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1. Executive Summary 

Since 2009, the Trust Fund for Tsunami, Disaster and Climate Preparedness (TTF) managed by the 

Economic and Social Commission for Asia and the Pacific (ESCAP) has been raising awareness on the 

tsunami risk posed by the Makran Subduction Zone (MSZ) to countries in the North Western Indian 

Ocean (NWIO). In order to develop a programmatic approach to the Trust Fund’s engagement in the 

Makran region, ESCAP has commissioned a consultancy to provide an up-to-date analysis of the 

Tsunami Early Warning Systems (TEWS) for the NWIO, highlighting the areas requiring further 

cooperation at regional, national and local levels.  

The hereby presented Synthesis Report is the result from a review of literature and reports relating to 

the TEWS for the countries of the NWIO. The contextual analysis of the TEWS in the region has been 

refined and updated by interviews with key stakeholders relevant to TEWS for the Makran region and 

through participation at the Intergovernmental Coordination Group for the Indian Ocean Tsunami 

Warning and Mitigation System (ICG/IOTWMS) session in Teheran, Islamic Republic of Iran (February 

27-28th). Based on this inputs, an analysis on existing capacities and unmet gaps as well as 

conclusions how to move forward is presented: 

The ICG/IOTWMS is the main coordination and steering mechanism for the establishment of the 

Indian Ocean Tsunami Warning and Mitigation System (IOTWMS). IOTWMS has been set up as an 

interoperable "System of Systems" with independent operating capability since 2011 and is part of a 

global network of early-warning systems for all ocean-related hazards. The setup of IOTWMS follows 

the sovereignty principle with the establishment of National Tsunami Warning Centres (NTWCs) and 

Tsunami Warning Focal Points (TWFPs) in each country to issue warnings to communities. To 

strengthen regional collaboration, a Northwest Indian Ocean Working Group (NWIO-WG) was 

established at the 2015 ICG/IOTWMS session in Muscat/Oman, which is composed of members 

nominated by IOTWMS Member States India, Islamic Republic of Iran, Oman, Pakistan and Yemen as 

well as invited observers. 

The threat of near-field tsunamis from the Makran Subduction Zone (MSZ) with estimated tsunami 

arrival times (ETA) of less than 30 minutes for the Islamic Republic of Iran, Pakistan and Oman 

represents the main challenge for tsunami early warning (TEW) in the region.  

The analysis of the national tsunami early warning systems (TEWS) indicates that the systems are not 

yet capable to cope with these conditions. The near-field threat requires a more strategic approach 

to design national TEWS in a consistent way. A steering and coordination mechanism with 

participation of warning provider, disaster management organizations and users is regarded 

necessary to adapt the overall setup of system, the roles & responsibilities of the involved actors as 

well as the procedures (SOPs) for this challenge. 

It is considered essential to achieve a better understanding of the seismo-tectonic setting and 

dynamics of the MSZ. A refined understanding of the tsunami hazard in the region is vital to generate 

more realistic risk assessments for the region and the affected countries. Improved risk assessments 

will allow to optimize warning processes and to develop realistic preparedness strategies at national 

and local levels. 

Data exchange between the Member States in the NWIO region has been identified as a critical issue 

to be addressed in order to improve capacities for tsunami detection. Real-time monitoring of GPS 

data providing information on co-seismic crustal deformation should be expanded as a rapid tool for 

tsunami prediction. 

The deficiencies in the existing SOPs for warning dissemination and decision making as well as the 

lack of integrated SOPs has been identified as mayor obstacles in providing effective warnings to the 



communities in the short time frame available. National assessment processes on these issues in the 

WG-NWIO countries are required to revise existing processes and policies under consideration of the 

challenging timeline requirements due to the existing near field tsunami threat and to adapt or 

develop new ones where required. 

Effective tsunami early warning in the NWIO requires a stronger downstream part, focusing on 

stronger integration of tsunami early warning into national and local disaster management, other 

public sector institutions and the private sector as well as a stronger client orientation for tsunami 

warning services. A structured and systematic approach to strengthen the downstream part should 

consider a step-by-step process involving multiple levels. Within such an approach, evacuation plans 

have been identified as core elements for community preparedness. At this time, evacuation plans 

are not yet available for most of the tsunami prone areas in the NWIO region. In the context of near-

field tsunamis, promoting and enabling self-protection of people in communities at risk is considered 

essential. Therefore, a more strategic approach is considered necessary to provide basic references 

for the community at risk (individuals, families and institutions) to strengthen their capacities for 

proper reaction and self-protection during a tsunami emergency.  

As a second product a Recommendations Note has been developed within this consultancy to 

provide to elaborate recommendations on strategic areas of regional cooperation between ESCAP 

and IOC-UNESCO and other key stakeholders to strengthen TEWS for the Makran region. The 

Recommendations Note (see separate document) outlines concrete actionable measures to enhance 

regional cooperation in the field of TEWS including phases in cooperation. 

