust 
basinƾxjef!joufotjgjdbujpo!pg!nvmujƾebz!sbjogbmm!upubmt/!Voefs!TTQ6ƾ9/6-!uif!tqbujbm!qbuufso!jt!tjnjmbs-!cvu!
bnqmjuveft!bsf!nbshjobmmz!mbshfs!jo!uif!tbnf!opsuifso!tfdupst!cz!njeƾ!up!mbufƾdfouvsz-!xijmf!nvdi!pg!uif!cbtjo!
remains close to reference conditions. Overall, both pathways show limited and heterogeneous changes in 
Rx5day compared with 1995ƿ3125-!jnqmzjoh!uibu!gmppeƾsjtl!qmboojoh!tipvme!dpoujovf!up!bddpvou!qsjnbsjmz!gps!
wbsjbcjmjuz!boe!mpdbm!dpouspmt!sbuifs!uibo!b!vojgpsn!jodsfbtf!jo!nvmujƾebz!fyusfnft/ 
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Figure 19. Okavango river basin. Dibohf!jo!Nfbo!Nbyjnvn!2ƾebz!qsfdjqjubujpo!)Sy2ebz* from the reference period (1994-
2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World 
Bank. 

Mean Maximum 1ƾday precipitation (Rx1day)  
Change vs. Reference Period: 1995-2014. Multi -Model Ensemble 
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Figure 20. Okavango river basin. Dibohf!jo!Nfbo!Nbyjnvn!6ƾebz!qsfdjqjubujpo!)Sy6!ebz* from the reference period (1994-
2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World 
Bank. 

Mean Maximum 5ƾday precipitation (Rx5 day)  
Change vs. Reference Period: 1995-2014. Multi -Model Ensemble 
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Heavy precipitation events  

Ebzt!xjui!qsfdjqjubujpo!Ǵ31!nn!)S31nn* 
 

Voefs!TTQ3ƾ5/6-!uif!nvmujƾnpefm!fotfncmf!nfejbo!joejdbuft!tnbmm-!tqbujbmmz!qbudiz!dibohft!jo!uif!ovncfs!pg!
Ǵ31ƾnn!ebzt!sfmbujwf!up!2::6ƿ2014. During 2020ƿ2039, most of the basin remains near neutral, with only 
modest increases emerging along the northern headwaters. By 2040ƿ2059 and 2060ƿ2079, that pattern 
persists: slight increases (at most a few days per season) appear in the same upstream belts, while large areas 
pg!uif!njeemf!boe!mpxfs!cbtjo!tipx!xfbl!ps!joejtujohvjtibcmf!tjhobmt/!Voefs!TTQ6ƾ9/6-!uif!tqatial pattern is 
similar, cvu!bnqmjuveft!bsf!nbshjobmmz!mbshfs!cz!njeƾ!up!mbufƾdfouvsz!jo!uif!opsuifso!tfdupst-!xifsfbt!uif!
remainder of the basin stays close to the reference climatology. Overall, neither scenario shows a robust, 
cbtjoƾxjef!ftdbmbujpo!jo!S31nn!gsfrvfodz<!qmboojoh gps!ifbwzƾsbjo!sjtlt!tipvme!uifsfgpsf!dpoujovf!up!
emphasize interannual variability and local convective controls rather than a uniform shift in the number of 
Ǵ31ƾnn!ebzt/ 

Figure 21. Okavango river basin. Dibohf!jo!uif!Ovncfs!pg!ebzt!xjui!qsfdjqjubujpo!Ǵ!31!nn!)S31nn* from the reference 
period (1994-2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: 
CCKP, World Bank. 
 

Ovncfs!pg!ebzt!xjui!qsfdjqjubujpo!Ǵ!31!nn!)S31nn*! 
(Ref. Period: 1995-2014), Multi-Model Ensemble 

 2020-2039 2040-2059 2060-2079 

SSP5 - 8.5   

   

SSP2- 4.5    

   

 
Ebzt!xjui!qsfdjqjubujpo!Ǵ61!nn!)S61nn* 

 
Voefs!TTQ3ƾ5/6-!uif!nvmujƾnpefm!fotfncmf!gps!S61nn!jo!uif!Plbwbohp!Cbtjo!tipxt!mjuumf!dibohf!sfmbujwf!up!
1995ƿ3125/! Uif! ofbsƾufsn! )3131ƿ2039) signal is weak across most areas with very few days with 
precipitation over 50mm. By 2040ƿ2059 slight increases appear locally in the orographic headwaters and 
escarpment, while the drier southwestern lowlands remain largely unchanged. By 2060ƿ2079 the pattern 
tubcjmj{ft!xjui!pomz!tmjhiu!beejujpobm!hspxui!jo!uiftf!vqqfsƾcbtjo!dpssjepstǀindicating a limited rise in 
verzƾifbwz!fwfou!gsfrvfodz!voefs!uijt!qbuixbz/!TTQ6ƾ9/6!sfubjot!uif!tbnf!tqbujbm!qbuufso!cvu!xjui!bo!fbsmjfs!
potfu!boe!mbshfs!bnqmjuveft;!mpdbmj{fe!ipu!tqput!jo!uif!ifbexbufst!cfdpnf!npsf!fwjefou!cz!njeƾdfouvsz!boe!
tpnfxibu!npsf!dpifsfou!cz!mbufƾdfouvsz-!uipvhi!qsfdjqjubujpo!fwfout!Ǵ61!nn!sfnbjo!sfmbujwfmz!jogsfrvfou!
cbtjoƾxjef/!Pqfsbujpobmmz-!uif!nbjo!jnqmjdbujpot!bsf!ubshfufe!vqhsbeft!gps!dvmwfsut-!tnbmm!csjehft-!boe!fsptjpo!
dpouspm!jo!uif!psphsbqijd!cfmu-!sbuifs!uibo!b!cbtjoƾxjef!tijgu!jo!eftjho!tuboebset/ 
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Figure 22. Okavango river basin. Dibohf!jo!uif!Ovncfs!pg!ebzt!xjui!qsfdjqjubujpo!Ǵ!61!nn!)S61nn* from the reference 
period (1994-2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: 
CCKP, World Bank. 
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(Ref. Period: 1995-2014), Multi-Model Ensemble 
 2020-2039 2040-2059 2060-2079 

SSP5 - 8.5   

   

SSP2- 4.5    

   

 

2.4.2.3.  Drought 

Drought Index (SPEI) 
 
