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FRATHT AT &6 oot TT{U- el
Bl RPN, faug HfEH fie=or do
T U 0098 ¥ HIfd 0004 o AR
faug SNEH =LAl der oaaRem
UIfAR0T (NDRRMA) PRI 37 e,
el ¥ IR WBR I FEAd

A fafgmr Fdiel ST, aui-see we,
B! Bl I AT IRYATD! 3ERAT
FEIel e ¥ MRS 3AHE RS
(Nogherotto et al., 2022)| I Hisfeigabl
Y 7l SigTa (f1sT) ¥ et Siet a2t
R el q2Tg A AaeD o
®R, AUCSRAl UEEl I PH YU
Srefapret, R ¥ 3 Y g9 qudst
T et SrETd HT9 31clgeR! 3Td g STel
s I SNEH HedigAd Pl yqa

fAeReE faug Sifaw  =gHAeRor a1

TIded &1 (Pink et al, 2025)1 a9

FAATAD] qAAIRT a2l UABRIAE
JUTIBRT T3 TR TN B

TG ISRAT AT Feblugwel HigeT, 3dTg T
GIeTd T 31 HHTpd THGRMT A I
FET TTT UTES ] | IT2F ST g clTgs TRaRas!
816 T ERIR BHAT Fely g1 HUBTA
dTeIh! JHIHT TSR] I SIS APTRG®]
ReH ARl §6d S, R Al
YiShaTT 3-lEwcl TgUIRIAT A AT
B AT YUD Afthewal IRMIS
IAEH YOG UgE,  3Mudslen

(flood inventory) IR Tl—jF, 39
f3QVAERD! (model parameters) &AIE
I, 3 HiSe! H QEHI Ui SAP] g
&Ml (model generalization) S137 37el
T tefiepT ROHT @Bl B Al el TS
eATHT IR, A ATl 3T Y-3TIE
dearg, fAQIPRT SAR dRSR, Y ARAT
Jpferd UfaerRie faug ge1 AMergare
U STHBRY, ot A dffe ufafesd
RS I BT 317 qUSH! T T T
Il ST Heg-as Saeie I 39dph

NUEs TEEE I UfSeell aygwdm
YIPEAIC T qLATDT TRAPT el
XA debl Bl [AAPRY, 31PHA 3UIE
ANSRE® dIGeThl YUTah BRUT HARYA
37afeHT A 3UTPN g HobTel, Al HH
R A1 Agelibd 3 W Synthetic
Aperture Radar (SAR) dReRex dlal
TR R ARATG AT 1] THTGBIR HIfA
(Basnyat et al., 2020)| SAR dReRExRal
I FgeTTs T FIHT B3 T &FHdT
IR NUSBIC 161! IRATAD thellde Ufgar

31 35APT g8 (Bhattarai et al, 2024)1

RHT=RUT 7T JT6d [ARUTes! AT AL
FAINER AHAT US| RPN, ffeardt
S R &feid FHERIER HPnfcid &1
I SREAGH &RHT SIERT I ? 3
der FHEIfSie  ®YHT  BHSR WU
AR ¥ YAFAHTMHAT 9& T ) IRB
af&| SrefTfeeer, Afged, S8 APIRS 3
3 AHTIhd TEEs [AUGH! PRUT HST
FEI T g1 BT WE ®UAT AT
UTHB® B (Stimpson et al, 2025)I
T faug SN RABR0T I FARUTIADI
HEaqU] PRIEHHT AT Fal JaT Ut
RI3 R FIGISRAT Feblue] STeTliciepl, U8
APIRG, AP o 3 JdeAehiad
FHCHERHT U Gl dfgdr dell
HedTg T Y Hgeaqul g6 | @Y o
WY JEREsHl  Sifddsia ¥
IHEIGIB-3 R SIElsRAl
YhIehT JUTdclTs BH I 37TeffAds Ufaferept
SRIPTHT B B

gE WIfdd & FRAgadT i
gEgidiicied  dol  gEgifaie  Hefes
(hydrological and hydraulic modeling)
fafdEs ATl AHIRRE FeT ga 3T B

IO, AR dfiE (Machine Learning) HT
e Mefars gfafdesa fRftE o,
TSNS T RBIIPT Fra-efl JThewals
BT YIPT IRT FIGSIR] FATTAT JeIg
I 31T YGH IRBI B | IT JafdEw
e 96l gedEe o Sifed
AP Fraelg e T |
T, STl WERPTA fAfdiep! qef T 3=
e U I TP JRAEE (Duwal et
al, 2023)1 ¥@M, A8A TR UH®BI
(modeling training) @IRT *RYST TeT LT

T3 TN RSP B
21 dar Aefas [/

T NEIET 3YASUD! HRVATE I
(R 9) CWUITAR §-Ad  qATgH!
Ul TRIFTHT 3M1eTRd 1 IFdyed, faug
UI¢e (bipadportal.gov.np) AT RUTE 1RwaT
FIG! TeATERe! Il AT HRIDT FRAT
39Tl AT dTel Seled ddbad IR
TS, ot I GeARPT B WH Y-3TIE
SITENSCA N CEE 1Y B N G|
SFERP! AR IMNRAT| TIRY IR TR
TIET TeATD! AdT d deidel Jrfad
AT gfad g BReewd! MR
A affs (ML) Wed faeN Al |
A MisctdTe dle! AT TaRIT R
I, RIS STetalTetan] el 3= Jaeefa
TGTRIEw®! AP FRIRPT Ubigd 16
31 STQH SIETS (Dashboard) fAnfor
IR, ST FT6T SRHD! T3 O TR
TS|

VfagRies St Gt (Flood Inventory)

I ARAAD T a2l I9 gfedr 7+
: c
T ke Frité
ad Pt Fac
]
e 7 3
@ m d sl -
Tt AT EE i i — g = A = T mh
s —
L L
e it TavE

I 97 37eIIHT 3TIATSUR BRIYATE
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QY ug SN AT deiT HaweTo
UIflRuUT  (NDRRMA) GRT  Jaqq
TREe! faug qidet gmT TRTe! A, SRt
AUIeR "l fAuaer Mfd ¥ 3rgAfAd
LRyl faaRoT 3ucter o1 T, a9
Gl TRl AR WY WS [Jaror
(geospatial coordinates) aT 39gth 39UE
ARSR e 3ueTel g HUSBTA, 3eaTep!
ERRT faRaR S A=RIRY FARAT 3t
EIEGEICE GRS ERRINRINeEa R}
S SICRICERA el AT HEFH IRebl
TG TP AT SHBRT Y& I HUBIA,
R IR SN o 319/ gfel I
TEIPT PIbl B AT MBI I 3R
Hdare U UG STHBRIS Tehldd
TR A WRUGT d16] Y TR STRUSD] 81

Y-3WE RSB
TRIPTGRT d161H! AR

faug diéeraTe g eI Sérel It
(Flood Inventory) I 3TMERAT dTe! 37UH!
A & ufar R, IRRPT Al WA 398
ARSEE AT INUP! B FAGAR
YHYAT dlgeih] PRUT IMHIT  39dg
ARSRESA SIHH WE SUAT SWI3 A
YUBTA Sentinel-1 SAR ARER FRIPT TRTe!
B, ST A I TG TaReTels e
TS MDA TelIB T+ JTS|
SAR dfRAT Uit s & el BUAT
SR YUPI a16] TTfad &1 B3 et
&5 TSI T STEIEel dR&R et IR
it SIET gofad & afed TR Bl
IR EIAT faUE UIeet T &at YU BiRa
800 TeAME 39GTh 3WIE dARSR 3ucie

T 993 TS A JHALN ITNTH! B

Sentinel-1 SAR dReRExR®!I AU
PIT VW T VH polarization JIRT IRT
backscatter AFg®a! 37e2R TRAT| SAR
AfeRaT gl S gFd 3 BH
backscatter A GWE3A UUDIA, Slal
qfgamaeT el VW 3 VH ISl e
B! R IR TR | S1E) afgeens
R AT IFIferd 139 3WIPM Otsu
threshold fafe) TIPT IRT 9T I U= FHUET
& BeIgd! (Xu et al, 2020)| T fafda
g fdTaed fadr 31faeds g1 dwgles
W AR TS| R U AR S BT
SMMERAT TG I eUSHT dRSRde
1T ST &1 ARATE IRT A3 JTe TTfad
& gfga TR

STEten! JINfAd S5 BRSB

(Drivers of Flood Susceptible Areas)

I HegEAw RAf o-ofifds  den
STeRTra-ell EPE® FHIG TRUD! 1,
SR S R, Télee &,
AP I JIB (Rx5day), AT ATBD!
STcT YdTg YUTTeiieh! Hdgd-al SIAHed! 3d18
(Height Above Natural Drainage-
HAND) SRAT BREER JHGL TRTHI B
(= 1) | 2RFBT M1 Curve Number o -
3TN ¥ g fe 3RS SHISS, ST
=T T8 3T 3 TR Feral FTd OTes |

AR affs Asfers

Forest (RF) A3 dfde Aiget YRIPT IRV
| RF HISctel fTdHT de] HUP] T AT
Al SHBERT dur [ME Sa den
HqmArE-el (hydrological and
meteorological) 3 ¥PNIfAs HRFBERETE
by AT YFEHAT TGl g1 FAE
FHA TS| Hisel fABRIBl @ifl el
TflaTe urd a1t yfad 89S 3 aTel
TR 8T8 WAPT INTH! ©I Hisd
fABNUfS RF AlSdlal Ydid (T d1h
TS g AR HI 0T IS, 3th
TS ffeur TR HH, HeFd 3 3
IITGAT HUBT SHER Ul ITRUD! B
Random Forest o faffid HR&A®!
SIfee e RIS Tra-ef e T
AT BRUT RERPI fafSgRep! Jet-mT
TS WAMAd &Sl HedigAH 96l
JUTFBR! AT |

ST sTEs

SRUBT SNRBI M6 JHAHIAT TRl 3
eElfiel  dar 3 Hdgahd
TERIE®R®d!  gFd]  ARTls  SlleY
FacAelel aé ST SIREls SRdd
TRUB! B FTerdTfered! 3 37 FaeAfd
THERIE®RD! d2aTg API SIUMT-06¢
§Ie Jdbad INUD! & I SIRIEISHT
TIPIGdTA Ugel, et der arfeidra!
B TR e et B, SRIe faftig
YOMeh d&HT dTa! STRIAD! 3aRAT Tgsf
S| GG 2 B B 1) B | 35

T NS dGie] Wfad deidh!
TUTHT U= &I AT AR 3+ Random

SANEISHT H& ®OH| FctaTforara-efl
A2ATg YR STRUSB &, S I TRTB!

