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Abstract: This research aimed to apply the geospatial techniques and Analytical Hierarchy Process
(AHP) approach to find vulnerable areas in terms of flooding in the Neluwa area, Sri Lanka. The
study incorporated nine relevant criteria for the vulnerability classification under three sub-criteria;
the built environment, physical environment, and socio-economic environment. Under the built
environment, road networks and buildings were chosen as sub-criteria. The Normalized Difference
Vegetation Index (NDVI), slope, elevation, water bodies, and stream density were taken as physical
criteria. Land use and population density were considered as socio-economic criteria. All the criteria
are set correctly in raster data, and their contents were well adduced. The study consisted of the use
of different levels of criteria and combinations of different processes. The analytical results reveal
that 14.24% and 30.24% of the total area are at a very-high risk and high risk for flooding, respectively.
Only 5.17% of the land was classified as a risk-free area. Eastern, central, and western divisions
of the study area are highly vulnerable to floods due to their low slopes. Based on the produced
maps, the spatial extents and levels of risk were systematically identified. Data obtained through
qualitative judgments related to the field were validated based on the approach used. The potential
of this approach is effective in assessing the spatial vulnerability of these flood-affected areas. Using
such criteria and a model-based approach will be constructive in identifying different flood scenarios
and in providing a remunerative guideline for potential anticipatory measures and better land-based
planning in the area.

Keywords: flood hazard; vulnerability; AHP; geospatial techniques; Sri Lanka

1. Introduction

The frequency of natural disasters has increased manifold in recent years, among other
issues that have surfaced in both industrialized and developing nations. Global statistics
show that 40% of socioeconomic losses are attributable to natural disasters [1]. This natural
phenomenon is mainly due to global warming, which is responsible for changing patterns
and intensities of rainfall, resulting in the overflow of rivers and streams. Due to factors
such as the inability to cover waterways, the obstruction of drainage channels, climate
change, urbanization and population increases, and the construction of physical structures
for developmental activities, the frequency of flooding has increased around the world
exponentially. A flood is a short-term and occasional rise in the water level of a river or
body of water that is caused by heavy rainfall, ocean waves coming onto the shore, such

Water 2023, 15, 1212. https://doi.org/10.3390/w15061212 https://www.mdpi.com/journal/water

https://doi.org/10.3390/w15061212
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0002-3268-7869
https://orcid.org/0000-0002-3073-8175
https://orcid.org/0000-0002-9473-6769
https://orcid.org/0000-0003-3296-5651
https://doi.org/10.3390/w15061212
https://www.mdpi.com/journal/water
https://www.mdpi.com/article/10.3390/w15061212?type=check_update&version=1


Water 2023, 15, 1212 2 of 23

as a storm surge, melting snow and ice, as well as ice jams, dams or levees breaking, and
glacial lake outburst flow [2]. Floods are the most widespread natural extreme weather
events and can vary greatly, ranging from a few inches to several feet. Floods are one of
the disasters feared by people and increase the risk and vulnerability of a society. The
aim of flood risk assessment is important in determining the probability and intensity of a
long-term disaster. A river floods when the water level rises above its banks. All rivers and
canals can be flooded. This includes everything from small streams to the largest rivers in
the world. The term “vulnerability” indicates the measurement of potential risk, as well
as the socio-economic ability to tackle the worst situation resulting from the disastrous
event [3,4]. The concept of vulnerability includes the vulnerability of environmental and
human systems to damage or injury, due to exposure to stressors and lack of adaptive
capacity [5,6]. The areas that are vulnerable to flooding are more likely to experience
socioeconomic and environmental effects. The premise that all vulnerability indicators
are equally important is the foundation of several vulnerability indexes [7]. The use of
composite proxy indicators is the most popular technique for measuring vulnerability in
the context of global change. In more recent times, vulnerability analysis has used the
multi-dimensionality notion [8].

Floods have been identified as one of the most devasting natural disasters, ranking
highly worldwide [9], and Sri Lanka is not an exception. Although Sri Lanka is a small
country, the impact of environmental hazards and disasters has not diminished. For a
long time, natural disasters have greatly threatened the survival and functioning of the
human environment. Floods, droughts, cyclones, and landslides are the major types of
natural disasters. Floods in Sri Lanka have always been a natural phenomenon, affecting
humanity and infrastructure. Based on the flood pattern in Sri Lanka, it can be divided into
two main zones: wet and dry. With the onset of the southwest monsoon, there is a high
tendency of flooding in the wet zone. In some years, the tropical cyclones and depressions,
occurring due to the south-west monsoon, have resulted in significant flooding [10]. Thus,
the monsoon season receives unusually heavy rainfall over a short period. Such heavy rains
have occurred only in certain years. Soil that is saturated with rainwater is less absorbent.
This can happen even if there is forest cover. The water then flows down the river valley.
It could cause significant flooding in the lowlands of the river valley. To support risk
reduction and long-term adaptation strategies, it is crucial to assess vulnerability to climate
change and extreme events, such as floods [11]. Disaster management prioritizes crisis
response, recovery, and disaster aid in nations such as Sri Lanka that are vulnerable to
natural disasters. Numerous studies have demonstrated paradigm shifts, from disaster
relief to the reduction of disaster risk and liability. A clear image of the situation on the
ground and an indication of how much the danger is expected to affect the population,
capital, assets, and location would be provided through vulnerability assessment and
mapping [12,13].