Under SSP2-4.5, the multi-npefm!fotfncmf!gps!TQFJ!joejdbuft!b!hsbevbm!tijgu!upxbse!esjfs!izespƾdmjnbujd!
conditions relative to 1995ƿ2014. The near term (2020ƿ2039) remains close to neutral with only localized 
njme!eszjoh-!cvu!cz!njeƾdfouvsz!)3151ƿ2059) a bbtjoƾxjef!ofhbujwf!bopnbmz!fnfshft!boe!cz!3171ƿ2079 
njmeƾupƾnpefsbuf! eszjoh! jt! xjeftqsfbeǀthough magnitudes remain notably smaller than under the 
ijhiƾfnjttjpot!qbuixbz/!Cz!dpousbtu-!TTQ6ƾ9/6!tipxt!bo!fbsmjfs!boe!tuspohfs!eszjoh!tjhobm;!njme!eszjoh!
appears already near term, becomes moderate and spatially coherent by 2040ƿ2059, and intensifies further 
by 2060ƿ2079 with pronounced deficits across northern and central sectors. Because SPEI integrates both 
precipitation and evaporative demand, these patterns inqmz!uibu!xbsnjohƾesjwfo!QFU!jodsfbtft!xjmm!dpnqpvoe!
any rainfall shortfalls, increasing the persistence of hydrologic deficits, reducing baseflows and recharge, and 
sbjtjoh!uif!mjlfmjippe!pg!nvmujƾtfbtpo!espvhiu!tusftt!gps!tvsgbdfƾ!boe!hspvoexbufsƾgfe!XBTH systems in the 
Okavango Basin. 

Maximum number of Consecutive Dry Days (CDD) 
 

Voefs!TTQ3ƾ5/6-!uif!nvmujƾnpefm!fotfncmf!gps!DEE!jo!uif!Plbwbohp!Cbtjo!tipxt!b!hsbevbm-!cbtjoƾxjef!
lengthening of the longest seasonal dry spell relative to 1995ƿ3125/!Uif!ofbsƾufsn!)3131ƿ2039) signal is 
weak across most areas; by 2040ƿ2059 a modest extension becomes apparentǀmost consistently over the 
interior and headwater corridorsǀwhile the driest southwestern lowlands change little. By 2060ƿ2079 the 
increase is more evident yet remains moderate, indicating longer intervals without effective rainfall bu t not a 
tufqƾdibohf!jo!bsjejuz!voefs!uijt!qbuixbz/!TTQ6ƾ9/6!fyijcjut!uif!tbnf!tqbujbm!qbuufso!xjui!bo!fbsmjfs!potfu!boe!
larger amplitudes: weak changes in 2020ƿ314:!hjwf!xbz!up!cspbefs-!npsf!dpifsfou!fyufotjpot!cz!njeƾdfouvsz!
and clearer lengthening by 2060ƿ318:/!Pqfsbujpobmmz-!mpohfs!nbyjnvn!esz!tqfmmt!sbjtf!uif!sjtl!pg!tpjmƾnpjtuvsf!
efqmfujpo-!tupsbhf!esbxepxot!boe!ijhifs!efnboe!po!dpokvodujwfƾvtf!tusbufhjft-!ftqfdjbmmz!gps!tnbmm!tvsgbdf!
sources and shallow groundwater. 



 

 

 

            CRA for Namibia Water Sector Infrastructure Support Program (NWSISP II) | Climate Risk and Vulnerability Assessment  50 

 
 

Figure 23. Okavango river basin. Change of theOkavango River (SPEI) from the reference period (1994-2014) to near future 
(2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World Bank. 
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Figure 24. Okavango river basin. Change in Maximum number of Consecutive Dry Days (CDD) from the reference period 
(1994-2014) to near future (2020-2039), mid-term future (2040-2059) and long-term future (2060-2079). Source: CCKP, World 
Bank. 
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3 PART III. CLIMATE HAZARDS ASSESSMENT: 
KUNENE AND OKAVANGO RIVER BASINS 

3.1 Introduction 

Climate change is expected to significantly impact Northern Namibia ƿparticularly the Kunene and Okavango 
River basinsƿthrough intensified drought conditions, increased water scarcity, and reduced agricultural 
productivity. Projections indicate that rainfal l could decline by up to 7% by mid-century and 14% by the end of 
the century, while average annual temperatures may rise between 2°C and 4°C under worst-case scenarios. 
These changes are likely to exacerbate evaporation rates, groundwater stress, and the risk of wildfires, 
particularly in semi-arid regions where vegetation is already sparse. 
 
The Kunene and Okavango cross-border regions are historically interconnected through hydrological, 
ecological, and socio-economic dynamics. Communities across these basins share water resources, engage 
in subsistence agriculture and livestock rearing, and depend heavily on the availability and quality of water. 
However, climate stress is making their livelihoods increasingly precarious. Droughts have become more 
frequent and intense, significantly reducing pasture availability and water for livestock, which  are essential 
assets for rural households. In addition, rainfed crops such as millet, maize, and sorghum have shown 
decreasing yields due to erratic rainfall and shorter growing seasons.  
 
As of 2024, food and water insecurity remain key concerns. Most households in rural Northern Namibia rely 
on shallow boreholes and seasonal rivers for their domestic and agricultural water needs. When these sources 
dry up or become contaminatedǀespecially during prolonged droughtsǀaccess to safe water becomes 
severely restricted, increasing vulnerability to malnutrition and water -borne diseases. Moreover, women and 
girls are disproportionately affected, often bearing the burden of walking longer distances t o fetch water, which 
limits their time for education and economic activities.  
 
Infrastructure in the region is also at high risk from climate hazards. Key systems such as the Calueque-
Oshakati Canal, rural boreholes, pumping stations, and sanitation facilities are exposed to high temperatures, 
evaporation losses, flash floods, and windstorms. For example, high evaporation rates compromise the 
efficiency of open canals and storage  reservoirs, while intense rainfall events can overwhelm drainage 
systems, damage embankments, and disrupt service delivery. Limited road access to remote areas 
exacerbates the situation, impeding maintenance efforts and emergency responses.  
 
The combination of damaged infrastructure, declining water availability, and agricultural losses create a cycle 
of vulnerability that disproportionately affect poor and rural populations. Interruptions in bulk water supply 
systems, such as those connected to the Calueque-Oshakati Canal or the Abenab borehole scheme, have 
direct consequences on both urban centers and outlying villages. Moreover, institutional capacity to manage 
these systems under pressure from climate change remains limited.  
 
