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Abstract 
Flooding remains among the most recurrent and economically damaging 
natural hazards confronting mountainous and valley settlements across 
South Asia, and the rapidly urbanizing Kathmandu Valley of Nepal, of 
which Lalitpur forms an integral part, is no exception This study assesses 
the spatial susceptibility of Lalitpur district to flooding by integrating a 
Geographic Information System (GIS) with the Analytic Hierarchy Process 
(AHP), a multicriteria decision-making technique first formalized and 
applied widely to flood-hazard problems worldwide. Ten physical and 
hydrological criteria the Topographic Wetness Index (TWI), elevation, slope, 
precipitation, land use/land cover (LULC), the Normalized Difference 
Vegetation Index (NDVI), distance from rivers, distance from roads, 
drainage density, and soil type were derived in ArcGIS from a digital 
elevation model and ancillary spatial layers and compared pairwise using 
Saaty's nine-point scale. The resulting weights (distance from rivers, 14.1%; 
TWI, 13.8%; precipitation, 13.5%; elevation, 12.1%; slope, 9.9%; 
drainage density and soil type, 9.3% each; LULC, 6.6%; NDVI, 5.9%; 
and distance from roads, 5.6%) were combined through a weighted overlay 
to generate a flood susceptibility map. The results show that the low-lying, 
gently sloping southern part of Lalitpur, closer to drainage channels and with 
higher topographic wetness, is markedly more susceptible than the steep 
northern terrain a pattern consistent with comparable AHP-GIS studies 
elsewhere in the Kathmandu Valley and one that reinforces the case for 
embedding susceptibility mapping into local land-use planning and 
disastern. 
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INTRODUCTION 
Flood susceptibility describes the degree to which 
a location is predisposed to inundation as a 
function of relatively stable physical characteristics 

topography, land cover, soil, and hydrological 
connectivity as distinct from flood hazard, which  
 
additionally incorporates the probability and 
magnitude of a triggering rainfall event (Merz et 
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al., 2021). Mapping this spatial pattern is a 
prerequisite for almost every downstream disaster-
management task, from zoning and evacuation 
planning to drainage design (Kader et al., 2024). 
Nepal ranks among the more flood-exposed 
countries in South Asia, and within it the 
Kathmandu Valley comprising Kathmandu, 
Bhaktapur, and Lalitpur has seen a particularly 
steep rise in flood losses over the past three 
decades, driven less by any dramatic shift in 
rainfall climatology than by unplanned urban 
expansion, river encroachment, and the loss of 
natural floodplain storage (Thakuri et al., 2022; 
Thapa et al., 2024; Lamichhane et al., 2025). The 
catastrophic September 2024 floods, which struck 
Lalitpur's Bagdol area and the Nakkhu corridor 
particularly hard, are the most recent and severe 

illustration of this vulnerability and have renewed 
attention on the need for locally resolved 
susceptibility maps rather than valley-wide 
generalisations (Sharma et al., 2025; Chaudhary et 
al., 2024). 
Against this backdrop, the present study applies a 
GIS-based Analytic Hierarchy Process to Lalitpur 
district to identify which parts of the landscape are 
structurally more flood-prone. AHP was chosen 
because it allows a transparent, expert-informed 
weighting of multiple incommensurable physical 
criteria without requiring long historical flood-
event inventories, and because it has already 
performed well in comparable data-scarce, 
monsoon-influenced settings, including the wider 
Kathmandu Valley itself (Chaulagain et al., 2023; 
Chaudhary et al., 2024; Adhikari, 2025). 

 

