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Abstract

Small island countries located in the Indian ocean are mostly vulnerable to tsunamis generated from the Makran
and Sumatra earthquake sources. A minor inundation was experienced from the 26" December 2004 tsunami
caused by the Sumatra Andaman earthquake while the close island of Rodrigues recorded relatively high surges
within its coasts. As a tourist destination for its sandy beaches and blue lagoons, most hotels and foreign
invested real estates are located mostly within the coastal region, making the Mauritian economic mainstay
vulnerable to the slightest tsunami threat. This research study therefore aims at assessing the vulnerability of
the northern region of Mauritius namely Grand Bay, under a possible tsunami threat. Assessment has been
categorised in three main vulnerability areas namely the building and infrastructure vulnerability, the human
life vulnerability and the environmental vulnerability. The methodology set up includes digitalisation of the
Grand Bay region using the QGIS software from satellite raster images, showing the demarked area with
geospatial and attributes data. These were analysed using the area intersection in the QGIS Software.
Vulnerability indexing was calculated using a risk matrix analysis which was in turn mapped in QGIS, showing
highly exposed buildings, an account for human lives under major threat and areas that can suffer saline water
infiltration as part of the negative environmental impact.
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1. Introduction

1.1 Grand Bay, Mauritius

Mauritius is located about 800km east of Madagascar
island with latitude 20.35 South and longitude 57.55
East. Its outlying territories located in the Exclusive
Economic Zone are Rodrigues Island, situated about
550 km eastward, Agalega Islands, 930 km
northward, St Brandon (Also known as the Cardagos
Carajos Shoals), 400 km north-eastward from the
main island and two other disputed island territories.
Mauritius is of volcanic origin and is almost entirely
surrounded by coral reefs. The northern part is a plain
land varying from 0 to 15 metres above sea level. The
island has a population of 1,273,658 people broadly
dispersed within an area of 2,040 km2. Grand Bay is

a coastal village of the northern region located partly
in the Riviere du Rempart district and the
Pamplemousses district. A population census [1]
conducted in year 2011 resulted in the population of
Grand Bay to be around 13,400. However, recent
satellite images have illustrated major housing and
infrastructural  development within the area
composing of hotels and bungalows for tourists’
accommodation. Locals of the village have dwellings
in reinforced concrete located all along the B13 road
of 5.7 km stretching in length. The buildings are
located within a range of 10m to 1150m from the
shoreline making the inhabitants vulnerable to any
types of sea surge.
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Figure 1: Tectonic plates showing Makran and Sumatra subduction zones and year
of major seismic activity [5]

1.2 Tsunami Generation

A tsunami is a series of waves caused by earthquakes
generated in a subduction zone also known as
convergent plate boundaries (Figure 1). Generally,
low amplitude waves occur at diverging plate
boundaries relative to the magnitude of the
earthquake. While in the subduction zone [2], the
overriding plate during collision gives an enormous
shove [3] to the overlying sea water, thus causing a
tsunami. The waves travel at a speed of more than
800 km/hr [4] where they go unnoticed because of
their small amplitude and very long wavelength. As
the water depth decreases, the tsunami slows with a
consequent increase in height of waves which is also
known as shoaling. This abrupt grow to several
metres in height is devastating to the coastal region,
particularly the low-lying regions. As a result, there
can be mass devastation in lives, property and
environment followed by economical, health and
other related complications.

Though Mauritius is located thousands of
kilometres from the subduction zones, waves of low
amplitudes reached the Mauritian coast from the
Tsunami of December 26, 2004 (Sumatra) without
any major damage. Rodrigues Island (550km
eastward of Mauritius) was more affected with
unexpected waves penetrating beyond the usual tides,
showing that the risk though, of low probability can
be of high magnitude. The degree of risk closely
related to the time factor has been taken into
consideration by the Tsunami Warning System
managed by the Mauritius Meteorological Services
(MMS). As per their geographical location,
Mauritius and Rodrigues have a lead time of 5 to 7
hours [6] before tsunami waves are likely to reach

their coasts from either the Makran [7] or the Sumatra
source. However, in the event of the epicentre of the
seism being closer to Mauritius, within the divergent
tectonic plates, a tsunami strike will be relatively less
than 3 hours.