  



2. Introduction 

Background of the desk study 

The Trust Fund for Tsunami, Disaster and Climate Preparedness (TTF) managed by the Economic and 

Social Commission for Asia and the Pacific (ESCAP) has provided important assistance to strengthen 

early warning systems for the Asia-Pacific region, particularly to promote regional cooperation, and 

address unmet gaps in high-risk and low capacity countries. Since 2009, the Trust Fund has been 

raising awareness on the tsunami risk posed by the Makran Subduction Zone (MSZ) to countries in 

the North Western Indian Ocean (NWIO). The Intergovernmental Oceanographic Commission (IOC) 

of the United Nations Educational, Scientific and Cultural Organization (UNESCO) has approached 

ESCAP in order to expand international cooperation for tsunami early warning and preparedness in 

the NWIO.  

In order to develop a programmatic approach to the Trust Fund’s engagement in the Makran region, 

ESCAP has commissioned a consultancy to provide an up-to-date analysis of the Tsunami Early 

Warning Systems (TEWS) for the NWIO, highlighting the areas requiring further cooperation at 

regional, national and local levels. 

The focus is on India, the Islamic Republic of Iran, Pakistan and Oman. Oman is not an ESCAP member 

state, but member of the NWIO Working Group (NWIO-WG) and considered as a potential partner 

and provider of expertise and financial resources in the framework of the intended programmatic 

regional approach. 

Methodology 

A desk review of literature and reports relating to the TEWS for the countries of the NWIO has been 

conducted with focus on India, the Islamic Republic of Iran, Pakistan, and Oman. The contextual 

analysis of the TEWS in the region has been refined and updated by interviews with key stakeholders 

relevant to TEWS for the Makran region and through participation at the Intergovernmental 

Coordination Group for the Indian Ocean Tsunami Warning and Mitigation System (ICG/IOTWMS) 

session in Teheran, Islamic Republic of Iran (February 27-28th). Based on this inputs, an analysis on 

existing capacities and unmet gaps as well as conclusions how to move forward is presented. 

The consultancy builds up on the United Nations Office for Disaster Risk Reduction (UNISDR) 

framework of people-centred early warning, which aims to empower individuals and communities 

threatened by hazards to act in sufficient time and in 

an appropriate manner to reduce the possibility of 

personal injury, loss of life and damage to property and 

the environment. A complete and effective early 

warning system comprises four inter-related elements, 

spanning knowledge of hazards and vulnerabilities 

through to preparedness and capacity to respond. The 

inter-linkages and effective communication channels 

between the four elements are essential for effective 

warning systems. Furthermore, a number of cross-

cutting issues like effective governance and 

institutional arrangements, a multi-hazard approach as 

well as community involvement and cultural and 

gender perspectives need to be considered.  

Figure 1: Four Elements of People-centred Early Warning Systems (UNISDR) 



3. Tsunami threat in the NWIO 

Overall setting 

The Makran Subduction Zone (MSZ) runs along the north-

eastern margin of the Gulf of Oman adjacent to the 

southwestern coast of Balochistan of Pakistan and the south-

eastern coast of the Islamic Republic of Iran. In this region the 

oceanic crust of the Arabian Plate is being subducted beneath 

the continental crust of the Eurasian Plate with a velocity of 

approx. 4 cm/y. 

The MSZ is separated into two segments by the Sonne fault 

(Fig.2 and 3). Compared with other subduction zones world-

wide, the MSZ has very little seismicity (Fig. 4). There is no 

proof of historic events in western Makran. Reasons for this 

could be a seismically sliding or a completely locked situation.         Figure 2: Tectonic Setting (Musson, 2009) 

Although the MSZ is seismically rather quiescent, large events are possible. The largest recorded 

event in the Makran region is the M 8.1 earthquake from 27 November 1945, causing a destructive 

tsunami killing hundreds of people in Pakistan and leading to great destruction. 

The MSZ is not well understood yet. Uncertainties are related to the limited understanding of the 

subduction process, the difficulty to establish a credible maximum magnitude, the existence of splay 

faulting, mud volcanoes and secondary sources (landslides). 

 

 

 

 

 

 

 

 

 

Figure 3 and 4: Tsunamigenic source (Omira, 2015) and seismicity in the region in the period from 1900-2009 (ISC Bulletin) 

Time is the most critical factor 

For the Islamic Republic of Iran, Pakistan and Oman the main threat from MSZ are near field 

tsunamis, with minimum travel times of even less than 30 minutes. India is in a different situation 

with minimum tsunami travel times from the MSZ of > 1hour. The following graphics show the 

isochrones for minimum travel times to any point of the coastal areas from three perspectives:  

 

 



 

 

 

 

 

 

 

 

 

 

Figure 5a-d: Tsunami travel times from three perspectives: (a) overview of perspectives, (b) Oman coast, (c) Islamic 

Republic of Iran and Pakistan coast, (d) Pakistan and Indian coast (GFZ 2017) 

In order to be able to cope with near field tsunamis from the MSZ, the setup of the national TEWS 

and the related processes must be oriented on these short timelines in a stringent way. 

Uncertainty about maximum magnitude 

Recent tsunami events in Sumatra 2004 and Japan 2011 with unexpected magnitudes have raised 

serious concerns on possible maximum magnitudes in the MSZ. Studies indicate possible magnitudes 

of Mw>8.5 (Schellart & Rawlinson 2013), and Mw up to 8.7-9.2 (Smith et al. 2013), while McCaffrey 

(2008) stated that Mw=9 cannot be ruled out at any subduction zone. 