 
Location Map of Lalitpur District, Kathmandu Valley, Nepal 
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Lalitpur, one of the three districts of the 
Kathmandu Valley in Bagmati Province, is drained 
principally by the Bagmati and Nakkhu rivers and 
their tributaries. Its topography ranges from a low-
lying, gently sloping floodplain in the south to 
steep hill terrain toward the north, with elevations 
across the wider area varying from roughly 1,300 
to 2,200 metres above sea level. This gradient 
bears directly on flood behaviour: the southern 
floodplain, close to the Bagmati corridor, has 
repeatedly been identified as the area most 
exposed to monsoon inundation, a pattern 
corroborated by post-event assessments of the 
2024 floods (Sharma et al., 2025; Thapa et al., 
2024). Like the rest of the valley, Lalitpur has 
urbanised rapidly and largely without regulation 
over the past three decades, a process widely 
implicated in intensifying flood impacts even 
where rainfall totals have not correspondingly 
increased (Thapa et al., 2024; Lamichhane et al., 
2025). 
The Analytic Hierarchy Process, developed by 
Saaty (1980, 1984), decomposes a complex 
decision into a hierarchy of criteria, derives 
relative weights through pairwise comparison, and 
checks the logical consistency of those judgements 
through a consistency ratio. Because flood 
susceptibility is inherently multidimensional 
shaped simultaneously by terrain, climate, land 
cover, and drainage AHP has become one of the 
most widely applied multicriteria tools in flood-
hazard research, precisely because, unlike 
statistical or machine-learning approaches, it does 
not require long historical flood-event inventories 
(Rahmati et al., 2016; Ghosh & Kar, 2018; 
Adhikari, 2025). International applications span 
highly diverse settings: Hammami et al. (2019) and 
Dahri and Abida (2017) in Tunisia, Ghosh and 
Kar (2018) and Ali et al. (2019) in West Bengal, 
Dutta and Deka (2024) in Assam's Brahmaputra 
floodplain, Shadmaan and Hassan (2024) and 
Kader et al. (2024) in Bangladesh, Latif and He 
(2025) in Punjab, Pakistan, Restianto et al. (2024) 
in Indonesia, and Pimenta et al. (2025) in urban 
Amazonia each confirming that proximity to 
drainage, low elevation, and gentle slope 

consistently dominate flood susceptibility even as 
the exact rank order of criteria shifts with local 
geomorphology. 
Within Nepal, AHP-based flood mapping has 
gained momentum only recently, with the 
Kathmandu Valley receiving the closest scrutiny 
given its population density and repeated losses. 
Chaulagain et al. (2023) found proximity to rivers 
and low elevation to dominate susceptibility in 
Kathmandu Metropolitan City, a conclusion 
echoed by Chaudhary et al. (2024) in a valley-wide 
watershed assessment; machine-learning 
alternatives have also been explored by Maharjan 
et al. (2024) in the Mohana-Khutiya basin and 
Duwal et al. (2023) in the Karnali basin. Adhikari 
(2025) further showed that a lean, open-data AHP 
model built around only six criteria can still 
generate a credible susceptibility map for a data-
scarce municipality, directly relevant given the 
similar absence of comprehensive gauge records in 
much of Lalitpur. A parallel body of post-disaster 
research Thapa et al. (2024) on sediment-driven 
channel risk, and Sharma et al. (2025) and 
Lamichhane et al. (2025) on the September 2024 
event attributes the valley's escalating losses to 
extreme rainfall compounding four decades of 
encroachment and floodplain-storage loss. This 
literature converges on two points that motivate 
the present study: a small, physically meaningful 
criterion set is generally sufficient for reliable 
susceptibility mapping even where data are scarce 
(Adhikari, 2025), and the criteria that govern 
susceptibility elsewhere in the valley are equally 
relevant to Lalitpur given the shared physiography 
of the valley floor. 
 
Materials and Methods 
Ten flood-conditioning layers were derived in 
ArcGIS. A digital elevation model (DEM) supplied 
the base surface from which slope, aspect, 
hillshade, elevation classes, the Topographic 
Wetness Index, and the stream network were 
derived through standard terrain analysis. LULC 
and NDVI were extracted from satellite imagery, 
soil type from available pedological mapping, and 
precipitation was interpolated from valley station 
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records. Distance-from-river and distance-from-
road layers were generated by Euclidean distance 
analysis of the digitised networks, and drainage 
density was computed as channel length per unit 
area a criterion set that mirrors comparable AHP 
studies in South Asia and beyond (Kader et al., 
2024; Chaulagain et al., 2023; Rahmati et al., 
2016; Pimenta et al., 2025). 
Following Saaty (1980, 1984), the ten criteria were 
arranged into a single-level hierarchy beneath the 
goal of flood susceptibility, and every pair of 
criteria was compared using Saaty's nine-point 
scale, in which 1 denotes equal importance and 9 
denotes extreme importance, with reciprocals 
assigned automatically. The principal eigenvector 
of the resulting matrix, once normalised, yielded 

the relative weight of each criterion, and internal 
consistency was verified through the Consistency 
Index (CI) and Consistency Ratio (CR): 
CI = (λmax − n) / (n − 1)          CR = CI / RI 
where λmax is the principal eigenvalue, n the 
number of criteria, and RI Saaty's random 
consistency index for a matrix of that size; a CR 
below 0.10 indicates acceptable consistency (Saaty, 
1980), a threshold the matrix used here satisfied. 
Each criterion layer was then reclassified into five 
ordinal susceptibility classes and combined 
through a weighted linear overlay, following the 
same general procedure used in comparable AHP-
GIS flood studies in Nepal and elsewhere 
(Adhikari, 2025; Hammami et al., 2019). 

