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Abstract— Severe natural Hazard, like e.g. tsunamis or 

earthquakes, often lead to catastrophes with spectacular 

consequences. In these days natural disasters caused loss 

hundreds of thousands of human, damage to infrastructure, 

disturbance of financial activity and loss of billions of money 

worth of material. The overall goal of this study focuses on 

developing a tsunami evacuation map to contribute to a tsunami 

early warning information system for Indian subcontinent. This 

presents the hazard mapping for Tsunami and strategy for 

Tsunami evacuation for Okha (22.4667° N, 69.0667° E) and 

western coast of Gujarat state on Indian subcontinent. The need 

for the study is to aware people for the hazard of tsunami and 

saving maximum lives when tsunami occurs there.  The past 

historical earthquakes of Tsunamigenic source of  Makran 

subduction zone which was responsible for causing tsunami on 

western coast of Gujarat state of for Indian subcontinent are 

studied. The outcomes of this study can be utilized by public 

policy and decision makers in developing disaster management 

strategies. 
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I. INTRODUCTION 

sunami is a Japanese word meaning harbour wave. A 

tsunami is an anomalous sea level elevation seen some 

times as a series of waves with a long wavelength and period 

(time between crests) generated by a large, impulsive 

displacement of sea water (1). Time between crests of the 

wave can vary from a few minutes to over an hour, but 

generally are in the range of 15 to 25 minutes. One of the 

major hazards due to tsunamis, even of small amplitudes, are 

the very strong currents that can be generated, that can rip the 

tie lines and moorings of vessels and cause serious damage 

to piers and docks (2).  For anyone in tsunami evacuation 

zones, strong ground shaking from an earthquake is the 

natural warning that a tsunami might be coming. People on 

the beach or in harbour areas should evacuate for any felt 

earthquake and, if strong shaking lasts for 20 seconds or 

more, all people within evacuation areas should move inland 

or to higher ground. However, strong earthquake shaking can 

also cause additional hazards, such as landslides or downed 

power lines, which can inhibit or prevent safe evacuation (3). 

Identification of these potential hazards along evacuation 

routes, evacuees might be routed through areas where they 

could become injured while moving away from potential 

tsunami inundation areas. The state tsunami program 

provides assistance to jurisdictions that request help 

preparing or reviewing evacuation plans to address local-

source tsunamis (4). However, for local jurisdictions that 

would like to evaluate these potential evacuation hazards 

using their own resources, the following step-by-step 

guidance is provided as, A tsunami evacuation plan (TEP) is 

a plan that will be invoked if a tsunami alarm has been 

triggered. Hence a TEP will affect a variety of preparedness 

measures to be activated in the case of tsunami alert. The 

purpose of a TEP is to save the life of those persons that 

might be affected by the incoming tsunami waves (5). 

Tsunamis may arrive at Indonesian shores within 20-40 

minutes after the earthquake that has triggered it. In some 

locations arrival times can be even shorter. It is vital that 

individuals, families and institutions have the capacity to 

react in a quick and appropriate manner to avoid the 

damaging waves and their impacts (6). Therefore, local 

evacuation plans and warning arrangements are needed. To 

achieve this, it needs the involvement of many stakeholders, 

from local authorities to different elements in the community. 

II. POSSIBILITY OF TSUNAMI IN GUJARAT 

Five of the great earthquakes in Makran may have 

ruptured the plate boundary in four different rupture 

segments of lengths of about 200 km each in 1483 (58–60°E), 

1851 and also 1864 (61–63°E), 1945 (63–65°E), and 1765 

(65–67°E) (7). Out of all these earthquakes only the 1945 

earthquake is known to have caused a large tsunami, 

followed by a large aftershock in 1947 immediately to the 

south. The western Makran zone has no clear record of 

historic great earthquakes. Absence of frequent earthquakes 

indicates either that seismic subduction occurs or that the 

plate boundary is currently locked and experiences great 

earthquakes with long repeat periods (8).  

One of the most deadly tsunamis ever recorded in the 

Arabian Sea occurred with its epicenter located in the 

offshore of Pansi in the northern Arabian Sea, about 100 km 

south of Churi (Baluchistan), Pakistan , at 21.56 UTC (03.26 

IST) on November 28, 1945. More than 4000 people lost 

their life along the Makran coast of Pakistan by both the 

earthquake and tsunami. The tsunami was responsible for 

great loss of life and destruction along the coasts of India, 

Pakistan, Iran. The earthquake’s Richter Magnitude (Ms) 

was 7.8 (Pendse, 1948) & the Moment Magnitude (Mw) was 

revaluated to be 8.1 (7). 