 

3.2 Kunene and Okavango River basins 

Uif!Lvofof!boe!Plbwbohp!cbtjot!bsf!Obnjcjbǃt!uxp!qfsfoojbm!sjwfs!tztufnt!pg!tusbufhjd importance, 
sustaining life and development in otherwise arid and water -scarce regions. As lifelines in a predominantly dry 
landscape, they support communities, ecosystems, and economies that could not survive without them. Their 
transboundary nature makes cooperative management indispensable: in the Kunene, through the Permanent 
Joint Technical Commission (PJTC) established with Angola, and in the Okavango, through the Permanent 
Okavango River Basin Water Commission (OKACOM), which also includes Botswana as a key partner. In both 
cases, governance is therefore not only a technical requirement for managing water resources, but also a 
political and diplomatic priority essent ial to ensure long-term resilience and shared benefits. 
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Uif!Lvofof-!gmpxjoh!gspn!uif!Bohpmbo!ijhimboet!up!uif!Bumboujd-!bodipst!Obnjcjbǃt!opsui-west through critical 
assets such as the Ruacana Hydropower Plant and the proposed Baynes Hydropower Project, while also 
supporting irrigation schemes at Epupa and Ruacana, smallholder agriculture, and livestock watering in the 
hyper-arid Kunene Region. Its ephemeral tributaries, including the Hoarusib and Hoanib, rarely provide 
sustained flows, making the main river corridor and its riparian vegetation a vital ecologica l refuge and a buffer 
for communities along the Skeleton Coast.  
 
Uif!Plbwbohp-!cz!dpousbtu-!usbwfstft!Obnjcjbǃt!opsui-east through the Kavango regions, providing reliable 
water for domestic supply in Rundu and surrounding settlements, small -scale irrigation, and a growing tourism 
sector linked to its floodplains and for ests. It underpins long-term water security strategies such as the 
OkavangoƿCentral Namibia water transfer scheme, designed to augment supplies to the Central Area of 
Namibia (CAN) where Windhoek and other major towns face chronic deficits.  
 
In both basins, water abstraction, pumping stations, cross -border regulation, and potential transfer schemes 
ijhimjhiu!uifjs!evbm!spmf!bt!mjgfmjoft!gps!mpdbm!mjwfmjippet!boe!bt!dpsofstupoft!pg!Obnjcjbǃt!obujpobm!xbufs!boe!
energy infrastructure, while their transboundary nature with Angola and Botswana underscores the importance 
of cooperative governance and careful balancing of ecological flows with development needs.  
 
The Kunene Basin is distinguished by its capacity to generate hydropower, anchored by the Ruacana Plant and 
uif!qspqptfe!Cbzoft!qspkfdu-!xijdi!uphfuifs!bsf!dfousbm!up!Obnjcjbǃt!fofshz!tfdvsjuz/!Jo!dpousbtu-!uif!
Plbwbohp!Cbtjoǃt!efwfmpqnfou!qpufoujbm!jt!dpostrained by its ecological sensitivity, particularly the UNESCO-
listed Delta downstream, but it nonetheless holds strategic importance as a potential supplier of bulk water to 
the Central Area of Namibia through long-considered transfer schemes. In both cases, infrastructure 
opportunities are inseparably linked to ecological considerations: while the Kunene must balance power 
generation and irrigation with maintaining downstream flows into the Skeleton Coast ecosystems, the 
Okavango faces the challenge of reconciling national water demand with the imperative to safeguard one of 
Bgsjdbǃt!nptu!jdpojd!xfumboe!tztufnt/ 
 
Both basins are profoundly climate -sensitive, as their flows depend on rainfall in Angola. Shifts in precipitation 
qbuufsot!vqtusfbn!usbotmbuf!ejsfdumz!joup!Obnjcjbǃt!xbufs!tfdvsjuz-!jodsfbtjoh!uif!tublft!pg!dmjnbuf!dibohf/!Jo!
the Kunene, where the surrounding Kaokoveld Desert receives less than 50 mm of annual rainfall, the river 
represents an ecological and socio-economic artery in an otherwise hyper-arid landscape. By contrast, the 
Plbwbohp!mjft!jo!Obnjcjbǃt!nptu!tvc-humid zone, with rainfall reaching up to 600 mm/year ǀ a relative 
abundance that supports more intensive land use, small-scale irrigation, and denser settlement patterns 
around Rundu. 
Uif!qiztjdbm!boe!fdpmphjdbm!dpousbtut!bsf!frvbmmz!tusjljoh/!Uif!Lvofofǃt!mpxfs!sfbdift!gpsn!obsspxt!cvu!
biologically rich corridors of riparian vegetation, critical for wildlife and pastoralist communities in the Skeleton 
Dpbtu!ijoufsmboet/!Uif!Plbwbohpǃt!broad floodplains and riparian forests, buffered by protected areas such 
as Bwabwata National Park, sustain agriculture, fisheries, and a thriving tourism economy. These protected 
landscapes, including the Skeleton Coast National Park in the west, serve as buffers against overexploitation 
while highlighting the dual value of the rivers as both development engines and biodiversity reservoirs. 
Uphfuifs-!uif!Lvofof!boe!Plbwbohp!fncpez!Obnjcjbǃt!nptu!tusbufhjd!izespmphjdbm!bttfut/!Uifjs!joufsqmbz!mjft!
in a shared dependency on transboundary cooperation, their contrasting yet complementary roles in energy 
and water supply, and their joint vulnerability to climatic shifts. They are at once opportunities for sustainable 
growth and sources of potential tension if go vernance and ecological safeguards fail to keep pace with rising 
demand and mounting climate risks.   
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Figure 25. Kunene and Kavango transboundary river Basins. Source: the author. 

 

 
 

 

3.3 Climate Hazard identification 

This section outlines the identification of key climate hazards that threaten the integrity, functionality, and 
reliability of water and sanitation infrastructure across the Kunene and Okavango River basins. The objective 
is to generate a comprehensive inventory of climate -related threats that will inform the vulnerability, exposure, 
and risk assessment phases of the Climate Risk Assessment by river basin (Kunene and Okavango) and at 
project level. 

Primary hazards include extreme heat, drought, pluvial flash floods, fluvial floods, strong winds and storms 
(including dust), and wildfires. Secondary/compound hazards include erosion/sedimentation, groundwater 
contamination from sanitation overflows, and  rapid stage rises associated with upstream dam operations. 
Hazards are identified from historical records, downscaled projections and expert judgement, and are 
validated with national stakeholders where feasible.  

The hazards directly induced by climatic variability and change are: 

¶ Heat stress:  Intensifies evaporation from open reservoirs and canals (e.g., Eastern National Water 
Carrier-ENWC canal), leads to accelerated degradation of infrastructure materials (e.g., PVC pipes, 
tank linings), and increases stress on pumping equipment. 

¶ Droughts: Recurring across the region, droughts reduce groundwater recharge and surface water 
availability, affecting water abstraction points, storage capacity, and continuity of supply ǀespecially 
in rural and peri-urban systems. 

¶ Rainfall Extremes and Pluvial Flash floods:  Irregular rainfall patterns undermine water harvesting 
systems and complicate the planning of sanitation infrastructure reliant on seasonal drainage. Short -
duration, high-intensity rainfall events can  overwhelm drainage systems, erode canal embankments, 
and cause contamination or overflow in sanitation facilities.  