G 2 : STt THTAd BT RGP T (Drivers of Flood)

AP a9l AP 4 A qvpl ATABAH I HHT STHBE- YIS &, Sl AP CHIRPS

(5-day Maximum Rainfall (RX5Day) el BRUI g FTGIeh! AT He—ITg I HgAPT T |

JFgde gt ST a1 ) YgRITS STIEA | Y391, HICIb! YR I GARMfIeh] AT JTERAT Hgse Uil 5 | ICIMOD LULC

S (Curve Number, CN) 1 93 Ygfielrs SHI3 Jab &l and SOTER

ST fRTATA (Slope) Y-APTH! 391E YRTAAD &R SHI3A P &, SiRTel UT-1 91 I1fd 3 517 | ALOS World 3D
TS Fd & F7d TTES| DEM

Fdle1e G (River Distance) P WA A 1 Wil JuTehiale Bil e & 92 ST13- Y &l, Sl | ALOS World 3D
TG 1ep! SIRIA FeRUMHT Agwaqul Yfie Weo | DEM

STl Ydlg HUIIﬂr\Id’JI HdgH-al SIEECARE| S
(Height Above Nearest Drainage. HAND)

TSIl e a1 AR HuTlelie! Adegd=al S &fd 39/sa 8 93

SHI3 T &, Sl U1 575 T EI56 |

ALOS World 3D
DEM




2

Feumredor dTE =

T2 2: SAR-1 ARSRETE AR IRV Y Al 7T SFeb! T 2083 TS 20 P TSP STeTHA & TardT

A 3, Hegw a1 =Y S SEn &l

Y 3R JRIPT IR AYTAHR YUBT TSIl TS

SN 3T STTfeIdbTbl TS I AT
CRATIS | I ST qedaRT At FAufo,
SNREH FATeurest yrefiesdr fAeRor qen
fqug, ufdeRieT HHH STcraTeiamIY g+
WANIA THIE 3T HEaYul AR &M
S| IR TR ITRUD! AT SRS
fifer Fufar ¥ FRIfFaa Ae~ers T
enRd Aok fa eaeT gaiEa 3eed

IRES |
gfomy

el Ufgel 3 Ufddl Sentinel-1 SAR
ARERERD! -IP! TERAT dT6! HicTuap!
g9 R v dfgd@ W Iéa
3PPl @F ARIgA A AR TIR
TRUB! S FRITeAS 3R HAR Slel
TSI R TT6! AHUST &1febT Ifaffe foggs
BH1e TR

I fAfEETE AR STRUSB! ] 028 FeTTE 20
1 gd A Al BBl TN AT AP
T dgld APt aRuRer ad JmeR
P HfAve FTaHT &9 WE RIAT
S © (71 2) | 16T 33T 3 afed o
30IE ARRERD! oD faATuTes
HeRAT Ih MfeAr 747 g SAS a
afRaH I AR, T SdEe yTid
! diifeies Shetiaedlrs i Suar
AEROT TRI 37ER UGH SR B

geATh] eg IRAT U dle! FadTehT
TIEIRAT TS WU R TTGT TR & T
sIRU ¥ @ @=es Random Forest (RF)
AT s Asd ufAeueT @bl J=IpT
ST HISe YfIeToTIes IR BRITHIGA
gRomg urd IRAN Higedl  Receiver
Operating Characteristic (ROC) dsbal
3f9d Area Under the Curve (AUC) 0.97
HUBTCT HScTepl faLR-ad 3= Ieepl gfe

g ol

TP WRIPT IRUBT BRG] Hewd At
IR ITRUB! 8 (R 3)1
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A 3: BRHD! g
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gl SIA-Teb! 3418 (HAND), TdlaTe it
(Streams distance), SIHA®I  ARIEYA
(Slope), 3P quf YT (RX5) R JTedle
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What can we learn from the
escalating climate Induced Loss
and Damage in Nepal ?

Ujjwal Upadhya

Background

Climate hazards particularly floods,
GLOFs, heatwaves, and cold spells-
directly and indirectly impact public
health, amplifying disease burdens,
injuries, mortality, and socioeconomic
losses. The escalating trend of climate-
induced disasters observed between
2015 and 2026 suggests that the
country has moved beyond a period
of predictable seasonal hazards into
a new era of systemic and irreversible
Loss and Damage (L&D).

Between 2021-2025,

experienced 8 notable climate-driven

Nepal

disasters (see Table-1): These impacts
disproportionately burden vulnerable
populations in developing countries,
exacerbating inequalities and affecting
marginalised groups such as women,
children, and the elderly (UNDP 2023;
IIED 2023). These hazards threaten
fragile climate-

ecosystems  and

sensitive livelihoods, while pre-existing
inequalities amplify L&D from floods,
landslides, droughts, heatwaves, and
glacial melt (MoFE 2021; ICIMOD 2019;
UNFCCC 2022). Addressing L&D is
therefore a climate justice imperative,
demanding accountability from high-
emitting nations (Thomas 2024;

Schaeffer & Schipper 2024).

The Disaster Inventory (2015-2025)
quantifies devastating impacts across
all geographic zones of Nepal with
significant number of losses and
damages both economic and non-
economic perspectives. These include
catastrophic floods in the central
Kathmandu Valley (2024: 236 fatalities,
1 per cent GDP loss, and 8,400 people
displaced)" destructive riverine floods
in the Western Region (Banke Bardiya in
2017; Kanchanpur, 2024 where 624mm
rainfall occurred in 24 hours), and
glacial lake outburst floods in the High
Himalayas (Rasuwa, 2025; Solukhumbu,

2024, where high-mountain settlement
with badly
damaged). Simultaneously, the Eastern
Region experienced a massive flood
induced disaster (Melamchi, 2021:
USD 498 million in losses), while the
(Madhesh, 2025)
suffered severe agricultural drought
with huge loss on paddy crops.

critical  infrastructure

southern plains

Climate hazards in Nepal are
intensifying in frequency, magnitude,
and unpredictability, interacting with
infrastructure, and

environmental degradation to produce

poverty, fragile

systemic and compounding loss and
damage (L&D). This paper provides an
exhaustive examination of the evolving
risk landscape in Nepal, quantifying
the economic and non-economic
dimensions of recent catastrophes, and
analyzing the institutional and financial
address

frameworks required to

residual risks that exceed current

adaptation capacities.

1. Early Recovery Cluster (2024) ER Cluster update: 2024 September floods and landslides. United Nations Nepal, November. Available at: https://un.org.np/
sites/default/files/doc_internal/2024-12/ER%20Cluster%20Update_Nov2024.pdf
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Methodology and approaches
used for this study

With the objectives to systematically
assess the loss and damage arising
from above mentioned unprecedented
catastrophes, and to understand
their cumulative and compounding
effects on communities, settlements,
study

was undertaken by Practical Action

and agricultural system, a
as part of the Resilience through
Evidence and Action on Loss and
Damage (REAL) Programme, supported
by the
Environment and Development (IIED)

International Institute for

and the International Development

Research Centre (IDRC), using an
innovative  assessment  framework
called Comprehensive Climate
Impact Quantification (C-C1Q)

framework.? The methodology builds

on established loss and damage
tools and is further strengthened
through the

viable, context-specific approaches. This

integration of locally

structured and adaptive framework
enabled a comprehensive evaluation
of both
impacts, capturing how successive and

immediate and long-term

overlapping hazards interact to intensify
vulnerability, disrupt livelihoods, and
erode community resilience over time.
Major Climate Induced Disaster Took
Place between 2018-2025

Climate Induced Loss and
Damage- Analyses of two case
studies

For better understanding the context
of loss and damage in Nepal, two case
studies were undertaken: one from
the mid-hill-central Nepal (Melamchi-
Helambu -Sindhupalchowk), and other

from the downstream- plain region
of western Nepal (Bardiya, Kailali,
Kanchanpur). The two study regions
represent contrasting ecological zones,
and different level of exposure. For the
mid-hill, Melamchi-Helambu a fragile
mountain river basin, highly vulnerable
to prolonged drought and thereby
induced, flash floods, landslides, and
debris flows mainly triggered by GLOF
and Landslide Dam Outburst Flood
(LDOF) was chosen, while the other
site- the downstream of Karnali spans
the floodplains of western Nepal, where
riverine flooding, drought, windstorms,
and heatwave creates chronic multi-
hazard exposure.

During the field study, in Melamchi
and Helambu, a total of 91 percent of
sampled households reported high
flood risk, and 84 percent reported
high landslide risk. Raised riverbeds
due to debris deposition after the
massive flood have reduced channel
capacity, increasing vulnerability even
during moderate rainfall events. Roads
are frequently cut off; post-2021 data
show disruption in road transportation
rising from 5 days before 2010 to 30
days annually after 2021. Health service
disruptions increased from 5 to 20
days annually in the same period along
with education disruption to children
from 4 to 23 days. These figures reflect
not only hazard intensity but terrain-
amplified fragility.

In Karnali, flood exposure remains
extremely high, with 80.8 percent of
households reporting high flood risk.
However, landslide risk is negligible due
to flat topography. Instead, households
face overlapping hazards: 77.6 percent

report high wind risk, 64 percent
report high fire risk mainly happening
in forest and farmlands, and 82 percent
report high drought risk. Windstorms
have intensified markedly, with over
72 percent of households reporting
increased frequency. Drought severity
has increased sharply in both sites, with
more than 95 percent of households
reporting severe worsening conditions.
Amid severely drying winters marked
by rainfall deficits exceeding 80 percent
for three to four consecutive years
(2022/23 through 2025/26), prolonged
drought conditions have led to a sharp
decline in groundwater levels. This has
resulted in acute shortages of water for
both irrigation and drinking purposes,
while simultaneously desiccating soil
moisture and weakening agricultural
productivity across affected regions.

Agricultural Losses: When
Seasons No Longer Behave

remains the backbone
in both
downstreams,

Agriculture
of livelihoods regions. In
Karnali 96 percent
of households depend primarily on
agriculture, forest resources and wage
labor. While in Melamchi, 79 percent
rely on agriculture and forest resources,
with 16 percent on tourism both
climate-sensitive sectors. In the Karnali
downstream, delayed monsoon onset,
dry winters, and heavy post-monsoon
rains, impacting timely plantation and
harvest respectively, resulted in total
agricultural losses of approximately
USD 53,393 during the assessment
period®. Paddy losses reached 213 tons,
wheat 45.9 tons, maize 15.4 tons, and
vegetables 193.8 tons within sampled

households.

2. Bharadwaj, R, Karthikeyan, N and Pichandi, K (2024) Comprehensive Climate Impact Quantification (C-CIQ): an approach to co-developing policy and
programmatic responses for climate risk management. IIED, London. Available at: http://pubs.iied.org/22491iied

3. Practical Action 2026 [draft]; Loss and Damage Assessment in Melamchi and Karnali Downstreams. An Assessment Report [Draft 2026, March], Practical
Action Nepal and International Institute of Environment Development [IIED] 2026.
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At the household
production were substantial. Wheat

level, losses of
suffered up to 40 percent production
loss in Karnali downstreams, maize 31
percent,and paddy over 21percent. Even
though percentage losses appeared
moderate, the financial impact was
significant because most households
lack diversified income sources. Wheat
is emerging as one of the most climate-
vulnerable crops, as increasingly
desiccating winters weaken growth and
late-spring hailstorms strike during the
critical harvest period, compounding
production losses and reducing
overall yields. In Melamchi and Karnali
downstream, youth outmigration has
already reached 57 and 34 percent
respectively, weakening local labor
capacity, disrupting social cohesion,
and reducing the community’s ability
to recover and rebuild after successive
climate shocks. These losses are far
more than seasonal setbacks. They
erode food security, deepen household
indebtedness, and push families toward

distress migration as a coping strategy.