 

 
Methodological framework for flood susceptibility assessment using the Analytic Hierarchy Process 

(AHP) and weighted overlay analysis in Lalitpur, Nepal. 
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Flood-Conditioning Factors 
The ten criteria fall naturally into three thematic 
groups, each discussed below with the individual 
parameter maps referenced in Figure 2. 
 
Results and Discussions 
Terrain factors: elevation, slope, aspect, hillshade 
Elevation across the wider study area ranges from 
roughly 1,300 to 2,200 metres, and lower-lying 
zones are consistently more susceptible because 
they represent the natural collection points for 
surface and channel flow (Rahmati et al., 2016; 
Adhikari, 2025); it received the second-highest 
weight overall (12.1%). Slope governs runoff 
velocity and infiltration time, and in Lalitpur the 
gentle, low-lying south contrasts sharply with the 
steep north, mirroring the pattern reported by 

Hammami et al. (2019) and Selvam and Antony 
Jebamalai (2023), for a weight of 9.9%. Aspect, 
which shapes solar exposure and orographic 
rainfall distribution, shows south- and southwest-
facing slopes more directly exposed to moisture-
laden monsoon winds (Adhikari, 2025), while 
hillshade offers a complementary visual check on 
the relief pattern already captured by slope and 
elevation. The Topographic Wetness Index, which 
estimates moisture accumulation from upslope 
contributing area and local slope, received the 
single highest weight of any criterion (13.8%), 
with high-TWI zones concentrated along the valley 
floor consistent with its prominence in 
comparable regional assessments (Kader et al., 
2024; Vilasan & Kapse, 2022). 
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Five-panel composite figure (terrain factor maps of lalitpur 
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Hydrological factors: precipitation, drainage 
density, and distance from rivers and roads 
Precipitation, the ultimate driver of flood 
generation, is expected to be orographically higher 
on Lalitpur's windward southern slopes and 
received the third-highest weight (13.5%), 
consistent with its dominant or co-dominant role 
in comparable AHP models (Dutta & Deka, 2024; 
Restianto et al., 2024). Drainage density, 
expressed as channel length per unit area, captures 
how efficiently a landscape conveys storm runoff 
and received a weight of 9.3% (Pimenta et al., 
2025), with high-density zones aligning closely 
with the TWI and river-proximity results. Distance 

from rivers, the most direct determinant of 
susceptibility since flooding originates at the 
channel and propagates outward across adjacent 
low land (Selvam & Antony Jebamalai, 2023; 
Ghosh & Kar, 2018; Ali et al., 2019), received the 
single highest weight of all ten criteria (14.1%), 
underscoring the particular importance of the 
Bagmati and Nakkhu corridors. Distance from 
roads, which alters natural drainage through 
compaction and impervious surfacing but 
generally exerts a more modest influence than 
purely hydrological variables (Chaulagain et al., 
2023), received the lowest weight overall (5.6%). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



JOURNAL FOR SOCIAL SCIENCE STUDIES 
An International Peer-Reviewed Open Access Journal 

 
ISSN (Online): 3006-2071    |    ISSN (Print): 3006-2063 

Volume 4 • Issue 5 • September 2026 

https://jssstudies.org  | Ahmad et al., 2026 | Page 235 

 

 
Five-panel composite figure (hydrological factor maps of lalitpur) 
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Land-cover factors: LULC, NDVI 
Land use and land cover determine the share of 
rainfall converted to runoff, with impervious built-
up surfaces generating substantially more runoff 
than vegetated land; Lalitpur's more built-up north 
contrasts with its greener south, mirroring the 
valley-wide urbanization pattern documented 

since 1990 (Lamichhane et al., 2025; Thapa et al., 
2024), and LULC received a weight of 6.6%. 
NDVI, a proxy for vegetation density and rainfall 
interception, received a comparatively modest 
weight of 5.9%, consistent with its secondary role 
in comparable studies (Pimenta et al., 2025). 

 

 
Two-panel composite figure (land-cover factor maps of lalitpur) 

 
Soil type, which governs infiltration versus runoff 
through texture and permeability, received a 
weight of 9.3%, tied with drainage density, in line 
with its treatment as a distinct criterion in 
numerous flood-susceptibility frameworks 
(Pimenta et al., 2025; Vilasan & Kapse, 2022). 
 