¶ Riverine flooding:  Particularly relevant along the Okavango River, this hazard may threaten borehole 
infrastructure, latrines near floodplains, and informal settlements in low -lying zones. 
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¶ Windstorms:  Increasingly reported in northern Namibia, high winds can damage elevated tanks, latrine 
superstructures, and water kiosks. 

¶ Wildfires:  Aggravated by high temperatures and dry vegetation, wildfires threaten critical assets such 
as exposed piping networks, solar pumps, and protective vegetative buffers around boreholes. 

The table 9 below outlines the key climate hazards and their expected impacts on water and sanitation 
infrastructure components in the target areas.  
 
There are also secondary and compound hazards that emerge because of primary events or that involve 
multiple interacting stressors:  

¶ Erosion and sedimentation:  Triggered by intense rainfall or uncontrolled runoff, leading to blockages 
in canals and degradation of water intakes.  

¶ Groundwater contamination:  Arising from flooding of pit latrines or poorly designed sanitation 
systems, particularly in areas with high water tables or limited separation distances.  

¶ Dam operation and transboundary releases.  Sudden releases from upstream dams in Angola (e.g., 
Gove/Calueque) can trigger rapid stage rises into Namibia, overtopping low banks and damaging 
intakes, crossings, and access. 

Table 9. Overview on relevant climate hazards in the water and sanitation sector. 

Climate Hazard Asset / Components Potentially Affected  
Example of Impacts in the area  

(Kunene and Okavango) 

Heat Stress  
(Heatwaves and 

extreme  
heat)  

 

 

¶ Water treatment plants (process 
units, chemical dosing, chlorination 
rooms). 

¶ Open reservoirs and canals. 

¶ Pumping stations, motors and 
electrical panels (incl. SCADA 
cabinets). 

¶ Boreholes (submersible pumps, 
controllers).  

¶ Solar PV arrays, inverters, batteries. 

¶ Plastic pipelines (HDPE/PVC), 
operator facilities.  

 

¶ Higher evaporation from canals/reservoirs 
giving reduced yields. 

¶ Overheating/derating of pumps and 
electrical gear; faster battery degradation. 

¶ Lower PV output at high temperatures. 

¶ Softening/deformation of plastic pipes and 
joints. 

¶ Reservoir stratification, algal blooms, 
reduced chlorine residuals. 

¶ Higher water demand (cooling/household); 
reduced worker productivity and more H&S 
incidents during O&M. 

Droughts  
(multi -season 

rainfall deficits)  

 

¶ Raw-water sources low flows.  

¶ River intakes (insufficient 
submergence). 

¶ Groundwater/boreholes (well 
screens, pumps). 

¶ Irrigation and livestock points.  

¶ Service reservoirs. 

 

¶ Water scarcity for domestic, agricultural and 
industrial uses. 

¶ Intakes stranded, higher intake outage 
frequency. 

¶ Declining groundwater levels, dry boreholes, 
increased pumping lifts.  

¶ Rising TDS/salinity and source temperature. 

¶ Competition/conflict between users; 
emergency rationing/water trucking; 
ecological stress downstream.  

Pluvial Flash Floods  
(short-duration, 
high-intensity 

rainfall)  

 

¶ Surface water schemes and canal 
embankments. 

¶ Sediment basins and rawƾwater 
inlets. 

¶ Rural latrines/onƾsite sanitation 
systems. 

¶ Access roads/culverts to assets.  

 

¶ Localized flooding and scouring of 
embankments. 

¶ Sediment and debris load clogging. 

¶ Intakes/canals; turbidity spikes at WTPs 
(chemical overƾrun). 

¶ Latrine overflow/collapse contaminating 
shallow groundwater and river margins. 

¶ Road washouts blocking O&M and 
emergency repairs. 
 

Fluvial Floods 
 

¶ Boreholes near floodplain (wellhead 
seals) 

 

¶ Inundation of intakes/electrical rooms; 
prolonged downtime  
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Climate Hazard Asset / Components Potentially Affected  
Example of Impacts in the area  

(Kunene and Okavango) 

¶ River intakes and pumphouses 

¶ Transmission mains at river 
crossings/supports.  

¶ Elevated tanks foundations; kiosks 
near banks 

¶ Bank erosion undermining pipelines and 
supports  

¶ Fecal/chemical contamination of sources  

¶ Service interruptions for floodplain 
settlements; structural damage to tank 
pedestals 

Strong winds  
and storms  

 (including dust 
storms)  

 

¶ Elevated tanks (roofing, ladders, fall 
protection).  

¶ Exposed pipelines and fittings. 

¶ Water kiosks and latrine structures  

¶ Overhead power to sites; PV arrays 
and mounting. 

¶ SCADA/telemetry masts and 
antennas. 

 

¶ Physical damage to lightweight structures.  

¶ Debris/treefall on mains and service lines.  

¶ Dust fouling PV modules, reducing pump 
output; sand abrasion on gates and valves. 

¶ Lightning/surge damage to PLC/RTU; 
communication outages; unplanned 
downtime.  

Wildfires  
 

 

¶ HDPE/PVC pipelines; GRP/PE tanks. 

¶ Remote solar equipment and cabling; 
meter boxes. 

¶ Vegetation around assets; wooden 
kiosks. 

 

¶ Melting/burning of plastic components; 
tank/pipe failure.  

¶ Loss of power/control at remote pumps.  

¶ Access routes blocked; longer repair times; 
need for firebreaks and cleared asset 
perimeters. 

3.4 Hazards in Kunene River Basin 

The Kunene River Basin, shared between Angola and Namibia, represents one of the most strategic yet 
climate-sensitive freshwater resources in southern Africa. In Namibia, the basin sustains critical bulk water 
infrastructure such as the Calueque-Oshakati Canal, the Ruacana Hydropower Plant, and multiple rural 
borehole schemes, which collectively provide water to urban centers, smallholder irrigation schemes, and 
dispersed pastoralist communities in the hyper -arid northwest [22].  
 
Despite this strategic importance, the basin is highly exposed to climate hazards that threaten water security, 
infrastructure reliability, and public health. Projections indicate an increase in mean annual temperature 
between 2 °C and 4 °C by the end of the century under high-emission scenarios, coupled with a potential rainfall 
decline of up to 7 % by mid-century and 14 % by 2100, leading to higher evaporation losses, reduced river 
discharge, and recurrent multi-season droughts [23]. These conditions exacerbate the already limited 
sanitation coverage - particularly in rural areas where most households depend on shallow boreholes, latrines, 
and seasonal streams - leaving populations vulnerable to both water scarcity and contamination risks [24].  
 