Secondary sources: submarine landslides 

The tsunami triggered by the M 8.1 earthquake (EQ) from 27 November 1945 caused wave heights of 

13 to 15 m and run-up > 10 m which is difficult to explain merely from the EQ energy. Submarine 

landslides have been considered to explain this feature. Another tsunami on September 24, 2013 

related to an M 7.7 Earthquake located 64 km onshore north of Awaran in south Pakistan was most 

likely due to a landslide triggered by the EQ, 80km south of the Makran coast. The most likely 

location of the landslide source was south of a new island caused by the eruption of the mud volcano 

in the very shallow western Gwadar basin. 

 

 



4. International and regional context 

IOTWMS 

The Intergovernmental Coordination Group for the 

Indian Ocean Tsunami Warning & Mitigation System 

(ICG/IOTWMS) is the main coordination and steering 

mechanism for the establishment of the Indian Ocean 

Tsunami Warning and Mitigation System (IOTWMS). 

ICG/IOTWMS was formed during the IOC assembly in 

Paris in June 2005. The ICG/IOTWMS Secretariat is 

located in Perth, funded by Australia.  

Figure 6: Green area: IOTWMS earthquake source zone map (TOWS, 2015) 

IOTWMS has been set up as an interoperable "System of Systems" with independent operating 

capability since 2011 and is part of a global network of early-warning systems for all ocean-related 

hazards. The setup of IOTWMS follows the sovereignty principle with the establishment of National 

Tsunami Warning Centres (NTWCs) and Tsunami Warning Focal Points (TWFPs) in each country to 

issue warnings to communities. National warnings should only be issued by the recognized national 

authority to avoid conflicting information and to ensure appropriate response. The development of 

IOTWMS is guided by an Implementation Plan adopted at the ICG/IOTWS-VIII meeting in Melbourne 

2011 and the IOTWS Medium Term Strategy 2011-2015. 

Currently there exist two ICG/IOTWMS thematic working groups (WG). WG 1 on Risk, Community 

Awareness and Preparedness is mandated to assist, develop and strengthen the overall capacity and 

capability of Member States in tsunami risk assessment and mitigation, community awareness and 

preparedness. WG 2 on Tsunami Detection, Warning and Dissemination supports the operational 

implementation of the "System-of-Systems" providing interoperable tsunami threat information 

products and services for Member States. 

Three Tsunami Service Providers (TSPs) are providing warning services for the Indian Ocean region: 

India, Indonesia, and Australia. Communications tests take place every six months between TSP and 

NTWCs. TSP are demanded to issue a first tsunami threat assessment within 20 minutes after an EQ 

(TSP performance indicator 4). The average time needed to issue the first threat assessment during 

the period 2012 to 2014 was 13 min (Indonesia), 19 min (Australia) and 22 min (India). 

Indian Ocean wide tsunami exercises are considered essential for evaluating the readiness of the 

IOTWMS and for identifying changes that can improve its effectiveness. IOWave exercises have been 

conducted in 2009, 2011, 2014 and 2016.  

During the last ICG/IOTWMS session in Muscat/Oman it has been recognized that the further 

development of IOTWMS requires a strong focus on the development of the "last mile" as well as the 

consolidation of monitoring networks, exercises, communication tests, monitoring of TSP services 

and community awareness. It was concluded that the focus for next 10 years should be on the “last 

mile”. Furthermore, the importance of a regional perspective was highlighted that can feed into the 

national plans of the IOTWMS Member States. 

As remaining gaps have been identified: (1) hazard and risk assessment needs to be improved, 

including vulnerability and exposure, (2) scientific findings need to be explained to the public in a 

format they can understand and respect, (3) the MSZ is still not well understood and requires 

regional cooperation and research collaboration and (4) capacity building for public awareness and 

preparedness for self-protection is an ongoing programme at national level and remains a challenge. 



NWIO-Working Group 

The Northwest Indian Ocean Working Group (NWIO-WG) was established at the 2015 ICG/IOTWMS 

session in Muscat/Oman and is composed of members nominated by IOTWMS Member States India, 

the Islamic Republic of Iran, Oman, Pakistan and Yemen as well as other Member States in the North 

West Indian Ocean region and invited observers. The objectives of the NWIO-WG include: (1) to 

evaluate capabilities and ascertain requirements of countries in the northwest Indian Ocean region 

for providing end-to-end tsunami warning and mitigation services within a multi-hazard framework 

and within the framework of ICG/IOTWS, (2) to promote and facilitate tsunami hazard and risk 

studies and research in the region, (3) to facilitate cooperation in the establishment and upgrading of 

seismic, sea level and GNSS stations as well as networks and communication systems in the region, 

(4) to facilitate improvement of the education programs on tsunami mitigation in the region, and (5) 

to facilitate capacity building and the sharing of tsunami-related data and information in the region. 

A first working group meeting was held on October 2015 in Muscat/Oman. Breakout groups outlined 

the challenges in the region: 

The approach towards risk assessment and management is that coastal communities in Member 

States must be made aware of the potential rapid onset of hazard situations and tsunami risk arising 

from the MSZ and must have the capability to respond to hazardous situations. In this respect risk 

knowledge is considered pivotal in developing resilient coastal communities. 

Regarding monitoring and warning services it was strongly recommended and defined as one of the 

goals of the WG-NWIO to make data from selected seismic and GNSS stations available in real time to 

the Member States.  

