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Foreword
Human-induced climate change is already affecting many weather and climate extremes in every 
region across the globe. The latest IPCC report confirms that human activities have changed 
our climate and led to the more frequent heatwaves, floods, droughts, and wildfires that we 
have seen recently. The evidence is incontrovertible. This highly influential report provides the 
evidence base and impetus to develop policy strategies and practices that will help people 
around the world and in Nepal live with and adapt to change.

Nepal has been a pioneer in the development and implementation of effective adaptation policies 
and practices. Nepal has made a strong commitment to updating a mid-long term National 
Adaptation Plan (NAP) every ten years, as well as conducting a National level Vulnerability and 
Risk Assessment every five years to inform climate resource allocation policies. Vulnerability 
and Risk Assessment (VRA) was initiated to assess vulnerability and risk at the national, 
physiographic, province, municipal, and sector levels to inform the Government of Nepal’s 
current NAP formulation process.

I am pleased to see that the VRA report on Disaster Risk Reduction and Management (DRRM) 
was prepared by identifying sector-specific current vulnerability and future risk based on a 
solid scientific foundation and information. This report is the result of a thorough consultation 
process with national and provincial stakeholders and experts. This report, I believe, provides 
an opportunity for policymakers, decision-makers, and practitioners to make informed decisions 
about sector-specific vulnerability and risk to build a climate-resilient society and reduce the 
impacts of climate change at the local, provincial, and federal levels.

On behalf of the Ministry of Forests and Environment, I would like to thank the distinguished 
Chair - the Joint Secretary of the Ministry of Home Affairs- and all the respected thematic 
group members who provided technical guidance to finalize this report. In addition, I gratefully 
acknowledge the assistance provided by the Climate Change Management Division, particularly 
Dr Radha Wagle and all technical committee members.

I also take this opportunity to acknowledge the funding and technical support of the British 
Embassy Kathmandu, and Policy and Institutions Facility (PIF) /Oxford Policy Management 
Limited. 

Dr Pem Narayan Kandel
Secretary
Ministry of Forests and Environment (MoFE)



Vulnerability and Risk Assessment and Identifying Adaptation Optionsii

Acknowledgment
The National Climate Change Policy (2019) identifies eight thematic areas and four cross-cutting 
areas which will be impacted by climate change. As such, there is a pressing need to understand 
how public and private investments might be impacted. Without adequate information on risks 
and vulnerability, it will be difficult to translate policy into action. To plan and implement a 
successful adaptation strategy, it is vital to understand the likely impacts of climate change on 
different sectors and communities, and, in particular, how these may evolve in the future. 

A National Adaptation Plan (NAP) needs to be developed based on a strong scientific foundation and 
reliable evidence. This includes data and information about how the climate has evolved in the recent 
past and how it may further change in the future. To realise this, the MoFE has carried out detailed 
Vulnerability and Risk Assessments (VRAs) of the thematic areas identified by the National Climate 
Change Policy at the municipal, district, and regional scales. The VRA framework and methodology 
presented in the report are based on the Fifth Assessment Report (AR5) of the Intergovernmental 
Panel on Climate Change (IPCC) and the NAP technical guidelines of the UNFCCC. 

This VRA report contributes to the establishment of a strong baseline for climate change 
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offers a range of adaptation options for reducing root causes of vulnerability and risk, including 
enhancing social inclusion and reducing gender disparity 
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सारांश

g]kfn ;/sf/ jg tyf jftfj/0f dGqfnon] hnjfo' kl/jt{g /fli6«o cg's"ng of]hgf -NAP_ tof/ ub}{5 . 
hnjfo' kl/jt{gsf sf/0f ;[lht ;Í6f;Ggtf tyf hf]lvdnfO{ sd ug{' / ;DalGwt ljifout If]qsf ;a} 
txsf gLlt, sfo{qmd tyf s[ofsnfkx¿df hnjfo' kl/jt{g cg's"ngnfO{ PsLs[t ug{ ;xhLs/0f ug'{  
/fli6«o cg's"ng of]hgfsf] k|d'v p2]Zo /x]sf] 5 . ;Í6f;Ggtf / hf]lvdsf] cWoog tyf ljZn]if0f /fli6«o 
cg's"ng of]hgftof/L k|s[ofsf] Ps ckl/xfo{ r/0f xf],h;n] ljleGg ef}uf]lns tyf k|zf;lgs If]qdf 
hnjfo'hGo hf]lvdsf] :t/ a'‰g / hf]lvd Joj:yfkgsf] nflu :yfgLo, k|b]z Pj+ ;+3Lo ;+/rgfx¿sf] 
nufgLnfO{ k|fyldsLs/0f ug{ d2t ub{5 . 

o; cWoogn] ljkb\ hf]lvd Go"gLs/0f tyf Joj:yfkgsf] If]qdf hnjfo'hGo k|sf]kx¿sf]] k|j[lQ / kl/b[Zosf] 
ljZn]if0fsf cfwf/df lhNnf, k|b]z / ef}uf]lns If]qx¿df k|sf]k k|efljt If]qx¿ klxrfg u/]sf] 5 . o:tf ;"rgf 
tyf hfgsf/Lx¿n] hf]lvddf /x]sf ju{ / If]qx¿sf nflu hf]lvd Go"gLs/0f ug{ / cg's"ng tyf pTyfgzLntf 
clej[l4 ;DaGwL /0fgLlts kxnsf nflu cfjZos ;xof]u k'¥ofpF5g\ .

of] cWoog tyf ljZn]if0f jg tyf jftfj/0f dGqfnon] lglb{i6 u/]sf]] hf]lvd tyf ;Í6f;Ggtf ljZn]if0fsf]  
/fli6«o 9fFrf, hnjfo' kl/jt{g ;DaGwLcGt/;/sf/L ;d"x (Intergovernmental Panel on Climate Change, 

IPCC) åf/f k|sflzt kfFrf+} ljZn]if0f k|ltj]bg (Fifth Assessment Report, AR5) / /fli6«o cg's"ng of]hgf 
lgdf{0fsf] nflu tof/ ul/Psf k|fljlws lbzf lgb]{zx¿df cfwfl/t 5 . IPCC n] k|ltkfbg u/]sf] 9fFrf cg';f/ 
hf]lvdnfO{ k|sf]k, ;Dd'vtf / ;Í6f;Ggtfsf] k|sfo{sf ¿kdf dflgPsf] 5 .

o; cWoogdf lgDg b'O{j6f ljZn]if0fx¿ ;dfj]z 5g\, !_ hnjfo'hGo k|sf]kx¿sf] ljutsf] k|j[lQ / @_ 
hnjfo'hGo r/d 36gfx¿sf] ljut / eljiosf] kl/b[Zo . hnjfo'hGo k|sf]kx¿sf] ljutsf] k|j[lQ / eljiosf] 
kl/b[Zo b'j}sf] ljZn]if0f hnjfo'hGo k|sf]kx¿df cfPsf] kl/jt{gsf] klxrfg / kl/jlt{t hnjfo'hGo k|sf]kx¿sf]  
hnjfo' kl/jt{g;Fusf] ;DaGwdf cfwfl/t /x]sf 5g\ . hntyf df};d lj1fg ljefun] tof/ u/]sf]  
æg]kfnsf] hnjfo' k|j[lQsf] ljZn]if0f -;g\ !(&! b]lv @)!$_Æ / jg tyf jftfj/0f dGqfnon] tof/ u/]sf]  
æg]kfndf hnjfo' kl/jt{gsf] kl/b[ZoÆ nfO{ hnjfo'hGo k|sf]kx¿sf ljut / eljiosf] kl/b[Zox¿nfO{ lrq0f 
ug{ k|of]u ul/Psf] 5 .

;Í6f;Ggtf tyf hf]lvd ljZn]if0fsf k|s[ofut r/0fx¿df hnjfo'hGo k|sf]kx¿ kl/jt{gsf ;"rsx¿sf] 
klxrfgÙ cfjZos tYofÍsf] >f]t klxrfg, tYofÍsf] k|s[lt tyf ljz]iftfsf] ljZn]if0fÙ tYofÍ ;+sng, 
tflnsLs/0f, 5gf}6Ù ;fdfGoLs/0f, ef/ k|bfg, ;du| dfgsf] u0fgfÙ gS;fÍg cg's"ngsf pkfox¿sf] klxrfg 
/ k|fyldsLs/0fÙ tyf ;/f]sf/jfnfx¿;Fusf] 5nkmn / k/fdz{ dfkm{t\ k|df0fLs/0f /x]sf 5g\ . 

;g\ !(&! b]lv @)!( ;Dd hnjfo'hGo ljleGg 36gfx¿af6 ePsf] gf]S;fg / Ifltsf] pknAw tYofÍnfO{ 
cWoog ubf{, k|To]s jif{ g]kfndf hnjfo'hGo ljkb\af6 cf};tdf ^$& hgfsf] d[To' ePsf] b]lvG5 . k|fKt tYofÍ 
cg';f/ ;g\ @))! df hnjfo'hGo ljkb\sf] 36gfn] ;a} eGbf w]/}]sf] d[To' ePsf] lyof] . h;df dxfdf/L, klx/f], 
r6\ofª, cfunfuL, af9L, ef/L jiff{ / cfFwLa]x/L h:tf hnjfo'hGo ljkb\sf sf/0f !*^^ JolQmsf] Hofg uPsf] 
lyof] . ljkb\sf sf/0f g]kfndf k|ltjif{ cf};t cfly{s Iflt @&&* ldlnog g]kfnL ¿k}ofF x'G5 h'g cfly{s jif{ 
@)!*÷!( sf] s"n ufx{:y pTkfbg (GDP) sf] -jt{dfg d'Nodf_ )=)*Ü xf] . ;a} eGbf w]/}] cfly{s Iflt -g]kfnL  
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¿k}ofF ^#!*^ ldlnog_ ;g\ @)!& df t/fO{df cfPsf] af9Lsf] sf/0fn] ePsf] lyof], h'g cfly{s jif{ @)!&÷!* 
sf] s"n ufx{:y pTkfbgsf] -jt{dfg d'Nodf_ @=)*Ü x'g cfpF5 .

af9L, klx/f], dxfdf/L / cfunfuL g]kfndf hnjfo';Fu ;DalGwt k|d'v ljkb\sf 36gfx¿ x'g\ . hnjfo'hGo 
ljkb\sf sf/0f ePsf] dfgjLo / cfly{s IfltnfO{ t'ngf ubf{ ;a}eGbf a9L d[To' dxfdf/Laf6 -%@=*Ü_ / 
To;kl5 s|dzM klx/f] -!^=&Ü_ / af9Laf6 -!@=&Ü_ ePsf] b]lvG5 . oBlk af9Ln] s'n k|efljt hg;+Vofsf] 
sl/a &!Ü nfO{ k|efljt u/]sf] 5 eg] klx/f]n]] (=%Ü nfO{ / dxfdf/Ln] *=@Ü nfO{ k|efljt u/]sf] 5 . To:t} 
cfly{s Iflt cfunfuLaf6 ;a}eGbf a9L -%^=^Ü_ / To;kl5 af9L -#!Ü_ / klx/f] -#=&Ü_ af6 ePsf] b]lvG5 .

af9L, klx/f] / v8]/L g]kfnsf k|d'v hnjfo'hGo k|sf]kdf kb{5g\ / oL k|sf]kx¿ hnjfo' kl/jt{gsf sf/0f 
eljiodf cem tLj| x'g] ;Defjgf /x]sf] cWoogx¿n] b]vfPsf 5g\ . xfn g]kfnsf]] s/La *Ü e"–efudf af9L] 
/ s/La %(Ü e"–efudf klx/f]sf] pRr k|efj /x]sf] 5 . To:t} cf};tdf g]kfnsf] s/La %^Ü If]q v8]/Laf6 
k|efljt 5 eg] v8]/Lsf] cf};t cjlw k|lt jif{ #=$ dlxgf -!)@ lbg_ 5 .

o; ljZn]if0fn] ljkb\ ;DaGwL 8f6fa];df cBfjlws ePsf ljleGg !% j6f hnjfo'hGo k|sf]kx¿nfO{ ;d]6]sf]  
5 . h;df af9L, klx/f], dxfdf/L, cfunfuL, r6\ofª, ef/L jiff{, v8]/L, lxdtfn ljikmf]6g af9L -GLOF_, 
tftf] xfjfsf] nx/, lr;f] xfjfsf] nx/, cfFwLa]x/L, lxdklx/f], lxdkft, cl;gf / jg 89]nf] kb{5g\ . !$ j6f 
hnjfo'hGo k|sf]kx¿ -GLOF afx]s_ sf] ljutsf] k|j[lQnfO{ ljZn]if0f ubf{ ljz]if u/L ;g\ !(() kl5 o:tf  
k|sf]ksf 36gfx¿sf] k|j[lQdf pNn]vgLo j[l4 ePsf] b]lvG5 . df};dL v8]/L afx]s ;a} k|sf]ksf 36gfx¿sf] 
k|j[lQ a9\bf] j|mddf /x]sf] 5 . w]/} lhNnfx¿df jiff{t\sf lbgx¿ a9\bf] qmddf /x]sf]n] df};dL v8]/Lsf 36gfx¿ 
36\b} uO/x]sf] x'g;Sg] cg'dfg ul/Psf] 5 . dxfdf/L, lxdklx/f], cl;gf / v8]/Lsf] k|j[lQ guGo dfqfdf 
(statistically insignificant) /x]sf] 5 eg] cGo !) hnjfo'hGo k|sf]kx¿sf] k|j[lQ pNn]vgLo -statistically 

significant at a 5% level_ ¿kdf a9L /x]sf] 5 .

hnjfo'hGo k|sf]ksf P]ltxfl;s 36gfx¿sf] ljZn]if0fsf] cfwf/df ;'g;/L, s}nfnL, df]/ª, emfkf, /f}tx6, alb{of, 
;nf{xL / ;Kt/L lhNnfx¿ af9Lsf] pRr k|efj If]q æx6:k6Æ (Hotspot) sf] ¿kdf klxrfg ul/Psf 5g\ . To:t}, 
wflbª, ;+v'jf;ef, afUn''ª, l;Gw'kfNrf]s, 8f]Nkf, tfKn]h'ª, /f]Nkf, dsjfgk'/, DofUbL, ndh'ª, bf]nvf, g'jfsf]6, 
uf]/vf, ;f]n'v'Da', sfe|]knf~rf]s, b}n]v, bfr{'nf, :ofª\hf, kfNkf, vf]6fª, afh'/f, sfnLsf]6, sf:sL, hfh/sf]6, 
aemfª, u'NdL / Onfd lhNnfnfO{ klx/f]sf] pRrk|efj If]q æx6:k6Æ sf] ¿kdf klxrfg ul/Psf] 5 . dfgjLo 
/ cfly{s k|efjsf] cfwf/df, dsjfgk'/, /f}tx6, afFs], s}nfnL, l;/fxf, df]/ª, 8f]6L, lrtjg, wg'iff, ;nf{xL,  
dxf]Q/L, k;f{, ;Kt/L, ;'g;/L, l;Gw'kfNrf]s, bfª, sf:sL, s~rgk'/ / emfkf lhNnfnfO{ hnjfo'hGo ljkb\sf] 
pRr k|efj If]q æx6:k6Æ sf] ¿kdf klxrfg ul/Psf] 5 . 

hnjfo' kl/jt{gsf kl/b[Zox¿ x]bf{ tfkqmdsf lx;fjn], tftf lbg÷/ft, / Gofgf] cjlw a9\g] ;Defjgfsf] ;+s]
t ub{5 eg] lr;f lbg÷/ft / lr;f] x'g] cjlw sd x'g] ;Defjgf 5 . To:t} jiff{sf] xsdf w]/} jiff{t\sf lbgx¿ 
/ cTolws jiff{t\\sf lbgx¿ a9\g] b]lvG5 eg] g]kfnel/ g} jiff{ x'g] lbgx¿ sd x'g] ;Defjgf b]lvPsf] 5 . 
nuftf/ ;'Vvf lbgx¿df j[l4 / nuftf/ jiff{t\sf lbgx¿ a9\g] ;DefJotf sd b]lvG5 . 

kl/jlt{t hnjfo' tyf r/d df};d ;"rsfÍsf] kl/b[Zoaf6 eljiodf hnjfo'hGo k|sf]kx¿sf] kl/b[Zo cfFsng 
ul/Psf] 5 . eljiodf lr;f] xfjfsf] nx/ / lxdcfFwLx¿ sd x'Fb} hfg] ;Defjgf b]lvG5 . tftf] xfjfsf] nx/, 
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ef/L jiff{, r6\ofª, cfFwLa]x/L, af9L, klx/f], lxdtfn ljikmf]6g af9L, cfunfuL, lxdklx/f], dxfdf/L / jg 89]nf] 
a9\g] ;Defjgf b]lvG5 eg] cl;gf / v8]/Ldf j[l4 x'g ;Sg] ;Defjgf sd b]lvG5 . 

a9\bf] tfkqmd / tftf] xfjfsf] nx/n] /f]uJofwL, d[To'b/, ufO{j:t' tyf jGohGt'df tfkqmdsf] gsf/fTds 
k|efj, afnLgfnLnfO{ Iflt / xfjfaf6 ;g]{ /f]ux¿df j[l4 x'g;S5 . a9\bf] ef/L jiff{n] af9L, klx/f], lxdklx/f], 
e"Ifo, hnhGo /f]ux¿df j[l4 x'gsf ;fy} ljkb\ k|ltsfo{, k'gM:yfkgf, / k'gnf{esf lqmofsnfkx¿df rfk a9\g 
;Sb5 . To:t} lxdkftsf] sdLn] kfgLsf] pknAwtf / lxpFb] afnLsf] pTkfbg sd x'g'sf ;fy} /f]u÷ls/fx¿sf] 
;+qmd0f a9\g ;S5 .

a9\bf] r6\ofª, cfFwLa]x/L, af9L, lxdtfn ljikmf]6g af9L / klx/f]sf 36gfx¿n] dfgjLo Iflt / d[To'b/, 
ufO{j:t'sf] d[To'b/, 3/x¿df Iflt, hUufsf] pj{/fzlQmdf sdL, hLljsf]kfh{gsf ;|f]t ;fwg tyf cGo k"jf{wf/
x¿df x'g] xfgL tyf gf]S;fgLnfO{ yk j[l4 ug{ ;S5 . cl;gf a9]sf] v08df afnLgfnL gi6 x'g ;S5 . a9\bf] 
v8]/Ln] afnLnfO{ gf]S;fg ug]{, clgsfn a9fpg], kfgLsf] cefj a9\g], kfgL k|b"if0f, dxfdf/L, xfjf / kfgLaf6 
;g]{ /f]ux¿ a9\g ;S5g\ . cfunfuLsf] a9\bf] 36gfn] dfgjLod[To' b/ / 3/ tyf ;DklQsf] Iflt a9\g ;S5 . 
jg 89]nf]n] jg ljgfzsf ;fy} jGohGt'x¿ / r/fr'?ËLsf] jf;:yfgdf Iflt / jgdf cfwfl/t hLljsf]kfh{g 
k|efljt x'g ;S5 . o;sf ;fy} jg ljgfzsf sf/0f x'g] cGo ljkb\x¿ h:t} af9L / klx/f]sf] 36gfx¿df j[l4 
x'g ;S5 . lxdklx/f] a9\gfn] dfgjIflt, d[To'b/, 3/x¿ / k"jf{wf/df Iflt a9\g ;S5 . To:t} dxfdf/L a9\bf  
/f]uJofwL / d[To'b/ a9\g ;S5, ;fj{hlgs :jf:Yo ;]jf / aLdf k|0ffnLdf yk bafj kg{ ;S5 . 