2. Research Interest

Mauritius, being a small island, must be well
prepared to mitigate the impact of a possible
Tsunami. Following the December 2004 tsunami,
much emphasis has been made in the awareness
program by the United Nations Office for Disaster
Risk Reduction (UNDRR) in the Asian countries.
The Mauritian population must be made aware of the
impact of a possible tsunami in the future. In certain
coastal regions of Mauritius, several geotechnical
investigations using core drillings have shown
presence of coral sands and shells at a distance
greater than 500 m from the shoreline. This illustrates
extreme surge activities of unknown frequencies that
occurred hundreds of years ago with no recorded
data. It is imperative to assess the vulnerability of the
coastal region under the threat of an occasional
tsunami. Among the recent research studies have
been done regarding the impact of tsunami waves
within coastal region, Mudhawo et al., [8] used
ArcGIS to study the village of Grand Sable and the
relative financial impact of tsunami scenarios while
H. Ismael et al., [9] concentrated on the vulnerability
of the dwellings in a region of Malaysia. The deadly
tsunami of December 2004 targeted research on
vulnerable areas of the globe as illustrated by
Wijesundara et al., [10] who identified with the help
of GIS, the tsunami risks maps of Welingama area of
Sri Lanka.
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Figure 2: Grand Bay village study area delimitation with two possible surges

GIS is currently being exploited for vulnerability
mapping as well as planning and management where
ESM Suresh et al., [11] [12] and [13] derived GIS
based maps for sustainable construction materials
and waste management in Chennai, India. A general
approach to possible analysis of vulnerability
towards high surges is primarily to localize the
vulnerable areas, and then to assess its impact. These
can then be extended towards other regions using the
same methodologies. The coastal village of Grand
Bay has been taken as case study as it falls among the
vulnerable areas of tsunami threat and is the first area
to be reached by the tsunami waves considering both
sources. In addition, Grand Bay village (Figure 2) is
mostly well known for welcoming the highest rate of
tourists in Mauritius. They stay in hotels and
bungalows located along and close to the shoreline.
The objectives of this research study are therefore
defined as follows:

o to safeguard the lives of people living in the
village of Grand Bay.

e to map inundated zones of the village
relative to certain magnitudes of tsunami
which can be interpreted for location of safe
or evacuation zones.

e to illustrate quantitative infrastructural,
human and environmental vulnerability of
the Grand Bay village towards a tsunami
impact.

e to estimate damages and their financial
implications to  residential, cultural,
education/service, commercial buildings &
hotels, using approximation rates from
Mauritian authorities.

3. Methodology

With a constant transformation within the physical
features of the Grand Bay area, it is essential to have
an up to date classified data regarding the Grand Bay
infrastructure map. Several base maps were
identified for raw satellite images including Sentinel
Satellite and Bhuvan Geoplatform. Reliable satellite
land use images of the Grand Bay region were
ultimately obtained from the United States
Geological Survey (USGS) web site. The spatial
resolution of the images is less than 1m for the
research area where building shapes and smaller
features can be easily identified. The available
images retrieved on January 2022 were also cross
checked with actual ongoing major field projects in
Grand Bay to confirm the authenticity of the updates.
The following network diagram (Figure 3) illustrates
the flow process of the methodology adopted for this
research study.

3.1 Digitalisation and Classification of Buildings and
Other Features

Remote sensing was used to retrieve quick and
reliable data from the satellite image to digitalized
vector QGIS files [14]. The Grand Bay satellite jpg
image (Figure 4(a)) was set as raster image and geo-
referenced [15] in the QGIS software using the WGS
84 coordinate system with several features of known
coordinates. Layers have been created (Table 1) to
digitalize the buildings according to their type/use as
illustrated in Figure 4(b). The satellite image with
labelled features and google earth updated images
were used to classify the building use. Hotels were
first identified and digitalised as polygons.
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Figure 3: Research methodology master flowchart

The bungalows or smaller hotels rented by the
tourists were identified with the blue shape
swimming pool annexed to the buildings. Then all
commercial buildings were pin pointed from google
earth and digitalised in another layer. After
identifying the cultural and educational buildings, the

remaining were labelled and layered as residential.
Roads were digitalised and classified as QGIS line
files. Table 2 illustrates the attributes attached to
same layers that is necessary for computation of
building areas, calculation of population census and
other important parameters in vulnerability mapping.
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Table 1: Digitalised vector images in QGIS

Layers Feature Description
Buildings:

- Residential Polygon | Residential Use Buildings

- Commercial Polygon | Commercial Use Buildings (Including offices)

- Hotels Polygon | Hotels (Mainly for tourists use)