Different points of bathymetry from Makran Subduction 

Zone to Cities of interest are shown in figure 2. Different 

points indicating depth of sea floor is prepared by using 

global mapper. This profile is shown in figure 2. This profile 

is prepared using World Bathymetry data of 30 grid SRTM 

Data. 

T 
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Fig. 1: Great Earthquakes in MSZ.(V.M Patel et. al., 2011) 

 
Fig. 2: Makran Subduction Zone to Okha City bathymetry profile 

III. METHODOLOGY 

The Step wise procedure of evacuation mapping is as 

following:  

Step 1: The mapping is stepwise process. In mapping of 

tsunami first the satellite image showing population is geo-

referenced with the SRTM data of Gujarat. 

Step 2: The contours are generated in the geo-referenced 

image. Than the coastal regions are shown using different 

colors and hazard map is prepared by showing 1 to 6 m 

heights by different colors. 

Step 3:  The details of topography and colors indicated is 

shown in maps.  

Step 4: The evacuation maps are then prepared according 

to recommendations. 

Fig. 3: proposed methodology for Tsunami Evacuation Map 

IV. RESULTS AND ANALYSIS 

 

The satellite image of Okha city is shown in the sketch. 

The population density is assumed to be dense in densely 

populated area as shown in satellite map. Various thematic 

maps are generated for parameters to be analysed. Figure 4 

shows Road map of Okha city, Figure 5 shows Population 

map with existing routes, Figure 6 shows snap shot of Geo-

reference map of Okha city, Figure 7 shows snap shot of 

Hazard map of Okha city and Figure 8 shows Snap shot of 

Evacuation map of Okha city.An easy way to comply with 

the conference paper formatting requirements is to use this 

document as a template and simply type your text into it. 

 
Fig. 4: Road map of okha city 

 
Fig. 5: Population map with existing routes (Source: Google Earth) 

 
Fig. 6:  Snap shot of Geo-reference map of Okha city 
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Figure 7: Snap shot of Hazard map of Okha city 

 
Fig. 8: Snap shot of Evacuation map of Okha city 

A vertical evacuation refuge from tsunamis is a building 

or earthen mound that has sufficient height to elevate 

evacuees above the level of tsunami inundation, and is 

designed and constructed with the strength and resiliency 

needed to resist the effects of tsunami waves. (FEMA P646).  

Vertical evacuation structures can be intended for general use 

by the surrounding population, or by the occupants of a 

specific building or group of buildings. Choosing between 

various options available for vertical evacuation structures 

will depend on emergency response planning and needs of 

the community, the type of construction and use of the 

buildings in the immediate vicinity, and the project-specific 

financial situation of the state, municipality, local community, 

or private owner considering such a structure. (FEMAp646).  

 

Fig. 9: Vertical Evacuation Structures proposed at Okha  

V. MODELLING AND PREDICTION  

Numerical modeling of tsunamis is commonly carried out 

to better understand events that have occurred either during 

or before historical times. Numerical modeling can also help 

to predict the effects of a future tsunami. 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. As the problem under 

study that requires the approximation to be very accurate, 

feed-forward, back-propagation networks are used for the 

modeling purpose. The Levenberg-Marquardt algorithm is 

well suited to functionalize approximation or prediction 

problems with networks of moderate size and number of 

parameters (20).  

Figure 8 shows the ANN structure used for predicting the 

run-up height of Tsunami wave. The simulated model was 

trained for 76 test data and tested for 10 data sets. The 

conclusions on the actual data for this problem were 

validated. 

VI. CONCLUSION 

Evacuation is the most important and effective method to 

save human lives during a tsunami. An important factor in 

establishing evacuation measures during a tsunami is an 

accurate representation of the timing of people’s responses to 

the emergency. In this study, with the help of satellite 

technology tsunami evacuation map is generated for western 

coast of Gujarat state of for Indian subcontinent. In this study 

evacuation map of study area is generated in an open source 

map digitalization tool. Vertical Evacuation Suggestions of 

study area are derived from further analysis of geo 

referenced map. These Vertical Evacuation Suggestions are 

provided based on various parameters related topography and 

geology of study area. These results of this study can be 

utilized by public policy and decision makers in developing 

disaster management strategies. 

 

Fig.10. ANN structure used for predicting Run-up Height 

VII. FUTURE WORK  

The tsunami forecast model can be used warn the officials 

and disaster prevention and administration unit of the state. 

The authors proposed to implement the vertical evacuation 

structure for Okha. The automated alert can also be generated 

using the same model which could suggest the disaster 

preventive action to be taken to subdue the effects in affected 

areas. similar studies can be carried out for other tsunami 

prone areas all over the world. 
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