Economic Loss and Damage:
Concentrated Destruction and
Diffuse Erosion

The economic burden of climate-
induced disasters in Nepal is reaching
a threshold that
undermine decades of developmental

threatens to

progress. Between 2018 and 2024, the
government recorded 32,375 disaster
incidents, including fires, landslides,
floods, and earthquakes. These
incidents claimed 3,672 lives, with 446
individuals reported missing and 11,752
injured. Beyond the human cost, the
economic toll is staggering, with direct
losses accounted for in billions of rupees
and a projected 2.2 percent annual

GDP loss due to flood-related damage
alone by 2050. The economic losses in
Melamchi-Helambu are staggering.
Across 30 assessed households, total
losses reached approximately USD
480,637. This translates to an average
loss of USD 16,021 per household.
Infrastructure damage alone amounted

to NPR 66,743,163 (USD 460,299).

In the Karnali downstream, total losses
across 125 households
to NPR  30,789,844-approximately
USD 212,344'. The average loss per
UsSD 1,699. While
lower than Melamchi, these losses

amounted

household was

were  geographically  widespread.
Seventy-eight households reported no
structural damage but still experienced
loss, education

significant income

disruption, and psychosocial stress.

Non-Economic Loss: The Hidden
and Lasting Burden

Non-economic loss and damage were
assessed through the C-CIQ framework,
whereby index-based valuation and
non-market economic methods, such
as Choice Experiments (CE), Willingness
to Pay (WTP), hedonic pricing, and
restoration cost approaches, were
applied to quantify intangible, intrinsic,
and ecosystem-related impacts
across spatial and temporal scales. In
Melamchi, non-economic losses include
education disruption (USD 60 per
household), sleep disorders (USD 60.41),
and flood-related nightmares (USD
92.75). Cultural and religious site losses

reached USD 172.41 per household.

In Karnali downstreams, non-economic
losses manifest differently. Dependence
on forest products means that firewood
and non-timber forest product losses
represent measurable burdens (USD

4. Ibid.
5. Ibid.

2758 and USD 3172 per household
respectively®). Heritage and religious
site losses reached USD 25517 per
household. Bardiya, being a prominent
touristic hotspot, faced decline in
tourism due to subsequent climatic
hazards in peak season affecting local
job and income opportunities to the
farmers living around who supplied
food items mainly fruits, vegetables,
dairy and meat.

Real estate devaluation in Helambu

and Melamchi demonstrates long-
term structural loss. One ropani (507.2
Sq m) of land dropped from USD
26,896 before disaster to USD 5,724
after disaster. Critical variables for
real estate valuation such as access to
water, roads, electricity, health services,
and physical safety all declined. These
numbers represent the erosion of

dignity and opportunity.

Poverty and Inequality: Climate
as an Inequality Multiplier

The relationship between poverty and
loss is clear. As Human Poverty Index
(HPI) values increase from 20-30 to 81-
90, the average Loss and Damage Index
(LDI) increase correspondingly from 34
to over 65 in Karnali and from 37 to
over 71 in Melamchi. Ethnicity-based
analysis reveals disparities. In Karnali,
Dalit households recorded HPI values of
73.7 and LDl values of 74.56, the highest
among all groups. Brahmin and Chettri
recorded HPI of 27.81
and LDI of 23.34. Similar patterns are

households

observed in Melamchi. Climate hazards
are not equalizers; they are amplifiers
of structural inequality. Additionally,
the households with persons with
and

disabilities, elderly members,

children are disproportionately
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affected, with women bearing the
greatest burden as caregiving and
resource pressures intensify under
worsening  climate stress. These
households were largely concentrated

in the high HPI and LDI categories.

Alignment with the Fund for
Responding to Loss and Damage
(FRLD)

The evidence clearly demonstrates

residual loss beyond adaptation

capacity. Permanent land burial,
large scale agricultural loss due to
unprecedented consistent slow and
rapid onsets each year, irreversible
biodiversity  decline, real estate
devaluation, and cultural heritage loss
cannot be fully prevented through

adaptation alone.

The C-CIQ methodology combined
with additional holistic tools integrates
economic and non-economic
losses, vulnerability weighting, and
participatory validation. It aligns with
the Warsaw International Mechanism,
the Santiago Network, and Sendai
Framework priorities. It provides
scalable, index-based prioritization for
transparent finance allocation. Most
importantly, the assessment centers
vulnerable populations, low-income,
marginalized, agriculture-dependent
with  FRLD’s

mandate. Nepal’s case for FRLD support

households-consistent

is evidence-based, methodologically
robust, and morally compelling.

The paper is closely aligned with
the FRLD-compatible
typology outlined in the Barbados
Modalities  (BIM),
particularly under the clusters on Loss

project
Implementation

and Damage Information Systems,
Non-Economic  Loss
(NELD)

By systematically documenting both

and Damage
Assessment and Readiness.

economic and non-economic losses,

addressing slow-onset processes such
as drought, integrating vulnerability
analysis, and proposing scalable,
country-led recovery and institutional
strengthening measures, the brief
directly corresponds to FRLD eligible
activities under the BIM. Furthermore,
its emphasis on community-led

approaches, gender and social
inclusion, data system strengthening,
and programmatic scalability reflects
the

funding criteria articulated in the FRLD

cross-cutting  principles  and

typology framework

Key Recommendations to
NDRRMA

The evidence from climate induced
disaster across the country including
Melamchi-Helambu and the Karnali
downstream highlights that climate-
induced disasters in Nepal are no longer
isolated hazard events but part of an
escalating system of compounding
risks. To effectively manage the
escalating climate risks and capitalize
on emerging international finance, the
National Disaster Risk Reduction and
Authority  (NDRRMA)
should prioritize the following strategic

Management

actions:

Strengthen integrated multi-hazard
early warning systems

Nepal must move beyond single-hazard
alerts toward an integrated system
that accounts for cascading risks. This
requires the integration of satellite-
based monitoring for GLOFs, real-time
hydrological sensors for flash floods,
and community-based mechanisms

for landslides. Ensuring ‘last-mile"

communication, where  warnings
reach to the most marginalized people
in affected area and the remote
settlements in the mountain region-is
the most effective way to reduce loss

and lives and properties.

Feumredor dTE =
Develop a national cryosphere
risk monitoring and assessment

programme

Given the rapidly changing Himalayan

cryosphere,  Nepal  requires a
coordinated  national  monitoring
programme  for  glacial lakes,

permafrostinstability,and high-altitude
geomorphological risks. NDRRMA, in
collaboration with the Department
of Hydrology and Meteorology and
regional institutions such as ICIMOD,
could establish a national cryosphere
risk observatory combining satellite
analysis, modelling, and community
observation systems.

Scale up community-based disaster
preparedness and anticipatory action

The experiences from Melamchi and
Karnali illustrate the effectiveness of
locally led preparedness initiatives.
NDRRMA should expand community-
based disaster risk management

programmes nationwide, including

anticipatory  action = mechanisms
such as pre-positioning emergency
supplies, livestock evacuation plans,
and temporary shelter arrangements

triggered by early warning signals.

Strengthen transboundary hazard
monitoring and data sharing

Many high-mountain hazards

affecting Nepal originate beyond

national borders, particularly from
upstream glacial basins. Establishing
formal transboundary cooperation
mechanisms with China for glacial lake
monitoring, upstream rainfall tracking,
and hydrological data sharing would
significantly improve Nepal's early
warning capacity and downstream risk

management.

Institutionalise Loss and Damage

assessment and tracking systems
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NDRRMA could institutionalise
municipal-level Loss and Damage
accounting  systems  building on
approaches such as the CCIQ

framework to support compensation
mechanisms,
relocation planning,

climate risk-informed
and evidence-
based claims to international finance
mechanisms such as the Fund for

Responding to Loss and Damage (FRLD).

Mainstream climate-induced

Loss and Damage into national

development planning

Climate-induced Loss and Damage
should be systematically integrated
into national development strategies
and sectoral policies covering water
resources,
infrastructure, and urban planning.
NDRRMA can play a central coordinating

agriculture, energy,

role to ensure climate risk assessments
inform public investment decisions and
long-term development planning.

Conclusion

Nepal is experiencing a systemic
escalation of climate-induced Loss
and Damage that exceeds its current
capacity to adapt. The destruction
of national assets like the Melamchi
Water Supply Project, the catastrophic

agricultural failures in Madhes, extreme

rainfall recoded in Kanchapur ( 624
mm/24 hours) and the high-mountain
GLOFs like the one at Rasuwagadhi
flood are not isolated events but

symptoms of a broader climatic shift.

Addressing this crisis requires a two-
pronged approach. Internally, Nepal
must institutional
capacity, mainstreaming climate risk

into all facets of development and

strengthen its

institutionalizing the measurement of
non-economic losses and record into
the BIPAD Portal.

The transition toward a proactive,
risk-informed development model is
no longer an option but a necessity
for national survival. By leveraging
its strong institutional foundations
and embracing innovative financial
and methodological tools, Nepal can
protect its people and its heritage,
ensuring a path toward sustainable and
equitable development in the face of
unprecedented risk of climate change.

(Uprety is Asia Lead: Climate and Resilience,
and Upadhya is Research Consultant at
Practical Action)
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As Nepal's temperatures increase and
mountain hazards intensify, investing
in resilient infrastructure is no longer a
policy choice; it is a national necessity.

Nepal's Himalayan mountain range
inspires the world with its unique
landscapes beauty,
yet its fragility is undeniable. The
country’s steep slopes,
geology, rapid and often unplanned
urbanization and land use, increase its
susceptibility to mountain hazards. At
the same time weather patterns are
becoming increasingly unpredictable:
weather, glacier melt is accelerating,
and monsoon growing
more erratic and intense. Climate-
related hazards are also becoming
more interconnected, causing risks to
cascade and compound across systems.

and  natural

vulnerable

rainfall is

Cascading effects occur when one
hazard triggers another. For example,
intense rainfall or a glacial lake
outburst flood may destabilize slopes,
triggering landslides that block rivers.
When such natural barriers collapse,
they may release debris-laden floods
that damage critical infrastructure,
including bridges, roads, buildings,
and hydropower facilities, resulting
in cascading, systemwide disruptions.
Compounding effects arise when
multiple hazards occur simultaneously
or in close succession, such as heavy
rainfall coinciding with landslides

and flooding,
and placing
communities and essential services.

amplifying damage
severe pressure on

Recent disasters illustrate the scale of
these risks. In 2025, Nepal experienced
two significant disastrous flood events,
and both underscored the need for
improving risk understanding and

management  including  through
early warning systems. On 8 July, an
outburst from a previously undetected
supraglacial lake upstream triggered
flooding along the Bhotekoshi River.
The damaged hydropower
facilities, halted electricity transmission
and placed downstream communities
risk. With a combined

capacity of 1,200 megawatts (MW),

event

at serious

including three projects still under

Disaster Recovery to
Resilience: \Why Nepal Must
PR Treat Climate Preparedness
as Smart Economics

construction, these facilities could
have powered roughly 600,000 homes
across South Asia'. Three weeks later,
on 30 July 2025, additional flooding
caused further damages to roads and
local infrastructure, underscoring the
increasing frequency and intensity of
disasters in the country. Such events
not only disrupt critical infrastructure
but also threaten lives, forcing
evacuations, and exposing vulnerable
settlements to sudden flood hazards.

