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Abstract

Over the past decade, the Southwest coast of Sri Lanka has experienced recurrent coastal floods,
particularly in the stretch from Akurala to Godagama. This study, spanning from 2010 to 2020, seeks to
unravel the factors influencing these floods, filling a void in existing research on the subject. Employing
topographic maps, field observations, and bathymetric data from the Lanka Hydraulic Institute and
Coastal Conservation Department, the research delves into geomorphological features and elevation
variations in the study area. Findings indicate that high elevation in the Ambalangoda to Akurala and
Godagama to Hikkaduwa regions contributes to coastal flooding, as these areas are elevated above the
mean sea level. The bathymetric analysis exposes closely spaced contours and steep slopes, exacerbating
flooding when waves collide with the coastline. The absence of mangroves amplifies the impact,
distinguishing the study area from its neighbouring regions. Socioeconomic consequences include road
closures, accidents on the Galle-Colombo main road in 2020, and adverse effects on fisheries and tourism.
Environmental impacts encompass coastal erosion, degraded water quality, coral bleaching, and saltwater
intrusion. While artificial structures like rock barriers mitigate flooding, the study underscores the
interplay of land morphology, bathymetry, land use, and climate influencing coastal flooding along the
Akurala to Godagama coast.
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1. Introduction

Coastal zones serve as vital economic and ecological hubs that support fisheries, commerce,
navigation, and recreation. However, they are threatened by erosion, which can disrupt the
entire ecosystem. Erosion is driven by natural processes such as wind, waves, tides, and
human activities along the coast. As sea levels rise, waves gain more energy and intensify
erosion [1], [6]. Coastal flooding occurs during high tides and storms, pushing inland water.

Repercussions of coastal flooding present challenges, particularly because the extent of
flooding can vary widely within a small geographical area, contingent on local topography
and bathymetry [2]. Additionally, the impacts of flooding on residents and businesses hold
greater significance for planning and response than merely the geographic extent. The social
impact of flooding can differ significantly depending on the distribution of people,
infrastructure, and economic activity along the coast. Thus, assessing flood effects requires
localized measures of inundation and its consequences for coastal communities.

A comparison of surge models by de Vries et al. [3] highlighted the importance of accurate
wind stress in predicting surges and revealed a tendency to underestimate them. Further
research by Williams and Flather [4] emphasized the need for enhanced wind stress and
nearshore bathymetric resolution. Anthropogenic activities, such as land use changes and
coastal infrastructure, alongside global phenomena, such as climate change, modify coastal
hazard responses. Climate change, particularly global warming, may substantially alter the
hydrodynamic forcing, sea level, and wave climate, thereby accentuating coastal
vulnerability. Socioeconomic conditions, urbanization, and infrastructure significantly
exacerbate flood risks, especially in densely populated coastal areas.

The Southwest coastal sector in Sri Lanka suffers from coastal flooding, especially during the
southwest monsoon from May to September [6], and human activities such as destroying
mangroves, coral, and sand mining influence coastal floods. Ambalangoda to Hikkaduwa
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stretch faces significant coastal flooding threats, while the adjacent areas are less affected.
Understanding the environmental and socioeconomic impacts of flooding is crucial.
Therefore, this study focused on identifying the main factors influencing coastal floods in the
study area.

2. Materials and Methods
2.1. Study Area

The coastal sector from Ambalangoda to Hikkaduwa lies in the Hikkaduwa Divisional
Secretariat Division in the Galle district of the Southern Province in Sri Lanka (Figure 1). The
extent of the study area was approximately 65 km?, and the length of the coastal sector was
approximately 24 km. The Galle District receives a significant amount of rainfall throughout
the year. This climate is Af, according to the K6ppen-Geiger climate classification. The annual
high temperature 30.32°C and annual low temperature 24.96°C in Galle, and the average
annual rainfall is 100.54 mm [7].

Beaches, water bodies connected to the sea, home garden areas, scrublands, mangroves,
marshy lands, cultivation, and built-up areas constitute the land-use patterns identified in
this coastal area. Furthermore, man-made structures such as fishing harbors, which have
been under construction in the Peraliya area since 2015, footpaths constructed from the
Aural to Madampagama with high seawalls, and rock barriers can be seen in various places
in the sea around Hikkaduwa and Ambalangoda. The fishing industry, boat manufacturing,
tourism, cement production, and agriculture are the main livelihoods in this densely
populated coastal area (Hikkaduwa Divisional Secretariat Office) [8] (Figure 1).

