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Abstract - Floods are among the worst devastating catastrophes on earth, leading to substantial loss of life and harm to buildings
and infrastructure. 1.47 billion individuals worldwide face the threat of flooding. The Northeastern region of India, including
Mizoram, is particularly vulnerable due to its hilly terrain, fragile ecosystem, and heavy monsoon rainfall. The Tlawng River,
the longest river in Mizoram (185 km within the state), experiences frequent flooding, with the most recent major flood in 2019
affecting 1,968 families across 205 villages. Despite the devastating impacts of floods in the region, a comprehensive flood risk
assessment has not yet been carried out for the entire Tlawng River Basin. The present research integrates a GI1S-based MCA
with AHP to develop a flood risk assessment for the Tlawng River Basin. Flood hazard indicators, consisting of MNDWI, NDVI,
distance to river, slope, drainage density, TWI, elevation, rainfall, and lithology, were analyzed alongside vulnerability
indicators such as LULC, population density, and proximity to roads and hospitals. Spatial layers for each indicator were
generated, and their relative weights were determined using pairwise comparisons in the AHP framework. The study generated

a final flood risk map by integrating assessments of flood hazards and vulnerabilities. The findings show that high and very high

flood-risk areas encompass approximately 41.6% (1,445.7 km?) of the study region.

Keywords - AHP, Flood hazard, Vulnerability, Risk, Tlawng river basin.

1. Introduction

Water from sources like rivers, lakes, or oceans can
overflow its normal boundaries, leading to flooding. This
often occurs due to rising water levels or the failure of
containment structures such as levees [1]. Flooding can occur
due to factors like rapid snowmelt, heavy rain, severe winds
above water, tsunamis, high waves, dams, levees, and other
water-retaining construction failures.

Floods manifest in diverse forms, including urban floods,
coastal floods, pluvial floods (ponding), flash floods, and
riverine (fluvial) floods [2]. Among these, Flash floods are
especially dangerous, as they can develop quickly with little
warning, causing severe social, economic, and environmental
harm [3].

Flooding has widespread impacts, frequently causing
major economic losses, infrastructure damage, and social
upheaval, as well as tragic loss of life [4]. Riverside
communities are especially vulnerable to these catastrophic
events. India is a major flood-prone country, responsible for
20% of global flood deaths [5]. The country gets around 75%
of its yearly rainfall during the monsoon, worsening flood
risks [6]. The Central Water Commission reports that 37
million hectares of farmland in India are at risk of flooding
during this period [7]. Assessing flood risks is crucial to
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predict future floods and plan effective ways to reduce
impacts. These efforts are important to lower the risks and
improve readiness for areas susceptible to flooding.

Assessing flood risk considers the potential and
likelihood impacts of flooding in a specific area [8]. This
comprehensive approach investigates potential flood hazards
within the region, which is crucial for designing effective
solutions to mitigate and control the impacts of floods [9].
Several methodologies have been used to evaluate flood risk,
each one providing unique insights and tools. For example,
hydrologic and hydraulic models were combined with
decision-making frameworks, like multi-attribute utility
theory [10] and AHP, to evaluate flood-related damages [11].
Other approaches include Multi-criteria Analysis (MCA) [12],
Principal Component Analysis [14], statistical models [13],
Frequency Ratio, and Cluster Analysis. Indicator-based
indexing [15] and advanced GIS modelling techniques have
also proven useful in flood risk assessment [16]. GIS,
hydraulic models, and DEM data were shown to be useful for
mapping probable flood zones and depths [17]. Similarly, the
Analytic Hierarchy Process gained importance in analysing
complicated geographical scenarios [18]. AHP uses
mathematical and psychological concepts to study decision-
making [19]. AHP, developed by Thomas L. Saaty in 1980, is
often used to measure flood risk [20]. It prioritizes hazard and
vulnerability elements.
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Tlawng River experiences significant flood threats
because of its geographic location and climate [21]. Yet,
comprehensive flood risk mapping throughout the basin is
urgently required for effective flood management and
mitigation. Recent research has begun to address this issue,
but important gaps still exist. A flood risk assessment by
Debbarma et al. (2024) focused only on the physical features
of the watershed in two locations, Bairabi and Sairang, leaving
the larger Tlawng River Basin insufficiently evaluated [22].
The study extends flood risk mapping by incorporating the
entire Tlawng River Basin. It considers both hazard factors,
which define the physical features of the watershed, and
vulnerability parameters, which represent the susceptibility of
the local population [23]. By incorporating various
vulnerability and hazard indicators, the study gives an
additional overview of flood threat in the region.

