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Abstract

Makran subduction zone, located off southern coasts of Iran and Pakistan, is one the most tsunamigenic sources
in the Indian Ocean which has generated deadly tsunamis in the past. Historical records reveal that this region
produced the second deadliest tsunami in the Indian Ocean region which is the Makran tsunami of 1945 with a
death toll of about 4000 people. Following the December 26, 2004 mega-tsunami in the Indian Ocean and in
accordance with international efforts organized by Intergovernmental Oceanographic Commission
(IOC/UNESCO), Iran has been committed to develop its national tsunami warning system and to cooperate with
neighboring countries to develop a regional tsunami warning system for Makran region. Presently, the
implementation of key elements for developing such a system is in progress. Based on a wide archival research,
first tsunami catalog for the Makran region is provided which includes 4 events. This catalog greatly improves
the understanding of tsunami hazard in the region. For earthquake and tsunami detection, a network of
seismograms and DARTSs (Deep-ocean Assessment and Recording of Tsunami) are planned to be installed in and
off southern coasts of Iran. A model for modeling of tsunami generation has been provided which allows
identification of low, medium and extreme hazard categories of arriving tsunamis after the earthquake
generation. To model tsunami propagation and run-up, a finite-difference numerical model with non-linear long
wave theory, known as TUNAMI, is used. For prevention purposes, tsunami inundation and evacuation maps for
several coastal areas are planned to be produced in the near future.
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Introduction

The southern coasts of Iran bordering the Indian Ocean have been affected by some local tsunamis generated by
large earthquakes along the Makran subduction zone, where the Arabian plate subsides underneath the Iranian
micro-plate (Figure 1). The 26 December 2004 Sumatra—Andaman earthquake and tsunami was fresh evidence
showing the tsunami hazard associated with large subduction zone earthquakes, and clearly showed how much
damage tsunamis can cause. The 2004 event reminded the international community about the need to assess tsunami
hazard in various parts of the world.

Following the December 26, 2004 mega-tsunami in the Indian Ocean and in accordance with international
efforts organized by Intergovernmental Oceanographic Commission (IOC/UNESCO) (IOC, 2005), Iran has been
committed to develop its national tsunami warning system (Iran National tsunami warning System-INTWS) and to
cooperate with neighboring countries to develop a regional tsunami warning system for Makran region. In order to
achieve the above, Iran is planning to build up its national capability to detect, analyze and provide timely warning
of tsunami occurrences along the Makran source and to cooperate with India, Pakistan and Oman for developing a
regional tsunami warning system.
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Figure 1- Tectonic map of the Makran subduction zone and historical tsunamis. Abbreviations are: Makran Subduction
Zone (MSZ), Zagros Thrust (ZT), Minab Fault (MF), Sonne Fault (SF), Murray Ridge (MR), Owen Fracture Zone (OFZ2),
and Ornach-Nal Fault (OF) [2].

Due to the multidisciplinary nature of the tsunami warning system and tsunami modeling practice, to develop

the INTWS the following six institutes in the country are cooperating on this object:

—  University of Tehran (UT)

— Iranian National Center for Oceanography (INCO)

— International Institute of Earthquake Engineering and Seismology (IIEES)

— National Cartographic Center (NCC)

— Geological Survey of Iran (GSI)

— Islamic Republic of Iran Meteorological Organization (IRIMO)
Here, we summarize efforts made and those of being made towards the implementation of the INTWS.

History of Tsunami in the Makran Subduction Zone

Compilation and improvement of historical records of tsunami always is of primary importance for quantification of
tsunami hazards for any vulnerable coastline to tsunami attack. Without the knowledge of historical tsunamis,
tsunami hazard will not be properly known and development of mitigation and preparedness systems may be ignored
[2]. Heidarzadeh et al. (2007) [2&3] recently studied historical tsunamis in this region. According to their work, the
northwestern Indian Ocean has experienced at least 8 tsunamis (Table 1). Figure 1 shows the locations of seven
tsunamis. The eighth tsunami is the 2004 mega-tsunami which caused wave heights up to 3 m in the northwestern
Indian Ocean. Among these events, 5 tsunamis were generated due to the seismicity of the Makran subduction zone.
According to Table 1, the deadliest tsunami in the region is the 1945 event with the death toll of about 4000 people.
Also, this event was the deadliest tsunami in the Indian Ocean basin prior to the 2004 mega-tsunami. The present
Makran tsunami list indicates a repeat time of about 800 year for tsunami in this region.
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Table 1- List of tsunamis observed in the northwestern Indian Ocean [2]