Results: AHP Weights and Flood Susceptibility 
Map 
Table 1 summarizes the normalized criterion 
weights derived from the pairwise comparison 
matrix. Distance from rivers (14.1%) and TWI 

(13.8%) emerged as the most influential criteria, 
followed closely by precipitation (13.5%) and 
elevation (12.1%); slope, drainage density, and soil 
type occupied an intermediate tier (9.3–9.9%), 
while LULC, NDVI, and distance from roads 
contributed the smallest weights (5.6–6.6%). This 
ranking is broadly consistent with the pattern 
reported for the wider Kathmandu Valley by 
Chaulagain et al. (2023) and Chaudhary et al. 
(2024), both of whom likewise found drainage 
proximity and topographic wetness to outweigh 
land-cover and infrastructural criteria. 

 
Table 1. Normalized AHP weights of flood-conditioning criteria for Lalitpur, Nepal. 
# Criterion Normalized Weight (%) Rank 
1 Distance from Rivers 14.1 1st 
2 Topographic Wetness Index (TWI) 13.8 2nd 
3 Precipitation 13.5 3rd 
4 Elevation 12.1 4th 
5 Slope 9.9 5th 
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# Criterion Normalized Weight (%) Rank 
6 Drainage Density 9.3 6th (tie) 
7 Soil Type 9.3 6th (tie) 
8 Land Use / Land Cover (LULC) 6.6 8th 
9 NDVI 5.9 9th 
10 Distance from Roads 5.6 10th 
 

 
FINAL FLOOD SUSCEPTIBILITY MAP 

Flood Susceptibility Map of Lalitpur (Weighted Overlay of All Ten Criteria, Classified from Very Low to 
Very High Susceptibility) 
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The composite map shows a clear north–south 
gradient: very high and high susceptibility 
concentrate along the low-lying southern 
floodplain adjacent to the Bagmati and Nakkhu 
corridors, moderate susceptibility spans the 
transitional mid-elevation zone, and very low to 
low susceptibility is confined to the steep, forested 
north. This pattern is consistent with the 
individual-criterion results above and with the 
documented flood impacts in Lalitpur's Bagdol 
area along the Bagmati corridor during the 
September 2024 event (Sharma et al., 2025). 
These results reinforce a conclusion that now 
recurs across nearly every AHP-based flood 
assessment in the Kathmandu Valley and 

comparable monsoon-influenced settings: 
susceptibility is overwhelmingly a function of 
proximity to drainage and moisture-retention 
capacity rather than of land cover or infrastructure 
alone (Chaulagain et al., 2023; Chaudhary et al., 
2024; Kader et al., 2024). That distance from 
rivers and TWI together account for nearly 28% 
of the composite weight here echoes the emphasis 
on hydrological proximity in Tunisian, 
Bangladeshi, and Brazilian AHP studies alike 
(Hammami et al., 2019; Shadmaan & Hassan, 
2024; Pimenta et al., 2025), suggesting a genuinely 
cross-regional physical regularity rather than a 
local artefact. 

 

 
 
The comparatively modest weights on LULC and 
NDVI should not be read as evidence that land-
cover change is unimportant: the AHP model 
isolates structural terrain susceptibility, whereas 
post-2024 research on the valley shows that 
unplanned urban expansion and river-corridor 
encroachment have been decisive in converting a 
structurally susceptible landscape into one that 
now floods more often and more severely 
(Lamichhane et al., 2025; Thapa et al., 2024). As 

in comparable open-data AHP studies, the weights 
here rest on expert-informed pairwise judgement 
rather than a long historical flood inventory, so 
future work should validate the map against 
documented inundation extents for instance via 
ROC-AUC analysis, as used elsewhere (Kader et 
al., 2024; Vilasan & Kapse, 2022) and incorporate 
finer-resolution elevation and rainfall data where 
available (Adhikari, 2025)
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Conclusion 
This study applied a GIS-based Analytic Hierarchy 
Process to assess flood susceptibility across 
Lalitpur district, integrating ten physical and 
hydrological criteria into a single weighted 
composite map. Distance from rivers, TWI, and 
precipitation emerged as the three most influential 
determinants, together accounting for well over a 
third of the total weight, while land use, vegetation 
cover, and road proximity played a comparatively 
secondary role. The resulting map identifies the 
low-lying southern part of Lalitpur, adjacent to the 
Bagmati and Nakkhu corridors, as the zone of 
greatest concern a finding that aligns with the 
wider AHP literature on the Kathmandu Valley 
(Chaulagain et al., 2023; Chaudhary et al., 2024) 
and with the documented pattern of damage 
during the September 2024 disaster (Sharma et al., 
2025; Lamichhane et al., 2025). Given the valley's 
continuing rapid urbanisation, these findings 
support embedding susceptibility mapping of this 
kind into local land-use planning, building-permit 
review, and disaster-preparedness protocols, so 
that future development in Lalitpur can be steered 
away from its most structurally flood-prone areas. 
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