This research creates a comprehensive flood risk map for
the entire Tlawng River Basin using a GIS-based MCA and
AHP. The method involves assigning weights to hazard and
vulnerability indicators [24]. AHP and GIS provide a logical
and precise evaluation of flood risk, considering both
socioeconomic and physical influences [25].

Flooding in the Tlawng River Basin threatens lives, ruins
infrastructure, and hinders commercial activities; therefore,
careful risk assessment is crucial to protect people and support
regional growth [26]. Flood risk maps are critical for
Mizoram's IWRD. It will help in evacuation planning, flood
preparedness, and resource allocation, reducing the impacts of
flooding in the region.

2. Materials and Methods
2.1. Research Area

Tlawng River is the longest river in Mizoram, covering
185 kilometers. It starts in Zopui Hills at 1600 meters above
MSL, situated 9 km east of city Lunglei at 22°66°10.624”"N
and 92°50°1.59”E. The basin covers a large area of 3500 km?
within five districts in Mizoram. Many tributaries feed the
river, the most known of being Tut and Teirei. Teirei goes into
the Tlawng, improving flow and contributing to the basin’s
hydrology. Tlawng flows into the Barak River at Katakhal,
hitting the lowest elevation of 8 m. The river then takes many
names when it flows through Assam’s Cachar district,
including Dhaleswari and Katakhal.

The watershed has a tropical humid environment with
annual rainfall of 2450 mm. The monsoon season changes the
basin’s hydrology and promotes dense vegetation and
ecosystems. The climate in the basin has an average
temperature of 21°C. The basin’s geology consists of
sedimentary rocks like sandstone, siltstone, and shale.
Monsoon floods are common in the region, so understanding
their behavior is important for the area’s ecology and
economy.
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2.2. Acquisition of Data

The study used GIS-based MCA and AHP to create
thematic layers for flood risk mapping. It used information
from various resources like maps, satellite images, and
primary and secondary data. ArcGIS 10.8 was used to produce
maps of the distance to the river, drainage density, elevation,
slope, and land use/land cover (LULC). SRTM DEM was used
for drainage density, elevation, topographic wetness index
(TWI), and slope. Landsat-8 imagery from the Living Atlas
website was used to get LULC, Modified Normalized Water
Index (MNDWI) and Normalized Difference Vegetation
Index (NDVI). Additionally, 21 years of rainfall (2000-2020)
from DES-PPI, Govt. of Mizoram and demographic data from
Census of India were acquired. The statistical handbook of
Mizoram was used to calculate the distance to hospitals.

2.3. Methodology

The study applied a GIS-based MCA combined with AHP
to evaluate and analyze flood hazards and vulnerabilities over
the entire Tlawng Basin. The process is visually shown in
Figure 2. Key processes include choosing appropriate hazard
and vulnerability indicators, assigning weights using AHP by
pairwise comparisons, and computing vulnerability and
hazard indices. These indicators were then combined to create
a final flood risk map. The approach incorporates
geomorphological, hydro-climatic, and socioeconomic
parameters, enabling effective flood risk zoning [27].

2.3.1. GIS-Based MCA Using AHP for Weighting Indicators

The study used a GIS-based MCA with AHP to evaluate
flood risk across the Tlawng River basin [22]. AHP was
utilized to evaluate the importance of different factors through
pairwise comparisons [28]. Each element was weighted based
on its impact on hazards and vulnerability, giving a systematic
and comprehensive analysis [29].