According to the Irrigation Department of Sri Lanka, floods between 5 and 8 feet are
minor. Conditions between 8 and 11 feet are considered major floods. Floods beyond 11 feet
are catastrophic. Studies have revealed that although most of the flooding typically affects
the wet zone, the inter-monsoon rains, which fall in the dry zone during the latter part of
the year, can be so severe that the areas can become severely flooded. In the last three to
four years, significant floods were reported in the country in May. In 2014, flooding has
been reported from the Kalu, Kelani, and Gin river valleys. In 2016, floods were primarily
observed in Kelani Valley, while in 2017, they were observed in the Kalu, Gin, and Nilwala
Valley (www.vidusara.com, accessed on 21 December 2022). Such events reveal a likely
increase in rainfall intensity that is in line with global climate change forecasts. However,
the use of Geographic Information Systems (GIS) and Multi-Criteria Decision Analysis
(MCDA), using the Analytic Hierarchy Process (AHP) method, for flood modeling has
not been previously explored in the study area. Therefore, in the present study, these
technological strategies have been analyzed, with the main difference being the use of
the MCDA–AHP method for the Neluwa region along the Gin River for the first time.

www.vidusara.com
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This methodology under the proposed new approach allows for a comparison between
parameters; as flood conditions are more prevalent in the studied region, flood risk has
been identified in different zones through the proposed approach and methodology. Geo-
informatics is considered an obligatory tool for spatial analysis and the identification of
interrelationships between multiple criteria, and is widely used for natural hazard risk
assessment and management. The use of GIS and remote-sensing techniques is one of
the most applicable methods to measure and explore flood vulnerability areas [14]. The
use of MCDA techniques with AHP comprises one of the most commonly utilized and
accepted methods, and has for several decades in the field of research. Saaty has proposed
the AHP methodology to better understand the selected variables and criteria in the study
in a hierarchical manner [15]. The variables used are comparatively investigated and after
ranking them, appropriate values are assigned to the parameters by following befitting
procedures [16]. MCDA and AHP methods have been used successfully in many studies in
recent years and have been identified as appreciable technical tools in complex decision-
making, criterion selection, and problem analysis. MCDA will enhance the effectiveness
of studies by incorporating a wide range of technical, environmental, and socio-economic
criteria into successful holistic decision-making through this method. The MCDA method
was used to map flood vulnerability areas with geospatial techniques. Admittedly, the
Remote Sensing (RS)- and Geographic Information System (GIS)-based spatial data is
instrumental [17–19] in facilitating a more accurate representation and visualization of
results in the study using MCDA [20]. The sustainability and development of the country or
region’s physical and socioeconomic climate depend heavily on flood hazard management
and mitigation techniques. Risk assessment is very helpful in mitigating the impact of
flooding on the community, property, and environment.

Several studies have been conducted using geospatial techniques in order to map flood
risk through a variety of approaches, in a national and international context. Nuwanka
and Withanage [10] have conducted a GIS-integrated MCDA analysis for the identification
and analysis of zoning flood hazard vulnerability in the Nilwala river mouth, in Sri Lanka.
Here, they also used three main criteria, including the physical, socio-economic, and built
environment. Weights for the major and minor criteria were assigned through the expert
judgment method, using AHP. The results highlight that out of the total study area (523 ha),
98.9 ha (18.9%) was at the high-risk level and only 38.9 ha (7.4%) was in a risk-free category.
In their research, Ouma et al. [21] have described flood risk vulnerability in an urban
area using AHP and GIS techniques. Through the AHP method, the research attempted
to create a hierarchical structure that would present the best possibilities for flood risk
assessments. The results of the study confirmed that the GIS-based AHP method could be
used, in this study, as an effective tool in creating flood hazard maps. The study indicated
that these integrated methods can be used efficiently and coherently, with spatial data,
to reach definitive outcomes. In their work, Vignesh et al. [22] employed an AHP model
based on Multi-Criteria Decision-Making Analysis, in order to identify flood risk zones in
the geospatial environment’s southernmost district of Tamil Nadu, Kanyakumari. They
discovered that the district’s risk zones are dispersed throughout a vast area. The study
highlighted that unplanned urbanization, in addition to rapid population increases, is an
important element that needs to be taken into account in the future management of floods in
the studied region. A study conducted at a local scale in Bangladesh aimed to develop the
spatial multi-criteria-integrated approach, and to apply this to flood vulnerability mapping,
by utilizing geospatial techniques and incorporating sixteen criteria selected under three
main vulnerability components, which included physical vulnerability, social vulnerability,
and coping capacity. Results showed that including the coping capability has a significant
impact on vulnerability [3].

In the Attica region of Bihar, India, Feloni et al. [23] have widely utilized an improved
methodology to determine flood susceptibility. The creation and use of a GIS-based multi-
criteria analysis approach for identifying locations vulnerable to flooding occurrences
are originally reported in this context. Additionally, there have been several significant
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flood incidents in the area in recent years. According to the transformation procedure,
the generated maps show values between the criterion values of zero and one or one and
five. The combination of AHP and GIS in the experiment proves to be powerful in its
applications for flood vulnerability assessment, in any region. Twenty-one sub-criteria
under five main criteria have been applied through Google Earth Engine software, along
with the AHP process, in order to create flood risk maps. All criteria required weighting
and were present in the form of raster datasets. Thus, based on the opinions of officials
involved in soil management and experts in fields such as disaster management, weights
for the major and minor criteria were assigned by using AHP. The flood sensitivity map
was produced using a range of values for each of the five classes’ unique criteria. Using
sub-criteria grouped under each of the five criteria, an integrated flood hazard zoning
map was created. Flood hazard maps based on basic criteria were used more extensively,
in order to develop the final flood zone map. Swain’s study will be useful in terms of
mapping flood-prone areas, in order to minimize floods and allow designers, stakeholders,
and decision-makers to properly monitor areas at risk of flooding, as well as to avouch
proper, effective, and sustainable socio-economic development [24].

