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The Mohana—Khutiya River Basin [ oo ' [ | ot |
covers 725 km® across Kailali and |1 | A RIS BN % SRR i DS ”m
Kanchanpur districts in Nepal’s far- || | ” LT [T

western  Sudurpashchim  Province,
extending from the Chure (Siwalik)
Hills at 1,962 m to the Terar plains at
164 m. The basin supports six rural and
urban municipalities, including
Dhangadhi, and depends on monsoon-
driven, rain-fed hydrology, receiving

about 2,048 mm of annual rainfall, i e Yy T
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nearly 80% of which occurs between 2L
June and September. Ministry of Forests |
and Environment classifies both
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21 Mohana-Khutiya Watershed B Hydrological Stations

districts as Flood Hazard Hotspots. |@mm - oww=e . !
Between 1991 and 2015 alone, the river | | Dviomsoniey N
eXpCrlenced 390 ﬂOOd CVCIltS Of these F 1g. ] Mohana Khufl a BCZSZI”I 'I v ww  ww ww e ww SOJ4D‘EbAMeasuiSJ42'.I - jg:,%ﬂ;.od e
35 led to economic losses exceeding NPR 1 million, 37 resulted in 440 b K e s A = g
deaths, and 79 caused the destruction of more than 10 homes each. 9 T — d!:{:
(Source :(ADB, 2020) Priority River Basins Flood Risk Management Project: Mohana Khutiya.) T 1r‘jjfijfit1}c]‘jbpeij::§LE}{T‘E;‘%:'E“n NX, -fm?f Potetion . _ _ o Shd
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2 Objectives - on map, Di - - -
J Fig.8 Inundation map, Disaster hotspots from co-creation and proposed EbA intervention
[ ] [ ] [ ] (]

* To quantify flood risk reduction from Ecosystem-based Adaptation

J

(EbA) measures across the 725 km? Mohana—Khutiya Basin under | | D b AL D T ) 09 e DL o I T G e
historical and CMIP6 climate scenarios (SSP2-4.5, SSP5-8.5). s s i ) = h%i

« To develop and validate a coupled Hydrological and Hydrodynamic e bodn st s An i 5 |
model (donor-basin regionalisation from East Rapti) to simulate o e o . . . %o 207
hydrology, peak flows, and inundation for 2—-1000-year events. . o

* To prioritise EbA and soft-structural interventions using flood frequency reerpssien £ o
analysis, hydraulic performance, and participatory vulnerability capacity 530K o sozam
assessment (VCA) across six municipalities. Rochargs Fonds . . . i R

* To evaluate economic viability of EbA portfolios (NPV, BCR, IRR; 5% e 10 Capital Bxpenditure (Capley by EbA Medsure and fmplementation Phase

$2266K

$1991K

and 9% discount rates) for 2026—2050. parian Buttr . . .
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e
N
o
=

+
=
u
=

$1960K

Annual Benefits at Year 2060 (USD)