Location ;
No. Year lijrthqtjadke TSsunaml Lfi of Runup CE
Long. CE) Lat. °N) agnitude ource ife (m)

1 326 BC 67.30 24.00 ? Earthquake  ? ? 1

2 1008 60.00 25.00 ? Earthquake 1000  ? 2

3 1524 Gulf of Cambay ? Earthquake  ? ? 1

4 1819 Rann of Kutch 75-825  Landslide/ o qp0e 2
Volcano

5 1845 Rann of Kutch >6 Landslide/ ? 2
Volcano

6 1897 62.30 25.00 - Volcanic ? ? 1

7 1945 63.00 24.50 8.1-8.3 Earthquake 4000  5-12 3

8 2004 95.85 03.32 9.3 Earthquake 0O 0.3-3.3" 3

“ Heidarzadeh et al. (2007) [2&3] assigned a confidence factor (CF) to each event whose value indicates probability
of actual tsunami occurrences. They defined it as: (1) probable tsunami; (2) definite tsunami but the generation
mechanism and location are not certain, and (3) instrumentally recorded tsunami.

“Both by earthquake and tsunami

" Recorded at the northwestern Indian Ocean

Since the repeat time of large earthquakes in the Makran subduction zone is about 200 years [4&5], Heidarzadeh et
al. (2007) [3] concluded that maybe some historical tsunamis in this region have not been recorded, and it is
necessary to perform offshore geological investigations and further archival research in order to find out evidences
for previously occurred tsunamis and to complete list of Makran tsunamis [3].

Strategy
Although Iran presently has no national tsunami warning system in operation, important steps are taking place
towards its development. Key elements of this program are:

— operational infrastructure for detection, monitoring, and early warning message dissemination capabilities,

— training of personnel, managers and decision makers,

— zoning of expected inundation area extensions with water depth estimations,

— vulnerability studies and land use regulations,

— public outreach education for preparedness and awareness, and

— emergency response plans.
Early in 2005, after the devastating experience of the 26 December, 2004 Indian Ocean tsunami, several research
institutions and local civil protection agencies from Iran (list of their names is presented above) agreed on the need
to share responsibilities and start the implementation of these tsunami program key elements.

Tsunami Generation Potential

Tsunamis are generated by sudden vertical displacement of ocean floor due to large earthquake occurrence in the
location of the world’s subduction zones. Due to the earthquake, the earth’s crust experiences vertical deformations
in the form of uplift and subsidence. When seafloor abruptly deforms, the overlaying water will be displaced from
its equilibrium position and consequently tsunami waves will be generated due to the effect of gravity [6].
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Figure 2- Variation of maximum seafloor uplift and subsidence versus different values of earthquake
magnitude [6]

To assess the potential for tsunami generation in any tsunamigenic region, it is necessary to model the possible ocean
floor deformation by taking into consideration the tectonic setting and geology of the region. Regarding this,
Heidarzadeh et al. (2007) [6&7] studied the potential for tsunami generation in this region. Figure 2 presents the
result of their dislocation modeling. Based on their work, the risk of tsunami generation from Makran subduction
zone can be classified into three main categories, as follows: (1) very little risk for tsunami generation in the case of
the occurrence of an earthquake having magnitude up to 7; (2) little to medium risk for moment magnitudes ranging
between 7 and 7.5; and (3) high risk for moment magnitude greater than 7.5.

Tsunami Propagation Modeling

With the financial support of the Intergovernmental Oceanographic Commission (IOC/UNESCO), the University of
Tohoku under the Tsunami Inundation Modeling Exchange (TIME) program transferred tsunami numerical
modeling technology to the Indian Ocean countries (including Iran) to model tsunami propagation and runup for
prevention purposes. The TIME model consists of the shallow-water nonlinear vertically integrated equations of
motion (equations 1 and 2) and the equation of continuity (3), without Coriolis effect term [8]:
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(M,N)are the horizontal components of the discharge per unit width, (U,V ) are the vertically averaged
horizontal particle velocities, ¢ is the gravitational acceleration, his still water depth, 77is the vertical displacement
of the water surface above still water level(z=0), D is the total water depth(h +7), n is Manning’s roughness
coefficient, and z,and 7, are bottom frictional terms in Xand Yy directions, respectively.