To better understand and compare the flood situation in the study area, it was divided into
segments: 1-Hikkaduwa to Godagama, 2—Godagama to Akurala, and 3—Akurala to
Ambalangoda. The analysis revealed that the coastal stretch from Aural to Godagama was
the most severely affected by recent floods (Figure 2). Consequently, this study compares
the conditions that contribute to coastal flooding in these segments. Segment analysis aims
to identify the factors influencing flood severity, such as topography, land use, drainage
infrastructure, and historical weather patterns.

Segmenting the study area pinpoints localized issues and simplifies interventions. For
example, the Aural to Godagama stretch may have unique characteristics such as lower
elevation or inadequate drainage systems that exacerbate flooding. Furthermore, comparing
these segments allows for a more targeted approach to flood management and mitigation.
Understanding the distinct challenges of each segment can lead to more effective and
sustainable solutions. The findings of this study will be crucial for local authorities and
stakeholders in planning and implementing measures to reduce the risk and impact of future
coastal floods, thereby enhancing the resilience of affected communities.
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Figure 2. Coastal flooding experience in the recent past (a and c are near Kahawa and b is closer to
Godagama).

2.2. Material

This study utilized diverse datasets and analytical tools to comprehensively understand the
landscape dynamics and interactions between natural and human systems in the region of
Sri Lanka. Topographic and land use maps from the Survey Department detailed terrain and
land utilization patterns, whereas bathymetric maps from the Lanka Hydraulic Institute
provided insights into the underwater topography crucial for coastal dynamics. Precipitation
data from the Meteorological Department enriched the analysis by considering the impacts
of climate variability on erosion, soil moisture, and vegetation distribution.

Socioeconomic statistical data from the Statistical and Census Department offered insights
into population distribution and infrastructure development, which are crucial for
understanding human-environment interactions. The ArcGIS software facilitated the creation
of digital thematic layers, enabling spatial analysis, visualization, and modeling. By integrating
these datasets and tools, this study aimed to provide a holistic understanding of landscape
dynamics and human-environment interactions, supporting informed decision-making.
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2.3. Methodology

This study was initiated to address the pressing research problem of significant coastal
flooding in specific areas along the southwest coast of Sri Lanka. Hence, the primary objective
of this study was to meticulously identify the pivotal factors influencing coastal flooding in
these regions. The areas that have recurrently borne the brunt of coastal flooding in the past
were meticulously demarcated. Subsequently, digital thematic layers were meticulously
prepared to depict factors that could potentially exacerbate coastal floods. These layers were
then meticulously compared to the conditions in areas affected by coastal flooding and those
that remained unaffected. Through this comparative analysis, the most influential factors
that contribute to coastal flood vulnerability were identified. The essential procedural steps
of the study are shown in Figure 3 for clarity and ease of understanding.
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Figure 3. Steps in the research methodology.

2.3.1. Literature review and identification of coastal flooding-affected areas from Ambalangoda
to Hikkaduwa

Several previous studies related to the current research have been reviewed to identify the
main factors influencing coastal flooding. According to Moore [2], understanding the drivers
and consequences of coastal flooding is challenging because the extent of flooding can vary
greatly within a small area owing to local topography and bathymetry. The same level of
flooding can have vastly different social impacts, depending on the distribution of people,
infrastructure, and economic activity. Thus, measuring flood effects requires highly localized
measures of inundation and its impact on coastal communities. Using standardized
bathymetry and wind forcing, a surge model inter-comparison exercise [3] revealed minimal
differences. However, it underscored the importance of accurate wind-stress representation,
as all models tended to underestimate the surge.

A tide-surge model introduced by Williams and Flather [4] in the UK also demonstrated the
need for enhanced wind-stress compared to the approach by Smith and Banke (1975) [5].
Recent research by Brown and Wolf [9], suggests that this discrepancy may be related to
wave effects and the resolution of nearshore bathymetry. Coastal flooding results from
elevated water levels due to tides, storm surges, and waves that exceed the capacity of
coastal defenses, leading to the inundation of low-lying areas. The genesis of these elements
often lies in powerful storms characterized by high winds over the sea. Additional risk factors
for deltas and estuaries include heavy precipitation and increased river flow. Socioeconomic
factors further exacerbate vulnerability as densely populated coastal areas with significant
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human settlements and infrastructure investments are particularly at risk. Frequent storms
can accelerate coastal erosion and cause flooding, which could also negatively impact
beaches by losing land and shorefronts and interfering with coastal tourism [10].

In all countries, artificial nourishment is traditionally used to combat structural erosion on
sandy coasts, and this is expected to increase under future climate change. The coral breaks
the reef with sharp instruments and digs in the nearshore and low-lying coastal areas.
Removing coral from littoral drift contributes to the development of erosion. Based on recent
literature and satellite imagery analysis, the coastal stretch from Ambalangoda to
Hikkaduwa, specifically from Aural to Godagama, has experienced significant coastal flooding
in the recent past (Figure 4).