hnjfo'hGo ljkb\ hf]lvd Go"gLs/0fsf nflu /fli6«o, k|b]z / :yfgLo :t/df ;/f]sf/jfnfx¿;Fu k/fdz{ 
u/]/ cg's"ngsf pkfox¿ klxrfg ul/Psf] 5 . hnjfo' kl/jt{g / ljkb hf]lvd Go"gLs/0f ;DaGwL /fli6«o 
/ cGt/f{li6«o gLlt, /0fgLlt / sfo{of]hgfx¿sf] ;dLIffdf cfwfl/t eP/ cg's"ngsf pkfox¿sf] klxrfg  
ul/Psf] 5 . klxrfg ul/Psf cg's"ngsf pkfox¿nfO{ ;+/rgfTds÷ef}lts, ;fdflhs / ;+:yfut u/L tLgj6f 
If]qdf juL{s/0f ul/Psf] 5 . ;+/rgfTds / ef}lts ljsNkx¿df O{lGhlgol/Ë l8hfO{g dfkm{t\ ul/Psf] lgdf{0f 
tyf jftfj/0fsf] ljsf;, k|ljlwx¿sf] k|of]u, kfl/l:yltsLo k|0ffnLdf cfwfl/t ;+/rgf, / ;]jfx¿sf] k|of]unfO{  
;dfj]z ul/Psf] 5 eg] ;fdflhs ljsNkx¿df hf]lvdsf] 1fg a9fpg], ;"rgfsf /0fgLltx¿ / Jojxf/  
kl/jt{gsf pkfox¿ ;+nUg z}lIfs sfo{qmdx¿ ;dfj]z ul/Psf] 5 . ;+:yfut ljsNkx¿df cfly{s Pj+ ljQLo 
;x'lnot, sfg"g tyf lgodx¿ / ;/sf/L gLlt tyf sfo{qmdx¿ ;dfj]z ul/Psf] 5 .

ljkb hf]lvd Go"gLs/0fsf ljleGg s[ofsnfkx¿nfO{ hnjfo' kl/jt{g cg's"ngsf pkfox¿sf] ¿kdf klxrfg  
ul/Psf] 5 . ljkb hf]lvd Go"gLs/0fsf nflu hf]lvdsf] 1fg a[l4 ug]{, ljkb\ hf]lvd Go"gLs/0fdf zf;sLo k|0ffnLsf] 
;'b[9Ls/0f, OlGhlgol/Ë l8hfO{g ul/Psf] k"jf{wf/sf] ljsf;, hLljsf]kfh{gsf cj;/x¿sf] ljljlws/0fnfO{  
k|f]T;fxg, hf]lvdsf] ;fem]bf/L / x:tfGt/0f, ;"rgftyf ;~rf/sf k|ljlwsf] ljsf; / k"j{;"rgf k|0ffnLsf] k|of]usf]  
;fy} ljkb\ k"j{tof/L tyf k|ltsfo{ k|0ffnLsf] ljsf; ug]{ h:tf ultljlwx¿ ;dfj]z ul/Psf 5g\ .

lgZsif{df, hnjfo' kl/jt{gn] eljiodf hnjfo' ;DaGwL k|sf]ksf 36gfx¿ / hnjfo'hGo ljkb\x¿ a9fpg 
;S5, h;n] dfgj hLjgsf] Iflt, ;DklQsf] ljgfz, cfly{s If]qdf Iflt k'¥ofpg'sf ;fy} dfgl;s :jf:Yodf  
gsf/fTds k|efj, af]6la?jf, kz' / jftfj/0fLo ;]jfx¿ ;d]tdf xfgL gf]S;fgL a9\g ;Sg] b]lvG5 .
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o; cWoogsf d'Vo ;'emfjx¿ lgDgfg';f/ 5g\ .
•	 :yfgLo :t/df hnjfo', ljkb\ / ;fdflhs–cfly{s l:yltsf] lj:t[t tYofÍ ;Íng k|0ffnLsf] ljsf; 

u/]/ ;Í6f;Ggtf tyf hf]lvdsf] cfFsng ug{] .
•	 lj1fgdf cfwfl/t ef}lts df]8n (physically based modeling) sf] k|of]u u/L eljiodf x'g] hnjfo'hGo 

k|sf]kx¿sf kl/b[Zox¿sf] qmdut ljsf;sf] cfFsng ug]{ .
•	 k|To]s hnjfo'hGo k|sf]ksf] nflu hnjfo' kl/jt{gsf ;"rsx¿sf] Go"gtd ;Ldf (Threshold) cfFsng 

tyf lgwf{/0f ug]{ . lgwf{l/t Go"gtd ;Ldf (Threshold) sf] k|of]u u/L kl/jlt{t e"–pkof]u / ;fdflhs–
cfly{s l:ylt ;d]tsf] cfwf/df hnjfo' ;Í6f;Ggtf tyf hf]lvd ljZn]if0f cBfjlws ug]{]{ . 

•	 ;a} ljifout If]qsf of]hgf th'{df, l8hfO{g, lgdf{0f / Joj:yfkgdf hnjfo'hGo hf]lvdnfO{ ;d]6\
gsf nflu ;Í6f;Ggtf tyf hf]lvd ljZn]if0fsf] pkof]u ug{ lg0f{o ;xof]uL k|0ffnL (Decision Support 

System) sf] ljsf; tyf sfof{Gjog ug]{ .
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Executive Summary
The Ministry of Forests and Environment (MoFE) of Nepal is currently in the process of 
formulating the National Adaptation Plan (NAP), the aim of which is to reduce the country’s 
vulnerability and risk due to climate change and to facilitate the integration of climate change 
adaptation (CCA) into policies, programs, and activities across all sectors and governance levels. 
An important component of creating an adaptation plan like the NAP is carrying out Vulnerability 
and Risk Assessments (VRAs). A VRA helps to understand the level of vulnerability and risk in 
each sector across different municipalities, districts, provinces, and physiographic regions and 
to prioritize investments for adaptation and climate risk management.

In the Disaster Risk Reduction and Management (DRRM) sector, trends and scenarios of climatic 
hazards have been assessed to identify "Key Hazard Hotspots" in districts, provinces, and 
physiographic regions. This study, a VRA of Nepal’s Disaster Risk Reduction and Management 
(DRRM) sector, uses a framework that is based on suggestions from the MoFE and IPCC, 
and technical guidelines for formulation of the NAP. The IPCC framework considers risk as a 
function of hazard, exposure, and vulnerability.

The assessment approach included both trends of climatic hazards that have already occurred 
and the future scenarios of climate extreme events (especially the way that such scenarios are 
anticipated to change with climate change). For both past trends and future scenarios, a core 
focus of the assessment depends on the detection and attribution of changes in climatic hazards. 
The "Observed Climate Trend Analysis of Nepal (1971-2014)" prepared by the Department of 
Hydrology and Meteorology, and the ‘Climate Change Scenarios for Nepal’, prepared by the 
MoFE and the International Centre for Integrated Mountain Development (ICIMOD), were used 
to characterize broad past and future scenarios of climatic hazards.

The methodological steps used in this VRA included: i) identifying key indicators for the changes 
in climatic hazards; ii) exploring data sources; iii) analysing the nature and character of available 
data; iv) collecting and analysing data; v) tabulating, filtering and normalizing data; vi) assigning 
weightage and computing index values; vii) mapping and visualization; viii) identifying and 
appraising adaptation options; and ix) validating findings through consultations.

Based on the available data on losses and damage from different climate-induced disastrous 
events between 1971 and 2019, about 647 people on average die from climate-induced disasters 
in Nepal each year. The maximum number of climate-induced disaster deaths occurred in 2001, 
when 1866 people lost their lives due to epidemics, landslides, thunderbolts, fires, floods, 
heavy rainfall, and windstorms. The average economic loss per year is 2,778 million Nepalese 
Rupees, which is about 0.08% of the country’s GDP (at the current price) for FY 2018/19. The 
maximum economic loss of 63,186 million Nepalese Rupees was incurred in 2017 during the 
Terai floods, which is about 2.08% of GDP (at the current price) of FY2017/18.

Floods, landslides, epidemics, and fires are the major climate-related disasters in Nepal. A 
hazard-wise comparison of the death, affected population and economic losses shows that 
epidemics caused the most deaths (52.8%) followed by landslides (16.7%) and floods (12.7%). 
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Floods affected about 71% of the total affected population, followed by landslides (9.5%) and 
epidemics (8.2%). Fires caused the most economic losses (56.6%), followed by floods (31%) 
and landslides (3.7%).

Floods, landslides, and droughts are the major climatic hazards in Nepal that are likely to be 
intensified in the future due to climate change. At present, about 8% of Nepal is flood-prone 
and about 59% of the area is landslide-prone. On average, about 56% of Nepal is affected by 
drought. The average duration of drought is about 3.4 months (102 days) per year.

This study considered 15 climate-related hazards that were recorded in disaster databases. These 
were floods, landslides, epidemics, fires, thunderbolts, heavy rainfall, droughts, glacial lake outburst 
floods (GLOFs), heatwaves, cold waves, windstorms, avalanches, snowstorms, hailstorms, and 
forest fires. The trend analysis of 14 climate-related hazards (except GLOFs) revealed that there 
is a significant increasing trend in hazard occurrences, especially after 1990. All hazard events are 
on an increasing trend, except meteorological droughts, which are on a decreasing trend. While 
the trends of epidemics, avalanches, hailstorms, and droughts were statistically insignificant, the 
trends of the other 10 hazards were statistically significant at a 5% level.

Based on the analysis of historical hazard occurrences, the Sunsari, Kailali, Morang, Jhapa, 
Rautahat, Bardiya, Sarlahi, and Saptari districts were identified as "Flood Hazard Hotspots". 
Similarly, the Dhading, Sankhuwasabha, Baglung, Sindhupalchok, Dolpa, Taplejung, Rolpa, 
Makawanpur, Myagdi, Lamjung, Dolakha, Nuwakot, Gorkha, Solukhumbu, Kavrepalanchok, 
Dailekh, Darchula, Syangja, Palpa, Khotang, Bajura, Kalikot, Kaski, Jajarkot, Bajhang, Gulmi, and 
Ilam were identified as "Landslide Hazard Hotspots". Lastly, based on human and economic 
impacts, the Makawanpur, Rautahat, Banke, Kailali, Siraha, Morang, Doti, Chitawan, Dhanusha, 
Sarlahi, Mahottari, Parsa, Saptari, Sunsari, Sindhupalchok, Dang, Kaski, Kanchanpur, and Jhapa 
districts were identified as the climate-related "Disaster Hotspots". Knowing these hotspots can 
support devising anticipatory risk management measures, as well as adaptation and resilience-
building strategies/initiatives targeted at vulnerable populations and sectors.

Climate change scenarios indicate that, across Nepal, temperatures, warm days and nights, 
and warm spell duration are likely to increase in the future. Cold days and nights and cold spell 
duration are likely to decrease. Precipitation, very wet days, and extreme wet days are likely 
to increase, and rainy days are likely to decrease. An increase in consecutive dry days and an 
increase in consecutive wet days are about as likely as not.

Future scenarios of climatic hazards were inferred from the scenarios of climate variables and 
climate extreme indices. In the future, cold waves and snowstorms are likely to decrease. 
Heatwaves, heavy rainfall, thunderbolts, windstorms, floods, landslides, GLOFs, fires, 
avalanches, epidemics, and forest fires are likely to increase. Increases in hailstorms and 
droughts are about as likely as not.

Increased heatwaves may increase heat-related morbidity and mortality, heat stress in livestock 
and wildlife, damage to crops, and an increase in vector-borne diseases. Increased heavy rainfall 
may increase floods, landslides, avalanches, mudslides, soil erosion, water-borne diseases, and 
increase pressure on disaster response, rehabilitation, and recovery. Decreased snowstorms 
may reduce water availability and winter crop yield and increase pests and diseases.
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Increased thunderbolts, windstorms, floods, GLOFs, and landslides may increase human 
morbidity and mortality, livestock mortality, and damage to houses, productive land/livelihood 
assets, and other infrastructure. Increased hailstorms may damage standing crops. Increased 
droughts may damage crops, increase famine, increase water shortages, water pollution, 
epidemics, and vector-and water-borne diseases. Increased fires may increase human morbidity 
and mortality, and cause loss of houses and assets. Increased forest fires may degrade forests, 
increase the loss of wildlife and bird habitat, and cause loss of forest-based livelihoods, and 
increase flash floods and landslides. Increased avalanches may increase human morbidity and 
mortality, and cause damage to houses and infrastructure. Increased epidemics may increase 
human morbidity and mortality, and put pressure on public health services and the insurance 
system.

Several adaptation measures for reducing climate-related disaster risks were identified by 
consulting with stakeholders at the national, provincial, and local levels. The identification of 
adaptation measures was also based on a review of national and international policies, strategies, 
and action plans related to climate change and disaster risk reduction. These measures were 
organized into three categories: structural/physical, social, and institutional. The structural and 
physical options include the development of an engineered and built environment, application of 
technologies, an ecosystem-based approach, and the use of services. The social options include 
educational programs for enhancing risk knowledge, informational strategies, and behavioural 
measures. The institutional options include economic instruments, laws and regulations, and 
government policies and programs.

Various DRRM activities were identified as adaptation measures. These include enhancing 
risk knowledge; strengthening DRRM governance; developing engineered infrastructure; 
promoting diversified livelihoods; risk sharing and transfer mechanisms; and developing an 
effective preparedness and response system with the use of information and communication 
technology and early warning systems.

It is highly likely that climate change will lead to an upsurge in climate-related hazard occurrences 
in the future, which may likely lead to increased loss of human lives, destruction of assets, 
disruption of economic sectors, mental health effects, and loss of and damage to plants, 
animals, and ecosystem services.

This VRA was not without limitations. Due to a lack of relevant data, the study could not look into 
the municipalities. The study also relied on an indicator-based approach to hazard assessment. 
Besides, the projection of climate-induced hazards was difficult. The main recommendations 
of the study are: (i) assess the vulnerability and risk by developing a comprehensive climate, 
disaster, and socio-economic database at the local level, (ii) assess the evolution of major 
hazard scenarios under future climate change using physically-based modelling, and (iii) assess 
the threshold values of climate variables for each climate-related hazard, and revise the VRA 
periodically using these threshold values and according to any changes in land use and socio-
economic conditions.
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Chapter 1

Background and Sectoral 
Context

Nepal is bearing the brunt of climate change, and its consequences are seen across 
the country. To put the country on a path to a climate-resilient future, concerted 
measures are required. In addition to metrics and policy alternatives for dealing with 
climate-resilient development, cultivating an understanding of the links between 
climate change, climate-related disasters and development is increasingly viewed 
as more and more important by policymakers and practitioners. Climate change, 
climate-related disasters, and development are all intertwined in complex, dynamic, 
and ever-changing ways. In order to better understand and address climate-change-
related risks and adaptation strategies, it is critical to first assess the trends and 
scenarios of climate change and climatic hazards. Towards this end, the Ministry 
of Forests and Environment (MoFE) of Nepal has taken the lead in developing the 
National Adaptation Plan (NAP). The NAP aims to ‘reduce the country's vulnerability 
and risk due to climate change’ as well as to facilitate the integration of Climate 
Change Adaptation (CCA) into policies, programs, and activities across all sectors 
and governance levels' (MoFE, 2018). One crucial component in developing an 
adaptation plan like the NAP is to carry out Vulnerability and Risk Assessments 
(VRAs). VRAs help in understanding the level of climate change related risk, 
evaluating the costs and benefits of risk reduction investments, and prioritizing 
these investments. Nepal’s National Climate Change Policy of 2019 identifies eight 
thematic and four cross-cutting areas where CCA measures should be integrated 
(GoN, 2019). One of the eight sectors where CCA must be integrated is disaster 
risk reduction and management (DRRM).

The process for formulating the NAP includes determining vulnerability and risk, 
as well as developing short-, medium-, and long-term adaptation measures. 
VRAs can be used to identify vulnerability and risks in different sectors based 
on historical trends and future scenarios of climate change-related hazards 
and socioeconomic situations, as well as adaptation solutions for the sectors. 
Trends and baselines of climate hazards have been assessed in the DRRM 
sector to identify "hazard hotspots" at the district, province, and physiographic 
region levels. The identification and characterization of hazard-prone areas can 
help to inform and encourage proactive measures for reducing vulnerabilities 
and managing risks. 
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2.1 Objectives 

The overarching objective of this work is to assess changes in climatic hazards 
as a result of climate change and to identify DRRM options to develop an 
evidence-based, risk-sensitive NAP. Specific objectives are to:
•	 analyse the trend of climatic hazards,
•	 assess past and future scenarios of climatic hazards, rank/categorize them, 

and identify key “climate hazard hot spots”, 
•	 identify adaptation measures for climate-induced disaster risks, and validate 

adaptation measures.

2.2 Rationale

Many disaster-related risks arise due to climate variability and climate extremes1, 
such as floods, landslides, and droughts. As a consequence, efforts to reduce 
climate-related disasters have existed for a long time. In recent years, there has 
been growing attention to the relationship between climate change adaptation 
and disaster risk reduction. Considerable similarities exist in the types of actions 
needed to reduce both kinds of risks (i.e., those related to climate variability 
and climate extremes). There is great scope for mutual learning while noting 
that climate change has the potential to increase the intensity and frequency 
of disasters, which may require additional or new actions when compared to 
past trends. The overlap is therefore on issues related to shocks and stresses-
climate-related disasters (Regmi et al., 2019).

As our experience with and understanding of CCA and DRRM grows, there is 
increasing recognition that these two fields share common objectives2, such as 

1  Weather is the condition of the atmosphere over a short period of time. Climate is how the atmosphere "behaves" 
over long periods of time, i.e. 20 or 30 years. Climate variability reflects periodic or intermittent changes from this 
average, such as caused by El Niño or La Niña events.

2  While noting there are differences, disaster risk reduction covers a much wider set of risks than climate related 
disasters.  Climate change adaptation also addresses changing trends (not just shocks or disasters). 

Chapter 2

Objectives and Scope of 
the Study
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reducing risk and vulnerability of communities and their livelihoods, properties, and reducing 
risk to infrastructure and the built environment. In the long term, there is a need for resilience 
building and to achieve sustainable development goals (SDGs). Once the development basis of 
CCA and DRRM are considered, along with the role of vulnerability in the constitution of risk, 
the temporal scale of concerns, and the corrective as well as prospective nature of disaster risk 
reduction, the similarities between and options for merging of concerns and practices increase 
commensurately (Regmi et al., 2019).

However, considering the expected changes in the intensity and frequency of extreme climate 
events, the VRA of such events poses a significant challenge. Risk constitutes the product of 
an interaction between hazard, vulnerability, and exposure. Environmental and climate change 
may amplify any given hazards, whereas changes in socio-economic conditions may increase 
exposure and vulnerability (Malet et al., 2012). Figure 1 below demonstrates this interaction. 
Since climate change is expected to magnify existing risk levels, risk assessment should be 
the starting point for managing and eventually reducing future risks. Risk assessment can also 
form the basis of cost-benefit analysis of risk reduction strategies and optimization of public 
investment and development planning (EC, 2008).

Figure 1 Increase in risk due to socio-economic and climate change 
Source: Malet et al., 2012

A changing climate leads to changes in the frequency, intensity, spatial extent, duration, and 
timing of weather and climate extremes (Seneviratne et al., 2012, p.111). The impacts of 
climate extremes and the potential for disasters result from the climate extremes themselves 
and the exposure and vulnerability of human and natural systems. Observed changes in climate 
extremes reflect the influence of anthropogenic climate change in addition to natural climate 
variability, with changes in exposure and vulnerability influenced by both climatic and non-
climatic factors (IPCC, 2012). With climate change contributing to an increase in disaster risk, 
DRRM has become a vital and urgent component of any adaptation program.