Selecting Indicators

The indicators were selected by considering their
significance to flood risk and ability to capture hazard and
vulnerability aspects [9]. Physical characteristics such as
drainage density, slope, elevation, TWI, distance to the river,
rainfall, and lithology were selected to evaluate flood hazards,
as they directly influence water flow and flooding [30, 31].
Slope and elevation determine water flow and accumulation,
while drainage density shows the basin’s ability to drain
excess water [32]. Distance to rivers shows nearness to flood-
prone areas. Rainfall accounts for how climate affects flood
frequency and intensity [33]. Lithology provides details on
soil’s ability to absorb and retain water [34].

On the other side, Socio-economic indicators, including
LULC, distance to hospitals, proximity to roads, population
density, and total population, were selected to measure flood
vulnerability [35]. It shows the coverage, susceptibility, and
resilience of communities to flooding. Total population and
density indicate the amount of people in flood-prone areas
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[31]. LULC alters runoff and infiltration [36]. Distance to
hospitals and roads reflects access to emergency services and
evacuation routes during emergencies [37]. This method gives

a broad understanding of flood risk by considering both
natural (hazard) and human (vulnerability) variables [38].
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Fig. 1 Study area
AHP Weighting Process C] = tmax 3)
AHP assigns weights to indicators by pairwise n-1

comparisons utilizing Saaty’s scale preference between 1 and
9 [39]. Lower values indicate less importance and higher
values signify greater importance [40]. Values in each row of
the comparison matrix were multiplied, and the n™ root of this
product was then determined:

1)

Where, V,, represents the eigenvector, W, represents each
element, and n represents total elements number (decision
indicators).

The eigenvectors were normalized to derive weighting
factors for each indicator [41]. To verify the reliability of the
weighting process, the consistency ratio of the pairwise
comparison matrix was computed (CR):

_a
T RI

CR @)

Where RI denotes the random index and CI consistency
index. Cl was computed as:
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In the above, Amax represents the largest eigenvalue.
According to Saaty (1980), a consistency ratio value of 10%
or less indicates consistent judgments, and a higher value
requires re-evaluation of pairwise comparisons.

Hazard Index (HI)

Flood hazard refers to the probability of natural
phenomena occurring with varying intensities, which can lead
to inundation and damage in surrounding areas [42]. These
hazards are primarily driven by hydro-climatic factors
influencing water flow dynamics, such as rainfall, slope, soil
type, and drainage density [43].

According to Gigovi¢ et al. (2017) and Hazarika et al.
(2018), the hazard can be described as the likelihood of
destructive natural events within a specific spatial and
temporal framework [44, 45]. To quantify flood hazard in the
study area, a hazard index was computed by integrating
multiple geophysical indicators, each weighted based on its
contribution to flood occurrences [46]. The hazard index (HI)
was obtained by applying the following equation:
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Fig. 2 Workflow for evaluating vulnerability, hazard, and flood risk in Tlawng River Basin

H1=WEXE+WSXS+WDDXDD+WDRXDR+WTWI
X TWI + Wynpwi X
MNDWI + Wy X R + Wypy; X NDVI + W, X L

(4)

Where, S = slope; DR = distance to river; TWI =
topographic wetness index; DD = drainage density; MNDWI
= modified normalized difference water index; E = elevation;
NDVI = normalized difference vegetative index; R = rainfall;
L = Lithology.

Vulnerability Index (VI)

Flood vulnerability refers to how susceptible
communities, infrastructure, and the environment are to flood-
induced damage [47]. It includes exposure, susceptibility, and
resilience, influenced by social, environmental, and economic
factors [48]. Vulnerability changes over time due to land use,
population, and economic trends [49]. It accounts for internal
risks that can lead to losses in life, property, and resources
[50]. The vulnerability index used socioeconomic indicators
in this study to reflect community flood exposure. The
vulnerability index (V1) was computed using a formula:

VI = WTP X TP + WPD X PD + WLULC X LULC + WDTH
X DTH +
Wyrp X DTR

()

Where, TP = total population; LULC = land use land
cover; DTR = distance to road; DTH = distance to hospital;
PD = population density.