N
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ypy Coastal flood
effected area

Elpitiya Kahawa to Godagama

Hikkaduwa
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Figure 4. The study area flows along the Southern coast of Sri Lanka from Ambalangoda to
Hikkaduwa, which has been severely affected by coastal floods over the last five years.

3. Results

3.1. Determination of Factors that Contribute to Coastal Flooding

Coastal flooding is influenced by several key factors as identified in previous studies.
Bathymetry, or underwater topography, affects the flow and accumulation of water and
significantly influences the extent of flooding [12]. Coastal geomorphology, which
encompasses the physical characteristics of a coast, such as its shape and composition, plays
a critical role in determining how water inundates land areas [13]. Land use patterns,
including urban development and vegetation cover, impact water absorption and runoff and
further shape flood dynamics [13]. Additionally, anthropogenic activities such as the
construction of sea walls, piers, and drainage systems, and practices such as coral and sand
mining can mitigate or exacerbate the severity of coastal flooding [15].

Therefore, these factors were considered in this study. The increasing risk of low-elevation
coastal zones from episodic seashore erosion and hinterland flooding will continue to
increase in the coming decades. This hazard is exacerbated by anthropogenic activities (e.g.,
land use changes, hydrological and coastal infrastructure, land reclamation, and groundwater
extraction) and global phenomena such as climate change. Coastal vulnerability indices are
valuable for predicting the potential impacts of sea storms by analyzing physical drivers, such
as wave height, tidal range, subsidence, and sea level rise. These indices also consider
physical characteristics, such as annual shoreline retreat, dune height, and beach slope.
Population density, land-use patterns, and socioeconomic conditions influence coastal
flooding risks. The extent to which the wave setup contributed to the overall water level was
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determined by the local bathymetry and coastline configuration. The wave setup also varied
with the tidal phases. During high tide, larger waves can approach the shore without breaking
because of increased water depth, resulting in a diminished wave setup.

3.1.1. Bathymetry

Similar to how topographic maps depict land features, bathymetry measures the ocean depth
relative to sea level. Bathymetric maps show underwater terrain variations and are vital for
understanding tides, currents, waves, and their physical and chemical properties, which can
differ based on underwater features. Natural events, such as storms, earthquakes, and
sediment shifts, constantly change nearshore bathymetry. Bathymetric data help estimate
depths and predict the impact of underwater morphology on tides and currents, which are
crucial factors for coastal flood hazards. In this study, bathymetry data were used to analyze
the influence of seabed morphology on coastal floods in the Aural to Godagama area, with
detailed seabed profiles shown in Figures 5, 6, and 7.
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Figure 5. There is variation in the barometric contours from Akurala to Godagama.

Traverse number 30 reveals a concave slope, where the seabed descends sharply before
leveling out. This configuration affects the wave patterns by gradually causing waves to lose
energy, reducing their immediate impact on the shoreline. Convex slopes result in higher-
energy waves hitting the coast, increasing erosion and flooding risks. Conversely, concave
slopes lead to gentler wave action, potentially mitigating immediate erosion and influencing
the sediment deposition along the coast. These differences in seabed morphology
significantly affect wave dynamics and coastal flood risks. Accurate and detailed bathymetric
data are crucial for effective coastal management and hazard mitigation because they
provide essential insights into how seabed features influence coastal processes. The
transformation of wave conditions from offshore to nearshore is controlled by the seafloor
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morphology and wind conditions. Smooth sea floors allow waves to propagate towards land,

whereas steep and rough sea floors dissipate wave energy, reducing their impact. Nearshore
wave data are vital for analyzing coastal floods.
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Figure 6. Bathymetric profiles from different traverses show variations in near-seabed morphology;
along traverse 25 (a), along traverse 26 (b), and along traverse 27 (c).
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Figure 7. Bathymetric profiles obtained at different traverses show that the near-seabed morphology
varies; along traverse 28 (a), along traverse 29 (b), and along traverse 30 (c).

3.1.2. Coastal geomorphology

A Digital Elevation Model (DEM) was created to compare the geomorphology in and around
the study area, using 1:10,000 topographic maps from the Survey Department of Sri Lanka
(Figure 8). According to this DEM, there are high-elevation areas in Hikkaduwa and
Ambalangoda, adjacent to the study area. The model also reveals that the Akurala to
Godagama area is at elevations of Om—3.3m, where many coastal flood events have been
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recorded recently. In contrast, the Ambalangoda to Akurala and Godagama to Hikkaduwa
areas are at higher elevations than the Akurala to Godagama area.

