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Abstract 
One of the Earthquakes occurred in the Indian Ocean at the Western 

coast of North Sumatra in the year of 2004. In the aftermath of the tsunami, 
after tsunami data has emerged from field studies in several affected countries 
indicating that mangrove forests have played a critical role in saving human 
being lives and property. The trees of Mangroves have shown very successful 
results among the sea and ocean shore evolution with respect to time. In many 
extreme conditions Mangroves trees have limited boundaries of protection over 
tsunamis. These limitations mainly depend on the denseness and cover of the 
trees, their expansions of roots and thickness, topographical factors around, the 
angle of incidence of the incoming waves. Mangrove trees have limited 
boundaries of protection over tsunamis in extreme conditions.  

In Western Coast of Gujarat destructive tsunamis have been generated 
from large earthquakes along the Makran Coast, Chagos Ridge and Kachchh 
Region in the past. Although the historical record is imperfect. The most 
significant tsunamigenic earthquake in recent times was that of 28 November 
1945 21:56 UTC (03:26 IST) with a magnitude of 8.1 (Mw). This paper an 
attempt is made for a numerical simulation of the tsunami generation from the 
Makran Subduction Zone and its propagation into the Arabian Sea, its effect on 
the Kachchh cost line of Gujarat, India, through the use of a numerical model. 
An attempt at providing a numerical simulation of the tsunami generation from 
the Makran Subduction Zone and its propagation into the Arabian Sea and its 
effect on the Kachchh cost line of Gujarat, India, through the use of a numerical 
mode is made in this paper. The paper also presents run-up elevation maps 
prepared using Shuttle Radar Topographic Mission (SRTM) data, showing the 
possible area of inundation due to various wave heights along different parts of 
the Gujarat Coast. Thus, these results will be useful in planning the protection 
measures against inundation due to tsunami. This paper consists of identifying 
and mapping of the present density of mangroves in the Kachchh cost line. 
Run-up elevation maps prepared using Shuttle Radar Topographic Mission 
(SRTM) data, showing the possible area of inundation due to various wave 
heights along different parts of the Gujarat Coast are also presented in this 
paper. It also consists of identifying and mapping of the present density of 
mangroves in the Kachchh cost line. Protection measures against inundation 
due to tsunami can be planned based on the results obtained. 
 
Keywords: Mangrove belt, Coastal regions, Tsunami resistance, 
Mangrove forest, Density, Run up. 
 

1. Introduction  
In recent years, demand to coast management is 

expanded not only for disaster prevention but also for 
environment. On the other hand, artificial coastal 
barriers such as seawalls and breakwaters have been 
constructed along the coast of many countries and have 
played an important role in protecting the coastal area 

from natural hazards such as tsunamis, tidal waves and 
high waves. The artificial coastal barriers have some 
problems, such as high cost of the construction and 
maintenance, modification of the present environment 
and inconvenience in utilizing the coastal area. 
Therefore, the countermeasures against tsunamis by 
only using the artificial coastal barriers are not 
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recommended for all coastal areas. For reduction of 
natural disaster reduction and for keeping good 
environment, it is required that a new countermeasure 
method corresponding to each coastal area includes the 
combination of artificial and natural functions 
(Imamura and Harada, 2005). One of new ways is to 
utilize a control forest along coast, which is traditional 
countermeasure for long time. However, quantitative 
and concrete functions of coastal forest to reduce a 
tsunami are not established and formulated, so that no 
guidance to use control forest is available (Harada and 
Kawata, 2004). In order to use a coastal control forests 
more effectively as countermeasures against tsunamis, 
it is important to evaluate the hydrodynamic effect of 
tsunami control forest, and to further discuss a disaster 
prevention function. 

The present paper aims to provide the concrete 
functions of tsunami disaster prevention by control 
forest from study of old tsunami reports and other 
sources. Mangrove trees have always been regarded as 
a means of wave attenuation, reducing wave energy as 
the wave propagates through the dense trees by 
obstructing the waves with their network of roots and 
trunks. The protection afforded by this shoreline of 
dense trees appears substantial, not only for storm-
generated waves (Massel et al., 1999), winds, 
typhoons, surges, but also for tsunamis. Blasco et al. 
(2005), Dahdou-Guebas et al. (2005), Danielsen et al. 
(2005), Kathiresan and Rajendran (2005), and Siripong 
(2006) all have studied and recognised the importance 
of mangroves in reducing the impact of tsunamis. On 
the other hand, Kerr et al. (2006) found no relationship 
between human mortality and the extent of forests 
fronting hamlets for coastal protection during tsunamis. 
The belief that mangroves had no attenuation effects 
was also supported by Chatenoux and Peduzzi (2007), 
where the distance of the tsunami penetrated was best 
explained by distance from the earthquake epicenter. 
Thus, more quantitative support has been needed for 
some time to understand the impact of mangroves on 
tsunamis. 