Flood Risk Index (FRI)

Flood risk represents the combined effects of flood
vulnerability and hazard, indicating the potential for flood-
induced damage in a region [51]. Flood risk mapping
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integrates hazard and vulnerability assessments to visualize
flood-susceptible zones [52, 53]. In this research, flood risk
was quantified by utilizing Flood Risk Index (FRI), computed
as:
FRI = HI x VI (5)
Thematic layers representing hazard and vulnerability
factors were weighted based on their importance and
combined using a weighted sum approach. This approach
helped identify and map flood-prone areas, supporting flood
risk evaluation and prevention planning. The generated flood
risk map is a key tool for emergency preparedness,
infrastructure development, and policy development in the
Tlawng River Basin.

3. Results
3.1. Results from Flood Hazard Mapping

Flood hazard refers to the likelihood of a flood occurrence
of a given magnitude happening in a specific location and
timeframe. A flood hazard map is essential for developing
land use plans, particularly in flood potential regions. By
generating comprehensive maps, this approach enables
administrators and planners to recognize high-risk locations
effectively and prioritize mitigation strategies accordingly. In
this work, AHP was utilized to develop a pairwise comparison
matrix (Table 1) based on expert judgment, assigning weights
to each criterion leveraging Saaty’s preference scale. The
priority vector (Vp) was computed using Equation 1, followed
by the normalization of the matrix (Table 2) by dividing each
value in Table 1 by the total of its corresponding column. The
maximum eigenvalue (Amax) Was determined as 9.93. With a
random index (RI) value of 1.45, the computed CI and CR
using Equations 2 and 3 were 0.12 and 0.08, respectively. The
comparison matrix was considered consistent since the CR
value (0.08) is below the acceptable threshold of 0.1. An
analysis of the assigned weights revealed that elevation (0.20)



Sagar Debbarma et al. / IJCE, 10(1), 1-4, 2023

exerted the most significant influence on flood hazard,
followed by slope (0.18), drainage density (0.16), and
drainage relief (0.13). Other contributing factors included the
TWI at 0.10, the MNDWI at 0.08, rainfall at 0.06, and both

NDVI and land use at 0.05 (Table 3). Raster maps for these
nine hazard parameters were prepared using ArcGIS 10.8,
with individual parameter maps presented in Figure 3.

Table 1. Pairwise comparison matrix for hazard indicators

Variables E S DD DR TWI MNDWI R NDVI L Vp

E 1 3 2 2 3 2 3 2 2 2.12

S 1/3 1 3 4 2 2 3 2 3 1.88

DD 1/2 1/3 1 1 3 4 5 4 2 1.63

DR 1/2 1/4 1 1 3 2 3 2 4 1.38

TWI 1/3 1/2 1/3 1/3 1 3 4 3 3 1.08

MNDWI 1/2 1/2 1/4 1/2 1/3 1 3 2 2 0.79

R 1/3 1/3 1/5 1/3 1/4 1/3 1 3 2 0.54

NDVI 1/2 1/2 1/4 1/2 1/3 1/2 1/3 1 1 0.49

L 1/2 1/3 1/2 1/4 1/3 1/2 1/2 1 1 0.49

Total 4.50 6.75 8.53 9.92 13.25 15.33 22.83 20.00 20.00 | 10.40

Table 2. Normalized hazard matrix for multi-criteria flood risk assessment
Variables E S DD DR | TWI | MNDWI R NDVI L Amax Cl | CR
E 0.24 | 0.57 | 0.28 | 0.26 | 0.33 0.14 0.15 0.08 0.08 9.93 | 0.12 | 0.08

S 0.08 | 0.19 | 0.42 | 0.52 | 0.22 0.14 0.15 0.08 0.12
DD 0.12 | 0.06 | 0.14 | 0.13 | 0.33 0.28 0.25 0.16 0.08
DR 0.12 | 0.05 | 0.14 | 0.13 | 0.33 0.14 0.15 0.08 0.16
TWI 0.08 | 0.10 | 0.05 | 0.04 | 0.11 0.21 0.20 0.12 0.12
MNDWI 0.12 | 0.10 | 0.04 | 0.07 | 0.04 0.07 0.15 0.08 0.08
R 0.08 | 0.06 | 0.03 | 0.04 | 0.03 0.02 0.05 0.12 0.08
NDVI 0.12 | 0.10 | 0.04 | 0.07 | 0.04 0.04 0.02 0.04 0.04
L 0.12 | 0.06 | 0.07 | 0.03 | 0.04 0.04 0.03 0.04 0.04