The combined effects of extreme heat, prolonged droughts, pluvial flash floods, and strong windstorms 
increasingly disrupt water abstraction, pumping, storage, and sanitation systems across the basin, while 
wildfires and sedimentation pose secondary risks to conveyance structures and solar-powered equipment 
\36^/!Hjwfo!uif!cbtjoǃt!usbotcpvoebsz!efqfoefodf! po!Bohpmbo!sbjogbmm-!uif!gsbhjmjuz! pg!bhjoh!Obnjcjbo!
infrastructure, and the socio -economic reliance on subsistence farming and livestock, the Kunene Basin 
fyfnqmjgjft!uif!tztufnjd!wvmofsbcjmjuz!pg!Obnjcjbǃt!xbufs!boe!tbojubujpo!tfdups!up!dmjnbuf!ib{bset!\37^/ 
 
The Namibian reach of the Kuneneǀan arid, infrastructure-critical corridor that supports bulk transfers (e.g., 
CaluequeƿOshakati), hydropower at Ruacana, rural boreholes and smallholder usesǀfaces a compound 
hazard profile dominated by recurrent drought, intensifying heat stress, and episodic pluvial/fluvial flooding, 
with strong winds/dust and wildfire as aggravating risks [22 ƿ26]. Projections for Namibia show continued 
warming (+2 to +4 °C by late century under high emissions) and rainfall variability/dec lines that elevate 
evaporative losses, depress low flows and groundwater recharge, and increase multi-season water stress on 
intakes, canals, storages and treatment performance [23, 26].  
 
National policy instruments (Updated NDC, adaptation actions; National Drought Policy & Strategy) recognize 
northern basinsǀincluding the Kuneneǀas hotspots where climate hazards directly threaten water security, 
livestock and rain-fed production, with cas cading effects on food security and rural livelihoods [27ƿ28]. 
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Service coverage disparities magnify vulnerability: rural WASH access lags behind urban and safely managed 
services remain limited in many settlements, raising contamination and service -continuity risks during 
droughts and floods [24, 29]. Operational evidence from utilities confirms high inter -annual flow variability at 
Ruacana and climate-sensitive supply constraints that necessitate resilience measures in bulk transfer, 
treatment, and energy support systems [25, 30]. In combination, these drivers mean thf!Lvofof!Cbtjoǃt!xbufs!
and sanitation servicesǀand the livestock/crop systems that depend on them - are systemically exposed to 
climate shocks, with risk reduction hinging on drought -robust supply, flood-safe siting/design, heat -tolerant 
O&M, and strengthened institutional capacity across the basin [22ƿ28, 30]. 

 

3.4.1.  Heat stress hazard 

The ensemble-based hazard classification indicates a strong and spatially uniform escalation of heat -stress 
bdsptt!uif!cbtjo/!Voefs!TTQ3ƾ5/6-!uif!ofbs!ufsn!)3131ƿ2039) is already High to Very High over most cells, 
with only small western pockets below Very  High. By 2040ƿ2059, Very High becomes the basin-wide standard; 
by 2060ƿ318:!uif!cbtjo!sfbdift!Wfsz!Ijhi!up!Fyusfnf!bmnptu!fwfszxifsf/!Voefs!TTQ6ƾ9/6-!uif!ofbs!ufsn!
already exhibits Very HighƿFyusfnf!dpoejujpot!bdsptt!ofbsmz!bmm!hsje!dfmmt<!njeƾdfouvsz!boe mbufƾdfouvsz!nbqt!
bsf!fggfdujwfmz!vojgpsnmz!Fyusfnf-!tjhobmjoh!qfstjtufou!fydffebodf!pg!ifbuƾtusftt!uisftipmet/ 

Figure 26 and Table 10 jointly indicate Kunene basin High to Fyusfnf!ifbuƾtusftt!ib{bse!jo!bmm!gvuvsft-!xjui!
TTQ6ƾ9/6!sfbdijoh!Fyusfnf!fbsmjfs!boe!npsf!vojgpsnmz!uibo!TTQ3ƾ5/6/!Bmm!jowftunfout!jo!uif!cbtjo!tipvme!cf!
appraised and designed assuming Very High/Extreme heat conditions over asset lifetimes.  

Table 10.Heat Stress Indicators - Anomalies vs. Reference Period (1995ƿ2014). Source: CCKP, World Bank.  
 

Time period SSP2-4.5 SSP5-8.5 

 2020ƿ2039 2040ƿ2059 2060ƿ2079 2020ƿ2039 2040ƿ2059 2060ƿ2079 

TXx (°C) Mean 0.97 1.72 2.34 1.09 2.35 3.68 

TXx P90 (°C) 1.17 1.99 2.79 1.24 2.74 4.41 

WSDI Mean 
(days) 

44.29 97.63 146.84 45.34 135.44 229.87 

Unby!Ǵ!46¯D*!
(days/year) 

11.41 22.55 34.29 12.64 33.00 62.87 

Unby!Ǵ!51¯D*!
(days/year) 

0.01 0.10 0.35 0.02 0.45 3.20 

 

3.4.2.  Drought hazard 

Drought hazard shows a progressive increase across the Kunene Basin. As shown in figure 27  voefs!TTQ3ƾ5/6-!
in the near term (2020ƿ2039) drought hazard is largely Low over the interior and north, with Moderate pockets 
along the southwest fringe. By 2040ƿ2059, Moderate conditions expand over much of the basin, and by 2060ƿ
2079 a clearer High gradient emerges and consolidates along the western and southern sectors while 
Moderate levels persist ing fmtfxifsf/!Voefs!TTQ6ƾ9/6-!uif!OfbsƾUfsn!qbuufso!sfnbjot!LowƿModerate for most 
dfmmt-!cvu!cz!njeƾdfouvsz!Moderate is widespread with High cells appearing on the western boundary. By 
mbufƾdfouvsz-!High to Very High dominates the western/southern half of the basin, with Moderate lingering in 
qbsut!pg!uif!opsuifbtu/!Uiftf!tqbujbm!qbuufsot!joejdbuf!b!xftuƾ!boe!tpvuiƾxfjhiufe!joufotjgjdbujpo!bt!xbsnjoh!
and drying accumulate. 