- Cultural Polygon | Cultural use buildings

- Education & Services Polygon | Schools, Fire services, Police stations, etc...
Roads

- Main Roads Line

- Secondary Roads All Main Roads

All Secondary Roads
Altimetry Points Point Altimetry data extracted from Google Earth for contour lines
generation

Contour Lines Line Contour lines showing different heights above mean sea level
Inundation Zones:

- Level 4 Polygon | Area showing inundation with 4m height of tsunami

- Level 8 Polygon | Area showing inundation with 8m height of tsunami

- Level 12 Polygon | Area showing inundation with 12m height of tsunami

- Level 16 Polygon | Area showing inundation with 16m height of tsunami
Catchment Area Polygon | Area showing different catchment areas
Distance from Shoreline:

-100 m Polygon | Area showing 100 m distance from the Shoreline

-200m Polygon | Area showing 200 m distance from the Shoreline

-300 m Polygon | Area showing 300 m distance from the Shoreline

-400 m > Polygon | Area showing 400 m distance and Greater from the Shoreline
Wetlands Polygon | Area showing wetlands
Type of Soil Polygon | Areas showing the different types of soil
Public Beaches Polygon | Area showing public beaches

Table 2: Digitalised areas in QGIS

Layers

Attributes

Buildings (All types)

Area, Front facing, Age, Number of people

Roads (All types)

Area, Length

Public Beaches

Area, Number of people

Catchment Area Area, Drainage Density
Distance from Shoreline Area
Wetlands Area
Inundation Zones Area
Types of Soil Area
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Figure 4: (a) Satellite image, (b) Digitized buildings
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The number of occupants per building has been
obtained the Building and Land Use Permit
Technical Guidelines and census carried out by
statisticians from the Ministry of Economic
Development, Financial Services and Corporate
Affairs. As for the age of the buildings, they were
obtained from the historical imagery feature on
Google Earth. Images for the year 2003, 2016 and
2021 have been identified. Roads have been
categorized into main and secondary access roads,
represented in yellow and blue respectively as can be
seen in Figure 5.

3.2 Inundation Zones

The elevation data were obtained from Google Earth
using the terrain view. A series of points were placed
on Google Earth at the Grand Bay Village location
each containing latitude, longitude and altitude above
mean sea level (amsl) information. The series of
points were then imported to the QGIS geo-
referenced digitalised image [16]. Contour lines were
then generated by the QGIS software, delineating the
4 to 16 metres above mean sea level; polygons of 4,
8, 12 and 16 metres are then drawn out (Figure 6),
showing areas affected after a 4 m to 16 m height
tsunami events respectively.

4. Data Analysis, Results and Discussion

In this study, focus is made upon 3 vulnerability
categories with respect to tsunami impacts. They are
namely the building infrastructure vulnerability,
the human life Vulnerability and the environmental
vulnerability. A risk analysis matrix was created
combining (i) the inundation zones with respect to
height above mean sea level and (ii) the distance from
shoreline (Table 3). Four aggregates (Low to Very
High) are assigned to each of the parameter forming
the risk matrix analysis numbered 1 to 13. Figure 7
illustrates the vulnerability chart.

4.1 Building Infrastructure Vulnerability

Building infrastructure vulnerability is an expression
of the quantitative impacts to buildings or public
infrastructure which are caused by a natural hazard.
Building vulnerability depends on its location, design
of the building and the type of materials used for its
construction. The location is quantified as an attribute
data to the QGIS software describing as 2 (sea front)
and 1 (inland) as described in Table 4, whereas
design and types of materials can be related to the age
of the buildings. Table 5 illustrates attributes of the
age factor of buildings.
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Both attributes (position and age) are combined
arithmetically in QGIS to generate vulnerability
maps for the buildings. QGIS software analysis
resulted in the mapping of vulnerability on a scale of
1to 13 (Figure 8), 1 being the least vulnerable and 13

8

being the most vulnerable. Combined with the
buildings attributes (Tables 4 and 5), Table 6
illustrates the cumulative area and the percentage of
buildings affected with respect to each vulnerability
scale.