The impacts continued later that year.
In October 2025, devastating floods
and landslides struck eastern Nepal.
Assessments indicate  significant
damage to hydropower infrastructure
across multiple districts with 18
operational and 15 under-construction

1. Associated Press. 2024. “Nepal floods show need for resilient infrastructure amid climate change.” AP News. https://apnews.com/article/nepal-floods-
china-glaciers-recovery-climate-change-disasters-monsoons-5cd9dad3eb7a2e94b96951ab25e9617¢ (accessed 18 March 2026).
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projects affected nationwide,
representing a combined capacity of
33813 MW. Transmission line losses
across several districts were estimated
at NPR 2.41 billion, with more than
2,070 meters of irrigation structures
damaged or destroyed.?

For a mountainous country already
navigating challenges such as the
economicimpactsof COVID-19lockdowns,
recurrent intensified by
climate change, and earthquakes, such
disruptions pose significant obstacles.
Ensuring
therefore requires stronger disaster risk
management and long-term resilience
planning.

disasters

sustainable  development

Nepal’s climate resilience and disaster
risk management agenda must also be
evaluated through an economic lens.
According to the Coalition for Disaster
Resilient Infrastructure an estimated
US$124  billion of Nepals
infrastructure exposed to the impacts
of climate-driven hazards, posing
significant threats to fiscal stability and
long-term growth. Mountain hazards
repeatedly  disrupt  hydropower,
transport, and water supply systems,
eroding productivity and undermining
investor confidence. Evidence suggests
that every USS$1 invested in risk
reduction saves approximately US$4
in recovery costs’, making resilience
one of the most cost-effective public
Embedding
disaster risk management into public
planning, private sector standards,
and financing mechanisms is therefore
not a financial burden but a strategic
driver of economic efficiency, long-
term competitiveness, and sustainable
development.

worth

investments available.

Today, it
development partners stepping up
alongside the Government of Nepal to

is encouraging to see

weather patterns v
are becoming
increasingly
unpredictable:
weather, glacier

melt is accelerating,
and monsoon

rainfall is growing
more erratic and
intense.

strengthen disaster risk management.
In 2023, the Asian Development
Bank (ADB) launched the Building
Adaptation and Resilience in the Hindu
Kush Himalaya (BARHKH) initiative
marking an important step towards
enhancing regional resilience.

Through BARHKH, more comprehensive
disaster risk management capacities
are being strengthened at regional and
national levels in both in Bhutan and
Nepal, as well as at subnational level.
The initiative is supported by the Asia-
Pacific Climate Finance Fund (ACIiFF)
and the Swiss Agency for Development
Cooperation (SDC). ADB, the World
Bank’s International Development
Association (IDA), and the SDC have
also partnered with the government
to enhance technical collaboration
in the
climate-resilient

planning and design of
infrastructure. This
cooperation aims to ensure that major
investments in hydropower, transport,
and water systems incorporate
climate risk assessments and resilience
standards from the earliest stages of

project design.

In Nepal, BARHKH is supporting the
Government of Nepal to de-risk critical

2. NDRRMA. https://ndrrma.gov.np/ (accessed 18 March 2026).
3. ReliefWeb. 2021. Building disaster resilience: A study of disaster events and financial lending streams. https://reliefweb.int/report/world/building-disaster-
resilience-study-disaster-events-and-financial-lending-streams (accessed 18 March 2026).

infrastructure investments in key
sectors -including hydropower, water
supply, and transport by strengthening
climate  risk  assessments  and
integrating resilience considerations
intoinfrastructure planning and design.
The initiative is being implemented
by the international engineering firm
BGC, which specializes in climate risk
forecasting and resilience analysis,
working alongside leading experts in
climate modeling and adaptation from
the International Centre for Integrated
Mountain Development (ICIMOD) and
the Swiss Consortium, which includes
the University of Geneva, the University
of Zurich, and Hydrosolutions. Local
partners include Practical Action, the
Institute of Engineering at Tribhuwan
University, Water Asia, and Geo
Infra ensuring strong on-the-ground

engagement and context specific
expertise.
Through pilot projects, scientific

analysis, and practical engineering
solutions the initiative  integrates
approaches to reduce exposure
and vulnerability in infrastructure
while minimizing adverse impacts
on surrounding communities.
Lessons learned will inform improved
infrastructure planning and design
guidelines, regulatory standards, and
risk management practices that can
be replicated across the broader Hindu
Kush Himalaya region.

Despite these efforts, significant
gaps remain in Nepals disaster risk
management landscape. The pace of
climate change impacts is increasingly
outstripping  existing  mitigation
measures.  Current infrastructure
planning and financing mechanisms
often lack the systematic integration
of climate risk forecasting, leaving
critical assets vulnerable to cascading

and compounding hazards. Regulatory
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frameworks are not consistently
updated with the latest climate
science, and enforcement of resilience
standards - such as multi-hazard risk
assessments, early warning systems,
and flood-resistant building codes
- remains uneven. Private sector
engagement in resilience planning
also remains limited despite the clear
economic incentives.

Addressing these gaps requires a
stronger focus on several key priorities.

1. Climate-informed policy planning
and budgeting- Government agencies
should integrate hazard mapping
and climate risk assessments into
both national and local development
planning. For example, mandating
climate risk screening for all new
hydropower and road projects would
ensure resilience is incorporated from
the earliest stages of design.

2. Strengthening climate risk finance-
Innovative  financing  instruments
such as green bonds can mobilize
private investment in climate-resilient
infrastructure. Establishing dedicated
resilience funds, climate insurance

risk-
transferinstruments would also provide
governments with rapid liquidity after
disasters.

mechanisms, and expanded

3. Stronger regulatory compliance-
Infrastructure codes should incorporate
the science, and
enforcement mechanisms must ensure
compliance. For example, requiring
flood-resistant  building designs in

latest climate

Nepal’s growing v
vulnerability to
cascading and
compounding
climate hazards
makes it imperative
to shift urgently
from disaster
recovery toward
preparedness and
resilience.

vulnerable districts could significantly
reduce long-term damage and protect
communities.

4. Private sector engagement-
Businesses can integrate climate risk
into investment decisions and adopt
resilience standards. For example,
hydropower companies could partner
with insurers to protect assets from
landslides and floods, while banks
could incentivize resilient construction
through preferential lending rates.

Ultimately, Nepal’s growing
vulnerability ~to  cascading and
compounding climate hazards makes
it imperative to shift urgently from
disaster recovery toward preparedness
and resilience. Recognizing resilience as
smart economics, not an added cost,
should therefore be a central priority.
This approach safeguards development
gains, reduces fiscal risks, and protects
lives and communities increasingly
exposed to climate-related disasters
in one of the worlds most climate-
vulnerable countries.

(Cauchois is Asian Development Bank (ADB)
Country Director for Nepal)
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1. https://www.stimson.org/2025/investigating-an-emerging-climate-hazard-transboundary-glacial-floods-on-the-china-nepal-border/

2. Krishnan, R, Shrestha, A. B, Ren, G,, Rajbhandari, R, Saeed, S, Sanjay, J., & al,, . et

. (2019). Unravelling Climate Change in the Hindu Kush Himalaya: Rapid

Warming in the Mountains and Increasing Extremes. Springer. https://doi.org/10.1007/978-3-319-92288-1 3
3. Kargel, ], Leonard, G., Paudel, L., Regmi, D., Bajracharya, S., Fort, M., Joshi, S., Poudel, K., Thapa, B., & Watanabe, T. (2014). The 2012 Seti River Flood Disaster and
Alpine Cryospheric Hazards Facing (Vol. 16, p. 12448).
4. https://www.currentscience.ac.in/Volumes/105/02/0171.pdf
5. Ningsheng Chen, Mei Liu, Simon Allen, Mingfeng Deng, Narendra Raj Khanal, Taixin Peng, Shufeng Tian, Christian Huggel, Kanglin Wu, Mahfuzur Rahman,

Marcelo Somos-Valenzuela,

6. Small outbursts into big disasters: Earthquakes exacerbate climate-driven cascade processes of the glacial lakes failure in the Himalayas,

Geomorphology,Volume 422,2023,
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7. https://www.icimod.org/article/understanding-the-chamoli-flood-cause-process-impacts-and-context-of-rapid-infrastructure-development/
8.  https://www.icimod.org/article/the-melamchi-flood-disaster/

9. https://www.icimod.org/press-release/new-scientific-study-confirms-climate-change-played-key-role-in-deadly-2023-lake-outburst-in-sikkim/
10.  Maharjan, S. B, Sherpa, T. C, & Shrestha, A. B. (2025). Thame Valley Glacial Lake Outburst Flood 2024: Causes, impacts and future risks. International
Centre for Integrated Mountain Development (ICIMOD); National Disaster Risk Reduction & Management Authority (NDRRMA). https://doi.org/10.53055/

ICIMOD.1101

1. https://www.thehindu.com/news/national/uttarakhand/uttarakhand-avalanche-badrinath-chamoli-live-updates-february-28-2025/article69274217.ece

12..  https://amu.tv/180490/

13.  https://kathmandupost.com/karnali-province/2025/05/19/landslide-flood-displace-eighteen-families-in-humla

14, https://www.stimson.org/2025/investigating-an-emerging-climate-hazard-transboundary-glacial-floods-on-the-china-nepal-border/
15.  https://india.mongabay.com/2025/08/another-flash-flood-in-the-himalayas-reignites-debate-on-development/
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16.  https://watchers.news/2025/08/23 /glacial-lake-outburst-flood-destroys-over-300-homes-in-gilgit-baltistan-pakistan/
Vaidya, R. A, et al. (2021). "The role of hydropower in South Asia’s energy future." International Journal of Water Resources Development 37(3): 367-391.
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Communities, Drones and Flood
Resilience: A Case Study of Saptakoshi
and Reflection of TRANSFLOOD Project

L

1. Introduction

Among all natural hazards affecting
Nepal, floods are the most recurrent
and  destructive

natural  hazard,

resulting severe impact on the
communities, the environment, and the
national economy (UNDP, 2017; IFRC,
2023). Their impacts are intensified
by climate change, extreme rainfall,
poor land-use planning, unregulated
settlements, and changing land use/
land cover patterns. Their impacts are
further exacerbated by climate change,
increasingly intense rainfall events,
unplanned urbanization, inadequate
land-use  planning, encroachment
of floodplains, and rapid land use/
land cover changes (Climate Action
Network South Asia, 2023; UNDP,
2010). Nepal’s recurrent flood disasters
show that flood risk is not limited to
one river basin or one historical event,
but is a continuing national challenge.
The 2017 monsoon floods affected
large areas of the Terai-Madhesh and

caused severe loss of life, property,

Dr. Reshma Shresthalill Er. Nishan Bhattarai

infrastructure, and livelihoods across
18 districts, demonstrating the high
exposure of lowland communities to
monsoon-driven flooding (UNDP, 2017).
More recently, the September 2024
floods and landslides further exposed
Nepal’s increasing vulnerability to
extreme hydro-meteorological events.
Continuous heavy rainfall from 26-28
September 2024 triggered widespread
floods and landslides, causing around
249 deaths, damaging houses, roads,
bridges, hydropower projects, water
supply health
facilities, and agricultural assets, and
producing an estimated total loss and
damage of NPR 46.68 billion (NDRRMA,
2024). These events highlight how
intense rainfall, fragile terrain, rapid

systems,  schools,

urban expansion, and inadequate risk-
sensitive infrastructure planning are
increasing the social and economic
consequences of flood hazards in
Nepal.