Sectoral Report: Disaster Risk Reduction and Management 5

Taking into account the projected impact of climate change, the reduction of current and 
future vulnerabilities to climate change risk should build on and expand existing DRRM efforts 
(Pollner et al., 2008). DRRM measures such as preparedness, humanitarian relief, post-disaster 
recovery and reconstruction, and risk-sharing and transfer mechanisms at the local, provincial, 
and national levels can provide an opportunity to reduce climate-induced disaster risks and to 
improve adaptive capacity.

2.3 Scope

The aim of this study is to assess climatic hazards and identify adaptation options to inform the 
appraisal of climate change risks in the DRRM sector. The output of the hazard assessment is 
a compilation of hazard indices and their ranking.

Historical disaster and climate data from secondary sources are used to assess hazard scenarios 
under historical climate conditions. Climatic hazards are generally defined as those events 
when they cross the lower or upper threshold values of climate variables that result in a hazard. 
However, these thresholds are not available for Nepal. Therefore, descriptive scenarios of 
climatic hazards are inferred using scenarios of climate variables and extreme climate indices.

Uncertainties associated with climate change scenarios can directly contribute to uncertainties 
regarding climatic hazard scenarios. Some of the climatic hazards are triggered by complex 
processes and factors, and result from the combination of more than one climate variable and 
other non-climatic factors. Their relationships with climate variables are indirect, nonlinear, and 
weak. Linear relationships between such complex phenomena are difficult to establish. Given 
these limitations, this assessment adopts an indicator-based approach, where the weights 
for indicators are assigned subjectively based on expert opinion that can vary from person to 
person. It is hoped that these limitations will be addressed to some degree during the carrying 
out of the VRA over the next five years, as mandated by the Environment Protection Act 2019.
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3.1 Framework

The NAP technical guidelines allow countries to develop their country-
specific frameworks to assess vulnerability and risk (UNFCCC, 2012). The 
VRA framework developed by Nepal guides the country’s assessment and 
illustrates the logical linkages between hazard, exposure, vulnerability and risk 
in identifying adaptation options specific to the country. 

The IPCC framework considers risk as a function of hazard, exposure, and 
vulnerability (IPCC, 2012). Nepal’s NAP formulation process has proposed a 
framework for VRA based on IPCC-AR-5 (MoPE, 2017). 

•	 Hazards are extremes of climate events and their trends are derived from a 
combination of natural climate variability and anthropogenic climate change. 

•	 Vulnerabilities are derived from both historical and prevailing cultural, 
social, environmental, political and economic contexts. 

•	 Exposures are derived from the presence of people, assets, livelihoods, 
ecosystem services, environmental functions and infrastructure at hazardous 
places. 

Figure 2 below shows the climate change Vulnerability and Risk Assessment 
Framework (MoPE, 2017).

Chapter 3

Methodology
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Figure 2 Climate Change Vulnerability and Risk Assessment Framework 
Source: MoPE, 2017

3.2 Approach

The assessment approach used in this report includes both trends of climatic hazards that have 
already occurred and future scenarios based on extreme climate indices. It especially focuses 
on the way that such scenarios are anticipated to change with climate change. The first step in 
the characterization and assessment of hazards is to identify those that are likely/expected to 
impact the system. This identification is followed by further characterization and assessment 
that includes gathering and understanding information about the nature, strength, frequency, 
time of occurrence, and probability of occurrence of hazards. For the current risk assessment, 
the above-mentioned information is obtained from past occurrences of hazard episodes and 
trends. For future risk assessment, information is inferred from scenarios of climate variables 
and extreme indices.

For both past trends and future scenarios, a core focus of the assessment depends on the 
detection and attribution of changes in climatic hazards. In this report, the Observed Climate 
Trend Analysis of Nepal (1971-2014), conducted by the Department of Hydrology and 
Meteorology (DHM, 2017), and the Climate Change Scenarios for Nepal (MoFE, 2019a), are 
used to characterize broad past trends and future scenarios of climatic hazards.

•	 Hazard is defined by IPCC (2014) as "the potential occurrence of a natural or human-induced 
physical event or trend or physical impact that may cause loss of life, injury, or other health 
impacts, as well as damage and loss to property, infrastructure, livelihoods, service provision, 
ecosystems, and environmental resources".

•	 Climatic hazards are those climate extreme events that impose severe negative stress on 
both human society and the natural environment.

•	 A climate extreme event is generally defined as the occurrence of a value of a weather or 
climate variable above (or below) a threshold value near the upper (or lower) ends (‘tails’) of 
the range of observed values of the variable (IPCC, 2012). These ‘extreme events’ can lead 
to a disaster.
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Climate events, even if not extreme in the statistical sense, can still lead to extreme conditions 
or impacts, either by crossing a critical threshold in a social, ecological, or physical system or by 
occurring simultaneously with other events (Seneviratne et al., 2012).

Many kinds of weather and climate extremes are the result of natural climate variability. Even 
if there were no anthropogenic climate change, a wide variety of natural weather and climate 
extremes would still occur (Seneviratne et al., 2012). This means that climate-induced disasters 
may occur with or without climate change. In other words, climate change is not a necessary 
or sufficient condition for a disaster to occur. 

3.3 Methodological Steps

The methodology of climatic hazard assessment consists of the following steps:

Identifying key indicators for climatic hazards: In this step, the most relevant indicators were 
identified to assess changes in climatic hazards. These indicators were used for both quantifying 
and qualifying the extent, trends, and future scenarios of climatic hazards. They consisted of i) 
historical occurrence indicators, such as frequency, magnitude, and areal extent; and ii) climate 
change-related indicators, such as changes in climate variables and climate extreme indices.

Exploring data sources and their quality: We determined the availability and quality of data 
based on our data sources. These sources include government agencies, regional and global 
centres, international and national organizations, and other stakeholders. The data was available 
in time series and Geographic Information System (GIS) format as raster and vector layers. 
The disaster data was in the form of several disaster events, and losses and damages were 
aggregated in the form of annual time series from 1971 to 2019. Only district-level trends, 
scenarios, and disaster data were used in this study.

Collecting data: Trends of climate variables and extreme indices were taken from the ‘Observed 
Climate Trend Analysis of Nepal (1971-2014)’ conducted by the Department of Hydrology and 
Meteorology (DHM, 2017). Similarly, scenarios were taken from the ‘Climate Change Scenarios 
for Nepal’ (MoFE, 2019a) and ICIMOD. The data on climate-induced disasters was collected 
from the Nepal Disaster Risk Reduction Portal3 and DesInventar4, whereas GIS-format data 
on snow cover, glacial lakes, forest fires, and droughts was collected from ICIMOD. Flood 
and landslide hazard data in the form of GIS layers were collected by the UK Space Agency’s 
METEOR project.

Analysing data: The analysis consisted of detection and attribution of changes in climatic 
hazards. ‘Detection’ is the process of demonstrating that the climate has changed in some pre-
defined, statistically relevant sense. This process does not shed light on the reason behind this 
change. Changes in climatic hazards can be detected by assessing their trends. However, from 
a scientific point of view, assessing changes in climatic hazards rather than climate variables or 
climate extreme indices can be problematic for several reasons. First, the data that is available 
to study climatic hazards is biased towards recent years simply because of improved reporting, 
data keeping, communication technology, and early warning systems. Second, considering 

3  http://drrportal.gov.np/
4  https://www.desinventar.net/DesInventar/statistics.jsp
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these biases, methods for comparing reported events in an objective way are lacking. Third, 
even when corrected for improving communication technology, the number of reported climate-
related disaster events may reflect factors representing not only the frequency of climatic 
hazards but also the trends in vulnerability and exposure (WMO, 2009).

Disaster impacts highly depend on exposure and vulnerabilities. The occurrence (number of 
events) of climatic hazards, however, is a natural phenomenon that is less likely to be affected 
by exposure and vulnerabilities. Hence, the trend analysis on the occurrences of climatic hazards 
may reflect the influence of climate change.

Historical climate-induced disaster data was analysed to identify trends in climatic hazard 
occurrences and their impacts. This was done using graphical and statistical methods. Then, 
the identified trends of climatic hazards were compared with the trends of climate variables 
and climate extreme indices to identify what could be attributed to climate change. Once this 
attribution of hazards to climate change was established, then the future scenarios of climatic 
hazards were inferred using the future scenarios of climatic variables and climate extreme 
indices descriptively.

Quantitative past scenarios of climatic hazards under historical climate were generated using 
historical hazard indices. These indices are computed from historical hazard occurrences. Since 
these occurrences tend to vary from place to place, historical hazard indicators can be based on 
the frequency of the hazard, such as the number of times a specific event occurred in a specific 
place, and/or the aerial extent of the hazard.

Quantitative future scenarios of climatic hazards were obtained using the Fraction of Attributable 
Risk (FAR) method. FAR is the approach of separating the causal factors of climatic hazards and 
calculating their relative contribution. This approach is widely used to calculate how a particular 
climate driver has changed the probability of an event occurring (Allen, 2003; Stott et al., 2004; 
IPCC, 2007, pp. 698). In other words, FAR is the fractional change in the likelihood of exceeding 
a hazard threshold as a result of anthropogenic influences. As such, it is a relative rather than 
an absolute metric.

Figure 3 compares two likelihoods: one of risk in the natural world without climate change and 
the other of the current world with climate change. In this figure, P0: Probability of exceeding 
a threshold in a "world that might have been" (no anthropogenic forcing); and P1: Probability of 
exceeding a threshold in a "world that is". Then, the FAR is given by FAR = 1-P0/P1 (IPCC, 2007, 
pp 698). Computing the FAR required separately simulating physically based models (with and 
without anthropogenic influence).
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Figure 3 Likelihood of risk in the natural world and the actual world
Source: Peter Stott, Event Attribution, Met Office, Hadley Centre5

The detailed physically-based modelling is a rigorous and extremely resource-intensive method. 
It is also limited to modelling of particular spatial units, such as a river basin or watershed. Due 
to resource constraints and the spatial scale of this particular study, it was not possible to use 
this method. Therefore, quantitative analysis was not carried out for future scenarios of climatic 
hazards. Instead, their descriptive scenarios were inferred.

Data tabulation, filtering, and normalization: The historical hazard indicators data was 
tabulated, filtered, and normalized. The indicator data, which are directly correlated, was 
normalized to a scale of 0 to 1 using the following min-max normalization method:

The normalized value for inversely correlated data were given by:

Where, 

Zi,j = normalized value of the indicator of type i of region j

Xi,j = value of the indicator of type i of region j

 = minimum value of the indicator of type i

 = maximum value of the indicator of type i

5  Available online: http://indico.ictp.it/event/a13211/session/7/contribution/35/material/0/0.pdf)
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Microsoft Excel software was used to tabulate and process the data.

Assigning weightage and computing index values: An index is a single indicator or an 
aggregation of indicators (OECD, 1993). For historical hazard indicators, the normalized data 
were given weightage and index values were computed. While the weightage was obtained 
from consultation with experts, the historical hazard indices were calculated using the weighted 
linear combination of indicators as follows:

Where,
Hindex = Historical hazard index
Zi = Normalised hazard indicator i
Wi = Weight assigned to hazard indicator Zi

Mapping and visualisation: The indices for the historical scenario of each hazard were 
imported into a GIS environment for visualization and mapping using R6. Using the Jenks natural 
breaks classification method (Jenks, 1967), class break values were identified. This resulted in 
the categorization of district-specific hazard indices into five classes: very low, low, moderate, 
high, and very high. Further, districts with high and very high hazard indices were labelled "Key 
Hazard Hotspots".

Identifying and appraising DRRM strategies as adaptation measures: Identified hazards, 
impacts, and risks help in designing various adaptation measures for the NAP. For this study, 
adaptation measures were identified by reviewing national and international policies, strategies, 
action plans, technical reports, and journal articles. National and provincial level stakeholder 
consultation meetings also provided valuable input.

Adaptation measures were identified at the structural/physical, social, and institutional levels. The 
structural and physical options included development of an engineered and built environment, 
application of technologies, an ecosystem-based approach, and the use of services. The social 
options included educational programs for enhancing risk knowledge, informational strategies, 
and behavioural measures. The institutional options included economic instruments, laws and 
regulations, and government policies and programs.

Consultation meetings: Thematic Working Group (TWG) meetings, Technical Committee 
meetings, stakeholder consultations, online surveys, and provincial workshops were conducted 
to identify hazard indicators and their relative weightage, validate hazard maps, and identify 
potential adaptation options.

Provincial and local level consultations were conducted to inform stakeholders about this VRA, 
to understand their perception of the impacts and implications of climate change on various 
sectors and on the livelihoods of people, and to identify adaptation options.

6 R is a free software language and environment for statistical computing and graphics. More information is available at https://www.r-
project.org/
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3.4 Indicators and weightage

An indicator is a measure that is generally quantitative and useful to simply illustrate and 
communicate complex phenomena, including trends and progress over time (EEA, 2005). In 
this study, indicators were selected based on their ability to reflect the effect of a given hazard 
on a territorial system. 

This study selected 15 climate-related hazards that were the most relevant for Nepal in terms of 
average annual losses and deaths. Historical hazard occurrences in the form of several events 
and/or hazard-prone areas were taken as indicators to obtain hazard indices based on historical 
climate. Climate change related indicators were used to infer descriptive future scenarios of 
climatic hazards. 

The weights of historical climate-related indicators were obtained through an expert 
consultation process. The members of the Thematic Working Group (TWG) and experts from 
academia, regional organizations, and international non-governmental organizations working 
in the field of climate change and DRRM provided weightage for the indicators. It is important 
to note that the results from this process should be viewed with its limitations in mind: 
the potential uncertainty of climate change scenarios, indicator-based methodology, and the 
expert opinion-based allocation of weights for each indicator. Table 1 below provides the list 
of indicators for climate variables and climate extreme indices used in this study. Table 2 
provides the list of indicators and their relative weights for past scenarios of climate-related 
hazards under historical climate. Table 3 provides the list of indicators for future scenarios of 
climate-related hazards.

Table 1: Indicators for Climate Variables and Climate Extreme Indices

Climate Variables and Extreme Indices Indicators Data Sources

Temperature Change in Temperature (0C) DHM, MoFE

Precipitation Change in Precipitation (%) DHM, MoFE

Very Wet Days (P95) Change in Very Wet Days (%) DHM, MoFE

Extreme Wet Days (P99) Change in Extreme Wet Days (%) DHM, MoFE

Consecutive Wet Days Change in Consecutive Wet Days (%) DHM, MoFE

Number of Rainy Days Change in Number of Rainy Days (%) DHM, MoFE

Consecutive Dry Days Change in Consecutive Dry Days (%) DHM, MoFE

Warm Days Change in Warm Days (%) DHM, MoFE

Warm Nights Change in Warm Nights (%) DHM, MoFE

Warm Spell Duration Change in Warm Spell Duration (%) DHM, MoFE

Cold Days Change in Cold Days (%) DHM, MoFE

Cold Nights Change in Cold Nights (%) DHM, MoFE

Cold Spell Duration Change in Cold Spell Duration (%) DHM, MoFE
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Table 2:  Indicators and their relative weights for the past scenario of climate-related hazards

Climatic Hazards Indicators (Unit) Weight Data Sources Data Length

Cold Wave Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Heatwave Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Heavy Rainfall Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Snowstorm
Number of Events (No.) 0.46 MoHA, DesInventar, 

ICIMOD
1971-2019

Snow area (sq. km.) 0.54

Thunderbolts Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Windstorms Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Hailstorm Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Floods
Number of Events (No.) 0.46 MoHA, DesInventar, 

UK Space Agency
1971-2019

Flood-prone area (sq. km.) 0.54

Landslides
Occurrence (No.) 0.45 MoHA, DesInventar, 

UK Space Agency
1971-2019

Landslide prone area (sq. km.) 0.55

GLOFs

Number of Events (No.) 0.29

ICIMOD 1971-2019Potentially dangerous glacial lakes (No.) 0.37

Distance from potentially dangerous glacial lakes (km) 0.34

Drought
Number of Events (No. of months) 0.46

ICIMOD 1981-2019
Drought-prone area (sq. km.) 0.54

Forest Fire Number of Events (No.) 1.00 ICIMOD 2001-2019

Fire Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Avalanche Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Epidemics Number of Events (No.) 1.00 MoHA, DesInventar 1971-2019

Table 3:  Indicators for future scenarios of climate-related hazards

Climatic Hazards Indicators Data Sources

Cold waves Change in Cold Spell Duration (%) DHM, MoFE

Heatwaves Change in Warm Spell Duration (%) DHM, MoFE

Heavy rainfalls Change in Extreme Wet Days (%) DHM, MoFE

Snowstorms
Change in Precipitation (%)
Change in Temperature (0C)

DHM, MoFE

Thunderbolts
Change in Temperature (0C)
Change in Precipitation (%)

DHM, MoFE

Windstorms Change in Temperature (0C) DHM, MoFE

Hailstorms
Change in Temperature (0C)
Change in Precipitation (%)

DHM, MoFE

Floods
Change in Precipitation (%)
Change in Extreme Wet Days (%)

DHM, MoFE

Landslides
Change in Precipitation (%)
Change in Extreme Wet Days (%)

DHM, MoFE

GLOFs
Change in Temperature (0C)
Change in Warm Spell Duration (%)
Change in Precipitation (%)

DHM, MoFE
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Climatic Hazards Indicators Data Sources

Droughts

Change in Precipitation (%)
Change in Consecutive Dry Days (%)
Change in Number of Rainy Days (%)
Change in Warm Spell Duration (%)

DHM, MoFE

Forest fires
Change in Consecutive Dry Days (%)
Change in Warm Spell Duration (%)

DHM, MoFE

Fires
Change in Consecutive Dry Days (%)
Change in Warm Spell Duration (%)

DHM, MoFE

Avalanches
Change in Precipitation (%)
Change in Temperature (0C)
Change in Warm Spell Duration (%)

DHM, MoFE

Epidemics

Change in Temperature (0C) 
Change in Cold Spell Duration (%)
Change in Warm Spell Duration (%)
Change in Precipitation (%)
Change in Consecutive Dry Days (%)
Change in Consecutive Wet Days (%)

DHM, MoFE
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Chapter 4

Observed and Projected 
Impacts of Climate-
induced Disasters
Disasters cause loss of life and property, adversely affect ecological and 
physical systems, and impede the development of a country. Their impact can 
be gauged by the outcomes related to humans, society, and physical systems 
that these events bring about. These outcomes may have adverse effects such 
as destruction of assets, disruption of economic sectors, loss of human lives, 
mental health effects, or loss of impacts on plants, animals, and ecosystem 
services. The loss and damage (L&D) from extreme climate events can be better 
explained by taking a holistic approach that considers both the physical and 
social aspects of disaster risks. Whether an extreme event results in extreme 
impacts on humans and social systems depends on the degree of exposure and 
vulnerability to that event, in addition to its magnitude (IPCC, 2012).

Economic and non-economic L&D from weather and climate-related disasters 
have increased worldwide, but with large spatial and inter-annual variability. 
Increasing exposure of people and economic assets has been the major cause 
of long-term increases in economic losses from weather-and climate-related 
disasters. Long-term trends in economic losses, adjusted for wealth and 
population increases, have not been attributed to climate change, but a role for 
climate change has not been excluded (Handmer et al., 2012).