Eight conditioning factors were utilized to construct redeeming thematic maps by
Souissi et al. [25] in their study of GIS-based MCDM–AHP modeling, for flood susceptibility
mapping of dry regions, in southeastern Tunisia. The included parameters were elevation,
groundwater depth, slope, lithology, land use/cover, rainfall intensity, distance from the
drainage network, and drainage density. By assigning different values when creating
reclassification maps, and also by considering the flood status of the area and giving an
appropriate weight to each theme, the average weight of the factors and the importance of
each class were calculated using the Pair-Wise Comparison Matrix (PCM) methodology.
As such, the results that were realized after linking the MCDM–AHP–GIS methods in the
study area will be a valuable tool for authorities, designers, engineers, hydrologists, and
decision-makers, in order to identify flood risk zones and to assess the flood risk index.
Decisions are easy to make to reduce the risk of flooding. At present, it is possible to detect
an increase in the impact of flood hazards on peoples’ lives and property. These floods
occur regularly in the Southern Province, Western Province, and Sabaragamuwa Province
of Sri Lanka.

Therefore, flood hazard management is an essential factor. The present study has
been conducted based on the awareness of how the flood conditions have varied in the
study area, that is, around the Gin River, and how to recognize and act on pre-flood hazard
conditions. This type of research is not taken into account in the study area. As a result, the
current endeavor is topical and novel, in order to implement the quick assessment of flood
susceptibility, utilizing the MCDM and GIS. This study tried to prepare flood risk maps in
the Neluwa area along the Gin River, since floods are one of the major natural disasters in
the Gin River basin, and act as the most devastating natural hazard in the area, resulting in
a loss of property and human lives. Henceforth, based on the results, the study will provide
a potential flood mapping and assessment methodology for the region, integrated with GIS
and AHP. For weighing the major and sub-criteria, AHP was used through a questionnaire
method, in order to obtain ideas from experts in the field. Attempts have also been made to
rank the flood risk areas through a structured process and extensive use of multiple criteria
decision analysis. It was an effective way to analyze the physical, socioeconomic, and built
environment as the main criteria, in order to analyze the expected results and outcomes.

2. Materials and Methods
2.1. Study Area

Neluwa Divisional Secretariat (DS) is located in the Northeastern boundary of the
Galle District, between 120–140 km in the North and 145–170 km in the East (Figure 1). The
total land extent of this division is 15,348 ha, and consists of 34 Grama Niladhari Divisions
(GNDs). The area is located between the Northern latitudes 80–19/89–29.5 and Eastern
longitudes 6–17/6–25.5. Neluwa DS comprises 9% of the total land area of Galle District,



Water 2023, 15, 1212 5 of 23

and is in fourth place among the Divisional Secretariat Divisions in the district, in terms
of size. The average elevation of this division is more than 300 feet. According to the
distribution of rainfall in this division, two main zones can be identified: areas receiving
2500–3000 mm and areas receiving between 3000–4000 mm. Overall, this division can be
termed as a lowland wet zone that receives more than 3000 mm/year of rainfall, and does
not have high temperatures and wind speeds [26]. Neluwa Divisional Secretariat is made
up of rocks belonging to the Pre-Cambrian period. The area is especially rich in chanokites
and meta sedimentary rocks of the Vijayan complex.
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2.2. Data Sources

The research has been carried out according to the framework of the AHP, MCDM,
and GIS, in the geospatial environment, and using ArcGIS 10.8 software, developed by
Environment System Research Institute (ESRI), USA. Based on a comprehensive literature
survey and expert opinions, three major criteria have been chosen and those were divided
into nine sub-criteria for flood vulnerability mapping. The study was based on different
types of data, according to the main criteria obtained from the Survey Department of Sri
Lanka, with a scale of 1:10,000. Population census data were gathered from the resource
profile of Neluwa D.S.D., as mentioned in Table 1. It was important to collect relevant
datasets when mapping flood-prone areas through a geotechnical approach.
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Table 1. Vulnerability criteria used in the study.

Main Criteria Sub Criteria Data Sources

Built Environment
Buildings Survey Department Digital data Layers, 2022

Survey Department Digital data Layers, 2022Road network

Socio-Economic
Population Resource profile of Neluwa DSD, 2020

Land use Survey Department Digital data Layers, 2022

Physical Environment

NDVI USGS, Landsat 8, 2022

Water Bodies Survey Department Digital data Layers, 2022
Survey Department Digital data Layers, 2022Stream Density

Shapefile Slope Using Survey Department Contour line, 2022

Shapefile Elevation Using Survey Department Contour line, 2022
Note(s): Source: Compiled by Author, 2022.