Inundation levels
0 Levelam
0 Llevel 8m
B Llevel 12m
W level 16m

Figure 6: Inundation zones above mean sea level

Table 3: Vulnerability scale from

Building location elevation above mean sea level (m) | Vulnerability/Impact
0-4 Very High

4-8 High

8-12 Moderate

12-16 Low

Distance from shoreline (m) Vulnerability/Impact
100 Very High

200 High

300 Moderate

> 400 Low
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Table 4: Frontal exposure attribute value

Position (w.r.t shoreline) Vulnerability Value
Front row High 2
Non-Front row Low 1

Table 5: Age of building attribute value

Age (Years) Vulnerability Value

0-5 Low 1

5-18 Moderate 2

18> High 3 ||

Table 6: Percentage of building types affected with respect to vulnerability scale

Type of Building (Cumulative Area — m?
Vulnerability Residential Commercial _E

35,062 (6%) 19,234 (7%) 29,947 (17%) 191 (2%) 1,001 (25%)

108,837 (18%) 38,133 (15%) 60,176 (34%) 206 (3%) 1,908 (47%)

119,516 (20%) 39,989 (15%) 62,430 (35%) - 2,137 (53%)

10 163,690 (27%) 50,692 (20%) 92,010 (52%) - 2,470 (61%)

9 277,105 (45%) 65,655 (25%) 112,277 (63%) 1,339 (16%) 2,499 (62%)
8 295,009 (48%) 71,060 (28%) 115,441 (65%) - -

! 331,775 (54%) 109,340 (42%) 120,293 (67%) - 3,848 (95%)
6 423,409 (69%) 138,312 (54%) 135,035 (76%) - -
5 440,239 (72%) 141,316 (55%) 136,691 (77%) - -
4 490,699 (80%) 189,445 (73%) 149,455 (84%) 1,787 (22%) -
579,292 (95%) 205,208 (80%) 173,071 (97%) 4,398 (53%) -
605,112 (99%) 225,996 (88%) 178,530 (100%) 8,231 (100%) -

609,723 (100%) 258,087 (100%) - - 4,042 (100%)
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Table 7: Cost of damage to buildings relative to vulnerability index

Type of Building (Cumulative estimated cost of damage —
MUR in Million)
(Rate of Rs 23,000 per m? - MHC
Vulnerability | Residential | Commercial Cultural gg::;gstwﬁi?]
MUR

806 442 689 4 23 1,964
2,503 877 1,384 5 44 4,813
2,749 920 1,436 - 49 5,154
10 3,765 1,166 2,116 - 57 7.104
9 6,373 1,510 2,582 31 57 10,553
8 6,785 1,634 2,655 S - 11,074
7 7,631 2,515 2,767 - 89 13,002
6 9,738 3,181 3,106 = - 16,025
5 10,125 3,250 3,144 = - 16,519
4 11,286 4,357 3,437 41 - 19,121
13,324 4,720 3,981 101 = 22,126
13,918 5,198 4,106 189 = 23,411
14,024 5,936 = = 93 20,053
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A high percentage of hotels (17%) lie within the
highest vulnerability while 25% of the cultural
buildings are also highly vulnerable to a minimum
tsunami strike.

Table 7 illustrates the Buildings Vulnerability
table in terms of the Estimated Cost of Damage in
MUR (Million). The current rate of construction of a
reinforced concrete building is taken as MUR 23,000
per square metre [17] (source: Mauritius Housing
Company Ltd — MHC, 2022). The table illustrates
that Buildings of the highest vulnerability index (2m
surge and 100m from the shoreline) will suffer a
damage of MUR 1964 million. Though of very low
probability, in the eventual occurrence of a surge of
16 m even the least vulnerable buildings of scale 1
will be wiped off entirely. The vulnerability map was
superposed on the roads layers and QGIS generated
the length of both types of roads affected with respect
to the vulnerability index (Figure 9). Lengths of roads
under vulnerability scales from the map have been
retrieved from QGIS. Each type of road has a rate for
construction. The rate of B type road construction set
by the Road Development Authority (RDA) of
Mauritius amounts to MUR 151 million per
kilometre. The access road normally of half size will
amount to a rate of MUR 75.5 million per kilometre.
From Table 8, it can be deduced that 1km of the main
road lies within a high vulnerability with 1.5 km of
secondary road having the same vulnerability. A total
damage cost to both at same vulnerabilities amounts
to MUR 264.3 million. Further estimation can be
made within specific vulnerabilities.