4.1 Association of Climate-induced Disaster 
Impact and Socio-Economy

Compared to the population size calculated in the country’s 2011 census, it 
is expected that by the years 2030, 2040, and 2050, respectively, Nepal’s 
total population is expected to increase by 28%, 44%, and 62%; and its urban 
population is expected to grow by a rate of 81%, 113%, and 145%. Its female-
headed households are expected to increase by 51% and 83% by 2030 and 
2040 respectively.
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Compared to a baseline of the year 2010, remittances are expected to grow by 128%, 194%, 
and 264% by the years 2020, 2030, and 2040 respectively; total labour migrants, male migrants, 
and female migrants are expected to increase by 284%, 265%, and 1500% respectively by 
2030; and the Human Development Index (HDI) is expected to increase by 60 to 80% by the 
year 2030. The annual Gross Domestic Product (GDP) growth rate for 2019 was 6.99%, while 
poverty continued to reduce by 2.2% per year in the last decade.

An analysis was done to explore the relationships between four socio-economic indicators of 
Nepal-Human Poverty Index (HPI), literacy rate, per capita income, and HDI-and the number of 
deaths due to climate-induced disasters. These relationships are captured in Figure 4 below. 
It can be seen that the number of deaths decreases with an increase in literacy, per capita 
income, and HDI. In contrast, the number of deaths increased with an increase in HPI.

Figure 4 Relationship between the number of deaths due to climate- 
related disasters and socio-economic indicators in Nepal

Similarly, an analysis was done to explore the relationships between the aforementioned four 
socio-economic indicators and the economic losses due to climate-induced disasters in Nepal. 
As can be seen in the very small values of correlation coefficients in Figure 5 below, these 
relationships are very weak. This indicates that economic losses are more associated with 
exposure than vulnerabilities.
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Figure 5 Relationship between economic losses due to climate- 
related disasters and socio-economic indicators in Nepal

Overall, increases in vulnerabilities lead to an increase in the loss of human lives, while increases 
in exposure lead to increases in economic losses. Hence, it is necessary to reduce the exposures 
and vulnerabilities in addition to the frequency and magnitude of hazards so that the cost and 
consequences of climate change can be minimized.

4.2 Observed Impacts of Climate-Induced Disasters

The trends of the number of deaths and economic losses from climate-induced disasters between 
1971 and 2019 were analysed (see Figure 6), Locally Estimated Scatterplot Smoothing (LOESS)
lines indicate these trends. While climate-induced disaster-related deaths are decreasing in 
recent years mainly due to improved early warning systems and better mitigation structures, 
there is an increasing trend of economic losses due to increased exposure and vulnerabilities.
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Figure 6. Trends of climate-change related deaths and economic losses between 1971 to 2019

Table 4 below presents the results of the Mann-Kendall test and Sen’s slope for the 
aforementioned deaths and economic losses. Results of the Mann-Kendall test suggests that 
the economic losses show a statistically significant increasing trend. The number of death 
whereas the also show an increasing trend but this is statistically insignificant.

Table 4: Mann-Kendall test statistics for linear trend of climate-induced disaster deaths and economic 
losses

Series Z-statistic P-value Sen’s Slope Significance (5%)

Deaths 1.67 0.094 5.44 No

Economic Losses 7.53 0.000 41854210 Yes

On average, 647 people die from climate-induced disasters in Nepal each year, which is about 
65% of the total deaths from all disaster events except road (and other) accidents (MoHA, 
2018a). The maximum number of climate-induced disaster deaths occurred in 2001, when 
1866 people died due to epidemics, landslides, thunderbolts, fires, floods, heavy rainfall, and 
windstorms. The average economic loss per year is 2,778 million Nepalese Rupees, which is 
about 0.08% of GDP (at current price) for FY 2018/19. The maximum economic loss of 63,186 
million Nepalese rupees occurred in 2017 during the Terai floods (NPC, 2017), which is about 
2.08% of GDP (at current price) of FY 2017/18 (MoF, 2018).

Floods, landslides, epidemics, and fires are the most devastating climate-induced disasters in 
Nepal. Figure 7 shows the percentage of deaths, affected population, and economic losses due 
to 13 types of climate-induced disasters in Nepal from 1971 to 2019. A hazard-wise comparison 
of deaths affected population and economic losses revealed that epidemics cause the most 
deaths (52.8%) followed by landslides (16.7%) and floods (12.7%). Additionally, in terms of 
being affected by disasters, most appear to be affected by floods (71%), followed by landslides 
(9.5%) and epidemics (8.2%). Fires appear to cause the most economic losses (56.6%), 
followed by floods (31%) and landslides (3.7%). 
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Figure 7 Hazard-wise deaths, affected people, and economic losses due to climate-induced disasters

Examples of some climate-related disastrous events and their impacts are included in Box 1 
below.

Box 1: Observed impacts of climate-induced disasters
•	 Heavy rainfall and subsequent floods, landslides, and debris flow in central and eastern Nepal during 19-21 July 1993 

directly affected more than 500,000 people. Out of 85,254 families, 1336 people were killed and 163 injured. 25,425 
livestock were lost, and 17,113 houses were destroyed. More than 57,584 ha of agricultural land, 67 small and large 
irrigation projects, and thousands of farmer-managed irrigation schemes were seriously damaged. The floods caused 
heavy damage to the Bagmati barrage and the Kulekhani Hydropower Plant. Many villages and several bridges were 
washed away. Overall, the estimated loss of properties was worth 4904 million Nepalese Rupees (DWIDP, 1993).

•	 Several flash floods and landslides on 19-21 September 2008 in the mid-and far-western Terai region of Nepal 
affected 23,660 households, killing 15 people in the Kailali district. Many infrastructures, private property, and 
livelihoods were severely damaged (DDRC Kailali, 2009).

•	 A massive landslide on 2 August 2014 in Jure village in Sindhupalchok district killed 156 people, injuring 27 and 
displacing 1011 people (MoI, 2014). 165 houses were damaged completely, whereas 37 households were partially 
damaged. Additionally, the landslide damaged several schools, shops, fishponds, poultry firms, the Arniko Highway, 
five hydropower plants, and several bridges. Significant damage and losses also resulted due to road blockages, 
disturbance of livelihoods and economic activities, and damage to transmission lines and hydropower plants. 
The landslide also blocked the Sunkoshi River, creating a high dam, which created havoc for the people living 
downstream.

•	 A snowstorm and subsequent avalanche due to heavy rainfall brought by the Hudhud cyclone on 14 October 2014 
around the Annapurna and Dhaulagiri areas in the Manang and Mustang districts killed at least 43 people, including 
21 trekkers. Approximately 50 people were reported missing, and 175 people were injured due to severe cold. About 
400 people were rescued from different areas of Manang and Mustang (Wang et al., 2015). This disaster brought 
about grave consequences for Nepal’s tourism sector and its national economy.

•	 Unprecedented flooding in the Terai region on 11-13 August 2017 affected 36 out of 77 districts, 18 of them severely. 
About 1.7 million people were affected. 161 people died, 46 people were injured and 29 people went missing. More 
than 190,000 houses were destroyed or partially damaged. The total damage was estimated to be 60,716.6 million 
Nepalese Rupees (NPC, 2017), which was about 2% of the GDP (at current price) of FY 2017/18 (MoF, 2018). The nine 
most affected sectors were housing (32.1%), health (1%), education (2%), agriculture (11.9%), livestock (17.6%), 
irrigation (28.8%), transport (4.8%), water and sanitation (1.5%) and energy (0.4%). The largest affected sector was 
housing (NPC, 2017).
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•	 A strong “tornado” on 31 March 2019 hit the Bara and Parsa districts, which killed 30 people, injured 1150 people, and 
made 2890 families homeless. Mosques, schools, industries, agricultural lands, businesses, the water supply, and 
electricity were also damaged (DHM, 2019).

•	 Nepal has experienced 24 GLOF events in the recent past, several of which have caused considerable damage 
and loss of life; for example, the Bhote Koshi Sun Koshi GLOFs of 1964 and 1981 and the Dig Tsho GLOF of 1985. The 
1981 event damaged the only road link to China, disrupting transportation for several months, while the Dig Tsho 
GLOF destroyed the Namche Small Hydroelectric Project, in addition to causing other damage further downstream. 
Additionally, 14 GLOF events have been recorded in the Solukhumbu, Kaski, Sankhuwasabha, Mustang, Dolakha, 
Mugu, and Taplejung districts of Nepal. Moreover, several others in the Tibet Autonomous Region in China have 
crossed the international border to cause extensive damage in Nepal (ICIMOD, 2011).

Information included in Box 1 above shows that the amount of loss and damage from climate-
related disasters is on an increasing trend in Nepal. Table 5 below shows the huge economic 
and non-economic losses suffered in the past. It should be noted, however, that due to the 
limitations of the database system, non-economic loss and damage were difficult to estimate. 

Table 5: Accounting of losses and damages due to disasters in Nepal

Date
Nature of 

hazard
Regions

Losses and damages

Losses Damages
NELD ELD NELD

Rainfall 
from 19-21 
July 1993; 
mid-mountain 
cloudburst 
and flood

Weather

An 
unprecedented 
number of 
landslides and
floods in South-
Central Nepal

1,460
dead/missing

•	 73,606 families affected
•	 39,043 houses completely/partially 

destroyed
•	 43,330 hectares of cultivated land 

washed away/covered with debris.
•	 367 kilometres of roads
•	 213 large and small bridges destroyed
•	 38 small and large irrigation schemes
•	 452 school buildings, hospitals, and 

government offices

N/A

August 24, 
1998, Rohini 
River and 
other Terai 
floods

Weather
Ramgram 
Municipality, 
Nawalparasi

No death

•	 100,000 square kilometres inundated for 
65 days

•	 279 affected families in Nawalparasi
•	 About 24 hectares of land washed away 
•	 Property damage NPR 680,000.

Agricultural loss

August 
18, 2008, 
embankment 
breach

Agency 
failure

Kushaha
3 dead
12 missing

•	 65,000 people were displaced.
Social and 
economic 
system affected

19th and 21st 
September 
2008, flooding 
in Far-west, 
Nepal

Weather

Banke, Bardiya, 
Kailali, and 
Kanchanpur
Dang, 
Dadeldhur, Doti 
and Salyan

11 males and 
15 females 
dead;
2 males and 
6 females 
missing in the 
Kailali District

•	 2,152 houses completely damaged
•	 12,962 houses partially damaged
•	 5,647 households lost stored grains
•	 12,552 households lost some stored 

grains
•	 18 VDCs and Dhangadi municipality 

affected,
•	 30,733 people in 5961 households 

Dekhatbhuli and Shankarpur VDCs 
and Mahendranagar Municipality in 
Kanchanpur District worst hit

Loss of 
ecosystem.

Loss of 
livelihoods
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Date
Nature of 

hazard
Regions

Losses and damages

Losses Damages
NELD ELD NELD

2008\2009 
Winter 
drought

Weather No death

•	 More than 330,000 ha of agricultural 
land in the Terai and western Hills/ 
Mountains were affected

•	 Summer crop damaged
•	 Diseases

Food production 
lowered

2009 Forest 
fires

Weather .
43 deaths
12 injured

•	 516 families affected
•	 375 livestock killed,
•	 74 houses and 22 cattle-sheds
•	 NPR 14 crore
•	 100,000 cattle burned to death.

Biodiversity 
affected

2009 
diarrhoea 
epidemic in 
the mid-
western
Hills

Weather
Mid-Western 
Development 
Region

143 deaths in 
Jajarkot
> 2,000 ill
42 dead in 
Rukum

•	 20,000 families affected
Health cost 
increased

2014 Weather
Kailali, Badia, 
Surkhet, Dang

222 dead
84 injured

•	 5,167 houses fully damaged
•	 14,913 partially- damaged households
•	 6,859 displaced households 
•	 117,580 affected population
•	 Livestock
•	 Embankments, dwellings, and 

agricultural land
•	 Roads and bridges.
•	 Many culverts were washed out

Bardiya National 
Park,
Contaminated 
water supplies, 
leading to 
diarrhoea 
outbreaks.
Health costs

2017 Weather
35 Terai 
districts

134 dead
22 injured

•	 Affected a total of around 1.7 million 
people

•	 More than 190,000 houses destroyed or 
partially damaged,

•	 Tens of thousands of people displaced 
and rendering many homeless.

•	 NPR 60,716.6 (USD 584.7 million).1

Household 
assets and food 
grains damaged
affected 
communities 
faced a shortage 
of food, water, 
and non-food 
items.
infections from 
contaminated 
water
Biodiversity NA.

2020 Weather 58 districts
297 dead
64 missing
223 injured.

•	 Million N/A

Figure 8 shows district-wise climate-induced disaster deaths per year. The Kailali, Makwanpur, 
Banke, and Sarlahi districts have more than 20 deaths per year on average. Figure 9 shows the 
number of people injured per year, whereas Figure 10 shows the number of people affected per 
year. On average, more than 9,000 people are affected each year by climate-induced disasters in 
the Mahottari and Saptari districts. Figure 11 shows the economic losses per year. The districts 
with high economic losses are Siraha, Surkhet, and Bardiya. Figure 12 shows the overall (human 
and economic) impact of climate-induced disasters under historical climate conditions. 
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Figure 8 Number of deaths per year by climate-induced disasters

Figure 9 Number of people injured per year by climate-induced disasters
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Figure 10 Number of people affected per year by climate-induced disasters

Figure 11 Economic losses per year by climate-induced disasters
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Figure 12 Overall impact of climate-induced disasters

Table 6 presents the district-wise ranks of the overall impact of climate-induced disasters. In 
terms of human and economic impacts, the Makawanpur, Rautahat, Banke, Kailali, Siraha, 
Morang, Doti, Chitawan, Dhanusha, Sarlahi, Mahottari, Parsa, Saptari, Sunsari, Sindhupalchok, 
Dang, Kaski, Kanchanpur, and Jhapa districts are the climate-related “Disaster Hotspots”. 

Table 6: District wise ranks of the overall impact of climate-induced disasters 

Impact rank Districts for historical impact scenario (1971-2019)

Very High (0.715 - 1)
Makawanpur, Rautahat, Banke, Kailali, Siraha, Morang, Doti, Chitawan, Dhanusha, Sarlahi, Mahottari, 
Parsa, Saptari

High (0.512 - 0.714) Sunsari, Sindhupalchok, Dang, Kaski, Kanchanpur, Jhapa

Moderate 
(0.317 - 0.511)

Dhading, Baglung, Bardiya, Gorkha, Surkhet, Achham, Baitadi, Rupandehi, Sindhuli, Bara, Kalikot, 
Jajarkot

Low (0.146 - 0.316)
Rolpa, Humla, Kapilbastu, Mugu, Rasuwa, Myagdi, Dolakha, Nuwakot, Sankhuwasabha, Western 
Rukum, Solukhumbu, Tanahu, Kavrepalanchok, Dailekh, Udayapur, Pyuthan, Syangja, Dolpa, Palpa, 
Bhojpur, Salyan, Khotang, Bajura, Taplejung, Jumla, Parasi, Gulmi, Ramechhap, Kathmandu, Ilam

Very Low (0 - 0.145)
Lamjung, Dhankuta, Terhathum, Lalitpur, Bhaktapur, Parbat, Darchula, Arghakhanchi, Mustang, 
Manang, Eastern Rukum, Okhaldhunga, Nawalpur, Panchthar, Bajhang, Dadeldhura

Impacts of climate extremes are determined by the climate extremes themselves as well as by 
exposure and vulnerability. In other words, how severely a disaster impacts a district or a sector 
strongly depends on their level of exposure and vulnerability. The impacts of climate extremes 
can also be differentiated by socio-economic factors such as gender, livelihood strategies, and 
cultural practices, and biophysical factors such as landscapes and ecosystems (MoPE, 2017). 
As Figures 13 and 14 show, the districts with very high and high disaster impacts have also high 
socio-economic exposure and vulnerability.
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Figure 13 District-wise socio-economic exposure

Figure 14 District-wise socio-economic vulnerability
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Transport, infrastructure, water, and tourism are among the key sectors sensitive to climate 
extremes. Agriculture, in particular, is an economically exposed sector that is vulnerable. The 
economy of Nepal relies heavily on agriculture, dominated by small-scale and subsistence 
farming. Consequently, livelihoods tied to this sector are especially exposed to climate extremes.

The most vulnerable populations include the urban poor in informal settlements, internally 
displaced people, and those living in marginal areas. Women, children, senior citizens, people 
with disabilities, and socially and economically marginalized groups are also highly vulnerable. 
Additionally, population growth is a major driver of changing exposure and vulnerability levels.

4.3 Projected Impacts of Climate Extreme Events

The IPCC’s Third Assessment Report projected changes in extreme climate events, which 
included more hot days and heatwaves; more intense precipitation events; increased risk of 
droughts; increase in winds and tropical cyclones (over some areas); intensified droughts and 
floods with El Niño events; and increased variability in the Asian summer monsoon (IPCC, 2001, 
p. 15). For a summary of these projected changes, see Table 7 below.

Table 7: Projected changes of climate extreme events 

Projected Changes in Extreme Climate Phenomena and their Likelihood

Higher maximum temperatures, more hot days, and heatwaves over nearly all land areas (very likely)

Higher (increasing) minimum temperatures, fewer cold days, frost days, and cold waves over nearly all land areas (very 
likely)

More intense precipitation events (very likely, over many areas)

Increased summer drying over most mid-latitude continental interiors and associated risk of drought (likely)

Increase in tropical cyclone peak wind intensities, mean and peak precipitation intensities (likely, over some areas)

Intensified droughts and floods associated with El Niño events in many different regions (likely)

Increased Asian summer monsoon precipitation variability (likely)

According to the Climate Risk Profile of Nepal, put together by the World Bank Group and the 
Asian Development Bank, natural hazards such as droughts, heatwaves, river flooding, and 
GLOFs are all projected to intensify over the 21st century, potentially exacerbating disaster risk 
levels and putting human life at risk in the country. Modelling of various scenarios suggests that 
the number of people annually affected by river flooding could more than double by 2030 as a 
result of climate change. At the same time, the economic impact of river flooding could triple 
(World Bank, 2021). A recent study by the Asian Development Bank suggested that Nepal faces 
losing 2.2% of its annual GDP due to climate change by 2050 (Ahmed & Suphachalasai, 2014). 
The potential climate change impacts on the DRRM sector in Nepal are presented in Table 8 
below.
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Table 8: Projected climate change impacts in DRRM sector in Nepal

Climatic Hazard Potential Impact

Cold Wave Decreased cold waves may decrease cold-related morbidity and mortality.

Heatwave
The increased heatwave may increase heat-related morbidity and mortality, heat stress in 
livestock and wildlife, damage to crops, increase in vector-borne diseases.

Heavy Rainfall
Increased heavy rainfall may increase house collapse, crop damage, floods, landslides, 
mudslides, soil erosion, water-borne diseases, and an increase in the economic cost of disaster 
response, rehabilitation, and recovery.

Snowstorms
Decreased snowstorms may reduce water availability and winter crop yield and increase pests 
and diseases.

Thunderbolts, Windstorms, 
Floods, GLOFs, Landslides

Increased thunderbolts, windstorms, floods, GLOFs, and landslides may increase human 
morbidity and mortality, livestock morbidity and mortality, damage to houses, damages to 
productive land/livelihood assets, and other infrastructure.

Hailstorms Increased hailstorms may damage crops, livestock, and poultry. 

Droughts
Increased droughts may damage crops, increase famine, water shortages, water pollution, 
epidemic, vector-borne diseases, water-borne diseases.

Forest fires
Increased forest fires may degrade forests, increase the loss of wildlife habitat, loss of forest-
based livelihoods, increase flash floods and landslides, decrease spring water availability, 
increase air pollution and aggravate health problems.

Fires Increased fires may increase human morbidity and mortality, and loss of houses and assets.