In regards of awareness and response, it was pointed out that people must be aware about how to 

save their lives by understanding the tsunami hazard and knowing how to receive early warning and 

evacuation orders and where to evacuate to. It was noted that the public consists of a number of 

sub-groups including officials, media, schools, grassroots community level and professionals and that 

it is important to understand the needs and requirements of each sub-group so that specific 

approaches can be developed to raise their awareness of tsunami risks. Regarding public 

administration, the need for policies and regulatory frameworks, clearly defined standard operating 

procedures (SOPs) and appropriate institutional arrangements have been mentioned. The role of 

media was highlighted to raise awareness and knowledge as well in their role during an emergency 

as information provider. The group considered that more awareness raising needs to be done in 

schools and that awareness should be included in the curriculum as well as in extracurricular 

programmes. Furthermore, it was stated that teachers require special training and headmasters need 

capacity building to take decisions and have the authority to take decisions. 

IOTIC 

The Indian Ocean Tsunami Information Center (IOTIC) is an IOC-UNESCO entity which operates under 

the overall authority of the Executive Secretary of IOC-UNESCO and in close coordination with the 

ICG/IOTWS Secretariat. The ICG/IOTWMS endorsed the Terms of Reference for IOTIC at the 10th 

Session in 2015. Indonesia hosts IOTIC and provides office space, staff support and other essential 

support for a period of 5 years commencing 2016. IOTIC cooperates with the ICG/IOTWS Steering 

Group, Working Groups, Task Teams and Secretariat to inform on IOTWMS warning services, conduct 

training programmes, workshops, and seminars and support post-event performance surveys. IOTIC 

serves as an information resource for tsunami preparedness, education and awareness operating the 

IOTIC website. IOTIC supported the ICG/IOTWMS secretariat in the implementation of several 

projects funded by the ESCAP-TTF. 



Global coordination: TOWS 

UNESCO/IOC has established the Working Group for Tsunami and other sea level related Warning 

and Mitigation Systems (TOWS-WG) and Task Teams (TT) for (1) tsunami watch operations, (2) 

disaster management & preparedness and (3) hazard assessment related to highest potential 

tsunami source areas. The TOWS-WG is tasked primarily to advise the IOC Governing Bodies on the 

coordinated development and implementation of activities on warning and mitigation systems for 

tsunamis and other hazards related to sea level of common priority to all Intergovernmental 

Coordination Groups on Tsunami Warning and Mitigation Systems (ICG/TWSs). 

Recently, the TOWS-WG requested the TT on Disaster Management and Preparedness to initiate the 

development of a document on tsunami evacuation mapping guidelines and material as well as to 

publish a Manual on Standard Operating Procedures. 

Furthermore, the TOWS-WG is currently considering a voluntary community recognition programme 

that promotes tsunami hazard preparedness as an active collaboration of the public, community 

leaders, local and national emergency management agencies (Tsunami Ready initiative). It consists in 

a collaborative effort to meet a standard level of tsunami preparedness through the achievement of 

fulfilling a set of established indicators and best practice guidelines. 

WMO/UNESCAP initiatives 

The World Meteorological Organization (WMO) is developing the WMO Information System (WIS) as 

an integrated platform for managing and disseminating weather, climate and water related 

information.  

WMO supports the development of effective multi-hazard early warning systems that provide a 

coordinated platform for managing multiple risks and promotes the establishment of an 

International Network for Multi-Hazard Early Warning Systems (IN-MHEWS) to advise on the best-

available scientific, technological, and social knowledge and techniques for delivering early warnings 

and building climate resilience. 

WMO is also working on “impact-based warnings” that describe a predicted event’s physical impacts 

and recommend specific precautionary actions. 

The WMO/UNESCAP Panel on Tropical Cyclone’s (PTC) activities, particularly its programme of 

development of integrated multi hazard early warning system for the coastal areas of the Bay of 

Bengal and Arabian Sea countries, is complementary to ICG/IOTWMS objectives. India, Pakistan and 

Oman are PTC members. Besides coordination, progress monitoring and advice on financial sources, 

the mission of PTC comprises recommendations of measures to improve the multi-hazard warning 

systems in the Bay of Bengal and the Arabian Sea, including necessary training and research with 

regard to meteorological, hydrological and other ocean hazards such as storm surges and tsunamis 

and telecommunication systems for warning dissemination. 

The PTC Secretariat has been collaborating with the Typhoon Committee in the implementation of 

the “Synergized Standard Operating Procedures for Coastal Multi-Hazards Early Warning System” 

(SSOP) project, which has been funded by the ESCAP Multi-Donor Trust Fund for Tsunami, Disaster 

and Climate Preparedness in Indian Ocean and South East Asia. 

  



ESCAP Tsunami Trust Fund: 

The purpose of the ESCAP Multi-Donor Trust Fund for Tsunami, Disaster and Climate Preparedness 

(ESCAP-TTF) is providing financial support to strengthen early warning with a focus primarily on 

coastal hazards such as typhoons, cyclones, storm surges, coastal zone flooding and tsunamis 

covering Indian Ocean and Southeast Asian countries. ESCAP-TFF has provided important assistance 

to strengthen early warning systems for the Asia-Pacific region, particularly to promote regional 

cooperation, and address unmet gaps in high-risk and low capacity countries. Since 2009, the Trust 

Fund has been raising awareness on the tsunami risk posed by the Makran Subduction Zone to 

countries in the North Western Indian Ocean (NWIO). The previous ESCAP-TTF strategy (2013-2016) 

was based on three pillars: (1) regional mechanisms, (2) specific country needs and (3) civil society 

innovations and business sector initiatives and has set priority on “last mile” issues in high-risk 

countries with capacity constraints. 