4.2 Human Life Vulnerability

Human Life Vulnerability is the potential to suffer
physical harm to a person [18]. An assessment of the
number of residents at the impact time and magnitude
is fundamental to measure the vulnerability. Building
occupancy depends on the type and use of the
building. Information for the number of occupants
per building has already been approximated by the
building and land use permit guidelines. According
to a census carried out by the Ministry of economic
development, financial services and corporate affairs,
it is observed that the average household size for four
different types of households, namely one person,
nuclear, extended and composite household, lies
between 4 to 5. For commercial buildings, the
building and land use permit (BULP) Mauritius
guidelines advises a certain number of parking space
per the type of commercial development. For
instance, the BLUP technical guidelines advises 1
parking space per 4 m? of public floor area for
cinemas, 1 parking space per 30 m? gross floor area
for shops, 1 parking space per 18 m? gross floor area
for supermarkets and 1 parking space per 8 m? of
dining area for restaurants. Cultural places like
mosques, churches and temples have a capacity of
approximately 1 person per 2 m? during their peak
hours. Hotels found in the north have in average an
occupancy of 3 persons per room. The number of
persons occupying the buildings can therefore be
approximated in Table 9.
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Table 8: Length of damage to roads and respective cost relative to vulnerability index

Type of Road
(Cumulative Length — km) Amount in MUR Million
Vulnerability Main Secondary D;:,S]S:ggfto Ct%Stsgf:cl)Dn?jZ?)? ° Toéglmicglsgsof
Main Road Road
D 15 151 113.3 264.3
12 2.4 3.5 362.4 264.3 626.7
11 3.3 3.7 498.3 279.4 777.7
10 4.6 5.9 694.6 445.5 1140.1
9 5.7 11.1 860.7 838.1 1698.8
8 6.7 12 1011.7 906.0 1917.7
7 7.8 14.7 1177.8 1109.9 2287.7
6 8.7 20.8 1313.7 1570.4 2884.1
5 - 23.2 1313.7 1751.6 3065.3
4 9.4 26.4 1419.4 1993.2 3412.6
3 10.6 33.2 1600.6 2506.6 4107.2
- - 36 1600.6 2718.0 4318.6
- 37 1600.6 2793.5 4394.1

Table 9: Number of occupants for types of buildings

Types of Building Occupancy

Residential 5 persons per Residence
Commercial 3 persons per 30 m?
Cultural 1 person per 3 m?
Education 450 students per school
Services 3 persons per 30 m?
Hotels 3 persons per room
Public Beaches 1 person per 30 m?

Table 10 illustrates the human life vulnerability with
respect to the number of people occupying buildings
and public beaches during the peak hour relative to
the vulnerability Index. There is a computed total of
3572 people within the highest risk in the case of a
tsunami surge.

4.3 Environmental Vulnerability

Environmental vulnerability has been measured
quantitatively regarding the negative impact of the
tsunami waves penetrating the land and polluting the
soil [19]. For the Grand Bay case study, salt water
from tsunamis stagnating on the low level lands, has
the potential to infiltrate the soil thus damaging the
soil ecosystem and fertility. A 4 m surge can reach as
far as 500 m inland (Figure 6) reaching the existing
fresh wetlands.

Saline water infiltration [20] causes impairment of
the natural ground water and fresh water bodies used
for consumption and irrigation in the northern region
of Mauritius. Saline water infiltration is also closely
related to the soil characteristics (Table 11) where
Regosols represented in yellowish green have a
higher permeability and are more prone to allow sea
water seepage into the ground water aquifer. Figure
10 illustrates the overlay of vulnerability indices on
the soil characteristics map of Grand Bay. This
resulted in the computation of the area of lands
(detailed in characteristics) and their respective
vulnerability as detailed in Table 12. As a result of
the study, 0.35 km? of total area is within the highest
vulnerability where the land is mostly composed of
Regosols which is a dark brown sandy type
characterised as highly permeable.
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Table 10: Number of vulnerable people with respect to Vulnerability Index

Type of Building + Public Beach
Cumulative Occupancy — Number of People)
N o : Public | T°%!
Vulnerability | Residential | Commercial | Hotel Cultural number
Beaches of people

680 1154 600 19 331 788 3572

1062 2288 1204 21 630 1046 6251

11 1402 2400 1249 21 706 1046 6824
10 2712 3042 1840 21 816 1046 9477
9 5842 3940 2245 134 825 1046 14032
8 6332 4264 2309 134 825 1046 14910
7 7397 6560 2406 134 1270 1046 18813
6 9567 8300 2700 134 1270 1046 23017
5 9892 8479 2734 134 1270 1046 23555
4 10982 11370 2990 179 1270 1046 27837
3 12932 12312 3461 629 1270 1046 31650
13467 13560 3571 1079 1270 1046 33993