3.1.1. Flood Hazard Assessment and Classification

After determining the parameter weights, each layer was
assigned its respective weight in ArcGIS 10.8. Using the
weighted sum approach, hazard parameter values were
divided into five groups: negligible (very low), minimal (low),
intermediate (moderate), elevated (high), and extreme (very
high). This category facilitated the establishment of a flood
hazard susceptibility table, ranking parameters from 1 to 5 to
represent increasing levels of susceptibility (Table 3). The
final hazard map (Figure 4) was created through the weighted
sum approach incorporating all nine parameters using Eq. 4.
The resulting classification of the Tlawng River Basin into
various flood hazard zones revealed that the majority of the
basin falls within the moderate hazard class, followed by high
and very low hazard categories. The extent for each hazard
region is summarized in Table 4, highlighting that around
30.53% of the region is classified as moderate hazard, while
26.44% and 13.23% were categorized as high and very high
hazard zones, respectively. The flood hazard mapping results
underscore the critical role of topographic and hydrological
parameters in flood susceptibility within the Tlawng River
Basin. The integration of MCA and AHP provides a structured
and objective assessment framework. The generated flood
hazard map serves as an effective resource for managing flood
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risk, city development, and disaster preparedness in the
region.

3.2. Results from Flood Vulnerability Mapping

Flood vulnerability parameters were ranked employing a
pairwise comparison matrix, with each parameter assigned
scores based on Saaty’s preference scale as determined by
expert opinion. The vulnerability parameter value (V,) given
in Eq. 1 has been calculated and is presented in Table 5. The
normalization matrix was derived by dividing every single
value in Table 8 by the total of its corresponding row.. The
maximum Eigenvalue (Amax) Was found to be 5.27, with a
random index (RI) value of 1.12 obtained from Table 3.

The CI and CR were calculated using Equations 2 and 3
and determined to be 0.07 and 0.06 (Table 6). Since the CR
value (0.06) is below the acceptable threshold of 10%, the
comparison matrix is deemed consistent (CR < 0.1).
According to the AHP, the parameter weights were calculated
with TP and PD exerting the strongest influence at 0.29,
followed by LULC at 0.18, DTH at 0.14, and DTR at 0.10.
Raster maps for these five indicators were generated using
ArcGIS 10.8 software, as shown in Figure 5.
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Table 3. Classification of flood hazard susceptibility

Parameters

Classes

Susceptible classes

Rank

Criteria weight

Elevation

25-241

1

241-445

445-649

649-884

884-1602

0.20

Slope

0-10

11-18

19-26

27-34

35-72

0.18

Drainage Density

0-30

31-82

83-150

160-230

231-510

0.15

Distance to river

0-432

433-999

1000-1490

1500-2060

2070-3800

0.13

TWI

-1-2

3-6

7-9

10-15

16-20

0.11

MNDWI

-0.65-0.22

-0.21--0.17

-0.17--0.13

-0.13- -0.076

-0.07-0.10

0.08

Rainfall

6-7

7.1-74

7.5-7.8

7.9-8.6

8.7-9

0.06

NDVI

-0.06- 0.2

0.21-0.28

0.29- 0.33

0.34-0.39

0.4- 0.62

0.05

Lithology

Clay

Mudstone

Sandstone

Shale

Siltstone

z|Z|-|m|Q|z|2|-|m|Q|QIm|-2|z|Q|m|-|2|Z|Q|m|—|Z|Zz|Q|m|-|Z2|z|Q|m|-Z|z|Q|m-Z|z|Qm-|Z|z

RINWIARORP|INWARIORINWIRCOIORIWINFRP(ORWINIRPIRPINWIAROOCRIWINRFRORARWINFRPIORWIN

0.05

*** N: Negligible; M: Minimal; I: Intermediate; E: Elevated; and EX: Extreme
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Table 4. Spatial extent of flood hazard areas

Hazard Area (Km?) Percentage (%)
Negligible 303.26 8.73
Minimal 732.33 21.07
Intermediate 1060.85 30.53
Elevated 918.70 26.44
Extreme 459.84 13.23
Total 3475.00 100.00
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3.2.1. Pairwise Comparison and Normalized Matrices

Table 6 represents the pairwise comparison matrix of
vulnerability indicators, demonstrating the relative influence
of each parameter. Table 7 provides the normalized
vulnerability matrix, which includes the computed values of
Amax, CI, and CR.