Based on the literature, the available data, and their applicability and impact on flood
risk in the current study, the criteria and alternatives were chosen. By mapping the choices
for each criterion, the spatial thematic layers of each chosen criterion were created. In
this study, we created nine thematic layers, under three vulnerability components. For
each raster layer, the spatial resolution was set at a cell size of 30 m × 30 m using ArcGIS
10.8 software. For its use in predicting flood situations and representing vegetation cover,
the Normalized Difference Vegetation Index (NDVI) was computed. Here, the NDVI was
calculated using the following formula [27]:

NDVI =
NIR − RED
NIR + RED

NIR and R stand for near-infrared band and red band, respectively. The following
equation has been used in relation to the LANDSAT 8 data:

NDVI =
Band 5 − Band 4
Band 5 + Band 4

With the help of ArcGIS, DEM was also used to create the area’s elevation map. The
line density analysis Tool in ArcGIS was used to generate the drainage density network.
Elevation and slope are key factors in determining a terrain’s stability when consider-
ing the topography of the Neluwa area. The amount and direction of surface runoff or
groundwater that reaches a location are influenced by the slope. The main factor affecting
how much rainfall contributes to stream flow is the slope. It regulates the duration of
subsurface, infiltration, and overland flow. Since its concentrations indicate the type of
soil and its geotechnical characteristics, the drainage network is an essential ecosystem for
reducing risks. A weight value, corresponding to its relative relevance, was assigned to
each element in order to undertake a thorough assessment of the impact of each criteria
on flood generation in the research area. Pairwise comparison analysis, a method Saaty
introduced in 1980, was used to determine the weight [21].

2.3. GIS Approach

There are some methods that we experimented with, in order to decide on the best
alternative. Among them, AHP is one of the most popular methods. The AHP method
is used to weigh criteria and sub-criteria by evaluating Disaster Management (DMCs),
stakeholders, regional planners, or experts affiliated with the decision-making process.
Given that AHP is the easiest decision-making approach to prototype, it has emerged as one
of the most popular techniques for combining decision-making processes and geospatial
analysis [28]. This indicates that the approach is simple to use and yields effective and
precise findings for spatial analysis. AHP has gained popularity as a consequence of its
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simple deployment and successful outcomes. This method is as widely used as the MCDM
method, for considering the flood risk in various regions/countries [29]. Major criteria
maps are created based on values at different levels. A comparison is then made of the
relationship between each criterion in the standardization process, and potential flood
risk is identified and assessed through criteria weights using relevant field experts and
their judgments. The comparison between the criteria was most aptly identified using
the MCDA method, through GIS technology that applied Satty’s [30] AHP scales as pair-
wise comparisons, as mentioned in Table 2. However, to reclassify the criterion maps,
standardization was done by the pair-wise comparison method. The next step was to
establish weights for each criterion. According to the weight calculation, different criteria
had different importance levels. In the current research, we report the judgments of experts
from the field of hydrology, GIS, and disaster management. Additionally, sub-criteria maps
were reclassified and weighted based on the experts’ opinions. To calculate AHP weights
for the criteria, ten semi-structured questionnaires were collected from experts, including
civil engineers, disaster managers, university lecturers, AHP-based researchers, GIS experts,
and other researchers in the field. Accordingly, experts’ opinions were used to construct a
pair-wise comparison matrix and to allot weights as per the importance of each criterion.
The experts were selected based on their basic knowledge and research experiences.

Table 2. The AHP scales for paired comparisons.

Numerical
Scale Scale

1 Equally important

3 Moderately important

5 Strongly important

7 Very strongly important

9 Extremely important

2, 4, 6, 8 The importance lies in between two degrees
Note(s): Source: Saaty 1990 [30].

In the present study, nine sub-criteria were identified, under three main criteria, the
built environment, physical, and socio-economic characteristics, with these three being rele-
vant to the flood vulnerability evaluation for the study area. Under the built environment,
road network and buildings were chosen as sub-criteria. NDVI, slope, elevation, water
bodies, and stream density were taken under physical criteria and land use and population
density were taken under socio-economic criteria. All criteria required weighting and were
present in the form of raster datasets. The study consists of different levels of use of criteria
and combinations of different processes. When weighing the criteria, it is recommended
to quantify the pairs and quantitatively calculate the extent as to which the relationship
between them is relevant to the study. The flood risk assessment map was obtained by
overlaying all sub-criteria maps, by using weighted overlay technology through the Arc
GIS software-aided Weighted Linear Combination (WLC) method. Five risk zones could be
identified, based on the standard given in flood risk assessment when creating vulnerability
maps, including very high risk, high risk, moderate risk, less risk, and risk-free. On the
other hand, based on the range of parameters, the flood risk level was classified into five
types (7—very-high risk, 5—high risk, 3—moderate risk, 1—less risk, and 0—risk-free). All
criteria were plotted and transformed into values displayed within raster cells, and used in
weighting for linear combination.