Avalanches
Increased avalanches may increase human morbidity and mortality, and damage to houses and 
infrastructure.

Epidemics
Increased epidemics may increase human morbidity and mortality, and put pressure on public 
health services and the insurance system.
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Chapter 5

Observed and Projected 
Changes in Climatic 
Hazards
Trend analyses of observed all-Nepal climate data from 1971 to 2014 by the 
Department of Hydrology and Meteorology (DHM) revealed that statistically 
significant positive trends (increase by 0.056 oC per year) are observed in 
the country’s maximum temperature. The minimum temperature trend is 
also positive (increased by 0.002oC per year) but statistically insignificant. No 
significant trends were observed for precipitation in any season. In contrast, 
observed trends of climate extreme indices show that the number of rainy days 
and consecutive wet days are increasing significantly. However, very wet days, 
extremely wet days, and consecutive dry days are decreasing significantly. While 
the trends of warm days, warm nights, and warm spell duration are significantly 
increasing, cold days, cold nights, and cold spell duration are decreasing in a 
majority of the districts (DHM, 2017).

Climate change scenarios for RCP 4.5 and RCP 8.5 for the reference period 
of 1981 – 2010 indicate that both the average annual mean temperature and 
the average annual precipitation are projected to increase until the end of this 
century. Precipitation could increase by 11–23%. Scenarios of climate extreme 
indices show that intense precipitation events are likely to increase in frequency, 
with extremely wet days (P99) expected to increase at a higher rate than very 
wet days (P95). The mean temperature might increase by 1.7–3.6 oC by 2100. 
Warm days, warm nights, and warm spells duration are likely to increase, while 
cold days, cold nights, and cold spells duration are likely to decrease sharply in 
the future under both the RCP4.5 and RCP8.5 scenarios (MoFE, 2019a).

In general, the climate of Nepal is likely to be significantly warmer and wetter in 
the future. Indices of climate extremes related to temperature and precipitation 
suggest that more extreme events are likely. An increase in precipitation 
intensity, along with an increase in extremely wet days and consecutive wet 
days, is likely to create more water-related hazards such as floods and landslides 
in the future. Similarly, an increase in warm days and nights, and warm spell 
durations is likely to increase heatwaves, windstorms, lightning, forest fires, 
and epidemics, accelerate glacier melts, and trigger GLOFs. 
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5.1 Observed Trends of Climatic Hazards 

Trends over 49 years (1971-2019) of several climatic hazards were analysed using data from 
the DesInventar database and the Nepal Disaster Risk Reduction Portal of the Ministry of Home 
Affairs. The methodology consisted of a graphical method for exploratory data analysis and 
statistical tests. The graphical technique is a very powerful tool to explore, understand and 
present data and is an essential component of any statistical analysis. Its first use is to examine 
the raw data, check ranges and find any outliers visually. The graphical plots can uncover 
temporal patterns (e.g., trend or step-change), seasonal variation, data problems (outliers, gaps 
in the record, etc.), and correlations (between variables). Following this, the statistical analysis 
gives the magnitude of the linear trend and its significance level.

Statistical analysis of the aforementioned climate hazard data was carried out using the Mann-
Kendall Test and Sen’s Slope Method. The Mann-Kendall test is a nonparametric method that 
tests the presence and significance of monotonic positive or negative trends in a time series. 
If a Z-statistic is greater than zero, it indicates an increasing trend and vice versa. The P-value 
gives the significance level. Significance levels of 0.01, 0.05, and 0.10 are widely used. Sen’s 
slope method estimates the magnitude of the linear trend.

The trend analysis of the occurrences of 11 climatic hazards—thunderbolts, windstorms, 
epidemics, heavy rainfall, landslides, floods, avalanches, hailstorms, heatwaves, cold waves, 
and snowstorms—revealed that there is a significant increasing trend in climatic hazards, 
especially after 1990 (see Figure 15). The number of reported climatic hazards has increased 
from 79 in 1971 to 1333 in 2019. This figure does not include fires, forest fires, and drought 
events. 

Figure 15 All-Nepal trends of eleven climatic hazards

Fires and forest fires are the most frequently occurring hazards in Nepal. The International 
Centre for Integrated Mountain Development (ICIMOD) has developed the Forest Fire Detection 
and Alert Information System for Nepal using the forest fire data from Moderate Resolution 
Imaging Spectroradiometer (MODIS) sensors of the USA’s National Aeronautics and Space 
Administration (NASA). For this report, forest fire data from 2001 to 2019 were obtained from 
ICIMOD. Both fire and forest fire events are also in increasing trends (see Figure 16). 
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Figure 16 All-Nepal trends of fire and forest fire events

Figure 17 All-Nepal trend of drought events and areas

Meteorological droughts are defined as events with Standardized Precipitation Index (SPI) values 
less than or equal to -1. The raster data of SPI from 1981 to 2019 was obtained from ICIMOD. 
The analysis of SPI from 1981 to 2019 showed that the average duration of a drought in Nepal 
is about 3.4 months (102 days) per year. On average, about 56% area of the country is affected 
by drought. Both drought events (months) and drought-affected areas are in decreasing, but 
statistically insignificant, trends (see Figure 17 above).

Trend analysis was also carried out for the other two major hazards which have a strong relationship 
with climate variables: namely, floods and landslides (rain-induced). The (rain-induced) flood-prone 
and landslide-prone areas of Nepal are about 8% and 59% respectively. In the last 49 years (1971-
2019), Nepal has suffered from 3443 flood events and 3787 landslide events. Flood and landslide 
events are highly correlated with each other. When flood events increase, landslide events also 
increase and vice versa. In Nepal, both events show an increasing trend (see Figure 18). 



Vulnerability and Risk Assessment and Identifying Adaptation Options34

Figure 18 All-Nepal trend of flood and landslide events

Table 9 below presents the results of the Mann-Kendall test and Sen’s slope for 14 climatic 
hazard events. Among 14 climatic hazards, it appears that all hazards are in increasing trends, 
except droughts which show a decreasing trend. While trends of epidemics, avalanches, 
hailstorms, and droughts are statistically insignificant, the trends of the other ten hazards are 
statistically significant at a 5% level. 

Table 9: Mann-Kendall test statistics for linear trend of 14 climatic hazard events

Hazard Z-statistic P-value Sen’s Slope Significance (5%)

Fires 6.40 0.00 7.32 Yes

Thunderbolts 7.44 0.00 2.70 Yes

Windstorms 5.23 0.00 0.57 Yes

Epidemics 1.63 0.10 1.16 No

Heavy rainfalls 4.53 0.00 0.25 Yes

Landslides 6.62 0.00 2.70 Yes

Floods 5.43 0.00 2.64 Yes

Avalanches 1.61 0.11 0.03 No

Hailstorms 0.34 0.74 0.00 No

Heatwaves 2.18 0.03 0.00 Yes

Cold waves 3.70 0.00 0.00 Yes

Snowstorms 2.60 0.01 0.04 Yes

Forest fires 1.96 0.05 83.50 Yes

Droughts -1.73 0.08 -2.39 No
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Many climatic and non-climatic factors may influence the trends of disaster events, including 
better reporting and data-keeping. Parts of the historical increase in hazardous events can be 
credited to better reporting. The remaining parts may be attributed to climate change. Economic 
development and land-use changes can also lead to changes in hazard patterns. Changes in 
land cover induce changes in rainfall-runoff patterns, which can impact flood intensity and 
frequency. Urbanization can aggravate flood problems by decreasing runoff retarding functions 
and accelerating flood flows due to pavements and drainage systems. Development activities 
such as cutting hill slopes in mountainous areas for road construction may increase landslides 
and debris flows. 

5.2 Perceived Impact of Climate Change

The Central Bureau of Statistics (CBS) of the Government of Nepal conducted a National Climate 
Change Impact Survey from July to December 2016. This survey provided data on people’s 
knowledge and perception about climate change, climate-induced disasters, human and socio-
economic impacts, and adaptation practices (CBS, 2017).

According to the survey, a majority of households reported observing climate change and an 
increase in different climate-induced disasters such as floods, landslides, droughts, hailstorms, 
and the prevalence of diseases/insects in the last 25 years. About 99.3% of respondents 
observed increasing incidences of drought in the last 25 years, followed by disease/insects 
(97.7%), landslides (78.1%), and inundation (51.5%). Similarly, all households in the central 
mountain region reported an increase in the frequency of cold waves, while the ones in the 
central hill region observed a decrease. Additionally, 56.3% of eastern Terai households 
observed an increase in heatwaves. All sub-alpine households perceived an increase in droughts, 
landslides, avalanches, and the prevalence of diseases/insects, while 64.1% in the temperate 
zone observed an increase in fires in settlements over the last 25 years.

The survey also showed that 38.3% of households were impacted by windstorms, followed 
by landslides (35.2%), fires in settlements (31.8%), and floods (31.7%). In contrast, less than 
10% of households reported an impact from heatwaves, snowstorms, sporadic rain or forest 
fires. It was also found that households have been practicing various CCA measures during the 
past 25 years, such as the use of chemical fertilizers, additional investment to protect livestock 
from disease, use of mixed and improved crop varieties, insurance of crops, change in food 
consumption habits, improvement of road infrastructure, and community-based management 
of natural resources.

5.3 Attribution of Changes in Climatic Hazards to Climate 
Change 

Climate change refers to a change in climate which is attributed directly or indirectly to human 
activity that alters the composition of the global atmosphere and which is in addition to natural 
climate variability observed over comparable periods. The UNFCCC thus makes a distinction 
between climate change attributable to human activities altering the atmospheric composition, 
and climate variability attributable to natural causes (IPCC, 2007). The SREX confirms that 
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extreme events have been and are projected to be on the rise. There is also increasing scientific 
evidence that the changing likelihood of extreme events is linked to human-induced climate 
change (IPCC, 2012).

Event ‘attribution’ is a process of understanding and quantifying the human and natural influences 
on individual extreme events. This process often uses a method called fractional attribution. 
This method tries to assess what fraction can be attributed to natural cycles and what can be 
attributed to human influence on climate. This approach is based on the physical understanding 
of the climate system and the individual hazard itself, on data comparison, as well as on climate 
models (Banholzer et al., 2014). Thus, attribution is derived from a combination of physical 
understanding and statistical analysis.

The first step in an attribution study is to have a time series dataset that indicates a trend over 
a certain period or a specific, unusual event that demands an explanation. The second step is 
to separate the human contribution from that of natural variability, which requires a model. It is 
important to recognize that both natural variability and global warming by humans are pervasive. 
Climate change from human influences is difficult to perceive and detect because natural weather-
related variability is large. It is highly desirable to know how much of each we are experiencing, as 
this has implications for the future (Trenberth, 2011). This section presents the analysis of trends 
of selected climatic hazards and their relationship with the trends of climate variables to detect 
the changes in climatic hazards that can be attributed to climate change.

Heatwaves: The IPCC’s Third Assessment Report (AR-3) projected that increasing atmospheric 
concentrations of greenhouse gases will result in changes in the frequency, intensity, and 
duration of extreme events, such as hotter days, heatwaves, heavy precipitation events, and 
fewer cold days (IPCC, 2001). Global warming will result in higher maximum temperatures, 
more hot days, and heatwaves over nearly all land areas. The IPCC's Fifth Assessment Report 
(AR-5) also highlighted that human influence has more than doubled the probability of the 
occurrence of heatwaves in some locations (IPCC, 2014). In Nepal, heatwaves have increased 
in recent years in the Banke, Bara, Bardiya, Kapilbastu, Parsa, Rautahat, Rupandehi, Saptari, 
and Sunsari districts. These districts have also shown an increasing trend in annual maximum 
temperature and warm spell duration.

Cold waves: IPCC’s AR-3 projected that global warming will result in higher (increasing) 
minimum temperatures, fewer cold days, frost days, and cold waves in nearly all land areas 
(IPCC, 2001). In Nepal, many districts in the Terai region have historically been affected by cold 
waves, including Mahottari, Saptari, and Rautahat. However, since these districts have been 
experiencing an increasing trend in annual minimum temperature and a decreasing trend in cold 
spell duration in recent years, the cold waves are expected to decrease in these districts in the 
future as well.

Snowstorms: IPCC’s AR-5 highlighted that as the atmosphere and ocean have warmed, the 
amounts of snow and ice have diminished and the sea level has risen (IPCC, 2014). The trend 
analysis of snowstorms in Nepal from 1971 to 2019 shows an increasing trend. The most 
snowstorm-affected districts are Humla, Jumla, Dolpa, and Taplejung. These districts have also 
shown a decreasing trend in winter minimum temperatures. With an increase in temperature, 
the frequency of snowstorms may decrease in the future.
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Thunderbolts: Thunderbolts, also called lightning, are caused by charge separation within 
clouds, and to maximize charge separation, more water vapor and heavy ice particles have to 
be lifted into the atmosphere. The faster the updrafts, the more lightning occurs, and the more 
precipitation, the more lightning. With climate change, lightning is expected to strike far more 
regularly worldwide. Rising temperatures and humidity are potential causes behind an increase 
in the number of lightning strikes in certain regions. New research from the University of 
California, Berkeley, published in the journal Science by David et al. (2014), found that warming 
conditions would result in 50% more lightning strikes worldwide by the end of the century. 
Lightning strikes would increase by about 12% for every 1 oC of warming, resulting in about 
50% more strikes by 2100.

In Nepal, thunderbolts or lightning have increased in recent years in the Makawanpur, Jhapa, 
Morang, and Udaypur districts. The trend of thunderbolt events in the Makawanpur district 
was compared with the trend of the annual average temperature and rainfall, revealing that 
thunderbolt events and annual temperature are both on increasing trends (see Figure 19). The 
number of thunderbolt events increases when the annual temperature increases. 

Figure 19 Trends of thunderbolt events and annual average temperature and their relationship

Similarly, Figure 20 below shows the trends of thunderbolt events and annual rainfall, and 
their relationship, in the Makawanpur district. Both the thunderbolt events and annual rainfall 
are in increasing trends. The number of thunderbolt events increases when the annual rainfall 
increases.

Figure 20 Trends of thunderbolt events and annual rainfall and their relationship
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Windstorms: Scientists have pointed out that a warmer climate will result in more frequent and 
stronger windstorms, and higher wind risks in the future. IPCC’s AR-5 showed that increases 
in the frequency or intensity of ecosystem disturbances such as droughts, windstorms, fires, 
and pest outbreaks have been detected in many parts of the world and, in some cases, are 
attributable to climate change (IPCC, 2014).

In Nepal, windstorm hazards have been increasing in recent years in the Achham, Morang, 
Saptari, Kailali, and Bardiya districts. Figure 21 shows the increasing trends of windstorm events 
and annual maximum temperature, and their relationship, in the Morang district. The number of 
windstorm events increases when the annual maximum temperature increases.

Figure 21 Trends of windstorm events and annual maximum temperature and their relationship

Hailstorms: Global warming leads to a warmer atmosphere that can hold higher amounts of 
moisture. Increased quantities of moisture in the air in a warmer future could lead to heavier rain 
or hail precipitation during an individual storm. Some studies have found a correlation between 
the frequency of reported hail damage and rising temperatures over some parts of the world. 
Extrapolations of the historical relationship between hailstorm damage and weather indicators 
under climate change scenarios project a considerable increase in future hailstorm damage (Botzen 
et al., 2010). A 30-40% increase in hail events with hailstones larger than 5 cm in diameter can be 
expected under the RCP 4.5 scenario almost everywhere in Europe7. The results were even more 
extreme for the RCP 8.5 scenario. If climate change continues unabated, severe hail events may 
occur almost twice as frequently in large parts of Central and Eastern Europe.

In Nepal, hailstorm hazards have appeared to be in an increasing but statistically insignificant 
trend in recent years. The most hailstorm-affected districts are Kaski, Parbat, Tanahu, Syangja, 
and Myagdi. In the last 49 years (1971-2019), 569 hailstorm events have occurred in various 
districts of Nepal.

Avalanches: A Special Report from the IPCC (2012) pointed out that at higher temperatures, more 
ice melts and the strength of the remaining ice becomes lower. As a result, the frequency and 
size of ice avalanches may increase. Warm extremes can trigger large rock and ice avalanches. 
Analysis shows increasing trends in recent years in the Solukhumbu, Kaski, Manang, and Dolpa 
districts in Nepal, but they are not statistically significant. With increasing temperatures in the 
future, avalanches in the country are also expected to increase.

7 https://www.munichre.com/topics-online/en/climate-change-and-natural-disasters/climate-change/climate-change-and-severe-
hailstorms-in-europe.html
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Floods: Flood frequency and the tails of flood duration (length of duration) have increased 
at both the global and the latitudinal scales. The increasing trend in frequency and duration 
of floods can be attributed to the long-term decadal to bi-decadal climate variability (Najib & 
Devieni, 2018). Based on data of several Asian countries from over 30 years (1973-2002), a 
trend analysis showed that the frequency of floods is increasing significantly in most countries 
(Dutta & Herath, 2004). This increasing trend can be attributed to mainly two factors: i) climate 
change and ii) land-use change. An analysis of changes in risk of great floods—i.e., floods with 
discharges exceeding 100-year levels from basins larger than 200,000 sq.km.—, using both 
streamflow measurements and numerical simulations of the anthropogenic climate change 
associated with greenhouse gases and direct radiative effects of sulphate aerosols, showed 
that the frequency of great floods increased substantially during the twentieth century (Milly et 
al., 2002) 

A change in the climate physically changes many of the factors affecting floods (e.g., precipitation, 
snow cover, soil moisture content, sea level, glacial lake conditions, and vegetation) and thus 
may consequently change the characteristics of floods. Pluvial floods may increase with an 
increase in heavy precipitation. More recent literature has highlighted the influence of climate 
change on variables that affect floods, such as aspects of the hydrological cycle, including mean 
precipitation, heavy precipitation, and snowpack. An IPCC synthesis report (2014) evaluated the 
risk of floods to the global population and concluded that the number of people exposed to rare 
flood events is expected to increase worldwide.

In Nepal, the most flood-prone districts are Jhapa, Morang, Sunsari, Rautahat, Saptari, Sarlahi, 
and Nawalparasi. The Jhapa district experienced the highest number of flood events from 1971 
to 2019. The trend of the flood events in Jhapa was compared with the trend of the monsoon 
rainfall (see Figure 22). The flood events are on an increasing trend, whereas the monsoon 
rainfall has no distinct trend. Additionally, trend analysis of historical rainfall data showed that 
very wet days are on an increasing trend in the Jhapa district (DHM, 2017). The number of flood 
events increases when the monsoon rainfall increases.It is a good way to start the day.

Figure 22 Trends of flood events and monsoon rainfall in Jhapa district

Landslides: Dhading, Baglung, Sindhupalchok, Sankhuwasabha, Taplejung, Nuwakot, and 
Syangja are the most landslide-prone districts in Nepal. The trend of landslide events in the 
Sindhupalchok district was compared with the trend of monsoon rainfall (see Figure 23). The 
landslide events are on an increasing trend, whereas the monsoon rainfall is on a slightly 
decreasing trend. Additionally, rainy days and consecutive wet days are on an increasing trend 
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in the Sindhupalchok district (DHM, 2017). Taken together, this indicates that more landslides 
are occurring due to low-intensity continuous rainfall rather than high-intensity rainfall. The 
number of landslide events increases when the monsoon rainfall increases.

Figure 23 Trends of landslide events and monsoon rainfall in Sindhupalchok district

Extreme precipitation events are likely to become more common in the future as the climate 
warms. This could lead to an increased frequency of landslide activity in the border region of 
China and Nepal8, which could see a 30-70% increase in landslide activity.