[725 km? : Inputs: DHM Hydromet Records :
Mohana-Khutiya | :Ege""gsm E‘ETA = 4L%WAT 5| (1991-2020), ICIMOD/MOFE  |> HgﬁehP!d \I’.?A In SLOM|
Basin (Nepal)] ) SUebasID Land Cover, FAO Soil Maps DA T O% e v v/
$500K $385K
$210K
l 1. HYDROLOGICAL MODELING 2. CLIMATE DOWNSCALING Fig.9 Scenario development for Economic analysis | $256K 5207k o
o Model Performance Sensitivity & Select 4 GCMs (el Riparian oy Embankments (Rl
SWAT (AI'CSWAT) Rgolr;(r)]raﬁsaastlign (Calibratlon -> Validatlon): Uncertainty C“Avliz6Qir;Sn?"n;ble (Warm_Dry Warm_ Il Avoided Damages I Provisioning Services Carbon Sequestration W Water Regulation Biodiversity Value
configured at > f 9 A NSE 0.51 > 0.77 =»  Analysis: [ Maobing Bi > Cold-D C' Id-Wet _ o ,
HRU level _from East Rapti KGE 0.75 -> 0.85 SUFI-2 apping bias old-Dry, Cold-Wet) Fig.11 Annual benefit Composition and EbA Scenario (Year 2060)
(Slmllaﬂty Index = 105) R20.72->0.78 (SWAT-CUP) Correction for 2036-2065
Il NPV @ 5%
v | $8.0M NPV @ 9% .
—0— BCR @ 5% . .
3. SCENARIO DEVELOPMENT & HYDRAULIC MODELING 4. PARTICIPATORY 5. COST-BENEFIT BCR @ 9% Fig.12 Economic
Flood Frequency EbA Scenario Screening CO-DESIG'_‘J AT ﬁ;ﬁol;‘v(?;zs&z%o) SRl = Pelformance by EbA
Analysis (Parameterised in SWAT/HEC-RAS) VCA, Co-creation 5% & 9% Discount Rates 3 8 Scenario (NPV and
(Gumbel EV-I on Portfolios: Basin, Riparian, Workéhops,ItV\igmen-led Benefits: £ 2 BCRat 5% and 9%
Annual Peaks) Basin+Riparian, Bio-embankment, onauliatons Avoided Damages, > ca.0m "> Discount Rates)
v Full Watershed e v | Provisioning, Regulating, g 8
2- to 1000-year Measures: Reforestation, Afforestation, Gender-disaggregated Carborcjggng/cigg I T T 0
discharges for N Riparian Buffer, Bio-embankments, _ Priorities, ( 2) o G
No-EbA & EbA Flood-responsive Farming, Participatory Mapping Metrics: NPV, BCR, < $2.0M @
Recharge Ponds Disaster Hotspot Mapping IRR (USD) o
Fig.2 Modeling Methodology . .
Planned EbA Portfolio - Mohana-Khutiya Basin (Modeled + Other Planned) , , — _ 0.0
5000 Reforestation - Afforestation Recharge Ponds — total 111 ha Basin Level Eiasalpia-'l-‘l R'(p)i?a” Emba'i'&qents Wa;flf-‘l:ﬁf)‘ed
Other EbA Measures Considered 1592 B Reforestation | Godawari HEEEN 42 ha \ b Y
B Sustainable forest mgmt 1500 B 232 mmm Afforestation | Dhangadhi I 25 ha
B Agroforestry o Chure RMIIIE 24 ha o o °
B Gully erosion control = 1000 Krishnapur B 11 ha Key Observatlons and Flndlngs
B Wetland (Simsar) protection E Gauriganga [ 8 ha J
B Bioengineering — slope stab. >00 110 105 96 ] rl;nzrt;{al\jl 1 ha
oom for the River — aljhadl . < < . . .
" Roomforthe® e o 1 2 3 4 50 * Basin + Riparian interventions deliver the strongest absolute returns,
3 X ¥ @ & Area (ha . .
\3 > N o) X >
o o7 @ T generating NPV of USD 8.25 M (5% discount) and USD 2.78 M (9%),
Bio-embankments Flood-Responsive Farming — 194.2 ha Riparian Buffer — total 100.5 ha . . 1
bhangadhi 22.50 km  Dhangadhi 93.0ha | Godowori NN 43 ha with Benefit Cost Ratios (BCR) of 1.75 and 1.39.
Krishnapur Krishnapur 50.7 ha Dhangadhi NG 38 ha . . o e . ) .
Godawari Godawari 22.1 ha Gauriganga Y 13 ha °® -
( Sodawar Sodawar - aurgangs S Riparian-only measures show the highest efficiency, achieving the peak
it R P e o BCR of 2.09 (5%) and 1.92 (9%), effectively doubling invested capital
Chure RM Chure RM Chure RM . . .
o s W 1% 5w o2 @ & w0 100 120 o1 % 40 50 through low-cost, high-impact flood protection benefits.
eng m rea (ha rea (ha

* Full watershed intervention provides balanced long-term gains, with
Region e conservatior 1,467 ha NPV of USD 8.30 M (5%) and USD 2.45 M (9%), BCR of 1.66 (1.29),
) (Goamat (14 Toispots) M 107 12 and IRR of 13%, yielding USD 20.88 M in benefits against USD 12.58

n blue-green — green parksg 19 ha

Other Planned EbA — Quantified (not modelled)

EEE Terai (Urban) (Dhangadhi - Godawari) .
mmm Terai (Lower) >an blue-green — bloswales 19 ha M mn COStS.
0 250 500 750 1000 1250 1500 1750

| | R * Bio-embankments remain economically sensitive but locally critical,
Fig.3 Modelled and Planned EbA intervention in the Basin . ] ]
becoming viable at discount rates below 8% (NPV USD 0.47 M, BCR

\ Flndlngs Hydrology J 1.28 at 5%), supporting their use as targeted hotspot interventions.

Mohana Khutiya Rivr - Seasonal Flow Paterns Projected Climate Change - 2036-2065 vs Basqjgg Projected annual benefits by 2060 range from USD 0.21-2.44 M.

- * We use of conservative USD 5/tCO: compared to international
g » g benchmarks (~USD 25/tCO2). Higher social carbon pricing would
significantly improve forest-based EbA returns, subject to enabling
* - benefit-sharing mechanisms.
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Fig.4 Basin hydrological flow Fig.5 Basin Climate change impact ;
(Baseline vs Mid Future (2036-2060)) . . . . .
| -  Economic results underscore the mmportance of integrating direct
Land-Use Change Detection - Mohana-Khutiya Basin EbA Attenuation of 100-yr Flood - Basin Outlet f . ﬂ . h h h h 1 . 1
o Land-Use Trajectories - ICIMOD 2000-2022 Net LULC Change - 22 yr %0 = &?;EZQA 2832 5/2228 bene ltS (aVOIded OOd damages eStlmated t roug t e ydro Oglca
B L T e e modeling) and significant indirect ecosystem services benefits when
2 S — < evaluating the EbA measures at the watershed level.
i E e [0 : * Results confirm that catchment-level investments generate substantial
5" e -l S ecosystem benefits to upstream communities and flood reduction
— L b = o0 benefits primarily to downstream communities, justifying basin-level
Ve T et crange op, 2000+ 20z2) o NS cost and benefit sharing mechanisms.
Fig.6 Basin LULC change Analysis ristonea! copry Horm et

Fig.7 Flood peak reduction with EbA  Municipality level LAPAs and DRMPs are good entry points to
implement the Watershed Restoration Plan (WRP).
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