With regards to the NWIO region and cooperation with ICG/IOTWMS, the ESCAP-TFF has provided 

funding for the following projects: 

 Strengthening tsunami warning and emergency responses: training workshops on the 

development of SOPs for Indian Ocean and Southeast Asia (TTF-4) implemented by IOC-

UNESCO 

 Assessment and awareness of Makran tsunami hazards (TTF-11): IOC-UNESCO 

 Enhancing Tsunami Risk Assessment and Management, Strengthening Policy Support and 

Developing Guidelines for Tsunami Exercises in Indian Ocean Countries (TTF-20) 

implemented by IOC-UNESCO. 

 TTF-21: Communicating the effects of the 1945 Makran tsunami to increase awareness and 

preparedness of tsunami hazards in the Makran region (TTF-21) implemented by IOC-

UNESCO: India, the Islamic Republic of Iran, Pakistan  

 Synergized Multi-Hazard SOPs (TTF-22) implemented by ESCAP/WMO Typhoon Committee: 

Pakistan 

 Enhancing Tsunami Resilience in Pakistan (TTF-26) implemented by OXFAM: Pakistan  

The new ESCAP-TTF strategy (2017-2020) seeks the alignment with new global development 

frameworks like the Sustainable Development Goals (SDGs) and the Sendai Framework for Disaster 

Risk Reduction (SFDRR). It aims at a Programme-based approach to leverage ESCAP’s comparative 

advantage by strengthening regional cooperation and with a focus on low capacity high risk 

developing countries. Furthermore, the ESCAP-TFF climate risk management approach shall 

capitalize on the global framework for climate services and scale up the gains from Trust Fund 

projects. The 4th element of the new strategy intends to promote civil society and private sector 

innovations.  



5. TEW in India 

Overarching issues 

Coordination / steering mechanism: there are multiple institutions involved (IMD, NIOT, ICMAM, SOI, 

ISRO, NRSC, INCOIS, MHA, NDMA, Coastal States). On the occasion 10th anniversary of Indian Ocean 

tsunami (26 December 2014), the Indian Tsunami Early Warning Centre (ITEWC) organized a national 

workshop on the Indian Tsunami Early Warning System (ITEWS) to discuss the progress, challenges 

and future road map with the stakeholder involved. 

Integrated SOPs: There is a national tsunami SOP at ITEWC, which has been uniquely designed to 

handle both near-source and far-source coastal regions. The SOP includes four threat levels 

corresponding to different public responses and the National Disaster Management Agency (NDMA) 

guidelines. Most of the coastal districts have SOP for tsunamis. There are still gaps in the SOPs at 

local level. 

Multi-hazard approach: India has combined community preparedness for both tsunami and cyclone 

hazards. Several cities have been identified at risk from both threats. The flow of information to the 

community has been defined. 

Risk knowledge 

Hazard assessment: The Makran region is regarded as one of the two source areas for tsunami threat 

to India. The threat from the MSZ seems to be minor compared with the threat from the Sunda 

trench. Modelling results from INCOIS show that an Mw 8.5 EQ off the coast of Pakistan in the MSZ 

would not generate a significant impact along the Indian coast (Watch level only). Minimum travel 

times from such an event are between 1 to 2 hours. A Mw 9.0 EQ from the same location would lead 

to Warning levels in Gujarat and Alert levels along the entire western coast of India (Fig. 7). 

 

Figure 7: Threat Map for the Indian coast by an earthquake with Mw 8.5 (left) and Mw 9.0 (right) off the Pakistan coast 

(24.8 N / 62.2 E) at a depth of 10 km (Source: INCOIS IOWave16 Manual) 

 

Figure 8: Travel times of tsunami waves (left) and directivity of energy (right) by an earthquake with Mw 9.0 off the Pakistan 

coast (24.8 N / 62.2 E) at a depth of 10 km (Source: INCOIS IOWave16 Manual) 



The Ministry of Environment and Forest (MoEF) is the nodal agency to implement coastal zone 

management plan and policy. As part of the national policy, MoEF is generating the coastal hazard 

zones. However, the Integrated Coastal and Marine Area Management Project Directorate (ICMAM 

PD) and INCOIS are also involved in generation of coastal hazard maps (multi-hazards including 

tsunami) pertaining to the Indian coast under the national TEWS. 

Tsunami risk assessments do not exist yet for areas potentially affected by the Makran subduction 

zone. 

Monitoring and Warning Services 

Monitoring: The seismic monitoring system consists of 17 national and approx. 300 international 

broadband stations. Data processing is done with SeisComP3. The analysis of moment tensor 

solutions has been initiated. For sea level monitoring there are 2 buoys in the Arabian Sea and 2 tide 

gauges in Gujarat state. There are operational problems as one of the buoys had been dragged away 

by a ship. Two HF Radar stations are operated by the National Institute of Ocean Technology (NIOT) 

at the Gulf of Kambay. A GNSS network (35 stations) is installed in the Andaman Islands. 