The Koshi River system, commonly

known as the “Sorrow of Bihar”

because of its frequent flooding, heavy
sediment deposition, and repeated
channel shifting in the downstream
plains, is one of the most dynamic
and hazard-prone  transboundary
river systems in South Asia (Griffith
The

in Tibet, flows through Nepal and

University). river originates
India, and is formed by seven major
Himalayan tributaries: Sun Koshi, Tama
Koshi, Dudh Koshi, Indrawati, Likhu,
Arun, and Tamur, which together form
the Nepal’s largest basin, Sapta Koshi in
Nepal and drains about 45% area out
of 87,970 sq. Km in Nepal (Nepal River
Portal). The basin extends across China,
Nepal, and India and includes distinct
physiographic zones from the high
mountains to the Terai and northern
Indian plains, creating sharp contrasts
in slope, rainfall, sediment transport,
and floodplain conditions (ICIMOD,
2021). Due to its steep upstream
terrain, geology,
monsoon rainfall, high sediment yield,

fragile intense

riverbed aggradation, and unstable
alluvial channels, the Koshi is naturally
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highly prone to floods, erosion, and
(ICIMOD, 2021).
However, understanding flood risk in

channel migration
the Koshi basin requires more than
hydrological data, satellite imagery, or
damage records alone. Since riverine
communities

directly  experience

displacement, crop loss, warning
delays, infrastructure damage, and
changing river behavior, their local
knowledge is essential for identifying
how flood risk is produced and
managed on the ground. Integrating
community perspectives with scientific
flood
support more inclusive, practical, and

locally responsive flood risk reduction.

assessment can therefore

Therefore, the TRANSFLOOD project
aims to understand local perspectives
on the impacts of different types
of flood hazards and their role in
exacerbating  disaster inequalities
in  upstream and  downstream
communities of major transboundary
river basins. The project works across
the Koshi and Teesta river basins,
which together extend across China
(Tibet), Nepal, India, and Bangladesh.
In the Saptakoshi Basin of Nepal, this
study examines flood impacts through
detailed
surveys with individuals who have
direct knowledge,

expertise related to flood hazards and

ground-truth  household

experience, or

their consequences.

As part of the TRANSFLOOD project,
this article explores a community-
baseline

based and geospatial

for understanding flood impacts
and supporting future flood-risk
management in  the
River Basin. The study integrates
participatory GIS, community mapping,
group
discussions, and UAV-based spatial

Saptakoshi

household  surveys, focus

assessment to connect community

stories and lived flood experiences with
high-resolution geospatial evidence.
By combining local narratives with
drone-derived terrain and floodplain
information, the study supports a
more grounded understanding of
flood
risk-management

exposure, vulnerability, and

needs in riverine

communities.
2. Study Area:

The study focused on flood-prone
communities along the Koshi River

in Saptari and Sunsari districts, and
upstream riverine communities in
Barhabise Municipality, Sindhupalchok,
as shown in Figures 1and 2. In Saptari,
the study covered Hanumannagar
Kankalini  Municipality, including
and Mauli

Khola. In Sunsari, it included Koshi

Gobargada, Bhardawa,
Rural Municipality, including Kushaha,
Haripur, Sripurjabdi, and the Koshi
Barrage area. These locations were
selected due to their proximity to the
Koshi River, recurrent flood exposure,
and socio-economic vulnerability.

Study Area

A
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Figure 1 Study area map showing the location of Jure and Barhabise

Map Displaying Household Survey Locations near Saptakoshi in Saptari District

Figure 2 Household survey locations in the Saptakoshi River Basin.
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3. Methodological Approach

A mixed-method methodological
approach was used to assess flood
impacts and community vulnerability
in the Saptakoshi River Basin which
is shown in Figure 3. Community
mapping was conducted using satellite
imagery to identify flood-prone
areas, affected households, damaged
agricultural land, and locally perceived
risk zones. Household surveys were
carried out across upstream and
downstream communities to collect
flood
coping strategies,
household-level

information  on damage,

livelihoods, and
vulnerability. Focus
group discussions with flood-affected

residents, community groups, and local

officials were used to validate survey
findings and capture local experiences,
institutional gaps, and early warning
challenges. Drone-based surveys were
also applied in selected flood-prone
areas to

support high-resolution

terrain assessment and flood-risk

understanding.

3.1 Participatory GIS Community
Mapping

Participatory GIS community mapping
was employed to integrate satellite
flood imagery,
and field-based
observations for identifying flood-

imagery, historical

local knowledge,
prone areas and assessing community-
level exposure as displayed in Figure 4.
Community mapping exercises were

conducted in Dhuskune-Hile with
flood-affected households,

Bhotekoshi with local residents, Jure—

Jambu-

Ramche with the Chelimaiti Samuha,
and downstream locations including
Koshi Koshi
Gobargada,and Hanumannagar. During

Katan, Gaunpalika,
these exercises, participants validated
flood-affected areas, inundation zones,
damaged settlements,

lands,

agricultural

river channels, evacuation
routes, and locally perceived vulnerable
locations using satellite imagery and
historical flood records as spatial

reference materials.

The participatory GIS process was
further strengthened through focus

group discussions and household

Methodological Framework

Community-Based Flood Risk Assessment

1 Community Mapping

= To captume local insights on flood impacts.

« Conducted at least 10 surveys per community to capture
heusehold-level flood impacts.

Household Survey

= Mapped high flood levels, aflecled houssholds, and degraded or
lost land.

= Identified local flood-prone zones and vulnerable areas for better
risk undarstanding.

3 Focused Group Discussion
- - —am -y

*» Recorded GPS coordinates using KoboToolbox for spatial refer-
ence.,

« Collecied data on flood damage, livelihoods, and coping strategies.

Drone-Baseu Approaches

F-__——‘

W

« Conducted structured FGDs with municipality officials, CBOs, and
community leaders.

* Validated housshold survey data.

= Identified flood memory, resilence strategies, and early warning
aaps.

4 J

+ Drone surveys in Bhote Koshi captured detailed termin data of
flood-prone areas.

* Derlved elevation data were integrated with raintall and discharge
for flieod modeling.

N iy

dence, stakeholder validation, and terrain data

[ Integrated local knowledge, household evi- ]

for flood risk understanding and modeilling.

Figure 3 Methodological framework for Community Based Flood Risk Assessment.
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surveys. In  the focus

group
discussions conducted in Gobargada,
Hanumannagar, Sripurjabdi, and Jure,
additional flood-related features and
community-identified risk areas were
discussed, verified, and digitized to
improve the spatial interpretation of
flood impacts. Similarly, household
conducted
geocoding  to
location-specific
flood

practices,

surveys utilizing
KoboToolbox-based
collect household
information  on damage,
preparedness access to
early warning, evacuation challenges,
and recovery capacity. Overall, this
participatory GIS approach promoted
participatory learning, strengthened
community engagement in disaster
preparedness, and supported the
development of  flood-resilient
communities within the Saptakoshi

River Basin.

In Jure, participatory mapping was
used to delineate the inundated
area caused by the landslide-induced
blockage of the Sun Koshi River.
Community members identified the
maximum flood level based on local
memory and observed flood marks,
while coordinates were recorded
in the field using the open-source
SW Maps application. The identified
flood elevation was then transferred
upstream and mapped in Google Earth
Pro using satellite imagery to delineate
the flooded zone as displayed Figure 6.
This process helped convert community
experience and field observations into

spatial flood information.

3.1.1 Identification of Flood-Causing
Factors and Location-Based Flood
Experiences

A significant 96.94% of respondents
reported experiencing flooding in their
area within the past decade. Among
them, 66.33% experienced flooding

Figure 4 Community mapping and household perspective collection in Barhabise Municipality,

Sindhupalchok, with local residents.

P

Figure 5 Community mapping exercise in Jure using a satellite image-derived base map to identify flood-
affected areas, local landmarks, river channels, and community-perceived inundation zones through

participatory discussion with local residents.

more than twice, 13.27% experienced
floods twice, and 18.37% experienced
flooding This  distribution
highlights not only the widespread

once.
exposure but also the recurrent
nature of flood hazards throughout
the Saptakoshi River Basin. These
findings underscore the urgent need
for comprehensive, basin-wide flood
risk management strategies aimed
at enhancing community resilience,
reducing repeated disaster impacts,
and protecting livelihoods. The primary
causes of flooding as identified by
respondents in the Saptakoshi River

Basin are heavy rainfall and river
overflow (55.1%). Given these findings,
priority should be placed on managing
heavy rainfall impacts and controlling
river overflow.

In Jure, participants recalled the 2014
devastating landslide-dammed river
disaster: “The landslide blocked the
river and formed a disaster-induced
dam that flooded the entire village,
157 fatalities, destroying
households, infrastructure,

causing
schools,
networks,

and electricity leaving

residents without electricity for six
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Figure 6 Participatory GIS-based delineation of the flooded area in Jure caused by the landslide-induced

blockage of the Sun Koshi River.

months, and forcing many families to
liveinemergency shelters ortemporary
accommodation for more than 15
days.” Similarly, in Hanumannagar,
residents identified sand deposition in
the Mahuli Khola as a key driver of local
flooding: “The riverbed has risen due
to heavy sand deposition, so during
the monsoon the river easily crosses
the bridge, disrupts transportation,
and inundates nearby agricultural
land, including paddy and banana
fields.” This condition is also visible
in the field evidence shown in Figure
7. Participants and local municipality
officials emphasized the urgent need
for sediment removal to reduce flood
risk; however, they also noted that the
process is complicated because the
affected area falls within the Koshi
Tappu region, where administrative
and environmental restrictions make
riverbed excavation and management
more difficult. Gobargada, a floodplain
settlement in Hanumannagar Kankalini
Municipality near the Nepal-India
border, emerged as one of the most
exposed and overlooked communities
in the study area. Residents described

repeated inundation, isolation, and
disruption to daily life, with many
households depending almost entirely
on agriculture and livestock. Women-
led households were reported to
be especially vulnerable, as limited
income sources, recurring crop losses,
and weak access to timely assistance
reduce their capacity to prepare for
and recover from floods.

3.1.2 Inequality, Vulnerability, and
Preparedness Gaps

The household survey results show that

w_‘- ] gy

- - |
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flood risk in the study communities
is strongly shaped by inequality. A
large majority of respondents (84.7%)
reported that flood preparedness
resources are not equally accessible
to all community members, indicating
clear gaps in the way disaster-related
information, resources, and support
are distributed (Figure 8). The burden
of flood impacts was found to fall
disproportionately on poor and labor-
class households, who accounted for
60.2% of the most affected groups,
followed by socially marginalized
communities at 12.2%. In the Terai
Sada,
and Musahar communities, many of

study sites, Muslim, Yaday,
whom depend on farming and riverine
livelihoods, were particularly affected.