In standardizing the criteria used, a reclassification was obtained, with areas not sus-
ceptible to flooding represented as Number 0 and areas susceptible to flooding represented
as a range between 0 and 1 (Table 3). In the pair-wise comparison method, the analyst must
specify the values for each pair of criteria that are the most significant in determining the
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flood risk, and how the relationship between those criteria affects the flood vulnerability.
Afterwards, the analyst must qualitatively state as to by how much their value is more sub-
stantial than another factor, as well as state the effectiveness of its quantitative expansion.
By assigning quantitative weights to determinants and comparing them pairwise to obtain
the composite vulnerability maps for the flood risk, weighted criteria were combined to
produce a flood vulnerability map. The most significant and common method employed
in flood vulnerability mapping is the weighted linear combination method. It uses a lin-
ear superposition approach, based on the importance of different factors’ weight [31–33].
Linear combination converts multi-factor evaluation into a comprehensive one [34]. The
procedures of WLC are expressed by the following formula, as proposed by Mendoza, [35].

S = ∑ Wi Xi ∗ ∏ c J

where, S = vulnerability; Wi—the weight of factor i; Xi; Xi—criterion score of factor i;
cj—criterion score (false/true) of constraint j; Π—produce.

Table 3. Score values assigned to reclassify each sub-criterion map used for the stud.

Flood Criteria Vulnerability Class Ranges and Ratings

Unit Risk Free (0) Less Risk (1) Moderate Risk (3) High Risk (5) Very High Risk (7)

(A) Physical Environment

NDVI Levels 0.47–0.56 0.42–0.46 0.36–0.41 0.25–0.35 0.12–0.24

Slope Degrees 30–57 21–29 13–20 5–12 0–5

Elevation m 91–155 50–91 - - -

Distance from River m 400–768 200–400 100–200 50–100 0–50

Stream Density km2 0–3.73 3.74–7.45 7.46–11.2 11.3–14.9 15–18.6

(B) Built Environment

Distance from Road m 600–1135 300–600 200–300 100–200 0–100

Distance from Buildings m 800–1374 400–800 200–400 100–200 0–100

(C) Socio Economic Environment

Land use Class Rock Rubber/Dense
forest/Tea Coconut Homestead Paddy

Population Density Person/km2 48–129 129–240 240–401 401–631 631–1085

This process, known as the Analytical Hierarchy Process (AHP), is one of the most
appropriate techniques for pair comparison and weight development for criteria, devel-
oped by Satty [30], in the context of multi-criteria decision-making and criterion-building
relationships [36–38]. Many of the criteria in the study were chosen based on previous liter-
ature surveys, and were used in particular contexts when obtaining relevant data [39,40].
Whether the flood risk in the area is directly or indirectly determined is clear from the
criteria used in the present study. Nine thematic maps (Figure 2) have been created under
three main criteria. The study was carried out to generate a final flood risk map using the
spatial analysis procedure (Figure 3).
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2.4. Developing GIS Model

Model Builder has a systematic technology that can be used to edit and manage the
required model. Arc GIS 10.8 version, developed by the ESRI, USA, was utilized. As a
GIS analyst, anyone can use the model builder, for a variety of applications. Additionally,
a model builder is used for constructing simple workflows. It is an easy and significant
application for creating and running workflows, and has a simple, neat interface. When
creating a model builder for any study, it is essential to pay attention to areas such as
the model canvas, model diagram, model elements, variables, and tools. It also should
provide advanced methods for extending ArcGIS functionality, by allowing one to create a
model as a tool. Not only that, the ArcGIS model builder offers several advantages, particu-
larly in terms of progressive processing, and easier database management. Using spatial
analysis techniques in Model Builder (Figure 4), flood risk vulnerability was evaluated by
applying different analytical GIS techniques, including overlaying, buffering (Euclidian),
reclassifying, and Raster-to-Vector conversion based on multi-criteria decision analysis.
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Accordingly, the knowledge of experts was used to construct a pair-wise comparison
matrix, and the contribution of each criterion was examined. Then, the values in each cell
were divided by the sum of each column. The process took place based on the three major
criteria. Main criteria weights were constructed regarding the results of ten experts in
the disaster management and GIS fields. According to the questionnaire survey, the main
criteria matrix was filled as below (Tables 4 and 5).

A—Physical Environment
B—Socio-economic Environment
C—Built Environment
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Table 4. Main Criteria Weight Matrix (one expert).

Criteria A B C

A 1 7 1/5

B 1/7 1 1/7

C 5 7 1
Note(s): Source: Author calculation based on AHP and Questionnaire Survey, 2022.

Table 5. Normalized Criteria Weight Matrix for Main Criteria (one expert).

A B C Criteria Weights Final Criteria Weight

A 0.1 0.8767 0.0588 1.0355/3 0.3451

B 0.8 0.1095 0.4705 1.38/3 0.46

C 0.1 0.0136 0.4705 0.5841/3 0.1947
Note(s): Source: AHP weights’ calculation based on experts’ opinion and Questionnaire survey, 2022.

3. Results

The research aimed to create flood vulnerability maps of the Neluwa using geo-
informatics. Results of vulnerability levels and area calculations for major criteria such as
the physical, socio-economic, and built environment parameters differed from each other
based on their criterion values, which were assigned based on experts’ opinions.

3.1. Weights for the Criteria

When using the pairwise comparison matrix and factor maps, weighting and ranking
procedures are followed. Representing weight values between zero and one is based on
priority. Accordingly, using the weighted linear combination, the sum of the weights is
calculated as one. This then allows assigning weights to the major criteria and sub-criteria,
and a standardized eigenvector is then extracted from the comparison theorem by entering
each criterion. The final flood vulnerability map is the outcome of the overlaying major
criterion maps. The results of the AHP weight calculation are shown in Table 6. Higher
weight values of criteria indicate greater impact and propensity for disasters. We observed
that the criteria used for the study revealed a high priority for flood risk. It can be identified
that the physical environment affects flood risk the most, as the most weighted criterion.
The subsequent risk maps will be created depending upon the manner in which the ranking
decision is derived, and the quantitative values will be obtained for each criterion.