This paper consists of identifying and mapping 
of the present density of mangroves in the gulf of 
Kachchh and also identifying the areas in which 
mangrove plantation can be done. So by this research 
one can know the area in which mangrove plantation 
can be done along the gulf of Kachchh and maximum 
resilience against tsunami wave’s inundation can be 
provided and due to intense growth of mangrove the 
wave intensity and tsunami wave velocity can be 
reduced. 

An attempt has been made in this study in 
identifying and mapping the density of mangroves in 
the gulf of Kachchh and also identifying the areas in 
which mangrove plantation can be taken up. Apart 

from determining the area in which mangrove 
plantation can be done along the Gulf of Kachchh, this 
research also aims at providing information on 
maximum resilience against tsunami wave’s 
inundation. The wave intensity and tsunami wave 
velocity can be reduced due to intense growth of 
mangrove. 

 
2. Area of Study 

In general mangrove species of the study region 
were brought under three categories namely high, 
medium and low height of mangroves. Coastline in 
Gulf of Kachchh 24°05’11”N 70°38’16”E and an area 
of 7505.2 sq. km, identify the area of Mangrove and 
also identify density cover of Mangrove. Kachchh lies 
22° ' 35N, 69° 40' E. Mangrove species found in 
Kachchh are 1. Avicenia marina, 2. Avicinia Alba, 3. 
Rhizophora mucranata and 4. Cerops tangal. For 
Kachchh, the recruit density is 16705 pa ha, 11788 per 
ha and 4139 per ha for the dense, moderate and sparse 
Mangroves respectively. Below figure the green colour 
is indicate the mangrove available in Kachchh costal 
line. 

 
2.1 Plantation of Mangroves along the coast of 

Kachchh, Gujarat 
The pieces and planting spacemen proposed 

under different sub zones are given in Table 1. It is 
proposed to plant the rhizomes of all grass one year 
period to Mangrove plantation in zone the grass will 
also provide the fodder to local people. 
 
3. Method of Image Georeferencing and 

Numerical Modelling  
The Image Rectification feature in Global 

Mapper allows you to load and work with any JPG, 
PNG, or TIFF imagery, regardless of whether or not 
spatial positioning information is provided with it. For 
example, you could scan in an image of a map to a JPG 
file, use the File Rectify Imagery menu command to 
enter the coordinates of several points on that image, 
and then load it into Global Mapper, properly overlaid 
with any other loaded data. Once you have rectified an 
image in Global Mapper, you can then export it to any 
of the supported export formats to obtain a fully 
rectified image that can then be immediately loaded 
into numerous other imaging and GIS packages.  

If you find that after rectifying a file that you 
want to modify the rectification, you can simply select 
the layer in the Overlay Control Center, then right-click 
and select the Modify Layer Position/Projection option 
to bring up the rectification dialog for that layer. 

There are two ways to rectify imagery in Global 
Mapper. The first is to simply load the imagery file 
needing to be rectified just like any other file. Global 
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Mapper will automatically prompt you to rectify an 
image if it cannot automatically determine where on 
the earth the image should be placed. 

 
Table 1: Plantation detail in Kachchh costal line 

 

Types of Mangroves 
Spacing between 
successive plants 

Rhizophara Mucronata (2M*2M) 
AvicenniaMarina (2M*2M) 
Ceriops Tangal (2M*2M) 
Avicennia Conicilatam (2M*2M) 

 
If you indicate that you would like to rectify an 

image when prompted, the Image Rectifier dialog will 
appear, allowing you to enter ground control points for 
the image in order to rectify it as sawn in below figure 
Georeferencing image of gulf of Kachchh and Kachchh 
costal line.  