Warning provider: The Indian Tsunami Early Warning Centre (ITEWC), an autonomous institution 

under the Ministry of Earth Sciences based at the Indian National Centre for Ocean Information 

Services (INCOIS), Hyderabad, is capable of detecting tsunamigenic earthquakes within 10 minutes of 

the occurrence of earthquake and to issue timely tsunami advisories to disaster management 

officials as well as to the vulnerable communities. Their operations are based on the National SOP 

and on a Decision Support System (DSS).  

Analysis and forecasting: Thresholds for ITEWC services for an earthquake event commence 

whenever earthquakes are recorded with magnitudes ≥ 6.5 within the Indian Ocean and magnitudes 

> 8.0 outside the Indian Ocean. A new DSS has been implemented in 2016. Warning levels are based 

on estimated time of arrival (ETA) and estimated wave amplitude (EWA) as calculated by pre-run 

model scenario results: 

 

Tsunami modelling: A database of pre-calculated 

scenarios covering both Makran and Sunda 

tsunamigenic zones has been developed with ETA 

and amplitude forecasts at 1800 Costal Forecast 

Points (CFPs) in the Indian Ocean Coast. 

The time line at ITEWC (according to the SOP) 

provides up to 20 minutes from EQ occurrence for 

the establishment of the earthquake parameter und 

up to 10 more minutes to establish results from pre-

run model scenario database. According to INCOIS, 

the IETWC is able to detect globally occurring 

earthquakes, of magnitude greater than 5.0 within 

five to ten minutes of the event. 

Figure 9: National SOP and timeline until establishing the warning levels (adapted from INCOIS) 



Dissemination and Communication 

Institutions involved: As per the guidelines issued by the NDMA, ITEWC disseminates all tsunami 

bulletins to the Ministry of Home Affairs (MHA), NDMA, National Crisis Management Committee 

(NCMC), National Disaster Response Force (NDRF) battalions, National Emergency Operations Centre 

(NEOC), State Emergency Operations Centres (SEOC), District Emergency Operations Centres (DEOC), 

public and media through all possible modes of dissemination. Wherever public action is needed, 

such as in case of declaration of ALERT/WARNING/THREAT PASSED status, the information is 

disseminated to public and media. 

Decision making process on reaction: The NDMA must immediately interpret the science-based 

warnings issued by the ITEWC, decide on the appropriate response action, and quickly disseminate 

warnings or other safety information to 

the public on what to do. NDMA is also 

responsible for informing the public when 

it is safe for them to return to the 

evacuated coastlines.  

During IOWave16 it took the Gujarat state 

10 minutes for decision making and a total 

of 23 minutes from the receipt of warning 

from ITEWC until activation of the public 

notification systems (in an prepared 

exercise!).  

Figure 10: SOP for public response on threat levels as published in ITEWC bulletins (INCOIS). 

 

Figure 11: Tsunami Information flow structure in the state of Gujarat (INCOIS 2017) 



Warning dissemination:  

The ITEWC disseminates timely bulletins to the Control Room of the Ministry of Home Affairs (MHA), 

the Ministry of Earth Sciences (MoES), and the NDMA for further dissemination to the public. For the 

dissemination of message bulletins to MHA as well as to the State Emergency Operations Centres 

satellite-based Virtual Private Network for Disaster Management Support (VPN-DMS) has been 

established. In addition, messages are also sent by Phone, Fax, SMS and emails to authorised 

officials. In case of confirmed warnings, ITEWC is being equipped with necessary facilities to 

disseminate the message bulletins directly to the administrators, media and public through SMS, e-

mail, fax, etc. The cyclone warning network of the India Meteorological Department (IMD) and the 

electronic ocean information boards of INCOIS can be effectively used for dissemination of warnings 

directly to the public (National Report for ICG XI). 

A communication test was done with 

national stakeholders on 12 June, 2013. 

IOWave16 evaluation indicates that 

communication between the ITEWC and 

DMO with local communities generally 

was understood. There were few 

communication lags observed between 

ITEWC and DMOs, which need to be 

rectified at both ends. A recommendation 

from IOWave16 is to install a dedicated 

siren system in the most vulnerable 

regions. 

Figure 12: Tsunami warning dissemination channels in the state of Gujarat (INCOIS 2017) 

 

Response Capability 

Disaster preparedness and response mechanism and plans: The NDMA has prepared guidelines for all 

disasters including tsunamis (National Disaster Management Guidelines: Management of Tsunamis). 

The following recommendations have been proposed regarding roles & responsibilities for DMOs: 

 Identify the hazards and vulnerable communities 

 Prepare the public for tsunamis, through education and awareness, communication of 

 risk to communities 

 Receive official science-based tsunami warning messages from the TWC 

 Ensure information flow from warning centres to the public 

 Activate local public alert systems as appropriate 

 Decide and manage evacuations through local Emergency Operations Centres 

 (EOCs); and 

 Communicate “All Clear” when it is safe for the public to return to coastal areas. 