Table 6. Weights assigned for each major and minor criterion of the study.

Main Criteria Weights % Sub Criteria Weights %

A Physical Environment 0.4081 40.8

NDVI 0.1421 14.2

Stream Density 0.2507 25.0

Elevation 0.1638 16.3

Slope 0.2027 20.2

Water Bodies 0.2445 24.4

B Socio-economic Environment 0.2956 29.5
Land use 0.2705 27.0

Population Density 0.7293 72.9

C Built Environment 0.2940 29.4
Buildings 0.6293 62.9

Roads 0.3706 37.0
Note(s): Source: AHP weight calculations using experts’ opinions.
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3.2. Flood Vulnerability Levels for Minor Criteria

The best available proxies for catastrophic occurrences must be explicitly chosen as
indicator variables, as per the approach of the study. Any form of thorough vulnerability
assessment requires the indicators chosen for each of these components to be crucial factors.
The composite vulnerability index approach was used to map the Neluwa areas that are
vulnerable to natural and climate-induced disasters. Vulnerability indices were calculated
by using data from selected vulnerability areas. The highest and lowest vulnerability
regions have been classified using the vulnerability index in the Neluwa area. All of the
selected sub-criteria are the most significant criteria in flood risk assessment. The NDVI
criterion was used in terms of physical characteristics and is currently being used in many
studies. Values obtained from the NDVI map, created by region-based satellite imagery,
range from −0.12 to 0.24. After re-classification, four vulnerability areas were identified,
with the −0.12–0.24 zone being labeled the very-high-risk zone and the 0.47–0.56 being
the risk-free area. The area has minor hilly features, and after reclassifying the elevation
map, it was divided into two zones: risk-free and less-risk areas. The elevation of the area
ranges from 0 to 155 m. The reclassified slope map identified five classes: risk-free, low
risk, moderate risk, high risk, and very-high risk. Low-slope areas have been identified as
very-high-risk areas and exalted slope areas were identified as risk-free areas. The majority
of the study area has water bodies.

The Gin River, Dellawa Ela, and other tributaries have caused flooding in the area.
According to the reclassified hydrology map, the majority of the area was classified as
very-high risk. On the other hand, when reclassified in terms of the stream density map,
four classes were realized: low risk, moderate risk, high risk, and very-high risk. In the
reclassified distance from the building map, four vulnerability levels have been considered:
risk-free, low risk, moderate risk, and high risk. There is an extensive road network in the
area, extending from 0 to 1374 m. The area between 0 and 100 m is a high-risk area and
the zone between 600 and 1374 m has also been identified as a risk-free area. Population
density and land use have been identified under socio-economic criteria. Land use was
a significant factor that determines the flood situation in the area. In this study, there are
eleven types of land use that have been considered. Paddy and water areas were observed
as very-high-risk areas for flooding. Among them, roads and forest areas were identified
as risk-free areas. Apart from that, the study area has a sizeable population, and densely
populated areas were identified as very-high-risk zones.

3.3. Flood Vulnerability Levels for Major Criteria

The final flood vulnerability map in the study area has been generated, overlay-
ing three major criterion maps, which include those of the physical environment, socio-
economic environment, and built environment. The final analysis revealed five vulner-
ability classes for flooding in the study area (Figure 5). The final results obtained from
the flood vulnerability modeling revealed that 0.69% (0.15 km2) and 6.84% (1.48 km2) of
land in the area is very-high risk and risk-free, respectively, in terms of flood vulnerability.
After comparing all the criteria in the physical environment, it was found that there is a
moderate-risk area (10.8 km2). After overlaying all socioeconomic criteria maps, it was
revealed that there are four vulnerability levels. Based on population density and land
use, 0.41% (0.09) of the area has been indicated as very-high risk, 30.61% (6.62 km2) as a
high-risk area, and 48.19% (10.42 km2) as a low-risk area. Under the built environment,
the highest risk area was identified as comprising 25.12% (5.15 km2) of the area, and 6.34%
(1.30 km2) was risk-free. The results obtained upon combining the main criteria maps
reveals the distribution of flood risk in the area.



Water 2023, 15, 1212 14 of 23Water 2023, 15, x FOR PEER REVIEW 15 of 24 
 

 

  

  

Figure 5. Cont.



Water 2023, 15, 1212 15 of 23Water 2023, 15, x FOR PEER REVIEW 16 of 24 
 

 

  

  

Figure 5. Cont.



Water 2023, 15, 1212 16 of 23Water 2023, 15, x FOR PEER REVIEW 17 of 24 
 

 

 

 

Figure 5. Reclassified Flood Vulnerability potential maps. 

After overlaying the final weights for each major criterion map, it was revealed that 
14.24% (2.92 km2) was very high risk and 5.17% (1.06 km2) of the study area was risk-free 
for flood hazards. Out of 21.62 km2, 30.24% (6.20 km2) is at high risk for flood in the area. 
The results also indicated that 22.58% (4.63 km2) of the total area is a moderate risk prone 
area as demonstated in Figures 6 and 7 and Table 7. The risk of flooding is very high in 
the western part (Neluwa, Mavita East, and Koswatta) of the study area as the population 
and buildings associated with those areas are also extensive. Kosmulla and Ehelapitiya 
areas in the eastern parst of the area have also been identified as very high-risk areas. The 
Gin River flows through the area as the main source of water and there is a risk of associ-
ated flood hazards. 