Vulnerability in  the  Saptakoshi
floodplain is closely linked to poverty,
landlessness, livelihood dependence
on flood-prone land, and repeated
exposure to river flooding. Past flood
events in Hanumannagar Kankalini and
nearby settlements have submerged
hundreds of houses, affected more
than 500 families, and repeatedly
placed Gobargada residents at risk
of displacement. In 2021, floodwaters
entered

from  the  Saptakoshi

Gobargada, inundating 35 houses

Figure 7 Sediment deposition and riverbed rise in Mahuli Khola near Hanumannagar, reducing bridge
clearance and increasing monsoon flood risk.
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and sweeping away two houses,
noted that
many Gobargada families had already

while earlier reports
moved toward Koshi Barrage, Yoginiya,
Hanumannagar, and Bhardaha due to
recurring flood problems. In Barhabise,
flood impacts were reported across
riverine communities, including
Tamang, Karki, and other households

living close to rivers and tributaries.

The survey also highlights major
preparedness and response gaps. More
than 60% of respondents reported
facing barriers in receiving assistance
during or after flood events, suggesting
that current response mechanisms
do not always reach vulnerable
households effectively or fairly. These
findings show that flood preparedness
cannot be limited to general
awareness or infrastructure measures
alone. Local authorities and disaster-
management institutions need to
use this evidence to design targeted
preparedness plans, improve equitable
relief distribution, strengthen early
warning access, and prioritize poor,
landless, marginalized, farming, and
river-dependent households in future

flood-risk management.

3.2. Drone Based Approaches for
Flood Disaster Preparedness

In this study, we outlined the possible
use of drones across these disaster
management phases. Drone surveys
were also carried out to assess the
current impacts of flooding on local
topography. The
elevation model was then combined

derived digital

with hydroclimatic datasets, including
rainfall and discharge, to support flood
modelling and improve understanding
of flood risk in the study area.

Drone-based mapping plays an

important role in collecting detailed
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Figure 8 Community perceptions of flood preparedness, assistance barriers, and vulnerable groups in the
Saptakoshi River Basin based on household survey responses.

topographic data at very high spatial
resolution. In this study, drone-derived
products were used to prepare terrain
and flood-modelling inputs, including
the Digital Elevation Model (DEM) and
orthophoto-based flood inundation
map. As shown in Figure 9, the DEM
represents elevation variation in Bhote
Koshi river, ranging from approximately
846.459 m to 999.893 m, which helps
identify low-lying areas, river channels,
and surrounding higher terrain that
control flood movement.

Similarly, Figure 10 shows the flood
inundation pattern for a 10-year return
period overlaid on the drone-derived
orthophoto. The simulated flood
depth ranges from about 0.00098 m
to 0.2545 m, with deeper inundation

concentrated along the main river
channel and nearby low-lying floodplain
areas. When high-resolution drone-
generated terrain data are integrated
with historical hydroclimatic datasets
such as rainfall, river discharge, and
past flood records, they can support
more accurate hydraulic modelling,
flood prediction for different return
periods, and improved flood-risk zone
categorization.

Drone are also useful for monitoring
flood-protection structures before a
disaster occurs. In river systems such as
the Koshi, where embankment breach
events have caused severe impacts
in Nepal and India, drone-based
surveillance can help identify weak

points, erosion-prone sections, cracks,
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overtopping risks, and infrastructure
damage. Drone monitoring therefore
support early detection of vulnerable
embankment  sections
authorities plan timely reinforcement,
and  risk-reduction
flood

events occur. In addition, drone-based

and help

maintenance,
measures  before extreme
mapping support the identification
and planning of safe evacuation
routes before flooding occurs. High-
resolution aerial imagery and elevation
data can help locate roads, bridges,
foot trails, shelters, schools, health
posts, and other critical facilities that
may be affected during a flood. This
is especially important in flood-prone
areas where ground access is limited
and existing maps cannot provide
local-level details accurately.

4. Discussion and Way Forward

The findings of this study show that
flood resilience in the Saptakoshi River
Basin must be understood through

Value
- 999.893

982.845
965.797
948.748
931.7

914.652
897.604
880.555
- 863.507
- 846459 0 125 250

the connection between community
experience, disaster exposure, and
institutional preparedness. Community
mapping,
focused group discussions revealed

household surveys, and
that floods are not experienced equally;

poor, landless, riverine, women-
headed, and marginalized households
often face greater exposure, weaker
access to preparedness resources, and
slower recovery. In addition, a local
resident from Barhabise explained the
informal nature of early warning in the
upstream river corridor: “When heavy
rainfall or sudden flooding occurs near
the China border, our relatives and
people living upstream inform us by
phone. Based on that information, we
move to safer places before the flood
reaches our settlement.” This supports
the need for community-centered
disaster risk management, where local
knowledge is not treated as secondary
information but as a core part of risk
identification. In this context, Nepals
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approach is highly relevant because
it emphasizes a whole-of-society
model in which government agencies,
communities, civil society, academia,
and other stakeholders work together
to strengthen end-to-end

warning systems (WMO, 2023).

early

However,
meaningful only when it leads to timely
and practical action. In Nepal, early

early warning becomes

warning communication still faces

challenges related to institutional

coordination, unclear roles across
federal, provincial, and local levels,
message format,
choice, and accessibility for vulnerable
groups (Bhandari, 2025).

can help address part of this gap by

language, media

Drones
providing high-resolution evidence
for flood modelling, embankment

monitoring,
planning,

evacuation-route
damaged  access-route
identification, and post-flood loss

assessment. At the same time, drone

500 Meters

Figure 9 UAV-derived elevation model of the Bhote Koshi river corridor near
Barhabise, showing terrain variation and river-channel morphology for flood-risk

assessment.

Figure 10 Simulated 10-year return period flood inundation depth overlaid
on a drone-derived orthophoto of the river corridor, showing spatial

variation in flood extent and water depth.
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use must be policy-aligned: Nepal’s

aviation regulations require safe
operation, visual-line-of-sight control,
CAAN permission for aerial work,
security clearance for surveillance or
data acquisition, and protection of
personal privacy. Therefore, drones
should be integrated into disaster
management as a regulated, ethical,
and community-sensitive tool, not as

an independent technological solution.

with
action provides a practical pathway

Linking drones anticipatory
for moving from reactive response to
proactive flood resilience. Anticipatory
action in Nepal already covers floods
and riverine floods, with ongoing work
by humanitarian and government
partners to support forecast-based
action, shock-responsive social
protection, and assistance to flood-
prone municipalities, including areas in
Saptari and Sunsari (Anticipation Hub,
2026). Within this framework, drone-

derived maps can help identify exposed

settlements, weak embankment
sections, safe evacuation routes,
isolated  households,  agricultural

land at risk, and locations where
relief materials may need to be pre-
positioned before flooding occurs.When
combined with community knowledge
and early warning thresholds, drones
can help convert general forecasts
into location-specific, impact-based,
and action-oriented warnings. Thus,
the future of flood resilience in the
Saptakoshi River Basin should not
depend only on better technology,
but on the integration of community
knowledge, regulated drone use,
inclusive early warning communication,

and anticipatory action.
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fupr, Ay fdug Sifaw =gAieRur der
SARATT WIAAR0T ¥ A= IRl faftig
JRLET SoTefl, HRT qafgaT ¥ e
T BRIBH T MREHI B | Taf,
YUTAIh!  UehlepRUl, ¥RIAMd, YD
ylafde fdeN ¥ wd el e
3G 7T 3aeded A1 I g8yt
AT fUE T AT RS TUTaBRI
139 33T YU YR I{U 3TG2FBdT T
R SAT3E | e WSTeRelTs raler
I AT fUE T AT TR YoTletiel’s
oY JUTgBRT §3 Y fAfad 3uEs
A I HETP B:

HRAPTd Yol
fquq I ydTgsl o g A"
HIYCUS (SOP) AS{HT Y BRI

o B! IRPRAT ThIpd Bisted

Il HY  (Integrated Digital
Platform) faera
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IO, I dg oPiEd faug
g Fergsa Jaa ulkfE
Tre-eft gTfafdiep STeIftha! SaRer 3
Qug TR NABRIGES
I gfderr aor emar 3figlg
GIRES

st &, arifves I9TsT 3 wifeiss vd

I IRAEHIT 3RS
UGB HH-G, FEPT e HSTeRT
ufafd qen gafer e

W ST G 3TeTRd Yaaidra
TR AR 71

PWYIE TR (VSAT) ¥ g2e 3 I
e wRfdEhd fAuedl IR

AT
FRAT FigHdT (Al) g1 AR Afigd!

3WPEE SI6! ¥ iRl qaigae
AT gieg, T

FRIBT  3vaee Qe Jem
YeIdTaHT JuTiel! (EWS) T faRT 3
TRYE0T I

'‘Common Alerting Protocol' (CAP)
Pl AHBIBT I T TR HIRPT
bl

TATaLf YEAT AR

W 9T faug A Al
316 I VAR TR T

Jicscia UTHT (sign language) 3 313
RITCHT &1 3cTeH T

SIS APIRGD, Afgel, ATl WU I

AP FHERICTS ofad A
TR IO 37913

geAe a1 vl FPieT g dam
G &1 TE g IR HI faeera a1

fQermety  uieashHAT  faug  Shfed
ABROT I T HERAT FHL I |

fafzar ¥ e AEied

UHBR a2l FARBHIPI ol faug

v

gfafers sdbf<d
¥ garagh 91 A
gTt fadees! gaT
q13qdle wial i

I8¢ W A
ITHR U JFesi|

YFHEIRAT dATfcrd a2 uferor sRigH
T T,

T,

WHRI duT AHeRE S,
M Qg AT IR
Ve HIEHD] BUHT fAhRT 7,

TRe  RAffs  womell  (citizen
reporting system) @ IR
AP B T Fw
TOTTARIT HTg, T |

s
fduq AT der IR I fdug

SIfEAH AIBRUT T HaRAIh! HHGUS

1| MISaRUTe T &IHT WGBS RT

ATHIfSIh H3ATeTHT TeTd R YTHD AT
(mis/disinformation) fd%g f&cr
dea S (fact check) I Qo™

n o o A R "._.:;.l_ s
L i e T PR NRT
AT THIE AT 4 FATTHI SIS ITRTHT & |

I BRIES 6 Bl B AP
HTTBTAI BRI Bopl
e, faug didad! f[eN
gaTdraA YoTetie! IR fafta BfSed
A CHHAT AT YT TR AT
BT g1 AT, AuTeTep HiNfcies fafder,
STARSTER] HIfSe AR ep Sgetd T dgal
STefary SHRaHeTTS efRoTd el 378t &R BIH
7 S BIA=TE FHad (084-2030) B
ey e I AdTeTel fAug e der
TIRAE T IRG 3REE B
fAfear ¥ 3=RIRT AqerR®! IH-aaTH®
FEPR STH 0| WA SHbfad 3
Frraelt SR AR grfl fauqel g
qI3d1e PIEl U TG e 183 HBR T
RESa]

3fIct: fdug JRAGAR HABeldl bad
IR R AH qUT ged, A1 T
WRIBRATATR]  HHAT  dAT W,
APTRBD! FATT T STPRRBAT, FHEID!
AT 377e[fep YiAferep] I=H IT-FPTHT
R YCH| AP T [AUG AR
e, uhlepd, IHEell ¥ ufafags
faue =T YoTelt 3aRer &1 I T
YT YaTE g1 Wb HE SHeAD! &ifd
AP0, FHEFR! JR&T deUl fdug
AiABRICTS 3781 YHITBR] 134 Hlh-e|
e IRBRBI A1 78, WIBRATC] BRI
3 GRS TS Jgee YT Yoret A
IRIEI T faug 3cTefel AuTeTel 3eR 8l