Table 10 dpsspcpsbuft!uif!nbqt!xjui!joejdbups!bopnbmjft/!Gps!TTQ3ƾ5/6-!cbtjoƾnfejbo!TQFJ!cfdpnft!npsf!
ofhbujwf!pwfs!ujnf!)ǭ1/72!up!ǭ1/85!up!ǭ1/:4*-!boe!DEE!sfnbjot!ijhi!boe!tmjhiumz!jodsfbtjoh!)284!up!286!ebzt*-!
with CDD exceedance frequency rising to 6 and 4 evenut!jo!Njeƾ!boe!Mbufƾdfouvsz-!sftqfdujwfmz/!Voefs!TTQ6ƾ9/6!
uif!tjhobm!jt!tuspohfs;!TQFJ!effqfot!gspn!ǭ1/4:!up!ǭ2/3:!cz!3171ƿ2079, while CDD climbs from 172 to 176 
days and the frequency of SPEI and CDD exceedances rises (up to 4 and 6, respectively). Together, these 
metrics explain the transition to High/Very High hazard in the western and southern basin by late century.  
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Figure 26. Kunene river basin. Heat Stress Hazard) from the reference period (1994-2014) to near future (2020-2039), mid-
term future (2040-2059) and long-term future (2060-2079). Source: the author. 
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Figure 27 and Table 11 jointly indicate strengthening drought hazard for all futures, with a pronounced west ƿ
tpvui!iputqpu!cz!mbufƾdfouvsz!voefs!TTQ6ƾ9/6/!Bmm!XBTI!jowftunfout!jo!uif!cbtjo!tipvme!bttvnf!bu!mfbtu!
ModerateƿHigh drought conditions over asset lifetimes and integrat e storage, conjunctive use, and 
efnboeƾtjef!dpouspmt!bddpsejohmz/ 

3.4.3.  Pluvial Flash Floods   

Qmvwjbm!gmbtiƾgmppe!ib{bse!jo!uif!Lvofof!Cbtjo!bqqfbst!nptumz!mpdbmj{fe/!Uif!nbqt!jo!figure 28  show a broadly 
tubcmf!cbdlhspvoe!dmbtt!bdsptt!ujnf!boe!tdfobsjpt-!xjui!tnbmm!iputqput!sbuifs!uibo!b!cbtjoƾxjef!ftdbmbujpo/! 

Voefs!TTQ3ƾ5/6-!uif!ofbsƾufsn!boe!njeƾdfouvsz!wjfxt!ejtqmbz!jtpmbufe!ijhifsƾib{bse!dfmmt!jo!uif!tpvuixftu!boe!
along a central corridor; by 2060ƿ2079 similar pockets persist without forming extensive zones. Under 
TTQ6ƾ9/6-!tnbmm!vqmboe!dfmmt!bsf!wjtjcmf!ofbr the central axis in the near term, and a few grid cells move to 
higher classes by mid to late century, yet the pattern remains spatially constrained. This profile points to 
bttfuƾmfwfm!nbobhfnfou!bu!ljptlt-!qvnq!tubujpot-!bddftt!spbet-!dvmwfsut!boe!dbobm or river crossings. 
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The indicator in table 12  tvqqpsut!uijt!joufsqsfubujpo/!Voefs!TTQ3ƾ5/6!uif!nvmujƾnpefm!nfejbo!pg!nbyjnvn!
pofƾebz!qsfdjqjubujpo!)Sy2ebz*!sjtft!npeftumz!gspn!bcpvu!46/5!nn!jo!3131ƿ2039 to about 37.1 mm in 2040ƿ
2059 and about 38.6 mm in 2060ƿ2079. The number of days with at least 50 mm (R50mm) remains very low, 
bcpvu!1/18-!1/21!boe!1/22!ebzt!qfs!zfbs/!Voefs!TTQ6ƾ9/6!uif!Sy2ebz!wbmvft!bsf!bcpvu!51/7-!49/1!boe!51/1!nn!
for the three periods, with R50mm of about 0.16, 0.11 and 0.13 days per year. Values that represent fractions 
of a day per year explain why the mapped hazard does not expand widely. 

Gps!xbufs!boe!tbojubujpo!jowftunfout!uif!sfdpnnfoefe!bqqspbdi!jt;!)j*!up!bqqmz!tjufƾtqfdjgjd!esbjobhf!boe!
access protection at the hotspots highlighted in the maps; (ii) to size culverts and yard drainage to the Rx1day 
design storm with allowances for bloc kage; (iii) to harden embankments and crossings that concentrate rapid 
svopgg<!)jw*up!tdifevmf!qsfƾtfbtpo!boe!qptuƾtupsn!nbjoufobodf!pg!jomfut!boe!hsbuft<!boe!)w*up!mjol!pqfsbujpobm!
triggers to daily rainfall thresholds such as R20 mm and R50 mm. Crisis and asset management procedures 
should be consistent with ISO 24518 and ISO 24516. 

Pwfsbmm-!qmvwjbm!gmbtiƾgmppe!ib{bse!jt!mpdbmj{fe!cvu!nbufsjbm!gps!bttfu!eftjho!boe!pqfsbujpot!voefs!cpui!TTQ3ƾ5/6!
boe!TTQ6ƾ9/6/!Ubshfufe!tjuf!qspufdujpo-!esbjobhf!qfsgpsnbodf!boe!sbqje!nbjoufobodf!are measures that 
offers strong response for both time horizons .  

 
Table 11. Drought Indicators - CDD vs. Reference Period (1995ƿ2014). Source: CCKP, World Bank. 
 

Time period SSP2-4.5 SSP5-8.5 

 2020ƿ
2039 

2040ƿ2059 2060ƿ2079 2020ƿ2039 2040ƿ2059 2060ƿ2079 

SPEI -0,61 -0,74 -0,93 -0,39 -0,8 -1,29 

CDD 173,25 175,18 175,35 172,35 174,08 175,78 

SPEI frequency  0 0 0 0 0 4 

CDD frequency 0 6 4 0 1 6 

 
 
Figure 27. Kunene river basin. Drought Hazard from the reference period (1994-2014) to near future (2020-2039), mid-term 
future (2040-2059) and long-term future (2060-2079). Source: the author. 
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Table 12. Pluvial Flash Floods - Reference Period (1995ƿ2014). Source: CCKP, World Bank. 
 

Time period SSP2-4.5 SSP5-8.5 

 2020ƿ2039 2040ƿ2059 2060ƿ2079 2020ƿ2039 2040ƿ2059 2060ƿ2079 

Maximum 1ƾday 
precipitation 

(Rx1day) 
35,38 37,06 38,62 40,62 38,02 40 

Number of days 
xjui!Ǵ!61!nn!