Table 7. Area coverage of flood vulnerability classes. 

Criteria Vulnerability Classes 

 
Very High Risk 

(Sq.km) 
% 

High Risk 
(Sq.km) 

% 
Moderate Risk 

(Sq.km) 
% 

Less Risk 
(Sq.km) 

% 
Risk Free 
(Sq.km) 

% 

Physical Environment 0.15 0.69 3.58 16.5 10.8 50.1 5.56 25.71 1.48 6.84 
Built Environment 5.15 25.12 5.78 28.19 6.61 32.2 1.41 6.87 1.30 6.34 

Socioeconomic Environment 0.09 0.41 6.62 30.61 4.49 20.76 10.42 48.19 - - 
Overall 2.92 14.24 6.20 30.24 4.63 22.58 5.69 27.75 1.06 5.17 

Note(s): Source: Arc Map 10.8 based area calculations, 2022. 
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After overlaying the final weights for each major criterion map, it was revealed that
14.24% (2.92 km2) was very high risk and 5.17% (1.06 km2) of the study area was risk-free
for flood hazards. Out of 21.62 km2, 30.24% (6.20 km2) is at high risk for flood in the area.
The results also indicated that 22.58% (4.63 km2) of the total area is a moderate risk prone
area as demonstated in Figures 6 and 7 and Table 7. The risk of flooding is very high in the
western part (Neluwa, Mavita East, and Koswatta) of the study area as the population and
buildings associated with those areas are also extensive. Kosmulla and Ehelapitiya areas
in the eastern parst of the area have also been identified as very high-risk areas. The Gin
River flows through the area as the main source of water and there is a risk of associated
flood hazards.

Table 7. Area coverage of flood vulnerability classes.

Criteria Vulnerability Classes

Very High
Risk (Sq.km) % High Risk

(Sq.km) % Moderate
Risk (Sq.km) % Less Risk

(Sq.km) % Risk Free
(Sq.km) %

Physical Environment 0.15 0.69 3.58 16.5 10.8 50.1 5.56 25.71 1.48 6.84

Built Environment 5.15 25.12 5.78 28.19 6.61 32.2 1.41 6.87 1.30 6.34

Socioeconomic Environment 0.09 0.41 6.62 30.61 4.49 20.76 10.42 48.19 - -

Overall 2.92 14.24 6.20 30.24 4.63 22.58 5.69 27.75 1.06 5.17

Note(s): Source: Arc Map 10.8 based area calculations, 2022.
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Figure 7. Annual Rainfall Distribution in Neluwa Area from 2015 to 2022. Source: Meteorological
Department in Sri Lanka, 2022.

3.4. Rainfall Distribution in the Area

The Neluwa area is unique in identifying flood risk areas in Sri Lanka. Flooding can
be identified as an inherent natural hazard in the region, and flooding situations occur
whenever there is heavy rainfall. Based on monthly rainfall values from 2015–2022, the area
was identified as a high rainfall area. Heavy rainfall is the main cause of floods. Flooding
occurs when the natural water bodies are unable to carry the excess water of the heavy
rainfall in the area. In the upper catchment areas, there is very heavy rainfall. According to
the rainfall data obtained from the Batuwangala Meteorological Center, this region shows
very heavy rainfall (Figure 7). An average monthly rainfall of over 250 mm/year is recorded
every year. In the year 2022, a rainfall of 434.72 mm/year has been detected, which means
that in May, with the onset of the southwest monsoon, a very large flood occurred in the
Neluwa area. During that month, the monthly rainfall was recorded to be 934.7 mm. A
gradual increase in rainfall intensity can be detected, and although it decreased by 2020, an
average monthly rainfall value of 303.45 mm was recorded. One of the major flood zones
in Sri Lanka, the Neluwa area, has been facing major flood conditions for several years now.
Due to this, the society, economy, and infrastructure of the area are affected by the disaster.

Role of traditional knowledge in water management, monitoring of climatic changes
and productivity of land is to be focused while planning the flood in the study area [41–43].
Recently, role of drones and other techniques have also been widely used in assessing the
information and decision support for sustainable management of flood hazard [44–46].

4. Discussion
4.1. Validation of Vulnerability Assessment

AHP was based on risk assessment in verifying and evaluating the consistency of the
theoretical results. This helped us to ascertain the relevance of each criterion in flood risk. A
better analysis of the risk index could be achieved, and it was possible to obtain the specific
and real weight of each criterion. This allows for the reliable mapping of flood-prone areas.
In the study, a qualitative validation method was adopted in the assessment of the spatial
risk maps and the evaluation of the results. By seeking people’s opinions on the risk maps,
created under the qualitative approach, observations and discussions were conducted
with 50 people, consisting of local people, meteorological station officials, town planners,
land-use planners, and experts. Their opinion was asked for regarding the accuracy of the
risk map, and through the qualitative approach, it was possible to identify the vulnerable
areas through those maps. Discussions with the residents of the area revealed that the
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area constantly faces floods. The discussions also highlighted that continuous floods in the
Neluwa area, including the recent flood in May 2022, have huge negative ramifications on
the residents of the area.