3.2.2. Flood Vulnerability Classification

After determining the weights of each indicator, the layers
were assigned corresponding weights in ArcGIS. The
vulnerability parameter values were classified into five
categories using the weighted sum approach: negligible,
minimal, intermediate, elevated, and extreme.

A vulnerability susceptibility table was created to rank the
parameters from 1 to 5, representing these levels of
vulnerability (Table 8). The parameters were reclassified
based on Table 7 and resampled to a resolution of 30 m.

The final flood vulnerability map was created by Eq. 5 in
the weighted sum method. The comprehensive flood
vulnerability map illustrates the geographic spread of flood
susceptibility across the Tlawng River Basin, where different
regions fall into varying vulnerability classes. The final
vulnerability map is depicted in Figure 6, while Table 8
presents the corresponding area coverage of each flood
vulnerability zone.
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3.3. Results from Flood Risk Mapping
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Fig. 5 Flood vulnerability parameters including (a) TP, (b) PD,
(c) LULC, (d) DTH, and (¢) DTR map.

Table 5. Pairwise comparison matrix for vulnerability indicators

Variables | TP PD | LULC | DTH | DTR | V,
TP 1 1 3 2 2 1.64
PD 1 1 3 2 2 1.64

LULC 1/3 | 1/3 1 2 3 0.92
DTH 1/2 1/2 1/2 1 2 0.76
DTR 1/2 | 1/2 1/3 1/2 1 0.53
Total 3331333 | 7.83 7.50 | 10.00 | 5.50

Table 6. Normalized vulnerability matrix for multi-criteria flood risk

assessment

Variables| TP | PD |[LULC|DTH|DTR| Amax | CI CR
TP 0.3710.25] 0.51 |0.24 |0.20
PD 0.3710.25] 0.51 |0.24 |0.20

LULC [0.12]0.08| 0.17 |0.24 |0.30 | 5.25 | 0.06 | 0.06

DTH |0.190.13| 0.09 |0.12 | 0.20
DTR ]0.19]0.13| 0.06 |0.06 | 0.10

The flood risk map of the research region is depicted in
Figure 7, generated using Equation 6 in the raster calculator
tool within ArcGIS 10.8. The analysis classified the flood risk
into five distinct categories: negligible, minimal, intermediate,
elevated, and extreme. These classifications were determined
based on multiple flood-influencing factors, including
topographic characteristics, hydrological parameters, and land
use patterns. The flood risk map demonstrates that most of the
research region is classified as moderate or high risk,
suggesting the Tlawng River Basin is substantially vulnerable
to flooding. Specifically, 27.95% (971.39 km?) of the area is
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categorized as moderate risk, while 27.61% (959.43 km?) falls
under high-risk zones. The very high flood risk zone, covering
13.99% (486.27 km?), is primarily concentrated in regions
with low elevations, floodplains, and regions with poor
drainage. In contrast, areas with low and very low flood risk
comprise 16.42% (570.53 km?) and 14.03% (487.38 km?) of
the study region, respectively, mostly corresponding to
elevated terrains and regions with efficient drainage. The
detailed flood risk distribution is summarized in Table 9.

The findings indicate that nearly 70% of the research
region was at moderate to very high risk of flooding,
highlighting the urgency of looking for flood control
strategies. Such high-risk zones are particularly significant for
urban settlements, agricultural lands, and critical
infrastructure located within the basin. The flood risk map
becomes an essential tool for emergency preparedness, land-
use strategy, and growth in infrastructure, enabling authorities
to implement targeted flood control measures.