(R50mm) 
0,07 0,1 0,11 0,16 0,11 0,13 

 
 
 
Figure 28. Kunene river basin. Pluvial Flash Floods Hazard from the reference period (1994-2014) to near future (2020-2039), 
mid-term future (2040-2059) and long-term future (2060-2079). Source: the author. 
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3.4.4.  Fluvial Floods 

Gmvwjbm!gmppe!ib{bse!qsftfout!b!sjwfsƾbmjhofe!qbuufso-!xjui!ijhifs!dmbttft!dpodfousbufe!bmpoh!uif!opsuifso!nbjo!
tufn!boe!fbtufso!usjcvubsjft/!Voefs!TTQ3ƾ5/6-!uif!nbqt!tipx!b!mbshfmz!npefsbuf!cbdlhspvoe!jo!3131ƿ2039 
with localized high values near the channel and at tributary fans; by 2040ƿ316:!uif!ijhiƾib{bse!gppuqsjou!
widens along the same corridors and remains focused on the river belt through 2060ƿ2079, without a 
cbtjoƾxjef!ftdbmbujpo!gbs!gspn!diboofmt/!Voefs!TTQ6ƾ9/6-!uif!tbnf!tusvduvsf!bqqfbst!fbsmjfs!and more 
stronglyǀijhi!dmbttft!cfdpnf!npsf!dpoujhvpvt!gspn!njeƾdfouvsz!boe!qfstjtu!joup!uif!mpoh!ufsn!bdsptt!uif!
northern reach and selected eastern tributariesǀwhile interior southern sectors stay comparatively lower. The 
mapping in figure 29  uifsfgpsf!qpjout!up!b!dpssjepsƾuzqf!sjwfsjof!sjtl!esjwfo!cz!nvmujƾebz!sbjogbmm!boe!mpdbm!
hydraulics. 
 
The indicators in table 13  tvqqpsut!uijt!sfbejoh/!Nbyjnvn!gjwfƾebz!qsfdjqjubujpo!)Sy6ebz*!voefs!TTQ3ƾ5/6!
rises from about 35.4 mm in 2020ƿ2039 to about 37.1 mm in 2040ƿ2059 and about 38.6 mm in 2060ƿ2079, 
while the number of days with at least 20 mm (R20mm) increases from about 4.4 2 to about 4.71 and about 
5/9:!ebzt!qfs!zfbs/!Voefs!TTQ6ƾ9/6-!Sy6ebz!sfnbjot!ofbs!bcpvu!51/7-!49/1!boe!51/1!nn!gps!uif!uisff!ipsj{pot-!
with R20mm around about 5.73, 5.08 and 5.45 days per year. These changes are consistent with the enhanced 
sjwfsƾsftqpotf!dpssjepst!jo!uif!nbqt/!Gps!xbufs!boe!tbojubujpo!jowftunfout-!eftjho!boe!P'N!tipvme!qsjpsjuj{f!
intake siting outside flood conveyance zones, freeboard and scour protection for canals and embankments, 
bridge and culvert sizing that sfgmfdut!Sy6ebzƾtdbmf!fwfout!boe!efcsjt!bmmpxbodf-!bddfttƾspbe!sftjmjfodf!boe!
tbgf!fhsftt-!boe!sbjozƾtfbtpo!nbjoufobodf!up!lffq!diboofmt!boe!jomfut!dmfbs/! 
 
 
Table 13. Fluvial Floods - Reference Period (1995ƿ2014). Source: CCKP, World Bank. 
 

Time period SSP2-4.5 SSP5-8.5 

 
2020ƿ2039 2040ƿ2059 2060ƿ2079 

2020ƿ
2039 

2040ƿ2059 2060ƿ2079 

Maximum 5ƾday 
precipitation 

(Rx5day) 
35,38 37,06 38,62 40,62 38,02 40 

Number of days with 
Ǵ!31!nn!)S31nn* 

4,42 4,71 4,89 5,73 5,08 5,45 
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Figure 29. Kunene river basin. Fluvial Flash Floods Hazard from the reference period (1994-2014) to near future (2020-2039), 
mid-term future (2040-2059) and long-term future (2060-2079). Source: the author. 
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3.4.5.  Wildfire  

Wildfire hazard displays a consistently high baseline across most of the basin, with the highest classes 
clustered along the northern rim and eastern margins where dry vegetation and wind exposure are likely to 
dpodfousbuf!jhojujpo!boe!tqsfbe/!Voefs!TTQ3ƾ5.5, the maps in figure 30  for 2020ƿ2039 is already dominated 
by high hazard with pockets of moderate conditions near some northern uplands; by 2040ƿ2059 the moderate 
pockets contract and high hazard become the modal class across the interior; by 2060ƿ2079 only small border 
areas rfubjo!npefsbuf!mfwfmt/!Voefs!TTQ6ƾ9/6-!uif!tbnf!tqbujbm!tusvduvsf!joufotjgjft!fbsmjfs!boe!sfnbjot!
widespread through all horizons, with contiguous high hazard across the north and east and only isolated 
moderate cells persisting. The map evidence therefore qpjout!up!b!qfswbtjwf-!mboetdbqfƾtdbmf!gjsf!fowjsponfou!
in which ignition potential and rapid spread are credible through much of the warm season.  
 
The indicator context reported in the table 14  shows the number of days with maximum temperature at or 
above 35¯D!)UY46*!voefs!TTQ3ƾ5/6!jodsfbting from about 35 in 2020ƿ2039 to about 37 in 2040ƿ2059 and 
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about 39 days in 2060ƿ318:-!xijmf!uif!dpotfdvujwf!eszƾebz!bopnbmz!)DEE*!sjtft!gspn!bcpvu!5/5!up!bcpvu!5/8!
boe!bcpvu!5/:!ebzt-!sftqfdujwfmz/!Voefs!TTQ6ƾ9/6-!UY46!jt!ijhifs!gps!bmm!ipsj{pot!)bspvoe!52-!49-!boe!51!ebzt*-!
with CDD anomalies near about 5.7, about 5.1, and about 5.5 days. More frequent very hot days combined with 
mpohfs!esz!tqfmmt!bmjho!xjui!uif!fyufotjwf!ijhiƾib{bse!gppuqsjou!jo!uif!nbqt!boe!joejdbuf!fmfwbufe!jhojujpo!
pressure, faster rates of spread and greater intensity. For water and sanitation assets, engineering and O&M 
should therefore: (i) jodmvef!efgfotjcmfƾtqbdf!nbobhfnfou!bspvoe!ljptlt-!cpsfipmf!ifbet-!qvnq!tubujpot!boe!
PV arrays; (ii) ifbuƾ!boe!gmbnfƾsftjtubou!dbcmf!spvujoh!boe!dpoevju!qspufdujpo<!cbdlvq!qpxfs!boe!wfoujmbujpo!
tusbufhjft!up!nbobhf!ifbuƾsfmbufe!tivuepxot<!(iii) bddfttƾspbe!dpouspm!xjui!dmfbs!fhsftt<!boe (iv) qsfƾtfbtpo!
gvfm!sfevdujpo!boe!tqbslƾdpouspm!qspupdpmt!xjui!dpnnvojuz!fohbhfnfou/!Bttfu!tufxbsetijq!boe!fnfshfodz!
procedures should be aligned with ISO 24516 for asset management and ISO 24518 for crisis readiness, and 
tfswjdfƾmfwfm!dpnnvojdbujpo!boe!sfdpwfsz!bdujpot!tipvme!gpmmpx!hppeƾqsbdujdf!hvjebodf!jo!JTP!35621035623/ 
 
 

Table 14. Wildfires - Reference Period (1995ƿ2014). Source: CCKP, World Bank. 
 