There is high confidence that changes in heatwaves, glacial retreat, and/or permafrost 
degradation will affect slope instabilities in the high mountains and medium confidence that 
temperature-related changes will influence bedrock stability. There is also high confidence that 
changes in heavy precipitation will affect landslides in some regions (Seneviratne et al., 2012).
Variations in total rainfall influence rockslides, mudflows, and earth flows on both the local and 
regional scales, whereas variations in rainfall intensity directly affect rock falls and debris flows/
avalanches in the short-term and on the local scale. Changes in the air temperature directly 
influence ice falls and avalanches, and have an indirect impact on rockfalls (due to the formation 
and opening of fractures), and on deep-seated landslides (due to changes in the hydrological 
cycle). An increase in the total precipitation is expected to result in wetter antecedent conditions 
so that less rain is required to reach a critical level that can cause a slope to fail. It will also raise 
the water table, contributing to the reduction of shear strength, soil suction and cohesion, 
and an increase in the weight (wet density) of the slope materials, which may enhance slope 
instability (Gariano & Guzzetti, 2016).

An increase in rainfall intensity may result in higher infiltration and increased subsurface 
drainage and throughflow, which will contribute to the build-up and maintenance of perched 
water tables. This will lead to a reduction in effective normal stresses and the shear strength, 
again contributing to slope instability. High rainfall rates are associated with soil piping, which is 
related to soil erosion and landslides.

GLOFs: In response to climate fluctuations, glaciers grow and shrink in length, width, and 
depth. Receding and wasting glaciers are a sign of global climate change. With the melting 
of glaciers, glacial lakes are formed. Several of these lakes have burst in the past, producing 
catastrophic glacial lake outburst floods (GLOFs) that destroyed infrastructure and took human 
lives in the valleys downstream.

8 https://climate.nasa.gov/news/2951/climate-change-could-trigger-more-landslides-in-high-mountain-asia/#:~:text=They%20
found%20that%20extreme%20precipitation,percent%20increase%20in%20landslide%20activity.
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Droughts: Drought events can be intensified by reductions in overall precipitation and an 
increase in temperatures, which affect evapotranspiration (IPCC, 2012). In Nepal, the Dolpa, 
Humla, Gorkha, Mugu, and Kailali districts are the most drought prone. The trend of the drought-
prone areas in the Dolpa district was compared with the trend of annual rainfall. As can be seen 
in Figure 24, the drought-prone areas are on a decreasing trend whereas the annual rainfall 
has no distinct trend. However, monsoon rainfall, the number of rainy days, and consecutive 
wet days are on an increasing trend in the Dolpa district (DHM, 2017). Drought-prone areas 
decrease when the rainfall increases.

Figure 24 Trends of drought-prone areas and annual rainfall in Dolpa district

Fires and forest fires: Climate change may result in longer fire seasons in some parts of the 
country, easier ignition, and, therefore, potentially greater number of fires, faster fire spread, 
increased fire intensities, more prolonged fires, and greater amounts of areas/settlements burned. 
It may result in more difficult fire suppression and increased fire suppression costs and damage.

Weather elements influence the spread and control of fire. The key weather elements that 
increase fire risk and danger are temperature, humidity, wind speed, and rainfall. Increasing 
temperature, wind speed, decreasing rainfall and humidity in each region are the key influences 
on fire risk. The potentially hotter, windier, and drier weather in the future will increase fire risk.

Figure 25 Trends of fire events and annual maximum temperature and their relationship

In Nepal, fire hazards have been increasing in recent years in Kathmandu, Morang, Saptari, 
Sunsari, and Jhapa districts. When the trend of fire events in the Morang district was compared 
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with the trend of annual maximum temperature and rainfall, it was found that both the fire events 
and annual maximum temperature are in an increasing trend. However, annual rainfall appeared 
to have no distinct trend (see Figures 25 and 26)). The number of fire events increases when 
the annual maximum temperature increases, and decreases when the annual rainfall increases.

Figure 26 Trends of fire events and annual rainfall and their relationship

In Nepal, forest fire hazards have been increasing in recent years in Bardiya, Chitawan, Parsa, 
and Surkhet districts. When the trend of the forest fire events in the Bardiya district was 
compared with the trend of pre-monsoon rainfall and annual maximum temperature, it was 
found that forest fire events appear to be in an increasing trend whereas pre-monsoon rainfalls 
is in a decreasing trend (see Figure 27). The number of forest fire events decreases when the 
pre-monsoon rainfall increases.

Figure 27 Trend of forest fire events and pre-monsoon rainfall and their relationship

Similarly, Figure 28 shows the trend of forest fire events and annual maximum temperature 
and their relationship in the Bardiya district. Both forest fire events and annual maximum 
temperature are in an increasing trend. The number of forest fire events increases when the 
annual maximum temperature increases.



Sectoral Report: Disaster Risk Reduction and Management 43

Figure 28 Trends of forest fire events and annual maximum temperature and their relationship

Other studies also show a strong correlation between precipitation and forest fires. Due to the 
prolonged drought in 2009, fire incidences increased significantly, causing 41 fatalities and extensive 
destruction of human settlements and forests (GON, 2013). The occasional precipitation was 
found to be the highest in March and lowest in April. The lowest occasional average precipitation 
showed decreasing trends in active fire season over a 15-year period. The number of wildfires and 
burned areas showed increasing trends over the same period. The highest numbers of wildfires 
were noticed in April of 2003, 2005, 2009, 2010, and 2012. There was a significant correlation 
between precipitation and wildfire activities (viz., number of wildfires and burned forest area). The 
occasional precipitation variable affects wildfire activities. These findings can be useful to both 
policymakers and local forest managers for developing the pre-fire alert system, preparing for fire 
control and mitigation, and managing wildfires in the field (Bhujel et al., 2018).

It is important to note that forest fire occurrences in protected areas and national and community 
forests might be influenced by controlled burning practices that happen every year to ensure 
the growth of grassland and vegetation.

Epidemics: The health effects of climate change are temperature-related illness and death, 
extreme weather-related health effects, air pollution-related health effects, water-borne 
diseases, and vector-borne diseases (WHO, 2003). Climatic conditions affect epidemic 
diseases. Vectors, pathogens, and hosts each survive and reproduce within a range of optimal 
climatic conditions. Temperature and precipitation are the most important climate variables to 
influence vector survival, reproduction, and transmission. Rainfall can influence the transport 
and dissemination of infectious agents, while temperature affects their growth and survival. 
Malaria is the vector-borne disease most sensitive to climate change. Malaria varies seasonally 
in highly endemic areas. Wet and humid climate conditions constitute a major factor behind 
increased mosquito breeding and survival. Many diarrheal diseases vary seasonally, suggesting 
climate sensitivity. In the tropics, diarrheal diseases typically peak during the rainy season. 
Both floods and droughts increase the risk of diarrheal diseases. Extremes in temperature can 
exacerbate cardiovascular and respiratory diseases.

The IPCC (2012) concluded with high confidence that climate change would cause increased 
heat-related mortality and morbidity, decreased cold-related mortality in temperate countries, a 
greater frequency of infectious disease epidemics following floods and storms, and substantial 
health effects following population displacement from sea level rise and increased storm activity.
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Relationships between year-to-year variations in climate variables and infectious disease 
occurrence need to be explored to understand the attribution and future health impacts of 
climate change. Analysis of 49 years (1971-2019) of epidemic data revealed that Morang, Dang, 
Jajarkot, and Banke are the most epidemic-affected districts in Nepal. The trend of epidemic 
events in the Dang district was compared with the trend of annual rainfall and annual maximum 
temperature (see Figure 29). 

Figure 29 Trend of epidemic events and annual rainfall in Dang district

Figure 30 shows the trend of epidemic events and annual maximum temperature and their 
relationship. The epidemic events are in increasing trend, the annual rainfalls are in a slightly 
decreasing trend and maximum temperatures are in an increasing trend. Observed climate trend 
analysis by the DHM in 2017 showed that annual rainfall in the Dang district is in a decreasing 
trend and consecutive dry days are in an increasing trend. Additionally, annual temperature, 
warm days, and warm spell duration are in increasing trends. A warm and dry climate provides 
a favourable condition for the growth and spread of vector-borne and water-borne diseases.

Figure 30 Trend of epidemic events and annual maximum temperature in Dang district

The significant increasing trends in the frequency of several climatic hazards show a strong 
linkage between climate change and an increase in climatic hazards. The observed increase 
in climatic hazards may be attributed to a “complex set of interactions between the physical 
Earth system, human interference with the natural world and increasing vulnerability of human 
communities”9. The IPCC (2014) also suggests with high confidence that “in urban areas 
climate change is projected to increase risks for people, assets, economies, and ecosystems, 
including risks from heat stress, storms, and extreme precipitation, inland and coastal flooding, 
landslides, air pollution, drought, water scarcity, and storm surge”. 

9  https://theconversation.com/explainer-are-natural-disasters-on-the-rise-39232
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5.4 Scenarios of Climatic Hazards

The detection and attribution of changes in climatic hazards were described in the previous 
section. This section discusses how the past and future scenarios of climatic hazards can be 
obtained using historical hazard occurrences and climate change indices as indicators. 

5.4.1 Quantitative Scenarios of Climatic Hazards under Historical 
Climate
The quantitative past scenarios of climatic hazards are obtained for historical climate using the 
indicators given in Table 2. Past scenarios and district-wise ranks of the flood hazard based on 
historical climate (1971-2019) are given in Figure 31 and Table 10 respectively. These show that 
Sunsari, Kailali, Morang, Jhapa, Rautahat, Bardiya, Sarlahi, and Saptari are the most flood-prone 
districts and identified as “Flood Hazard Hotspots”.

Figure 31 Past scenario of flood hazard based on historical climate
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Table 10: District wise rank of flood hazard based on historical climate 

Hazard Rank Districts

Very High (0.731 - 1) Sunsari, Kailali, Morang, Jhapa

High (0.595 - 0.730) Rautahat, Bardiya, Sarlahi, Saptari

Moderate (0.412 - 0.594) Kapilbastu, Rupandehi, Bara, Chitawan, Dhanusha, Kanchanpur, Mahottari, Parsa

Low (0.170 - 0.411) Makawanpur, Udayapur, Banke, Siraha, Sindhuli, Dang, Nawalpur, Kaski, Parasi

Very Low (0 - 0.169)

Dhading, Rolpa, Humla, Mugu, Rasuwa, Myagdi, Lamjung, Dolakha, Dhankuta, Terhathum, 
Nuwakot, Sankhuwasabha, Baglung, Western Rukum, Sindhupalchok, Gorkha, Solukhumbu, 
Lalitpur, Tanahu, Kavrepalanchok, Dailekh, Bhaktapur, Parbat, Pyuthan, Darchula, Syangja, 
Dolpa, Surkhet, Achham, Arghakhanchi, Baitadi, Palpa, Bhojpur, Salyan, Mustang, Doti, Manang, 
Eastern Rukum, Khotang, Okhaldhunga, Bajura, Kalikot, Taplejung, Panchthar, Jajarkot, Jumla, 
Bajhang, Gulmi, Ramechhap, Kathmandu, Dadeldhura, Ilam

Past scenarios and district-wise ranks of the landslide hazard based on historical climate 
(1971-2019) are given in Figure 32 and Table 11 respectively. These show that Dhading, 
Sankhuwasabha, Baglung, Sindhupalchok, Dolpa, Taplejung, Kaski, Rolpa, Makawanpur, 
Myagdi, Lamjung, Dolakha, Nuwakot, Gorkha, Solukhumbu, Kavrepalanchok, Dailekh, Darchula, 
Syangja, Palpa, Khotang, Bajura, Kalikot, Jajarkot, Bajhang, Gulmi and Ilam districts are the most 
landslide-prone districts and identified as “Landslide Hazard Hotspots”.

Figure 32 Past scenario of landslide hazard based on historical climate
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Table 11: District-wise ranks of the landslide hazard based on historical climate

Hazard Rank Districts

Very High (0.757 - 1) Dhading, Sankhuwasabha, Baglung, Sindhupalchok, Dolpa, Kaski, Taplejung

High (0.539 - 0.756)
Rolpa, Makawanpur, Myagdi, Lamjung, Dolakha, Nuwakot, Gorkha, Solukhumbu, Kavrepalanchok, 
Dailekh, Darchula, Syangja, Palpa, Khotang, Bajura, Kalikot, Jajarkot, Bajhang, Gulmi, Ilam

Moderate 
0.366 - 0.538)

Rasuwa, Dhankuta, Western Rukum, Tanahu, Udayapur, Parbat, Pyuthan, Achham, Baitadi, Bhojpur, 
Sindhuli, Salyan, Mustang, Doti, Eastern Rukum, Okhaldhunga, Panchthar, Jumla, Ramechhap

Low (0.143 - 0.365)
Humla, Mugu, Terhathum, Lalitpur, Kailali, Surkhet, Arghakhanchi, Manang, Chitawan, Dang, 
Nawalpur, Kathmandu, Dadeldhura

Very Low (0 - 0.142)
Kapilbastu, Sunsari, Rautahat, Bardiya, Bhaktapur, Banke, Siraha, Rupandehi, Morang, Bara, 
Dhanusha, Kanchanpur, Jhapa, Sarlahi, Mahottari, Parasi, Parsa, Saptari

Past scenarios of other hazards based on historical climate are given in Annex A.

Table 12 below presents major hazards province-wise, in addition to the ranking of provinces 
based on climatic hazards and their impacts, and disaster hotspots. Province-wise past scenarios 
of climatic hazards and overall impact based on historical climate are given in Annex B. 

Table 12: Ranking of provinces based on climatic hazards and their impacts

Province Major Hazards
Hazard 
Rank

Impact 
Rank

Climate-induced Disaster Hotspots

Province 1 Epidemics, fires, floods, landslides, GLOFs 2 6 Jhapa, Morang, Sunsari, Udaypur
Province 2 Epidemics, fires, floods, forest fires, hailstorms 1 1 Saptari, Sarlahi, Mahottari, Siraha
Bagmati Epidemics, fires, floods, landslides, thunderbolts 4 2 Chitawan, Makwanpur, Sindhupalchok

Gandaki
Avalanches, epidemics, hailstorms, landslides, 
thunderbolts

3 7 Gorkha, Kaski, Baglung

Lumbini Epidemics, fires, floods, forest fires, landslides 7 5 Banke, Dang, Rupandehi
Karnali Epidemics, fires, floods, forest fires, thunderbolts 6 4 Surkhet, Jajarkot, Kalikot, Dailekh
Sudurpashchim Epidemics, fires, floods, forest fires, landslides 5 3 Kailali, Doti, Kanchanpur, Achham

A province-wise comparison of the past scenarios of 15 climatic hazards based on historical 
climate data shows that Province 2 is the most affected by climatic hazards, followed by 
Province 1 and Gandaki Province. Similarly, a province-wide comparison of the impact of 
climatic hazards shows that Province 2 is the most impacted province, followed by Bagmati 
Province and Sudurpashchim Province. This may be due to the high socio-economic exposure 
and vulnerability in Province 2 as shown in Figures 13 and 14 respectively. Table 13 below 
presents the major climate-related hazards for each physiographic region.

Table 13: Major climate-related hazards in physiographic regions

Physiographic Region Major Climate-related Hazards
High mountain Avalanches, snowstorms, GLOFs
Middle mountain Hailstorms, landslides, droughts
Hill Heavy rainfalls, landslides, thunderbolts, windstorms, fires
Siwalik Forest fires, thunderbolts, floods, landslides
Terai Floods, heatwaves, cold waves, epidemics, fires, windstorms, forest fires
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The high mountain region is affected by snowstorms, avalanches, and GLOFs. Avalanches 
are in an increasing trend and the risk of GLOF increases due to the increase in temperature. 
Hailstorms, landslides, and droughts are frequently occurring hazards in the middle 
mountain region. Heavy rainfalls, landslides, thunderbolts, fires, and windstorms are 
predominant hazards in the hilly region. The Siwalik region is frequently affected by forest 
fires, thunderbolts, landslides, and floods. There is an increasing risk of landslides in the 
middle mountain, hilly, and Siwalik regions due to an increase in very wet days. Similarly, 
floods, heatwaves, cold waves, epidemics, fire, and windstorms are the main hazards in 
the Terai region. There is an increasing risk of floods in the Terai region due to an increase 
in extreme wet days.

5.4.2 Descriptive Scenarios of Climatic Hazards under Future Climate 
Change
Information that enables the characterization of a future climatic hazard scenario is sourced 
either from the data of past hazard occurrences (Sharma & Patwardhan, 2008) or models 
(Lung et al., 2013; Metzger et al., 2006). However, both these sources at best enable 
only an approximation of the anticipated hazard and thus involve uncertainty (Jagmohan & 
Ravindranath, 2019). Future scenarios of climatic hazards can be inferred using the scenarios 
of temperature, precipitation, and climate extreme indices; these are indicators that can be 
expressed in descriptive terms. 

Climatic hazards may become more frequent, widespread, longer-lasting, or intense under 
future climate change. There might be multiple events at the same time across different 
regions, which may turn out to be catastrophic. Coupled with degrading ecosystems and 
biophysical processes under climate change, climatic hazards may create chronic stresses 
and catastrophic shocks. Manifestation of climate change may be observed in the following 
forms (European Aid, 2010):

1) Changes in variability and extremes: 
a. Rainfall variability, seasonality – droughts, predictability
b. Changes in peak precipitation intensity (flood and landslide risk) 
c. Changes in storm activity/behaviour/geographic distribution 
d. Heatwaves, wildfires, pollution events, etc. 

2) Long term changes/trends in average conditions: 
a. Warmer, wetter, drier, more saline groundwater 
b. Shifts in climatic zones, ecological/species ranges 

3) Abrupt /singular changes: 
a. Monsoon shifts, circulation changes 
b. Landscape & ecosystem transitions 
c. Glacial lake outbursts

The descriptive scenarios of climate variables and extreme indices under future climate change 
can be expressed as in Table 14 below (MoFE, 2019a).
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Table 14: Descriptive scenarios of climate variables and extreme indices under future climate change

Climate Variables and Extreme Indices Medium Term Scenario Long Term Scenario
Increase in temperature Likely Likely
Increase in precipitation Likely Likely
Increase in very wet days Likely Likely
Increase in extreme wet days Likely Likely
Decrease in rainy days Likely Likely
Increase in consecutive dry days About as likely as not About as likely as not
Increase in consecutive wet days About as likely as not About as likely as not
Increase in warm days and nights Likely Likely
Decrease in cold days and nights Likely Likely
Increase in warm spell duration Likely Likely
Decrease in cold spell duration Likely Likely

Climate-induced hazards will be more intense and damaging in the future. The Climate Risk 
Country Profile of Nepal, put together by the World Bank Group and the Asian Development 
Bank, reported that the probability of droughts and heatwaves is projected to increase while 
the probability of cold waves is projected to decrease in the country. An increase in the median 
annual drought probability of at least 10% is projected by 2080-2099 under all emission pathways 
(see Figure 33a). The probability of heatwaves is projected to increase significantly, potentially 
as high as 27% by the 2090s (see Figure 33b) under the highest emissions pathway (RCP 8.5). 
Simultaneously, the probability of cold waves is projected to decrease significantly, to less than 
1% annually over the same period. 

There will be an increase in the frequency of extreme river flows. What would historically 
have been a 1-in-100-years flow is projected to become a 1-in-50-years or 1-in-25-years 
event in Nepal. The risk of GLOFs is also likely to increase (World Bank, 2021). For example, 
flood-related studies show that the damage caused by floods is expected to be massive. An 
increase in potential flooding impact has also been projected by Paltan et al. (2018), who 
demonstrated that even under lower emissions pathways coherent with the Paris Climate 
Agreement, almost all Asian countries face an increase in the frequency of extreme river 
flows. This increased severity of extreme river floods can also be seen in estimates by 
Willner et al. (2018), who projected that an additional 8,000–43,000 people will be affected 
by extreme flood events by 2035–2044 as a result of climate change (World Bank, 2021, 
pp 13-14).