4. Discussion

The northeastern region of India frequently experiences
extreme floods and landslides due to steep terrain and heavy
monsoon rainfall. Mizoram is particularly vulnerable to
flooding because of its rugged topography and intense
seasonal precipitation, which leads to rapid runoff and river
overflow. Despite the growing frequency and severity of
floods, a comprehensive flood risk assessment has not been
done for the entire Tlawng River Basin. This study uses a GIS-
based multi-criteria approach with the Analytic Hierarchy
Process to create a comprehensive flood risk mapping for the
entire basin.

This research investigates the usage of GIS and AHP for
flood risk evaluation in a mountainous watershed, where
flooding is influenced by geomorphological and hydrological
factors. Previous research by Darabi et al. (2019), Liu et al.
(2021), and Karmakar et al. (2022) have applied these
approaches in low-lying floodplains and urban areas [54-56],
but this research demonstrates their effectiveness in a more
complex, mountainous setting.

The study found that 41.6% of the area faces high to very
high flood threat, highlighting the requirement for better flood
prevention. The most influential hazards were topographic
factors like elevation, slope, proximity to rivers, and drainage
density. Vulnerability factors like population density, land
use, and infrastructure access worsened flood risks in densely
populated areas. Integrating these parameters provided a
broader understanding of flood potential regions, improving
the accuracy of risk mapping compared to single-factor
analyses.
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Table 7. Classification of flood vulnerability susceptibility

Parameters Classes

Susceptibility class

Rank Criteria weight

86,365-118,140

EX

(6, ]

118,150-145,740

Total Population 145,750-178,350

0.29

178,360-225,180

225,190-299,600

29-40

41-49

Population Density 50-57

0.29

58-69

70-90

Bare ground

Trees

LULC Vegetation cover

0.18

Built areas

Water

0-8600

8610-16,100

Distance to hospital 16,200-24,700

0.14

24,800-34,400

34,500-45,700

0-5018

5019-10,470

Distance to road 10,480-16,490

0.10

16,500-24,380

24,390-36,560
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4.1. Practical Implications and Limitations

The AHP approach provides a structured method for
assigning weights to flood hazard and vulnerability indicators,
but it has limitations. One primary concern is the subjectivity
in the pairwise comparison process [20].

20ve

VULNERABILITY MAP

2000w

Fig. 6 Flood vulnerability mapping across the Tlawng River Basin
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The weights depend on expert judgment, which can
introduce bias and inconsistencies [57]. While the consistency
ratio helps verify the logical coherence of the weights, human
perception and expertise still influence the final weighting
structure [58]. AHP assumes all decision criteria are
independent, but complex interactions exist between
hydrological, geomorphological, and socio-economic
parameters that influence flood risk [59]. Additionally, as the
number of indicators increases, the pairwise comparison
process grows exponentially, making AHP more complex and
time-consuming [60]. Despite these limitations, integrating
AHP with GIS improves flood risk assessment by offering a
clear and repeatable decision-making framework, especially
in data-scarce areas like the Tlawng River Basin. Future
studies could investigate blending AHP with machine learning
or fuzzy logic to reduce subjectivity and enhance the
robustness of flood risk assessments [61, 62].

Table 8. Spatial extent of flood vulnerability areas

Vulnerability Area (Km?) Percentage (%)
Negligible 494.16 14.10
Minimal 454.70 12.98
Intermediate 976.46 27.87
Elevated 1066.51 30.44
Extreme 511.95 14.61
Total 3503.78 100.00
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----- and DTR). The generated map reveals an elevated risk of

flooding in the lower sections of the basin, specifically in the

N Mamit, Lunglei, and Serchhip districts. The high-risk flooding

. A : area spans 1,445.7 km? Decision-makers can use this map to
guide future preventive measures, improved land use

planning, and flood risk management in the context of climate
change. To conduct more detailed mapping in high-risk zones,
it is essential to employ high-resolution satellite data, which
will offer valuable insights and enhance the findings. Such
studies can be performed at both district and basin levels,
facilitating the development of more comprehensive risk maps
and better-evaluating risks related to riverine flooding. Further

o b [Legena research should incorporate high-resolution satellite data,
; — machine learning, and hydrological models to enhance flood
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prediction and mapping accuracy.
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