Time period SSP2-4.5 SSP5-8.5 

 2020ƿ2039 2040ƿ2059 2060ƿ2079 2020ƿ2039 2040ƿ2059 2060ƿ2079 

Number of days 
with maximum 

ufnqfsbuvsf!Ǵ!46!¯D!
(TX35) 

35,38 37,06 38,62 40,62 38,02 40 

Consecutive Dry 
Days anomaly (CDD 

anomaly) 
4,42 4,71 4,89 5,73 5,08 5,45 

 
 
 

Figure 30. Kunene river basin. Wildfire Hazard from the reference period (1994-2014) to near future (2020-2039), mid-term 
future (2040-2059) and long-term future (2060-2079). Source: the author. 
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3.5 Hazards in Okavango River Basin 

3.5.1.  Heat Stress 

 

Ifbu!tusftt!jt!bmsfbez!b!cbtjoƾxjef!dpodfso!jo!uif!Plbwbohp!tztufn!boe!joufotjgjft!pwfs!ujnf!voefs!cpui!
fnjttjpot!qbuixbzt/!Voefs!TTQ3ƾ5/6-!uif!ib{bse!nbqt!gps!3131ƿ2039 in figure 31 , show high classes 
epnjobujoh!uif!joufsjps!xjui!mjnjufe!npefsbuf!qpdlfut!bmpoh!uif!tpvuiƾxftufso!gsjohf<!cz!3151ƿ2059 very high 
hazard becomes spatially continuous across most zones; by 2060ƿ2079 the basin is largely covered by very 
high levels with only tnbmm!fehft!cfmpx!uibu!dmbtt/!Voefs!TTQ6ƾ9/6-!uif!tqbujbm!qsphsfttjpo!jt!gaster and 
stronger: highƿvery high classes are widespread already in 2020ƿ314:-!boe!b!ofbsƾvojgpsn-!cbtjoƾxjef!wfsz!
ijhi!ib{bse!jt!ftubcmjtife!cz!njeƾdfouvsz!boe!qfstjtut!uispvhi!uif!mpohƾufsn!ipsj{po/!Uif!ifbuƾtusftt!ib{bse!
maps (Figure 31*!qpjou!up!tvtubjofe-!nvmujƾnpoui!pqfsbujpobm!ifbu!qsfttvsf!gps!gjfme!dsfxt!boe!ifbuƾtfotjujwf!
components from intake sites to pump stations, kiosks, PV frames and telemetric systems.  
 
Indicator values in Table 16 bmjho!xjui!uif!nbqt/!Voefs!TTQ3ƾ5/6-!qfbl!ifbu!)UYy*!sjtft!spvhimz!,2ƿ3 °C 
uispvhi!njeƾdfouvsz!boe!up!bcpvu!,4/3°C by 2080ƿ31::<!xbsnƾtqfmm!evsbujpo!)XTEJ*!epvcmft!gspn!1/8!up!2/5!
ebzt!njeƾdfouvsz!boe!bqqspbdift!3/5!ebzt!cz!mbuf!dfouvsz<!ipu!ebzt!)Ǵ46°C) expand from 10 to 40 days/year 
xijmf!Ǵ51¯D!sfnbjot!sbsf!)ǳ3!ebzt0zfbs*/!Voefs!TTQ6ƾ9/6-!uif!tjhobm!jt!nvdi!tuspohfs;!UYy!ofbst!,7°C by late 
dfouvsz-!XTEJ!dmjnct!upxbse!6!ebzt-!boe!wfsz!ipu!ebzt!)Ǵ46°C) exceed 100 days/year xjui!36!ebzt!Ǵ51°C. 
Uiftf!tijgut!fyqmbjo!uif!cbtjoƾxjef!wfszƾijhi!ib{bse!dmbttft!cz!njeƾ!up!mbufƾdfouvsz, and imply longer and 
ipuufs!xpsl!qfsjpet-!fmfwbufe!efsbujoh!boe!uifsnbm!gbujhvf!pg!fmfduspƾnfdibojdbm!frvjqnfou-!boe!ijhifs!
wfoujmbujpo0dppmjoh!efnboe!boe!xbufsƾrvbmjuz!sjtlt!evf!up!bddfmfsbufe!ejtjogfdubou!efdbz/ 

For WASH project operations, design and O&M should anticipate persistent heat conditions through the asset 
mjgf/!Qsjpsjuz!nfbtvsft!jodmvef!ifbuƾtbgf!xpsl!qspdfevsft-!tibejoh!boe!wfoujmbujpo!sfuspgjut!bu!qvnq!ipvtft-!
efsbujohƾbxbsf!frvjqnfou!tfmfdujpo!)npuprs/VSDs), thermal protection of control cabinets and battery 
fodmptvsft-!sftfswpjs0dbobm!fwbqpsbujpo!nbobhfnfou-!nbufsjbmt!boe!mjojoht!tfmfdufe!gps!ijhiƾufnqfsbuvsf!
qfsgpsnbodf-!boe!dpoujohfodz!qspupdpmt!gps!qpxfs!pvubhft!boe!xjmeƾifbu!ebzt/! 
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Table 15. Heat Stress indicators anomalies. Reference Period (1995ƿ2014). Source: CCKP, World Bank. 
 

Time period SSP2-4.5 SSP5-8.5 

 2020ƿ
2039 

2040ƿ
2059 

2060ƿ
2079 

2080ƿ
2099 

2020ƿ
2039 

2040ƿ
2059 

2060ƿ
2079 

2080ƿ
2099 

TXx (°C) Mean 1.20 2.02 2.74 3.22 1.33 2.66 4.17 6.05 

TXx P90 (°C) 22.68 23.39 23.98 24.40 22.79 23.93 25.29 26.97 

WSDI Mean 
(days)  

0.68 1.39 1.98 2.40 0.79 1.93 3.29 4.97 

Unby!Ǵ!46¯D*!
(days/year) 

9.85 21.72 32.56 40.66 10.46 31.60 58.71 103.16 

Tmax Ǵ!51¯D*!
(days/year) 

0.00 0.08 0.66 1.88 0.00 0.68 6.84 24.73 

 
Figure 31. Okavango river basin. Heat Stress Hazard) from the reference period (1994-2014) to near future (2020-2039), mid-
term future (2040-2059) and long-term future (2060-2079). Source: the author. 
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