Numerical Modelling of tsunamis is commonly 
carried out to better understand events that have 
occurred either during or before historical times. 
Numerical Modelling can also help to predict the 
effects of a future tsunami. The rupture parameters, as 
provided by Jaiswal et al. (2008) were used for the 
source of 1945 earthquake for validation of 
programme. Along with this some another probable 
parameters have been taken for the study. Static 
displacement on the surface of an elastic half space due 
to elastic dislocation was computed on the basis of 
equations provided by Mansinha and Smylie (1971).   

Tsunamis which are mainly generated by the 
movement of sea bottom due to earthquakes belong to 
long waves. In the theory of such waves, the vertical 
acceleration of water particles are negligible compared 
to the gravitational acceleration except for an oceanic 
propagation of tsunami (Kajiura, 1970). Consequently, 
the vertical motion of water particles has no effect on 
the pressure distribution. It is a good approximation 
that the pressure is hydrostatic. Based upon these 
approximations and neglecting the vertical 
acceleration, the following two dimensional equations 
(this is called the shallow water theory) were used.    
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4. Tsunami propagation  

The bathymetric grid was build from open source 
General Bathymetric Chart of the Ocean (GEBCO) 30 

second database. Shuttle Radar Topography Mission 
(SRTM) 90 data has been used to accurately map the 
land heights (topography). In this study four nested 
domain, namely A, B, C and D were used. 

The increased resolution is essential in order to 
simulated as best as possible the travel time and tsunami 
amplitude of the waves. For grids A and B, the model is 
run in the linear mode which, although not good enough 
for run-up estimates, but it is good enough for travel 
time estimates. Another reason for increasing resolution 
is to diminish numerical dispersion into shallower water 
(Shuto et al., 1985; 1986). Therefore each tsunami 
wavelength should be covered by at least 20 grid points. 
Ramming and Kowalik (1980) found that 10 grid points 
per wave length is sufficient if we are willing to accept 
2% error in the phase velocity. Still another reason is 
that numerical stability considerations require that the 
finite differences time step be such that Δt ≤ [Δx / 
√(2gh)], where Δx is the space discretization size, g the 
gravitational acceleration, and h is the maximum depth 
in the given grid. As the wave propagates into shallower 
waters h decreases and by decreasing Δx we can 
maintain a constant Δt (Goto and Ogawa, 1992).  

The initial displacement is generated in the 
exterior domain (A), and it is interpolated into the higher 
resolution grids B, C and D. The end result is an initial 
sea surface profile that extends smoothly from the 
exterior, lower resolution, domain into the higher 
resolution domains. The tsunami propagation states at 
every 1-min interval are simulated. In this study, model 
outer domain has a horizontal resolution of 2700 m over 
the Arabian Sea including the Indian subcontinent (7–
26N and 62–80E). The simulation is carried out for 
duration of 359 min and the Sea states at 0, 60, 120, 150, 
180, 210, 230, 300, 330, and 359 in the Arabian Sea are 
presented in (Figs 5 to 14). The wave amplitude varies 
with the forward motion of the tsunami waves. 
Boundary conditions play a significant factor in the 
separation of the land and ocean boundary in order to 
validate quantitatively the simulation and it is compared 
to the only available measurements of the 1945 Makran 
tsunami. The results obtained are configured with the 
available reports of 1945 Makran Tsunami (Pendse, 
1948) and also with results of Indian Seismological 
Research Centre Team of Gandhinagar (Rastogi and 
Jaiswal, 2006). 

 
5. Directivity Map of Tsunami 

The directivity of tsunamis, which is important 
information in view of hazard reduction as well as 
geophysical research, is affected mainly by source 
effects. The source effects include directivity due to fault 
orientation (Kajiura 1970; Ben-Menahem and 
Rosenman, 1972) and fault parameters such as dip angle  
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Fig 2: Georeferencing Image of Kachchh District
 

Fig 3: Bathymetry and topography data of Indian coast
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Fig 1: Costal line of Kachchh District 

Fig 2: Georeferencing Image of Kachchh District 

 

3: Bathymetry and topography data of Indian coast Fig 4: bathymetry and topography data grid prepared in  
surfer 8.0 
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Fig 4: bathymetry and topography data grid prepared in  
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Fig 5: Propagation of wave after 0min. Fig 6: Propagation of wave after 60 min. 