The Indian National Disaster Management Offices network consists of Emergency Operations Centres 

(EOCs) / Control Rooms of all the States, which are directly connected with the National Emergency 

Operations Centre (NEOC) / Control Room of MHA at the national level. The district EOCs / Control 

Rooms are connected with the respective State EOCs / Control Room. All these control rooms 

function on 24/7 basis. For an effective end-to-end TWS, these DMOs, in association with other 

government agencies and NGOs, must develop Emergency Response Plans and accompanying SOP as 



well as Checklists to properly coordinate and execute rapid and massive public coastal evacuations in 

response to TWC’s notification of an approaching tsunami. 

Evacuation planning: There is a lack of evacuation maps and signage at all levels. 

Knowledge and Awareness: Training on SOP had been provided by INCOIS to DMO officers and 

institutions involved in the tsunami warning chain on a regular basis (2013, 2015, 2016). So far three 

national drills had been conducted, with one of them based on a tsunami scenario off the Pakistan 

coast (assuming an EQ Mw 9). This drill had been organized by ITEWC, the Ministry of Home Affairs 

(MHA) and Kerala State Emergency Operations Centre in March 2016.  

Experience IOWave16 was done with involvement of DMOs at national, state and district level as well 

as community level in the state of Gujarat. In preparation to the exercise, INCOIS organised a tsunami 

SOP workshop with table-top exercises for the DMOs of coastal states / union territories, NDRF 

battalions, Indian Navy and Coast guards (90 participants, August 2016). It was requested that 

realistic resource levels should be deployed in order to reflect issues that are likely to be faced in a 

real event. 

The evaluation from the exercise highlighted the need to 

 establish 24/7 control rooms with necessary communication facilities like internet, email, fax, 

etc. in each State/District/Block level DMO 

 improve message contents. DMOs requested that email and fax messages should contain 

detailed information because if there would be any failure or non-availability of internet 

connectivity, the information in the bulletin cannot be accessed 

 interlink SOPs for warning, evacuation and response and revise SOPs in case where time until 

notification of public exceeds 30 minutes 

 prepare evacuation maps and tsunami signage at village level, for regularly training for local 

administrative officers at village and block levels oriented on their role and responsibilities 

and that local community in near-source regions should be well trained to react to natural 

signs 

 establish dedicated siren systems in the most vulnerable regions 

International and regional cooperation 

ITEWC functions as one of the Tsunami Service Providers (TSP) for the IOTWMS and provides 

operational tsunami information to all the Indian Ocean rim countries.  

India participates in IOTWS tsunami tests and IOWave exercises (2009, 2011, 2014, 2016).  

ITEWC provided training for the staff of Oman NMHEWS on Tsunami Warning Centre Operations. 

ITEWC hosted the Regional Workshop on Standard Operating Procedures for Tsunami Warning and 

Emergency Response for Northern and Western Indian Ocean Countries at Hyderabad (23 - 27 June, 

2014). 

Future priorities: 

 Increase in monitoring equipment: seismometer, tide gauges and GNSS 

 Enhancements in EQ parameter estimation, tsunami modelling and sea-level inversion 

 Utilization of real-time GNSS data for the estimation of co-seismic displacement 

 Regular SOP training workshops and capacity building activities 

 3D GIS mapping of vulnerable coastal areas 



6. TEW in the Islamic Republic of Iran 

Overarching issues 

Coordination / steering mechanism: The Marine Hazards Working Group at the Iranian National 

Institute for Oceanography and Atmospheric Science (INIOAS) in 2008 is formed by representatives 

of INIOAS, Institute of Geophysics of the University of Tehran (IGUT), International Institute of 

Earthquake Engineering and Semiology (IIEES), National Cartographic Center (NCC), and Geological 

Survey of the Islamic Republic of Iran. The Iranian NDMO does not form part of the Working Group. 

A working group on TEW had been established some years ago, but is not active anymore. 

Multi-hazard approach: The Islamic Republic of Iran is affected by different hazards including 

tsunami, rip currents, storm surge, high waves, water level change, oil slick movement, and red tide. 

On this background, INIOAS established the Iranian National Center for Ocean Hazards (INCOH) in 

2009.  

Integrated SOPs has not been developed yet. INCOH has prepared a national SOP for tsunami 

warning. 

 

Risk knowledge 

The Makran region is regarded as primary source area for tsunami threat to the Islamic Republic of 

Iran. Along the 400 km coastline which are threatened by tsunami hazard live around 100.000 people 

in 4 major cities / ports (Jask, Chabahar, Komb, Ramin, Konarak) and many small disperse 

communities.  

Hazard assessment: Earthquake scenarios in the Makran fault with magnitudes ranging from 7.0 Mw 

to 9.0 Mw have been used for numerical modelling. A global modelling of the wave generation and 

propagation for the whole Makran region and surrounding coasts was carried out. For sensitive areas 

(such as Chabahar bay and Jask) local models were run using more accurate hydrography and 

topography data in order to determine the tsunami wave run-up and inundation areas. Detailed 

inundation mapping for other areas is still missing, due to limited topography data. The Islamic 

Republic of Iran expressed the need to refine tsunami modelling and inundation mapping associated 

with the MSZ in selected areas. 

Further research related to the tsunami threat discovered new evidence of the Islamic Republic of 

Iran's marine and climatic hazards from historical documents.  