3.1.3. Land use pattern

The main land-use types from Ambalangoda to Hikkaduwa can be identified as mangroves,
beaches, seagrass beds, estuaries, paddy lands, buildings, and rock outcrops, as shown in
Figure 9. To determine whether land-use types influenced the occurrence of coastal floods,
the existing land-use types in the three different segments were classified. Similar land-use
types were found to exist in both the Ambalangoda to Akurala and Godagama to Hikkaduwa
segments, which include rock outcrops, buildings, beaches, erosion protection structures,
and mangroves. However, in the Akurala to Godagama segment, there are no significant rock
outcrops, although land use types, such as those in the other two segments, can also be
found in this area.

3.1.4. Anthropogenic activities

The main anthropogenic activities in the areas from Akurala to Godagama include the
construction of coastal erosion protection structures and buildings, coral and sand mining,
and the installation of rock barriers. Coral mining is particularly prevalent in and around
Hikkaduwa, Japan. In addition, one fishing harbor is located in Peraliya. However, no
significant anthropogenic activities existed in the Akurala—Godagama segment. Artificial
structures and anthropogenic alterations in this area are illustrated in Figure 10.

Elevation Map of Coastal area

Elevation (Meter)
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160,000 160,000 320,000

Figure 8. Distribution of geomorphological features based on the Digital Elevation Model (DEM).
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Figure 10. There are few man-made structures, and other modifications can be observed from

Akurala to Hikkaduwa.
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4. Discussion

Sri Lanka frequently experiences coastal flooding, particularly along the Southwest,
Northeast, and Eastern coasts. However, the Southwest coast is especially prone to flooding
during the active southwest monsoon seasons. This study was conducted along a section of
the southwest coast, specifically from Akurala to Godagama, to identify the main factors
contributing to coastal flooding in this area. The research focused on four key aspects:
bathymetry, coastal geomorphology, land-use types, and human activities. Ten bathymetric
profiles were analyzed within the study area to understand the near-seabed morphology. A
comparison of six of these profiles revealed that previous coastal flooding incidents were
closely associated with shallow bathymetry and gentle seabed slopes. For a more targeted
analysis, the area was divided into three segments: Ambalangoda, Akurala, Godagama, and
Godagama—Hikkaduwa.

Factors such as bathymetry, coastal morphology, land use, and human activities were
examined within each segment to determine their contribution to flooding. The bathymetric
analysis showed that the Ambalangoda-Akurala and Godagama-Hikkaduwa segments have
steep underwater slopes, which help dissipate wave energy and thus reduce the likelihood
of flooding. In contrast, the Akurala-Godagama segment has a more gradual slope (Figure 7b
and 7c), which allows high-energy waves to travel further inland, increasing the risk of
flooding in this section.

Digital Elevation Model (DEM) data revealed notable variations in elevation within the study
area. High-elevation areas are located near Hikkaduwa and Ambalangoda, whereas the
Akurala to Godagama area lies at an elevation of 0 to 3.3 meters. Many coastal flood events
have recently been recorded in this low-lying area, whereas the higher elevations in the
Ambalangoda to Akurala and Godagama to Hikkaduwa sections have experienced less
frequent flooding. Therefore, the relatively lower elevation in the Akurala-Godagama area is
a significant factor in its increased vulnerability to coastal flooding. In terms of land use, there
was no notable variation across the coastal zone of the study area, indicating that land use
had minimal influence on flood occurrence in the Akurala to Godagama section. Human
activity was also considered in the analysis. Coastal protection structures, such as rock
barriers, were constructed in all three segments. However, these structures did not appear
to significantly affect the frequency or severity of flooding. Other human activities in the
region, such as coral mining near Hikkaduwa and a fishing harbor in Hikkaduwa, were also
analyzed. Coral mining, although present, did not have a substantial effect on flooding
patterns in the Akurala—Godagama area. Similarly, the Hikkaduwa fishing harbor has a
minimal influence on flood risk, as it is located at some distance from the study area.

5. Conclusions

This study aimed to identify the main physical and human factors that contribute to coastal
floods, focusing on the southwest coast, particularly the stretch from the Akurala to the
Godagama coastal segment. The study concludes that two key physical factors, bathymetry
(underwater topography) and elevation, are primarily responsible for frequent coastal
flooding in the Akurala—Godagama area. These factors contribute more significantly than
human activities or land-use patterns, and are consistent across the region, but do not appear
to increase flood risks. Thus, the physical landscape, particularly in the Akurala to Godagama
segment, is the primary driver of frequent coastal floods on this part of the southwest coast
of Sri Lanka.
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