  
Fig 7: Propagation of waveafter 120 min. Fig 8: Propagation of waveafter 150 min. 

  
Fig 9: Propagation of waveafter 180 min. Fig 10: Propagation of wave after 210 min. 
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Fig 11: Propagationof wave after 230 min.

Fig 13: Propagation after 330 min.
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Fig 11: Propagationof wave after 230 min. Fig 12: Propagation after 300 min.

 
Fig 13: Propagation after 330 min. Fig 14: Propagation after 359 min.

Fig 15: Diretivity Map of Tsunami 
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Fig 12: Propagation after 300 min. 

 
14: Propagation after 359 min. 
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                               Inundation map of Gujarat coast for Tsunami run

Fig 18: Inundations Mapping for Gulf of Kachchh based on SRTM
 
or slip amount. Our simulated results for global tsunami
of 1945 are depicted in Diretivity Map of Tsunami
which shows that the source directed most of t
energy towards Gujarat and Maharashtra a strong signal 
is nonetheless directed towards. A similar mode of 
energy transfer is observed in the Arabian Ocean. While 
tsunami wave propagating towards along the Oceanic 
ridges.  
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Fig 16: Gujarat Height Profile Analysis Map 

Fig 17: Path Profile of Gulf of Kachchh 

Inundation map of Gujarat coast for Tsunami run-up height > 2 m

Fig 18: Inundations Mapping for Gulf of Kachchh based on SRTM-90 and Bathymetry data of Gujarat

or slip amount. Our simulated results for global tsunami 
Diretivity Map of Tsunami 

which shows that the source directed most of the wave 
energy towards Gujarat and Maharashtra a strong signal 
is nonetheless directed towards. A similar mode of 
energy transfer is observed in the Arabian Ocean. While 
tsunami wave propagating towards along the Oceanic 

6. SRTM Data+ Gujarat Boun
Height Profile 

In this map we identifying in path profile lining
use to determine Height of boundary contact with sea in 
Gulf of Kachchh. We could achieve Topographic map of 
Gujarat by giving SRTM data as input parameter in 
global mapped and height path profile also had been 
created. 
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up height > 2 m 

90 and Bathymetry data of Gujarat 

6. SRTM Data+ Gujarat Boundary of 

identifying in path profile lining is 
use to determine Height of boundary contact with sea in 

Kachchh. We could achieve Topographic map of 
Gujarat by giving SRTM data as input parameter in 

ight path profile also had been 
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Table 2:  Inundations

Sr. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

TOTAL
 

Fig 19: Dense 

7. Inundation Map 
Preparation of an important map could inform 

coastal community and others about susceptibility to
inundation corresponding to various wave
Inundation model is prepared for coastal parts of Gujarat 
belt on the basis of existing topographic and bathymetric 
(water depth) data sets. For preparation of the inundation 
map, high resolution of SRTM data has been use
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Inundations Mapping in terms of km and sq km duetoTsunami

 
Area Name Area in km Area sq km 

i1 454 2794.6 
i2 86.613 499.01 
i3 46.32 25.6 
i4 38.826 59.21 
i5 50.57 69.348 
i6 49.23 58.34 
i7 298.76 2244.6 
i8 70.268 121.49 
i9 68.938 249.45 
i10 94.27 375.67 
i11 68.138 103.68 
i12 48.633 98.995 
i13 39.42 88.45 
i14 125.75 347.52 
i15 60.58 152.6 
i16 22.944 23.188 
i17 29.97 23.44 
i18 28.946 22.27 
i19 23.44 25.63 
i20 269.28 600.25 

 1974.896 7983.341 

 
Fig 19: Dense Mangrove Mapping in Gulf of Kachchh

Preparation of an important map could inform 
coastal community and others about susceptibility to 

esponding to various wave-heights. 
Inundation model is prepared for coastal parts of Gujarat 
belt on the basis of existing topographic and bathymetric 
(water depth) data sets. For preparation of the inundation 
map, high resolution of SRTM data has been used. 