(3T HEd FfAIeRUTeRT Heathl §165)
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gsyfa

Q1R g SNEH =—AIEUT T HaRATI
WUl g8 a¥3ifd R2R Diagnostic
tool fAfSIeT JIPT IR AP 3BTl
AT a7 UfBRie! AR Fra-emT
g SR A1 BIgT der HRAPTd
IR, Y, GfAer, 39T, ¥ SHelftha]
HITHEIC HeTgH J1G1 AdTefel HTqeeplet
QAAIRT Al UfdPRip! 3HaRl PHHSIR
RH Ay Fefave A genga
fAAGA BT AT TRPIA U8l daTeTd
FOHT T RB] R AT JOTel, Hifdrs
TRTH], 3UBRUT dUT WifdfdE AT
BHSIR 3aATA AT Uel HAPTA a=e
? PRIGIAS! 3RAT A IR @M
P! AT IR TRP! B

Ay T AU FeRAYA JIAT YOI
JYTadRT 99UHI, GIS, remote sensing X
real-time data analytics SRl geomatics
YTl 3T~ BHSIR Ieepl, gd Tdra!
YUTGIch! RTAT ¥ BRI He yam
HOAY agaree! drfl 3efAe gfafe
geTra I RAfBUe, T, Her, fSiew
WHY dEHT Ul YUBI HYbleA
BRRCH  Paesclle JEIdRUl I
TUfdUs!, T TR deT technical
rescue 3UBRUTH] 31T Jgdh! PTIADI
IARITES HfddeaT 3ficasusl B

3BT 1 PRI
P! YDt

AP AR adl  UfiPpRiars
JUABRI T3 3TAcblel . BRITT
bgp! YAl Heayui g TEw| fAuqe!
T wfaeria! apft 3meer, FEor 3
TG I T 7 3T BRI

P 2| AU HaRATERSD! AHAT 1o

g, qaaar, WIS, 3gR AT 3Pl
JEd IRAITAS JHGHR] F137 T

AU I YIS YT Bgal (dig
T g

fquee! 3MIddIe 3faRemmT Iy fAfd
&5, R Fuly 3m6gs §s, Wis3gR

TUchlcilel BRIETeTol
thopo! SUTeweu APffaa

(Situation Reports) I WGP AT
TaTg I, IM8d, 3GR I Uabla- Jal
JUIGHRT FUHT T I B TS| 378
AT, gReAfoT dor gl amh
&Ifd AT AT BATR IR HeddicHT

BT gD |
IF deFens e N fug sfEm

GEIRIGSE ?fl'l"ﬁag-ﬁeld)l%dl(dl i:IOquEab
TBHTY cchlet YRETId §IIe | AT
der @sl, 3gR del IMedel Ardes
AT I FATCTBYHT 3 G761 Akl
3TARATHT U3 g ale T g e, faammy,

=IATBRUT F2AT AT U 0008 Pl G
22 Pl JUCHI ¢ () & WABRUATS P
AP PRI Badbl T I
FRATH I STHIRT P! B Hoelle
fueEsT TrTfa 1! ST I f-ard e

AHG R G g 81 9 T RIAT fetrs

WBRAAAE ~ JdslHPRl  IRI3A,

g, WisT a1 3gR PR HIARAd g,
AR HERIdTRl HFRfiRl 319Td g,
CIBRIGT g PRI FHET Y g8

BT d’JIJH%jI(ﬂ"i Cepey] IBE
FHRTCATS FHIETH 716 Vel BHIUS, I
AJd, FHY 3 IRalded JAEd T
I WISI-3gR, IEd, WRA, JiaT
3MTYf FARATIATS U3 S RIS |

TPl PRI bact  qdaaRy

RO fauesy SHRaHeR! affATe-e
AT Ager I [AN0r oH, gdddE
TG AT R I 9T, fue qaiaamy
qAT Gfder ST dofHT ¥ emdids I,
difetd, 31 (simulation, mock drill) ¥
TRLPTA AIRIB] TH-Y, 31T STALAMB,
39T, INEH ¥ Hldeh! Yl d2ll Ry I
g Fafe TSI IR, vfaer
(Response) TRUTHT fAUgST=T GeHTD! YT
g, yHTofiesu 3 fadwor 7, 9g-Fer
(JRa FoR, WRe, WHY INDR,
TERR W) d9 Iy H, -
e, Ad ufarem ¥ mefiear RefRor
H, e Fawmd, Ry ufdded

tesT= 1 Ager, A avoT R oy a1
3 @ISt 3R AT Agd Tra-ell Brigwad!
TITaDPRI JH-G I ARATA I SHaRT
Vel pgiefTg FeH IR 8|

ATYAT 3 FTA-Tp! 3ATH

ATETHT FER IREABIAR DY, Ta,
fSiee ¥ UM Fd d8HT AT
BRIHA BGeod! WA I TP
UIRT TRUST 61 A Fgesal AT
YT AEHH o1 FaTe * FuRy gfssammr
IPEE  RBT Bl AIRRAT 6
AAEI3PId  3IADIe BRI
P5PI AT A, 080 JATEHT HTHI 2l
T BT IRBT TS 3IABIeAH
BRI Bap! T AT AGed AT
IS 3V B

A MBI BRHAT PBrg AT
3TARATT AT 9 I TUT T el
6| faucrarell I FebetH, TH-T Al
iR Tfos 1 fAqeararel ApTReBaHT
TR Frefereb! APl el b TR 9993
g TRA WA g FRAR I
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TITEUD] B| GARD] [qUg TeAID] Tbel
dar f3quor = IRvel Bl AU
geAEs®dl fdaRur 4@ DRR Portal
(drrportal.gov.np) I 3EERG  TH
MRTH! B [AUcsT geAgsa! eEmade
f3eR 0T &b g8 ues ARINUT I STRUSB! 8|

Fgel B BHUS WEd RG]
SUHT ST 7S 9 AU ufaesrt fAa-ada!
Teger G ¥ AT-auMI e IISE | APt
51 FPRIES S 3T g 1 s
fawpr, AT Y A Bgale U
JEAE IERHAGAR 240 g
YAAART ? YfcieprRiesl AT BHIUS qIveh]
o I FURIAR qd g1, Araer
Jrg-eff dra-t ¥ WSS SR I B
USEH! B A1 qAAIRT d2AT Wfdprie!
Pl Sleelr  der USY 3Tl
BRI $g I AF TP
FBTRIPT - ¥ 21 HEH-Ya g1
NP Bl Pgol UeQl, foleet ¥ A
BT BRI Pgeed
TP TYHT SNEW B TS|

TefierdT SRIfaeT Hidaer weemT Uiy
WA MAABI R T Prodb!
AT RUS! B Al Bggea TG
TRAT 3MIABIA  AGRATIAD! THG
NS 3 AT IS BRI
FgIT I R Qug el B
AGHYEH TSl UIGRI%  3Mdddbel
R Hgeddl Jarell I, JAH
U<l §c1 AUTe, AUl el del Ul I
HATcTIB] BHAR 36 AT 6! B

ol e feet Jmgd BRIeRAET Siea

THIGBR! BYHT el g1 Hbehl Bl
fquesl geATesd! el Jabard, [[awo
AT JEINUT R fSiew [dug e Affa
3 3T ABRIESWT dchlcd FH-T I+ IS
W dgH Uddblel- BRIV
PGED UTAT {9 TGN 3eh! B

AT 3T BRI gt
yfAeTe! THtan

AT 3B PRI Baal
SorfRapT R, geer, 3 el fAdmrIgeT
PR Il FAAI0T TR ISP ATegHeEe
e wud fRQug wdeAeha gaAT den
deTg Hepetd, fAATUT 3 FHINUT T IRB
B YHuS! T gARfAP Hidgd !
U Aol SieeiRavesl  3deblei
PRIV Pogode f[Queed I
Jepel 6| Apfad QU Jaels
R T T RT1 TR eb! Ted eI
IS TTRE| IRFel AT AT ALATSH

fAuea! JTfad geATh! IRAT ST a2t
I AT fAYPTePTRIAE! FderIETe uTd
&1 qadTeIeBT 3TeRAT A WeRATeH
AT TS T HTSd JdbdIDb! T
TAREET JEIYT I TRU! & | 3Bl
RATHT 3R, WIST AT ISl BRIAT dAeblel
HED FAdH HHAAY  3TETbAD]
ANESHl Ao, Y, AR qen
FARATTH ol YHBl Heedqul &

YfAfY ¥ HaRAIER YuTedlep! 3Td gal
Bgh] WRAPTA &HAT 9 3= BHSIR
P! B el Al fuewarell JaAT A
T gBISH! BUHT A W G Hebehl
IR 6| AT YT AdbeH, [FAToTR
HHINOT 3T SHTRAT 3T YT HARATIT
JUTIeTIclTs 39PT 3 HfBUDT B T
Jebetd, fadwur ¥ gafgaE s@ngfe
vfafde! gaer Agal Fufa ufear @ Aif
fAmiom faug ddeAelial  dedaeaicead!
ESUIERERICaecag:

fJues=r ge-1 ggqyd R 9euf® aRdfad
I (Real-Time) HT JT U1 IRT TR
wfes fadwor ¥ I@wo o R g
Al B 3NgYFP TREES Sd: GIS
=fAE, HTm qafam 2 faug shiem i dwor
M YRl gunetEr quf wOAT 3Eg
PRI GogaT JEE0T 30f&T BHT
TUTGEBRT g TH 3Rl B BRW bl
Bl JaTEgwells Ueblpd JUMTCIIHT
RARUT 9, A dGbl FRPRBT AP
1S fAUG YT HARAY YUTTe! 32191
e AT gt Pl 3aedes faxi
HIcTh! ARG I, Sg-5IRIH Hedg 3
Hd FRATGAATS FEafee 18 HTIcBIel
T Pcgndl W Jee §3

fAuIEs P! SUHT 38T &
T HRIfAfAST gz
Fg oA T eRieER  Iffad

P! Bl fdHR002 HcThl YBHUSD]
ISl 3gR, M6 I GAFHOET Bt
YAdT geiFHIT @bl R Ay 3

IR YD B AT BGes

FRIPARRAT BRRA  HERTEH0T

TUAT SRT TTeHT Bpl &1 folea
MYdDI T B Tl Bgeerl Jhd
AT T, A Y] §cT ~9Te, AT Tl
T fieeT Yo SRifeae! FHARIES
T T I8! B | A} ol WY dgeh
HUABH  Poesd T  IHGT IR
HOdDc  IRMATST  JeHAESD!
Tpet, fo- 0T 2T FHIY0T 3T &1 68|

TRT d8HT A BIe BRf F=Ted Bg
WMOAIHR NI 1felud!  wuaaq
T Up U W dgdr qn

5‘IIL1erI(’1“H dilifl-\‘ﬁjl(d"l % REIGE]
PRIFRAM, QR HHd NP Bl I
YITEBRUT HIdEd dg IATYAT I T I
APUIRA R&! B BRI 3Macsrel=