The assessment of the flood hazard and agricultural damage (in quantitative terms) in the 
Bagmati River basin, including the Lal Bakaiya River basin, under climate change conditions 
showed that the total flood inundation area and agricultural damage area may increase in the 
future by 41.1% and 39.1% respectively in the case of a flood with a return period of 50 years, 
and 44.9% and 40.8% respectively in the case of a flood with a return period of 100 years 
(Shrestha, 2019). A similar analysis revealed that climate change will result in more extreme 
precipitation events in monsoon months and less precipitation in other months, which might 
result in a significant increase in flood events in the Bagmati river basin in the future. The range 
of change in floods with a return period of 200 years was from 24-40% (Mishra & Srikantha, 
2014).
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Table 15: Estimated number of people in Nepal affected by the extreme flood from 1971-2004 and the 
future period 2035-2044

Estimate
Population exposed to extreme 

floods (1971-2004)
Population exposed to extreme 

floods (2035-2044)
Increase in affected population

16.7 percentile 350,844 358,940 8,096
50 percentile 
(median)

353,695 369,120 15,425

83.3 percentile 356,916 400,498 43,582

Table 16 below presents the descriptive scenarios of climatic hazards for future climate change 
inferred from the scenarios of climate variables and extreme indices as given in Table 15 above.

Table 16: Descriptive scenarios of climatic hazards under future climate change 

Climate hazard Medium-term scenario Long-term scenario
Increase in heatwaves Likely* Very likely
Decrease in cold waves Likely Very likely
Increase in heavy rainfall Likely Very likely
Decrease in snowstorms Likely Likely
Increase in thunderbolts Likely Likely
Increase in windstorms Likely Likely
Increase in hailstorms About as likely as not About as likely as not
Increase in floods Likely Likely
Increase in landslides Likely Likely
Increase in GLOFs Likely Likely
Increase in droughts About as likely as not About as likely as not
Increase in forest fires Likely Likely
Increase in fires Likely Likely
Increase in avalanches Likely Likely
Increase in epidemics Likely Likely

*Note: Virtually certain (99–100% probability), very likely (90–100%), likely (66–100%), about as likely as not (33–

66%), unlikely (0–33%), very unlikely (0–10%), exceptionally unlikely (0–1%). 

Figure 33b. Projected change in the  
probability of observing a heatwave. 

Figure 33a. Annual probability of 
experiencing a severe drought
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Chapter 6

Adaptation Options in the 
Sector

Adaptation is the process of adjustment to the current or expected climate and 
its effects. It involves reducing risk and vulnerability; seeking opportunities; 
and building the capacity of nations, regions, cities, the private sector, 
communities, individuals, and natural systems to cope with climate impacts, 
as well as mobilizing that capacity by implementing decisions and actions. 
Adaptation options are the array of strategies and measures available and 
appropriate to address needs. Identifying needs is a critical step for selecting 
adaptation options (Noble et al., 2014). The adaptation needs in DRRM include 
measures to reduce exposure and vulnerability to climate extremes, and build 
resilience.

There is a wide range of complementary adaptation and DRRM approaches 
that can reduce the risks of climate extremes and disasters and increase 
resilience to remaining risks as they change over time (see Figure 34). These 
approaches include reducing exposure; reducing vulnerability, risk transfer 
and sharing; enhancing preparedness, response and recovery; and increasing 
resilience and transformational changes in the system. Actions that range from 
incremental steps to transformational changes are essential for reducing the 
risk of climate extremes. Incremental steps aim to improve efficiency within 
existing technological, governance, and value systems, whereas transformation 
may involve alterations of fundamental attributes of those systems. These 
approaches can overlap and can be pursued simultaneously. DRRM and 
adaptation approaches can enhance social, economic, and environmental 
sustainability.
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Figure 34 Climate change adaptation and disaster risk management approaches
Source: IPCC (2012)

Various policies in Nepal have been set up to meet DRRM and adaptation goals. The National 
Adaptation Programme of Action (NAPA) 2010 has identified urgent and immediate adaptation 
options. The priority adaptation options for DRRM include strengthening the capacity of 
government and non-government organizations; strengthening forecasting and early warning 
systems; implementing structural measures; promoting rain-water harvesting systems and 
conservation ponds; reforestation/afforestation; risk mapping; awareness-raising; enhancing 
emergency preparedness and response; developing effective relief and rehabilitation systems; 
promoting community-based DRRM; restricting settlements in high-risk areas; and resettlement 
of vulnerable communities (MoE, 2010).

The National Policy for Disaster Risk Reduction, 2018 has set out a long-term vision to contribute 
to sustainable development by making the nation safer, climate adaptive, and resilient to disaster 
risk. It has adopted 59 policies for reducing disaster risks (MoHA, 2018b). Implementation of 
these policies will help to build adaptive capacities for facing climate-related disaster risks. The 
Disaster Risk Reduction National Strategic Plan of Action 2018-2030 aims to reduce disaster 
mortality and the number of affected people substantially, and to mitigate the disaster risk 
and losses in livelihoods, health, assets, businesses, and communities. It has identified four 
priority areas and 18 priority actions. The four priority areas are: i) understanding disaster risk; 
ii) strengthening disaster risk governance at federal, provincial, and local levels; iii) promoting 
comprehensive risk-informed private and public investments in disaster risk reduction for 
resilience; and iv) enhancing disaster preparedness for effective response and to "build back 
better" in recovery, rehabilitation, and reconstruction (MoHA, 2018b).

In addition to the aforementioned priority areas, the DRR National Strategic Plan of Action 2018-
2030 has identified strategic activities that will help to improve adaptive capacities and build 
resilience to climate-related disaster risks. These include enhancing risk knowledge; strengthening 
DRRM governance; developing engineered infrastructure; promoting diversified livelihoods; risk-
sharing and transfer mechanisms; and developing effective preparedness and response systems 
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with the use of information, communication, and early warning systems. Hence, these strategic 
activities can be considered as adaptation measures to climate change for the DRRM sector.

More recently, the National Climate Change Policy 2019 has set out a policy to reduce loss or 
damage caused by climate-induced disasters to lives and property, health, livelihoods, physical 
infrastructure, and cultural and environmental resources. The policy has identified various strategies, 
such as developing a DRRM system; making preparedness and response effective by developing 
monitoring, forecasting, and early warning systems; making the disaster-related information collection 
system more systematic and comprehensive; ensuring access to early warning information by all 
groups, levels, and areas; integrating DRRM activities into CCA plans and programs; ensuring social 
security for recovery; implementing rescue, rehabilitation, and reconstruction programs; mobilizing 
community organizations and the private sector; formulating standards for a culture of safety and 
resilience; and developing bilateral and multilateral cooperation (MoFE, 2019b).

The adaptation measures for reducing climate-related disaster risks were identified by reviewing 
national and international policies, strategies, and action plans related to climate change and 
disaster risk reduction. The aforementioned National Climate Change Policy 2019, National 
Adaptation Programme of Action (NAPA) 2010, National Policy for Disaster Risk Reduction, 
2018, and Disaster Risk Reduction National Strategic Plan of Action 2018-2030 were the main 
sources of information for adaptation measures identified in this report. These measures can be 
organized into three categories: structural/physical, social, and institutional. The structural and 
physical options include the development of an engineered and built environment, application of 
technologies, an ecosystem-based approach, and the use of services. The social options include 
educational programs for enhancing risk knowledge, informational strategies, and behavioural 
measures. The institutional options include economic instruments, laws and regulations, and 
government policies and programs (IPCC, 2014).

It is also important to keep in mind the limits of adaptation and disaster risk reduction activities 
or interventions. Losses and damage occur where adaptation actions are unaffordable, not 
physically or technically possible, socially difficult, or simply not sufficient to prevent some 
harm to humans, the environment, and assets (Morrison & Pickering, 2013). The more global 
temperatures continue to rise, the more likely it is that limits to adaptation will be reached. The 
impacts of climate change that cannot or will not be avoided through mitigation or adaptation 
efforts are particularly challenging for those poor countries that are already exposed to harsh 
climate conditions. These impacts include the losses and damage both from changes in the 
frequency, intensity, and geographical distribution of extreme weather events such as storms 
and floods, and from slow-onset phenomena such as glacier melting, loss of biodiversity, and 
desertification. Climate adaptation policies and programmes typically involve ex-ante actions 
aimed at building resilience before the occurrence of extreme weather or slow-onset events. 
Actions to address losses and damage build on these efforts by also establishing mechanisms 
to help those who have already experienced losses and damage through financial or other 
forms of support, such as social safety nets or social protection programmes (ex-post relief).

DRRM adaptation options can also be tailored to address specific contextual hazard risks and 
vulnerabilities. As can be seen in Table 14, the prevalence of hazards and vulnerable hotspots 
differ across provinces. GLOFs, for example, are a one-of-a-kind hazard in Province 1. Avalanches 
are a major threat in Gandaki Province. Similarly, floods are a major threat to the Terai districts 
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and Province 2, whereas landslides are a concern in almost all provinces except Province 2. 
In addition, fires and epidemics are common in all provinces. Hailstorms are a major problem 
in Province 2 and Gandaki Province. Furthermore, thunderbolts are a problem in the Gandaki 
Province, Bagmati Province, and Karnali Province. Adaptation options, therefore, need to be 
tailored based on the specific hazards and the needs of the local actors and communities. 
Various climate change adaptation measures for disaster risk reduction and management in the 
short term, medium-term, and long term are listed below in Table 17.

Table 17: Short, medium, and long term climate change adaptation measures for disaster risk reduction 
and management

Short-term (1-5 years) Medium-term (1-10 years) Long-term (1-30 years)

Engineered and built environment
•	 Conduct regular maintenance of the 

urban drainage system and improve 
the existing drainage system

•	 Construct a fire line in the forest areas
•	 Construct flood shelters
•	 Install a smoke detector and fire 

alarm in all public buildings, schools, 
hospitals, and important infrastructures 

•	 Install cooling system for heatwave 
affected urban areas

•	 Pursue structural measures to lower 
the lake level for reducing the glacial 
lakes outburst risk of the potential 
hazardous glacial lakes

•	 Construct water conservation/ 
flood retention ponds, the rainwater 
harvesting system

•	 Construct flood-resistant food and 
seed storage facilities

•	 Pursue the structural 
measures for flood and 
landslide risk reduction 
(embankment, reservoir, 
check dam, slope 
stabilization, geometry 
modification, surface 
erosion control, improved 
drainage, etc.)

•	 Construct urban drainage 
system

Technological
•	 Update and upgrade the existing 

operational flood and glacial lake 
outburst flood early warning systems

•	 Develop weather and climate 
information based agro-advisory 
system

•	 Develop diseases surveillance and 
early warning system 

•	 Use and promote modern science 
and technology (Web portal, Mobile 
Apps, SMS-CB, IVR) for effective 
communication and dissemination of 
climate risk information 

•	 Apply physically-based modelling to 
generate the evolution of major hazard 
scenarios under future climate change 

•	 Develop Decision Support System 
(DSS) for climate risk information 
application in each sector for the 
planning, design, construction, and 
management of development projects

•	 Develop and operate forecasting 
and early warning systems for major 
hazards like flood, GLOF, landslide, 
drought, thunderbolt, windstorm, 
heatwave, cold wave, fire, wildfire, 
and epidemics

•	 Pursue the principle of green 
development and “build back better” 
in reconstruction

•	 Enhance lead time and 
accuracy of forecasting 
and warning system for 
major hazards

•	 Develop and promote 
climate-smart agriculture, 
flood, and drought-resistant 
agricultural system

•	 Develop climate-smart 
villages and cities
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Table 17: Short, medium, and long term climate change adaptation measures for disaster risk reduction 
and management

Short-term (1-5 years) Medium-term (1-10 years) Long-term (1-30 years)

Ecosystem-based
•	 Conserve wetlands and create natural 

flood retention areas
•	 Promote afforestation, forest 

conservation

•	 Promote the local resource-based 
green infrastructure

•	 Promote bio-dykes

•	 Promote watershed 
protection, and restoration 
of floodplain for flood and 
landslide risk reduction

Services
•	 Improve social security, basic health, 

reproductive health, child health, 
adolescent health, and nutrition in 
disaster risk-prone areas

•	 Enhance emergency medical services 
at the federal level

•	 Develop effective search and rescue, 
relief, and rehabilitation system at the 
federal level

•	 Link social security programs to 
climate and disaster resilience

•	 Enhance emergency medical services 
at the province level

•	 Develop effective search and rescue, 
relief, and rehabilitation system at the 
province level

•	 Link insurance services to 
climate risk sharing

•	 Enhance emergency 
medical services at the 
local level

•	 Develop effective search 
and rescue, relief, and 
rehabilitation system at the 
local level

Educational
•	 Institutionalize the curriculum of 

climate and disaster risk management 
from school to the university level

•	 Develop Information, Communication, 
and Education (ICE) Kit for awareness-
raising against climatic hazard risks

•	 Conduct training on Climate and 
Disaster Risk Impact Assessment 
method

•	 Develop the capacity of the community 
Organizations (Child Club, Youth Club, 
Mothers Group, Senior Citizen Forum, 
Citizens Concern Centre, Forest Users 
Group, etc.) for disaster preparedness 
and response

•	 Conduct disaster preparedness 
workshops, mock drills, and simulation 
exercises regularly at different levels 
(Federal, Province, Local, Community) 
and sectors (School, hospital) for 
effective preparedness and response

•	 Conduct awareness programs 
on climate and disaster risks by 
workshops, meetings, and mass media

•	 Conduct training and capacity 
development program for 
stakeholders, professionals, and 
vulnerable communities on climate 
and disaster risk management

•	 Develop human and 
technical capacity on 
weather and climatic 
hazards forecasting

•	 Conduct research 
on climatic hazards 
forecasting models
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Table 17: Short, medium, and long term climate change adaptation measures for disaster risk reduction 
and management

Short-term (1-5 years) Medium-term (1-10 years) Long-term (1-30 years)

Informational
•	 Establish a robust database to 

document and monitor climatic 
hazards, losses, and damages overtime 
at the federal level

•	 Conduct assessment and mapping of 
all climatic hazard risks considering 
the effects of climate change and make 
them available publicly

•	 Establish Real-Time Observation and 
Monitoring System for all climatic 
hazards

•	 Increase access of vulnerable 
population (PWDs, senior citizens, 
single women) to preparedness related 
information (early warning system, 
lifesaving technique, knowledge, and 
skills) 

•	 Develop communication and 
dissemination procedures for 
climate risk information sharing with 
vulnerable groups (using different 
media and technologies such as 
mobile apps, websites, SMS, e-mail, 
radio, television, print media, phone, 
etc.) 

•	 Establish a robust database to 
document and monitor climatic 
hazards, losses, and damages 
overtime at the province level

•	 Develop and operationalize 
geographic information system-based 
Climate Risk Information Management 
System

•	 Develop customized information 
materials (book, brochure, notice, 
electronic message, etc.) on an 
early warning system for vulnerable 
communities (women, children, elderly 
persons, disabled people, indigenous, 
Dalit, deprived)

•	 Establish a robust database 
to document and monitor 
climatic hazards, losses, 
and damages overtime at 
the local level

•	 Conduct assessment and 
mapping of all climatic 
hazard risks at the local 
level

•	 Promote bilateral, 
regional, and international 
cooperation in climate risk 
information sharing

Behavioural
•	 Promote collaboration between 

government organizations, community-
based organizations, non-governmental 
organizations, and media for climate 
risk information sharing

•	 Promote indigenous knowledge and 
practices in climate risk management

•	 Implement a gender-
sensitive and inclusive 
approach in all processes 
of Climate and Disaster 
Risk Management
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Table 17: Short, medium, and long term climate change adaptation measures for disaster risk reduction 
and management

Short-term (1-5 years) Medium-term (1-10 years) Long-term (1-30 years)

Economic
•	 Establish National Adaptation Fund
•	 Promote private sector investment in 

DRR and CCA activities
•	 Promote life insurance of the climate-

induced disaster vulnerable groups, 
individual, and communities 

•	 Strengthen livelihood recovery 
measures through integrated planning/
budgeting at all levels against climate 
hazards for the population at risk

•	 Increase access of vulnerable people 
(senior citizen, single women, widow, 
people with disabilities, endangered 
people, etc.) to allowances and grants

•	 Review and promote the existing 
practice of risk-sharing in agriculture 
and livestock insurance

•	 Establish Province Adaptation Fund
•	 Develop and promote alternative and 

innovative financial instruments, such 
as forecast-based financing, micro-
investment, microcredit, insurance, 
reinsurance, etc. 

•	 Arrangement of microfinance, 
interest-free loan, conditional cash 
transfer, etc. for climate-induced 
disaster-affected individual and 
community

•	 Develop and implement the plans for 
community-based, cooperative based, 
contribution-based micro insurance, 
farmer’s reserved fund

•	 Promote public-private partnership to 
attract participation and investment of 
private sector in Climate and Disaster 
Risk Insurance, Risk-sharing programs 
(e.g., Micro Insurance, emergency 
fund, low-interest credit plan)

•	 Establish Local Adaptation 
Fund

•	 Promote joint public-private 
partnership in DRR and 
CCA 

•	 Promote investment in 
DRR and CCA by the 
Bank, Cooperatives, 
and community-based 
organizations (Forest Users 
Group, Dairy Cooperatives)

•	 Promote disaster insurance 
for public buildings, 
schools, hospitals, 
health posts, and critical 
infrastructures and review 
existing relevant insurance 
policies

Laws and regulations
•	 Update Building Act, revise regulation 

and codes for the building construction 
considering climatic hazard risks 
(flood, landslide, lightning, fire, 
heatwave, cold wave, windstorm)

•	 Develop guidelines for mainstreaming 
DRR and CCA into sectoral 
development plans

•	 Incorporate Climate and Disaster Risk 
Impact Assessment into Environment 
Protection Act and Environmental 
Impact Assessment Guidelines

•	 Prepare hazard-specific guidelines 
to manage major hazard risks (Flood, 
Landslide, Fire, Epidemic, etc.)