Surfer 8.0 software is used to plot elevation data.
different colors present various elevations as 0
shown, over the parts of Gujarat state. From this (Fig 18) 
we can infer that the Run of Kachchh region has very 
low elevations, and therefore inundation would be more 
due to tsunamigenic conditions than other costal parts of 
Gujarat. The complete dimensions area wise for the 
elliptical areas indicated by pink color in Fig 18 are 
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Surfer 8.0 software is used to plot elevation data. The 
present various elevations as 0–10 m are 

shown, over the parts of Gujarat state. From this (Fig 18) 
we can infer that the Run of Kachchh region has very 

re inundation would be more 
due to tsunamigenic conditions than other costal parts of 

The complete dimensions area wise for the 
elliptical areas indicated by pink color in Fig 18 are - 
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Table 3: Mangrove Mapping in terms of km and sq km in Jamnagar District 
 

Sr. No. Area Name Area in km Area in sq km 
1 J1 13.07 21.3 
2 J2 8.008 11.2 
3 J3 22.47 25.36 
4 J4 10.205 5.36 
5 J5 32.905 35.32 
6 J6 5.405 7.35 
7 J7 9.33 12.69 
8 J8 4.23 7.156 
9 J9 5.41 6.98 
10 J10 10.398 11.36 
11 J11 2.808 4.69 
12 J12 3.398 5.89 
13 J13 4.36 12.6 
14 J14 2.51 5.36 
15 J15 6.272 8.78 
16 J16 6.272 8.78 
17 J17 4.53 8.98 
18 J18 9.09 9.54 
19 J19 7.308 11.96 
20 J20 2.009 4.96 
21 J21 1.36 2.69 
22 J22 7.68 10.96 
23 J23 3.79 7.11 
24 J24 9.36 10.21 
25 J25 9.60 9.56 
26 J26 4.36 7.69 
27 J27 8.19 10.96 
28 J28 2.29 4.11 
29 J29 4.19 5.54 
30 J30 10.48 11.65 
31 J31 9.603 11.69 
32 J32 6.613 8.96 
33 J33 4.36 8.96 
34 J34 6.51 5.21 
35 J35 9.58 5.69 
36 J36 9.58 11.69 
37 J37 4.03 7.54 
38 J38 5.07 8.35 
39 J39 8.008 10.45 
40 J40 4.41 5.69 

TOTAL  299.052 677.336 

listed in Table 2. The details present areas in km and 
sq. km. 
 
8. Dense Mangrove Mapping in Gulf of 

Kachchh 
Mapping has been performed using Global 

Mapper around the coastal region in Gulf of Kachchh. 
The area marked with green color indicates the regions 

having dense mangroves. The complete dimensions 
area wise for the elliptical areas indicated by green 
color in Fig 19 are listed in Table 3. The details present 
areas in km and sq. km.  
 
9. Conclusion  

The TunamiN2 model has successfully 
simulated the propagation of tsunami event of Makran 
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on November 1945. The model results are qualitatively 
consistent with the reported damage. Our model gives 
maximum amplitude along the creeks at the coast of 
Gujarat. So the most vulnerable areas of the coast need 
to be provided greater protection when planning for 
preparedness. The basic grids have been prepared with 
the help of surfer 11.0, Global Mapper 9.0 and MatLab. 
Basic Numerical Modelling has been done in 
TunamiN2. A programme has been made for run up 
height and time of arrival of tsunami in MatLab 
environment. 

By our Numerical Modeling the physical 
processes of Tsunami generation, propagation and 
inundation can be known. At t = 0, It generates 6-7 m 
tsunami at the moment of the earthquake, and then the 
water is receded. At Dwarka, positive tsunami waves 
arrived within approximately 2 h 10 min and for the 
Gulf of Kachchh, it takes 3 h 10 min and these waves 
have height of up to 2 m in Gulf of Kachchh. 
Mangrove forests are capable of dissipating wave 
energy, thus they play an important role in coastal 
protection as per past study of tsunami. By using 
SRTM and Bathymetric data we have analysed and 
plotted inundation area in global mapper15 i.e. 
7983.341 sq km so it can be concluded that this much 
area can be affected by tsunami waves up to 2 m 

height. We have calculated the dense mangrove area in 
Gulf of Kachchh that turns up to 235.814 sq. km. So it 
can be finally concluded as per past study that 
mangrove species like Avicennia Marina, Ceriops 
Tagal and Rhizophora Mucronata should be grown in 
the possible identified area as these mangrove species 
are rapid growing and densely populated and grow up 
to heights of 3 to 5 m can resist tsunami waves of 
higher altitudes 
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