Accordingly, the areas where the past floods occurred regularly were observed, and
the respondents were classified under five categories while obtaining information in the
field. About 29 (58%) of the 50 respondents were highly satisfied with the proposed results,
and 14 (28%) respondents were satisfied with the results. Seven (14%) of the respondents
were not satisfied with the results obtained from the flood risk maps (Table 8). The Neluwa
urban area, i.e., the central part of the map, can be identified as a very high-risk zone and is
vulnerable to floods, with rainfall exceeding 100 mm every year. It is not possible to identify
very high slope angles in that region, and the flood conditions are constantly increasing,
with the rain falling on the hilly regions of the area that join the river, with a large body
of water along the slopes. With the flood situation in 2017, this region was also revealed
as a high-risk area. Low-risk and moderate-risk areas were largely unaffected during the
recent floods. The vulnerability can be further confirmed when the risk map is compared
with the divisional secretariat disaster reports. In those reports, a zone, with a buffer of 100
m around these identified areas, has been detected as a flood-prone areas by the institute
disaster officials also. According to the people, Neluwa area is prone to flood hazards often
once or twice a year.

Table 8. Feedback from the people during the field verification of vulnerability assessment.

Category of People Total Number of Respondents
Comments of Respondents

Highly Satisfied Satisfied Not Satisfied

Land Use Planners 02 01 01 0

Experts 04 02 01 01

Meteorologists 02 01 01 0

Town Planner 02 01 0 01

Local people in the area 40 24 11 05

Total 50 (100%) 29 (58%) 14 (28%) 07 (14%)
Note(s): Source: Field Verification, 2022.

4.2. Local Community’s Experience of Flood Hazards

The distance from the river to the house determines the impact of the flood hazard.
When investigating the distance from flood-prone houses to the river during the field study,
more houses within a distance of 100–200 m from the river were identified. As the distance
from the river to the house decreases, the impact of flooding increases. People living within
this zone can be identified as belonging to a high-risk category. The responses of the local
people also revealed that the existing houses in the region between 200–250 m were more
affected. The nature of the impact of the hazard can be investigated and identified in several
ways. It can be divided into full damage, partial damage, and minor damage. Overall,
partial damage is more common than full damage in the study area. Apart from that, minor
damage can also be seen. During the 2017 flood situation, there was a large rise of 6 to
10 feet. Almost all the buildings in the Neluwa urban area were damaged (Figure 8). The
responses of the people regarding their coping mechanisms during such events were that
they moved to safe places, such as relatives’ houses, displacement camps, and temples.
They also revealed that people who had two-story houses stay in their houses. Awareness
of the people can be specified as one of the main actions in flood hazard management.
To minimize the impact on the people, making them aware of flooding has become an
essential factor. Subsidies and compensations are provided as post-event measures in
case of flood hazards. The residents revealed that they received subsidies, such as rations,
educational equipment, medicines, soft goods, sanitary materials, and kitchen equipment.
Compensation under post-flood hazard management is based on an assessment of the
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damage caused by the flood. The interviews conducted with the people in the study area
revealed that the floods that occurred in May 2003 and 2017 were large, catastrophic events
and resulted in a high amount of damage.
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5. Conclusions

In this study, the effectiveness of providing accurate and detailed flood risk and
flood vulnerability analysis has been demonstrated along the Gin River, by using GIS,
AHP, and MCDA. The main criteria used included, the socio-economic environment, built
environment, and physical environment, were very useful in identifying the overall spatial
flood risk assessment in the area. This study presented an effective method for spatial risk
assessment of flood impacts by integrating multi-criteria using geospatial techniques at the
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local scale. A qualitative validation approach was used in validating the developed risk
maps and this was done based on direct observations from the field, as well as feedback
from the community, disaster management officers, meteorologists, and land-use planners.
The results of flood hazard map showed that 14.24% (2.92 km2) was under very-high
risk, 30.24% (6.20 km2) is at high risk and 5.17% (1.06 km2), area was risk-free for flood
hazards. The results also indicated that 22.58% (4.63 km2) of the total area is a moderately
flood-prone area, as demonstrated in Figure 6 and Table 7. The results indicated that very-
high- and high-risk areas cover an area of 9.12 km2 from the central, southern, and eastern
portions of the study area. Based on temporal and spatial perspectives, this area shows
great variability in the probability and occurrence of inundation. The very-high-flood-risk
area is characterized by low elevation and slope, the presence of the Neluwa urban area,
high rainfall intensity, and proximity to water bodies.

The results of the study, if implemented well, shall provide an opportunity to control
the flood situation in the Neluwa area. Apart from that, other measures, such as the proper
implementation of flood monitoring and early warning systems, restricting the expansion
of residential zones in high-risk areas, planting of riparian vegetation on both sides of
banks of the river to control flood flow velocity, and use of structured and semi-structured
measurement methods, are suggested. Awareness and information dissemination about
flood at community level should be prioritized. Proper use of such recommendations and
suggestions will be a guide to control future flood situations scenarios. The results obtained
after linking MCDA–AHP–GIS methods in the study area can be identified as an effective
tool in flood risk assessment for engineers, land-use planners, urban policymakers, and
disaster managers. Such decision-making techniques can be used successfully in other
fields of geography and any area.
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