•	 Prepare guidelines for Green 
Infrastructure and Ecosystem-Based 
Adaptation

•	 Prepare guidelines for infrastructure 
designs and operations based on 
anticipated changes in temperature, 
rainfall, and flood return periods

•	 Prepare and implement the Climate 
and Disaster Risk Sensitive Land Use 
Plans

•	 Implement guidelines for 
infrastructures design and 
operation for climate risk reduction 
incorporating climate change 
scenarios

•	 Prepare Standard Operating 
Procedure and Directive for 
establishment and operation of multi-
hazard early warning system

•	 Implement guidelines 
for mainstreaming DRR 
and CCA into sectoral 
development plans

•	 Implement SOP for a 
multi-hazard early warning 
system
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Table 17: Short, medium, and long term climate change adaptation measures for disaster risk reduction 
and management

Short-term (1-5 years) Medium-term (1-10 years) Long-term (1-30 years)
Government policies and programs

•	 Establish coordination mechanism at 
the federal, provincial, and local level 
to integrate and implement DRR and 
CCA in every sector

•	 Develop collaboration mechanism 
between government organizations, 
community-based organizations, non-
governmental organizations, and media 
for climate risk information sharing

•	 Strengthen National Disaster Risk 
Reduction Platform and expand it at the 
province and local level

•	 Prepare Climate and Disaster 
Resilience Plan at the province and 
local level

•	 Prepare Gender Equality and Social 
Inclusion Action Plan for Climate and 
Disaster Risk Management at each 
level and sector

•	 Ensure GESI mainstreaming in policies, 
strategy, plans, program, budgets 
(Gender Responsive Budget), and 
implementation mechanisms

•	 Prevent gender-based violence during 
a disaster

•	 Ensure gender-sensitive response and 
recovery measures 

•	 Establish gender-responsive feedback 
mechanism/system

•	 Strengthen Community Based Disaster 
Risk Management System

•	 Establish and strengthen community 
information centres 

•	 Establish and expand the network of 
the community-based organizations for 
DRR and CCA

•	 Prepare a master plan for river basin 
management based on climate and 
disaster risk assessment

•	 Develop community-based early 
warning system and link with 
Community Based Disaster Risk 
Management System

•	 Ensure access, representation, and 
effective participation of women, 
children, elderly and disabled people, 
and vulnerable community in the 
decision-making bodies and programs 
and policy formulation processes for 
climate and disaster risk management

•	 Strength mechanism to prevent/
respond to gender-based violence 
during a disaster

•	 Regulate/restrict housing 
development, large scale 
construction, and industrial zone at 
high-risk areas 

•	 Strengthen the capacity of the 
Department of Hydrology and 
Meteorology for better observation 
systems, information sharing, and 
modelling

•	 Strengthen National Disaster Risk 
Reduction and Management Authority 
with human, technical and financial 
resources

•	 Update existing national, provincial, 
and local level Disaster Preparedness 
and Response Plans for forecast-
based emergency preparedness and 
response

•	 Relocate settlements of 
high-risk areas to the low-
risk areas

•	 Establish Climate Change 
Research Centre and 
National Disaster Risk 
Reduction Research and 
Training Institute

•	 Establish Fire Services at 
the Federal, Provincial and 
Local level and build their 
capacities  
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Chapter 7

Conclusion and 
Recommendations

7.1 Conclusion

This study considered 15 climate-related hazards for analysis, including 
thunderbolts, windstorms, epidemics, heavy rainfall, landslides, floods, GLOFs, 
avalanches, hailstorms, heatwaves, cold waves, snowstorms, fires, forest fires, 
and droughts. Trends for the occurrences of 14 climatic hazards (except GLOFs) 
were analysed, which revealed that there is overall a significant increasing trend 
in climatic hazards, especially after 1990. All hazard events are on an increasing 
trend, except for droughts, which are on a decreasing trend.

It was found that the increasing trends in hazard occurrences moderately to highly 
correlate with the increasing trends in temperature, precipitation, and climate 
extreme indices. This correlation indicates that the increased occurrences of 
these hazards can be attributed to climate change. The hazard indices were 
computed using hazard occurrences based on historical climate as indicators. 
Based on the analysis of historical hazard occurrences, the Sunsari, Kailali, 
Morang, Jhapa, Rautahat, Bardiya, Sarlahi, and Saptari districts were identified 
as "Flood Hazard Hotspots". Similarly, the Dhading, Sankhuwasabha, Baglung, 
Sindhupalchok, Dolpa, Kaski, Taplejung, Rolpa, Makawanpur, Myagdi, Lamjung, 
Dolakha, Nuwakot, Gorkha, Solukhumbu, Kavrepalanchok, Dailekh, Darchula, 
Syangja, Palpa, Khotang, Bajura, Kalikot, Jajarkot, Bajhang, Gulmi and Ilam 
districts were identified as "Landslide Hazard Hotspots". Based on human 
and economic impacts, the Makawanpur, Rautahat, Banke, Kailali, Siraha, 
Morang, Doti, Chitawan, Dhanusha, Sarlahi, Mahottari, Parsa, Saptari, Sunsari, 
Sindhupalchok, Dang, Kaski, Kanchanpur, and Jhapa districts were identified as 
the climate-related "Disaster Hotspots".

Climate-related disasters cause loss and damage to life and property, adversely 
affect every sector and impede the development of the country. On average, 
647 people die from climate-induced disasters in Nepal each year. The 
maximum number of climate-induced disaster deaths occurred in 2001, with 
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the loss of 1866 lives due to epidemics, landslides, thunderbolts, fires, floods, heavy rainfall, 
and windstorms. The average economic loss per year is 2,778 million Nepalese rupees. The 
maximum economic loss of 63,186 million Nepalese rupees occurred in 2017 during the Terai 
floods. Floods, landslides, epidemics, and fires are the most devastating climate-induced 
disasters in Nepal.

Climate trends and scenarios indicate that the frequency, intensity, spatial extent, duration, and 
timing of climatic hazards will change in the future. Climate hazards may become more frequent, 
widespread, longer lasting, or intense. There might be multiple events (e.g., floods and landslides) 
at the same time across different regions, which may turn out to be catastrophic. Coupled with 
degrading ecosystems and biophysical processes under climate change, climatic hazards may 
create chronic stress and catastrophic shocks. The impact of climate-induced disasters may 
increase with the increase in exposure and vulnerabilities due to increasing population and 
development activities. While climate-induced disaster-related deaths have decreased in recent 
years—mainly due to improved early warning systems and better mitigation structures—there 
is an increasing trend of economic losses due to increased exposure and vulnerabilities of 
economic assets. This trend is likely to persist in the future.

With climate change contributing to an increase in disaster risk, DRRM has become a vital 
and urgent component of any adaptation program. DRRM measures such as risk reduction, 
preparedness, humanitarian relief, post-disaster recovery and reconstruction, and risk-sharing 
and transfer mechanisms at the local, provincial, and national levels can provide an opportunity to 
reduce climate-induced disaster risks and to improve adaptive capacity. There are many areas of 
convergence between DRRM and adaptation. Both adaptation and DRRM seek to reduce climate-
related risks, thus supporting and promoting sustainability in social and economic development. 
They both also share interconnected policy goals of reducing vulnerabilities and building resilience. 
Approaches that are used for one policy goal may support another. Policies that are designed 
for DRRM, such as enhancing risk knowledge, risk governance, building resilience, and disaster 
preparedness, may contribute to adaptation. Conversely, approaches and methods that have been 
used for adaptation, such as vulnerability and risk assessments, may support DRRM. Hence, 
closer integration of DRRM measures and CCA is beneficial at all levels.

However, there are also limits to adaptation and to DRR technology and practices. Transformative 
options are thus needed to fill any adaptation gaps. These options include approaches that 
change the system so that people and livelihoods exposed to risk are safeguarded. Examples of 
such approaches include relocation of settlements from landslide-prone areas, providing people 
with access to new livelihood options (such as the shift from traditional sustenance farming to 
the service sector), et cetera.

7.2 Recommendations

Climate-related disaster data at different spatial scales is required for a comprehensive analysis 
of hazards, vulnerabilities, and risks at different administrative levels. For this report, the 
unavailability of such data was a major constraint in conducting the analysis at the district level. 
In the future, VRAs at the local level are strongly recommended. Climate trends and scenarios 
also need to be identified at the municipality level. Therefore, disasters and socio-economic 
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data should also be collected at the municipality level. Overall, it is strongly recommended to 
develop a comprehensive disaster, climate, and socio-economic database at the local level.

This study utilized a historical climate-related disaster dataset to generate scenarios of 
climatic hazards based on historical climate. Future climatic hazard scenarios were inferred 
in a descriptive way using future scenarios of climate variables and climate extreme indices 
as indicators. Quantitative scenarios of climatic hazards may be more useful for generating 
quantitative scenarios of climate change risks in different sectors. This requires physically-
based modelling using natural forcing and climate change-related forcing separately to identify 
the fractions of attributable risk. Hence, it is recommended to implement physically-based 
modelling to generate major hazard scenarios under future climate change conditions.

Climate extreme events are generally based on the use of extreme indices, which can either 
be based on the probability of occurrence of given quantities or threshold exceedances (IPCC, 
2012). Hence, climatic hazards or extreme events are defined using extreme indices with their 
fixed threshold values that have been associated with human or other impacts. A threshold 
is a critical climate condition to which a system of interest is sensitive and hence likely to 
be damaged. A threshold can be relative or absolute. Disasters may be triggered if climate 
extremes cross fixed threshold levels. But the threshold values of climate variables for climatic 
hazards are not yet available for Nepal. Hence, it is recommended to assess the threshold 
values of climate variables for each climate-related hazard and revise this VRA using these 
threshold values. This VRA should also be revised periodically to consider changes in land use 
and socio-economic conditions.

Lastly, this VRA needs to be made available to all stakeholders in a user-friendly way for its wider 
application in climate risk management. The web-based decision support system (DSS) will be 
very useful for visualizing the risks in different sectors under different climate change scenarios. 
The DSS should also have the facility to download the risk maps included in this report. Hence, 
it is recommended to utilize this VRA to develop a DSS for climate risk information application 
for planning, design, construction, and management of development projects in each sector.
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Annex A: Outcome of Provincial Consultations

Province 1: According to consultations in Province 1, landslides, floods, lightning, and GLOFs 
are found to be the major climate-induced disasters in the province. Stakeholders suggest that 
the districts of Solukhambu, Sankhuwasabha, and Taplejung are susceptible to GLOFs, whereas 
Sunsari, Morang, and Jhapa are at the forefront of risk of floods. Loss of life, physical damage, 
loss of property, and disruptions in the service sector are some of the major impacts seen as a 
result of these disasters. It was also stressed that the frequency of heavy thunderstorms and 
fires is also very high and that the Terai districts in particular are very vulnerable to such events.
Province 2: According to consultations in Province 2, floods, fires, epidemics, and storms are 
the primary climate-related disasters affecting the province. It was found that these events 
resulted in enormous economic losses and losses of life. During the monsoon season, most 
districts in Province 2 are flooded, and the frequency of this has been higher in recent years. 
Participants believed that almost all sectors are vulnerable to such disasters, rather than only 
some specific sectors.

Bagmati Province: Landslides, floods, hailstorms, and storms are the major climate-induced 
disasters in Bagmati province, according to local consultations. Landslides have caused significant 
economic losses, including damage to roads, bridges, culverts, drains, and, in particular, the 
transportation of people and goods. Hailstorms are also prevalent and have caused huge losses 
in agricultural production. Similarly, thunderstorms were also reported to be highly prevalent 
prior to monsoon, with higher magnitudes as well.

Gandaki Province: According to the consultations in Gandaki Province, landslides, hailstorms, 
extreme snowfalls and avalanches are some of the major climate-induced disasters. The 
stakeholders suggested that avalanches are very recurrent in the Himalayan region, where there 
was a landslide in the mid-mountain and hilly areas. A huge avalanche was also witnessed in 
the Annapurna region, in addition to disturbances in the trekking routes due to heavy snowfall, 
and massive landslides in Myagdi due to extreme rainfall. This led to major losses in the fields 
of trekking, transport, and agricultural production.

Lumbini Province: In Lumbini Province, floods, landslides, forest fires, and outbreaks were 
reported to be the major climate disasters with a high impact. According to the participants, flood 
events occurred in the Terai region, and forest fires are regularly reported in Banke, Bardiya, and 
some other districts in the hilly areas. Outbreaks are very common in the Terai region.

Karnali Province: Landslides, floods, epidemics, and lightning were reported to be the major 
climate-induced disaster events in the Karnali Province consultations. Stakeholders believed 
that the province is significantly behind other provinces in terms of development and that such 
events present an additional challenge to the overall growth of the province. Additionally, it was 
reported that due to poor WASH facilities, this province is facing huge epidemics, with climate 
change increasing the risks further.

Sudurpaschim Province: In Sudurpaschim Province, landslides, floods, epidemics, and fires 
were reported to be the major disasters. According to the consultation, regular floods have 
occurred in the Terai, and landslides have occurred in hilly regions. Loss of life and property, 
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damage to physical infrastructure, and disruption of public services are among the major impacts 
of climate-related disasters in this province.

•	 Suggested Adaptation Options
•	 Carry out GLOF risk reduction activities 
•	 Promote riverbank protection schemes, e.g., a plantation along the riverbank 
•	 Implement early warning systems for floods
•	 Develop an early warning system for lightening 
•	 Implement disaster preparedness activity
•	 Provide necessary training to the local government to be cautious regarding haphazard 

infrastructure construction 
•	 Improve capacity of service providers and equip them with new knowledge and skills 

on climate resilient health and sanitation systems

Develop standards and guidelines for climate-resilient physical infrastructure development 
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Annex B: District-wise Past Scenarios of Climatic Hazards Based on 
Historical Climate

Avalanche Hazard Rank Cold waves Hazard Rank 

Drought Hazard Rank Epidemics Hazard Rank 

Fire Hazard Rank Flood Hazard Rank

Forest Fire Hazard Rank GLOF Hazard Rank 
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Hailstorm Hazard Rank Heatwaves Hazard Rank

Heavy Rainfall Hazard Rank Landslide Hazard Rank

Snowstorm Hazard Rank Thunderbolt Hazard Rank

Windstorm Hazard Rank Overall Impact Rank
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Annex C: Province-wise Past Scenarios of Climatic Hazards 
Based on Historical Climate

Avalanche Hazard Rank in Province 1 Coldwaves Hazard Rank in Province 1

Epidemics Hazard Rank in Province 1 Fire Hazard Rank in Province 1

Flood Hazard Rank in Province 1 Forestfire Hazard Rank in Province 1

GLOF Hazard Rank in Province 1 Hailstorm Hazard Rank in Province 1
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Heatwaves Hazard Rank in Province 1 Heavy Rainfall Hazard Rank in Province 1

Landslide Hazard Rank in Province 1 Snowstorm Hazard Rank in Province 1

Thunderbolt Hazard Rank in Province 1 Windstorm Hazard Rank in Province 1

Overall Impact Rank in Province 1
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Coldwaves Hazard Rank in Province 2 Epidemics Hazard Rank in Province 2

Fire Hazard Rank in Province 2 Flood Hazard Rank in Province 2

Forestfire Hazard Rank in Province 2 Hailstorm Hazard Rank in Province 2

Heatwaves Hazard Rank in Province 2 Heavy Rainfall Hazard Rank in Province 2
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Landslide Hazard Rank in Province 2 Thunderbolt Hazard Rank in Province 2

Windstorm Hazard Rank in Province 2 Overall Impact Rank in Province 2

Coldwaves Hazard Rank in Bagmati Province Epidemics Hazard Rank in Bagmati Province

Fire Hazard Rank in Bagmati Province Flood Hazard Rank in Bagmati Province
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Forestfire Hazard Rank in Bagmati Province GLOF Hazard Rank in Bagmati Province

Hailstorm Hazard Rank in Bagmati Province Heavy Rainfall Hazard Rank in Bagmati Province

Landslide Hazard Rank in Bagmati Province Snowstorm Hazard Rank in Bagmati Province

Thunderbolt Hazard Rank in Bagmati Province Windstorm Hazard Rank in Bagmati Province
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Avalanche Hazard Rank in Gandaki Province Coldwaves Hazard Rank in Gandaki Province

Epidemics Hazard Rank in Gandaki Province Fire Hazard Rank in Gandaki Province

Flood Hazard Rank in Gandaki Province Forestfire Hazard Rank in Gandaki Province

GLOF Hazard Rank in Gandaki Province Hailstorm Hazard Rank in Gandaki Province
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Heavy Rainfall Hazard Rank in Gandaki Province Landslide Hazard Rank in Gandaki Province

Snowstorm Hazard Rank in Gandaki Province Thunderbolt Hazard Rank in Gandaki Province

Windstorm Hazard Rank in Gandaki Province Overall Impact Rank in Gandaki Province

Coldwaves Hazard Rank in Lumbini Province Epidemics Hazard Rank in Lumbini Province
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Fire Hazard Rank in Lumbini Province Flood Hazard Rank in Lumbini Province

Forestfire Hazard Rank in Lumbini Province Hailstorm Hazard Rank in Lumbini Province

Heatwave Hazard Rank in Lumbini Province Heavy Rainfall Hazard Rank in Lumbini Province

Landslide Hazard Rank in Lumbini Province Snowstorm Hazard Rank in Lumbini Province
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Thunderbolt Hazard Rank in Lumbini Province Windstorm Hazard Rank in Lumbini Province

Overall Impact Rank in Lumbini Province

Avalanche Hazard Rank in Karnali Province Coldwaves Hazard Rank in Karnali Province

Epidemics Hazard Rank in Karnali Province Fire Hazard Rank in Karnali Province
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Flood Hazard Rank in Karnali Province Forestfire Hazard Rank in Karnali Province

GLOF Hazard Rank in Karnali Province Hailstorm Hazard Rank in Karnali Province

Heavy Rainfall Hazard Rank in Karnali Province Landslide Hazard Rank in Karnali Province

Snowstorm Hazard Rank in Karnali Province Thunderbolt Hazard Rank in Karnali Province
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Windstorm Hazard Rank in Karnali Province Overall Impact Rank in Karnali Province

Coldwaves Hazard Rank in Sudurpaschim Province Epidemics Hazard Rank in Sudurpaschim Province

Fire Hazard Rank in Sudurpaschim Province Flood Hazard Rank in Sudurpaschim Province

Forestfire Hazard Rank in Sudurpaschim Province GLOF Hazard Rank in Sudurpaschim Province
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Hailstorm Hazard Rank in Sudurpaschim Province Heavy Rainfall Hazard Rank in Sudurpaschim Province

Landslide Hazard Rank in Sudurpaschim Province Snowstorm Hazard Rank in Sudurpaschim Province

Thunderbolt Hazard Rank in Sudurpaschim Province Windstorm Hazard Rank in Sudurpaschim Province

Overall Impact Rank in Sudurpaschim Province
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Annex D: Stakeholders Consulted During the Process 
SN Name Institution
1 Kali Prasad Parajuli MoHA (JS)
2 Indu Ghimire MoHA (JS)
3 Kedar Prasad Rijal TU, CDES
4 Deepak Chamlagai TU, CDG
5 Ratindra Khatri WFP Nepal
6 Man Bahadur Thapa ADPC, Nepal
7 Rejina Maskey TU
8 Santosh Dahal AINTGDM
9 Luna Khadka DPNET
10 Krity Shrestha Practical Action
11 Ganesh Bikram Shahi MoHA
12 Saraswoti Sapkota MoHA
13 Chitra Bahadur Bhattarai Nepal Police
14 Dr Radha Wagle MoFE, CCMD (JS)
15 Dr Arun Bhatta MoFE, CCMD
16 Srijana Shrestha MoFE, CCMD
17 Srijana Bhusal MoFE, CCMD
18 Raju Sapkota MoFE, CCMD
19 Hari Krishna Laudari MoFE, CCMD
20 Yam Nath Pokhrel MoFE, CCMD
21 Ram P. Awasthi MoFE, CCMD
22 Muna Neupane MoFE, CCMD
23 Khemraj Kafle MoFE, CCMD
24 Surendra Pant MoFE, CCMD
25 Somnath Gautam MoFE, CCMD
26 Dr Indira Kandel DHM
27 Dr Archana Shrestha DHM
28 Gyanendra Karki NAP-UNEP
29 Basanta Paudel NAP-UNEP
30 Anil Pokharel NDRRMA
31 Dr Maheshwor Dhakal MoFE
32 Bikram Zoowa Shrestha DHM
33 Deepak KC UNDP
34 Sumit Dugar FCDO
35 Puja Shakya Practical Action
36 Nitesh Shrestha WFP Nepal
37 Dharam Raj Uprety Practical Action
38 Gehendra Gurung Independent DRRM Expert
39 Santosh Nepal ICIMOD
40 Binaya Parajuli UNEP
41 Surya Bahadur Thapa DPNET
42 Murari Vasti MoHA
43 Shiva Karki MoHA