T I Iy fagepl SUHT FHA g
TUTGeBR] SIS SR FTe- TReb! ol

QI 3BT PRI Pab! b
gidl U @l fduq Sifad =gReRur der
AT U4, 2000% BT UTGHT FHIGH Jug
SR AIBRUT q2T AT YTfdHRoT
=i A 3BT BRI g
el Yl AR g1 Hcbebl Bl
SRIGHAR e T AR Haeds
qafeR Ud eAdAD] 3d bl B

R Baewndl BRIEE I Ui,
a1 vare Y, ga g, faawor 3
OISR ATRY 39gTh ok, e R Ia=,
WisT, 3R AT I18d BRI A1l 399TH
TAGY 3 yNAeHS AT dur fafd,

ﬂlq(cbl(*lnH OPJIJH%]IOH PGEN 3
HR[PRATA] 'I'-\-IdDMEv%\dnlﬂ HHAY Tﬁ
JUTFHRT I AR N B

BRI R Pobl BRIE HPid
faue gfderRiel dfl Hads gdadn

1E[fep 3UBRUT, STRIfTh, Hed HTeH, ]

AISTIES AT I ¥ IR13A, faug shfan
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RITgD! Hemafde Aol IR, faug
SN Wi, YageHT ar dra-T 9 3T,

STRUS! T AU Uf, FH UPfcidh! PR
S TP WRTAT [ABNd TRUS! Bl

SNfEH f3AWoT 5 3 37aegedl 3R
URIEAT a1 Idra-t STRY I, faug Fraef
T AT TR YOTTeAT FR-APT IR fAaRvUTEs

HESH1eBRUT 9T brgfe-gepT RUHT B ICE|
I HT ALY 1 AT IR UfAAIH

URAD! fAUg TR TR Bo
Add IWT  ¥RAT QUg FeaReA

BRI Bl AT RGB! , STl
WG IUMCRPT SNfEusd ganl fBfoied

UTEIBRUTe TG8, ST 31eTardl HemTH-dl

I IeT STENMATD 3T X SRS Bl

PRI 3BT BRITET Pgalls
HHTI Y AT FFARHT FIT g
ERT MRTH | HTHRT 3TGRATT et
fafd wd ¢ s = SR 3 fAug
YEAART Fraef RIS T g8l o
(Frafid) rRf =rid fJugs! a1 urd
g ST 37fAGdAd 7T AT &d I,
Lli_@("vﬂ Q YUZMHT HYdPhl YUlATgxndp|
RIRRA Bg Y FHE e I, Fael,
St ¥ WHEY  AYBEH  aged
Pogwde axfAfd gfdded g I,
faTesT=1 T fRAToT 7 BRISRT 7,
g H-ATerd 3 IRIBRATATCTS FHOT I,
&% fAug gaifed STRY 1 g &)

faug qdaarigreel PR3P g
SfEH FeRaTgep! 31fcE feafde I,
9 ayf 1Y faug Mersd daR I, faug
YfprRicT AT qadaR! AT djHT I,
HYBIGA  IMGHERAT I8l AHIB!
faggar 31cie 3 T8 el g
I, TR, FaLT R I SMeHeRe! fATerT
? fAdere AMmfde!l FEMATAR SRl T,
AT Jher, fAANOT I HHWOBT 1Y
fuera=ell T 2T IR JUTTel! ST
T, AIEIe WAl IR H
H%Idﬁlﬁdlﬂlg"l HHAY Tﬁ, ST dHcIP
ARl TRATEAAEIE YR A Al
RIIAT UTTeAlels SFafd ¥ YUl
T3 Tog BRIy
[SHIEGEE ﬁwsb HHIG T@qﬁ‘f SRl
FRIRRE 3o 81 PRI Fcas
MR 3TERATT SHIBR I 3Bl
HARTHT PHHUSRD! WYHT 31U TRb] Bl
et faue 318 ASHIGR!, fauees! aHamT
TH-aIEAT 3 faug Ui RaNs' & ®um
B I IR Brgeb] TRBIHT IRV B

MYdBTeNd SRIT=TAETHT f3AEH
90T 3

WRA: YRAHT AUTTHT SRl IS JHT 18
YD BRIV g, ATHEROT

WA T el Bl faug R
g Y ¥RAT fdug
g Aifd,  oEfa aen

ep-HTthd fAfTE U Rap! faug SiRaHEw !
g guel FPRMY SR8 HUdSTEH JdT
FRTCTAeRT Y AIfbad-TaT ‘YT 9RR”
THSG UDIpd 3gR A JHIGBRT FYHT

PR i e @ Sifen

TIT-HT 6! B, ST ¢fds 3Maddslei

FAIGBRYT, YIAIRY ¥ HRAPII FHGID]
AR APiGe YeH Ice | faug ufderie
PSR 9 1P f[Jug ufierl
aRefeid g%, 3 & wuAr yfifad
R&I & 81 R ST, IGR Tl e BRIA
Tfoha Y863 | eI IRTATHRIR I cTghl
yaer faue ufderl aat ¥ 3ifasier Jsgmr
TR 3 ddIelH dRNFEE Bg
AT MRS &1 AT Bgal ISTTRAT
SNRAH odiiepd, dleeplicicp T Jebeld
de1 garg, ¥ fafa FAerda amaa 1e
S SRS JITaBRI

137 YfiepT e e

AR ST faug FFaRem—e!
PE A AU FRATH  Hellerdel
&, SPId fAug SeRem= T
T HRIBRT FABRIeT FHT BRRA Bl
AU FTerepT -Hifel, 389 T T
PRI I B [THPTBT FYAT fqug
SR gHIRvl, gdaan), gfderi e
TRATART PRiew IH9g B
TqY,  AAEIPIT AT TRUE
NIBIAT  BRITIAT <o e
QU= Yo Tdbetd, AT I IR,
A FBRE AT a2l WIsl-3GR
I VEd BRBI FHAH AUTerD] AT
IYPTeT BRI g IReb! YfHbT
fafe R B [P Premer 3=
SNREHAT el AHfGP Aedlas afaid
S W TRUB!T Cyclone  Jaadnl
FRIGAA A SFHT YNgaAT TRV,
TG YR, 3GR AT IRf&Id TR 0T
FRIAEA  UABRIE SR
JUTTEAIATS G S0P A |

qifes¥dl: OTfehec T WE ®A1 AT
NIASTAT BRIV g AT
SRUD! B, S AU e aen
APl Ufadidls  F<r  wuml

HgeAgwad! UfAdR TEE 9 PR
QT faUg, 3TaRLATHT Brgel T JH-9Y a2l
SR a8 |

319! AP

gt APIGHS IReFT, qaieR, AT
SR JUTiedl, Tfafe dem SHerfthep!
STFAT! MM 3BT BRI g
AT FGHI JHIEBR] g W b
JEGIBRuIpl @il 3gfe fafd, gafd
2iifies galelR, Gar STeIfth ae Aawee!
IR HaeTD qeB| A e, Ha2r 3
T &P 31 ITTIABI A PrGamai bl
T BRITA 3R, AT AT
- TI-a-fecTep! Ueblabel Tl 2T
3 Wb HH 3Mchlel @isl, 3GR 3 I8d
TERRT Bl /I D
BRIV B-aells bael JaT Hepard T+
SpIEh] ROAT AT ARGl HTTABIA
AT G T A1 SgehT KA Afcdar
YfABTHT WA 3 HTGTP B

Sf@H faquor 3 Faigers dsifAd 3
THIRINY SR BEH FgHAT (Al), Y-
3ug PRI, GIS, Remote Sensing @l
foPT SrereRal 3efe ufldfde! 3=an
WP R UEE| IR, faug ShfEm
Jra-eft WA, Tl ¥ Tl qeRgEAT
doT Iarat gonelt [eRT T Feef
WY A I THGRRIH AT JHIH g
IR TS, ST ATRT WA 8 ?
SIS | MY HATIBIA BRI
Qe IRT  AQug RIS
WHIAE &P FYHT WARYT IS
A 3Rl AU YRS
SIERHT 3B |

(8161 S UFYHPT Y foieetl 31APRT Tian A3
RS TPl PRITTH boebl T &g 1)
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UfeRT Al A Y-JRIUSIe dgal Sifan
3T RGP FSHAT AU IRBRA
STREHAT bl SRcflEwep! Raf G 7T
WA ol dar wifdfde  Iedihrers
Il QU &I AT fduq sifen
=IAIBRUT T FARATT FIEIBRUTA SR
T T ERUNTRERD! IJRTaId FATFHT
RYFAFRYN d2l GRS ARl 3/eH
TEAPT 3G TP Bl AT HGHD! 382
et SRR ERERP! G
TS Qe JRen dul fon se™
FAARATEATS YA I I &l

faugie afierRd a1 SifEHmT @bl Fsi
HAWAS  RAAd  ARBIT  FcABRI,
QAT ¥ gARATRT Al e aTRA
3aAdE FaRAd T dReHIg YUl
faug SN =FHIBIUT d21 g U,
2098 P GBI ¢ FHISH AR faue sHfEH
FABRUT qAT FRATA IR0
FRIERT affae faug wenfad fAsf smas

YA, GATAIOT d2fT gRAfoT 3/eH

AuTeTHT 94l ufR) Sifam

Hiet auf o Sietary aRad=er BRI
R R 3 YSireea fafE
Rellgwetls fR-R NI TREH &9
(R ) yuifdd IRIRERBI  dchlel
GBI Fralef ST YAeBUTe &fcRrd
g I SIfEngh &I SRS
ERYRARATS IRFAA G HET 3T
IRTSE 3P &1 A BRigH ef, TrefAres
AT AT Tgeliere! FH-IHT WA g
HUSBTC HERIT fAARUTCATS TR, uraeff
ddl SIREAH-GfRd s34 Hgd Pl Bl
I UG SHEH =0T T ATETRIS
AR IRBREP! A Ffidgalals
qf I TTEs|

JTcTRT &R SReATES FURTeAl SR 3afd
HUBIT Tl AFER Ipfded ®AT o
g HaeAehe & (R 2) | R, Ifesear
EwHT WEd AR ¥ qater fAmfore
HEAT 3METH  Fae A3AdEr A
THER 3787 J6! SNHAT RpT & (=
3)| AT YT Il TSk e HUaT

PRI, 20¢¢ (MM FeNeM) §UD! B

RRFERHAT UfeRT T, TR a1 By S

fd 9 ¥ HHa SiigAgAd SRgEHT oo
Helgs IRER fRAUHT &1 T IRy
SREH FHIRuTeT @il dgnfe I,
3fd sifFaRe v, guEsRT g
o™ yomel dor MdcAeha amewm
WA T TRATAD I
s

Y-APIY FIEH Je1g4

SIRIAYTh SRiTep! RATTRUTR AT 3H1a™T
YATRIUT BRIGHB! JHE 3eR Jhiiie
HEFIAHTGA TR -HepId SNEH Hearg
Al T e AR SRl
Sgamafee  wifdfdles  dur  AmilSie
UeIERP! fAATT S| 37T Srendr
Prifdg, @S (Hydrologist), Rife
g /GRicfea  gfeifeR, faug
SN R s dei A1 -3
fasTes FHTALr IR g

1 RIS TfRRIPT yurTd R a1 SifRE
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