13572 15485 3571 1079 1334 1046 36087

Table 11: Soil characteristics at Grand Bay

Mapping Description of Soil
Colour
LRP — Shallow to moderately shallow, gravelly, reddish brown silty clay
Purple
loam, few bedrock exposures
LRP — Shallow to very shallow, gravelly, reddish brown silty clay loam,
Orange
frequent bedrock exposures and rock heaps
Pink LRP — Lithosol — Shallow to very shallow or skeletal, gravelly silty clay
loam, extremely rocky
Yellowish Regosols — Dark brown sand or loamy sand on light grey to very pale
Green brown coral sand

Table 12: Land area intrusion by sea water relative to vulnerability index

e of Soil (Cumulative Area —m?)
Vulnerability D ;l?;:lirll_irrlr(ljz
3036 0 73704 269562 0.35
45397 0 143925 478802 0.67
11 58236 0 143925 495588 0.70
10 61870 0 217716 738703 1.02
9 171544 13369 326078 979573 1.49
8 223424 13369 326078 992676 156
7 240100 15052 447225 1148484 1.85
6 431955 65234 536535 1195208 2.23
5 475313 68578 552576 1197434 2.29
4 485345 70119 919901 1405003 2.88
3 783832 119924 982412 1488550 3.37
- 898164 219687 982587 1489568 3.59
927858 308525 982587 1489568 3.71
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Figure 10: Vulnerability overlay on soil map
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Figure 11: Land elevation heat map with blue as higher grounds and red lower grounds
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Figure 12: Catchment areas with existing rain water drains

This type of soil will allow much saline water to
infiltrate the ground water thus polluting the latter. A
heat map derived from the contour lines from Figure
6 was processed from QGIS to illustrate the high
level peaks as identified by 6 points in Figure 11. The
arrows illustrate the natural water flow with respect
to the topography of the terrain. Delimitation of the
catchments was therefore carried out in QGIS setting
6 areas with boundaries halfway between the high
level peaks (Figure 12). Due to the dense building
constructions prevailing in Grand Bay, there is no
actual river beds nor streams except the road
networks that acts as existing water drains. The
drainage density which is the total length of existing
streams divided by the catchment area [21], is found
to be around 0.8 km/km? for each catchment. Values
of the existing streams length have been taken as the
length of the existing man made drains. The drainage
density value, hence shows a lack of drainage system
to evacuate surface run-off after a possible
inundation by an abrupt sea water level rise. The
drains are mostly located within the Regosols and the
Silty Clay Loam which are of high permeability
whereas the other regions are deprived of proper
drains. The soil will eventually remain flooded for
days without proper drainage inducing sea water
intrusion [22] in the water table. A high surge of 4 m
(Figure 6) will be sufficient to fill the three wet lands
(Figure 12) with saline water causing much damage
to the ecosystem that would require several years to
be restored.

5. Conclusions and Recommendations

From the results obtained in the analysis, a 16m surge
can practically wipe out the entire study area, its
infrastructures and population causing an economic
loss of over 20 billion MUR for a village of
approximately 13400 inhabitants Killing the
backbone of the Mauritian economy and engendering
an environmental disaster.

Although a tsunami cannot be prevented, the
effects can be reduced in the study area through
tsunami evacuation routes and shelter zones,
planning future developments in safe zones and
implementing proper drainage systems. Though
tsunamis can cause structural damages, drainage of
the study area is very important to reduce the damage
caused by stagnation of sea water inland after an
event. Furthermore, this can minimise the risk of sea
water staying for longer periods in agricultural lands
and fresh water aquifers not elaborating on the health
issues that may entail. The catchment zones already
designated in Figure 12 can be used to design
appropriate drainage systems in terms of reinforced
concrete drains or swales. This study can be useful to
local authorities to plan and make provision for
precautionary measures. If a proper management
practice [23] is involved under the guidance of the
GIS maps (Figures 8, 9 and 10), assembly points,
evacuation routes and shelter zones can be planned.
The GIS vulnerability analysis is also a useful tool
for decision making in terms of future infrastructural
development.
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Soft and hard measures can be adopted within
specific locations according to the research results, to
mitigate the impact of even the slightest tsunami
wave.

Since the results obtained from the analysis were
processed from satellite images, this project can
therefore be fine-tuned with the acquisition of more
precise and updated data with floor levels of
buildings, detailed building use, quality of building
and estimated costs for each building type. This same
methodology can be adopted to other places around
Mauritius and even to other countries to assess their
vulnerabilities against tsunamis.
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