An ongoing research project between IIEES and international cooperation partners, as the Sultan 

Qaboos University in Oman, GFZ and GEOMAR from Germany, the Portuguese Institute for the Ocean 

and the Atmosphere SEGAL, NORSAR from Norway and the Faculty of Geosciences of the University 

of Utrecht in the Netherlands, aims to develop a seismic profile along the Western MSZ. It is 

expected to get a better understanding of the structure of the crust and upper mantle and the 

seismicity for seismic hazard assessment. Results will be used to define tsunami modelling 

parameters, estimate the convergence rate including relative motions of the plates and to assess 

other factors to improve tsunami risk reduction. 

 

Iranian marine universities and research centres performed different research studies on the Makran 

fault seismology, modelling of tsunami wave generation, propagation and run-up, assessment of 

public awareness of tsunami risk and assessment of tsunami effects on coastal structures. 



Tsunami risk assessments haven´t been done yet at regional or national level. At city level risk and 

inundation maps have been developed by INIOAS in cooperation with the Khajeh Nasir Toosi 

University of Technology in Tehran. 

 

Monitoring and Warning Services 
Monitoring: Online earthquake information is provided by IGUT and IIEES based on an extensive 

national network for seismic monitoring (> 100 stations). For sea level monitoring three tide gauges 

are available along the Makran coast. Recently a MoU with Sultan Qaboos University for exchange on 

real-time data for four seismic stations along the Iranian and Oman coast has been signed. The 

Iranian National Cartographic Center (NCC) operates three GPS stations along the Makran coast. 

Warning provider: The Iranian National Center for Ocean Hazards (INCOH) at INIOAS hosts the NTWC.  

INCOH SOP on tsunami warning for near field tsunamis is still under development. There is no 24/7 

service yet. Warning service is currently provided from 04:30 UTC to 12:30 UTC. There is a planning 

to provide an automatic 24-hour system for assessing and receiving potential tsunami threat 

information. 

Analysis and forecasting: The thresholds are set as > 7 Mw and depth less than 100 km in the case of 

near field tsunamis with occurrence of earthquakes at the MSZ. In case of distant tsunami threat, the 

NTWC makes a decision based on TSP’s tsunami warning bulletins (India, Indonesia, and Australia) 

and other seismic and sea level data. In case of near-field tsunamis, the NTWC uses a database with 

around 800 pre-calculated tsunamis to establish wave heights and times of arrival as well as warning 

levels. Thresholds for parameter and warning levels are in line with TSP definitions. Inundation 

modelling is based on the ComMIT tool. INCOH has developed software for tsunami detection and 

warning. 

 

Figure 13: INCOH SOP on tsunami warning (1) 



 

Figure14: INCOH SOP on tsunami warning (2) 

Dissemination and Communication 

Institutions involved: The National Disaster Management Organization of the Islamic Republic of Iran 

acts on the information provided by the NTWC. Since the probable tsunami only affects the 

southeast coasts of the Islamic Republic of Iran (Makran coast), tsunami information will be 

disseminated by direct line to the local agencies and authorities of Sistan and Baluchestan, and 

Hormozgan provinces located along the coast of the Gulf of Oman. According to the NTWC, warnings 

are sent out to NDMO, LDMO, Red Crescent and emergency medical service provider (EMS). There is 

no specific SOP at NTWC for warning dissemination yet. 

Decision making process on reaction: Decisions on evacuation is taken on local level. 

Warning dissemination: by SMS, telephone, FAX  

Response Capability 

A national tsunami warning plan is under preparation, but is not approved yet. The NDMO tsunami 

SOP is in its preliminary stage and needs improvement. 

Evacuation planning does not exist yet. Specific evacuation procedures for the participating 

community have been defined for the IOWave16 exercise base on the exercise scenario. 

Knowledge and Awareness: INIOAS has planned to organize training programs for raising public 

awareness (training workshops on marine hazards and tsunami, training booklets, brochures and 

posters). Some training workshops are hold annually and are followed by exercises for tsunami 

preparedness and warning in coastal areas of the Islamic Republic of Iran (Chabahar). 

Experience IOWave16 was done with a cooperative approach including NDMO, Iranian Red Crescent 

Society, Emergency Medical Services (EMS) with involvement at community level. Specific 

preparations for the exercise included a specific inundation map for the selected scenario, 

provisional evacuation route signage, activation of mobile siren, evacuation support (transport) and 

medical help (specific facilities). It has to be observed that the set-up of the IOWave16 exercise does 

not match “real life” conditions at all. Nevertheless, lesson learnt from the exercise showed that the 

role of LDMO has to be increased, rather than the NDMO. There were concerns about the 

dissemination of warning bulletins (to be sent automatically rather than manually) and that 

permanent warning infrastructure should be installed. The integration of the SOPs of all involved 

organisations is required. 



Regarding the exercise itself, it was highlighted to improve preparations (more time for preparation, 

more involvement of organizations and communities, more training and table top exercises).  

International and regional cooperation 

INIOAS participates in IOTWMS tsunami tests and IOWave exercises.  

Participation in IOC projects: Assessment and Awareness of Makran Tsunami Hazards, 1945 Makran 

Tsunami ESCAP Project 

Future priorities:  

 Increasing cooperation and developing integrated NTWC, NDMO, and LDMO tsunami SOPs 

 Increase in monitoring equipment: seismometer, tide gauges 

 Regional collaboration and studies on characteristics of Western MSZ 

 Development of inundation and evacuation maps and continue numerical modelling 

 Improve education and public awareness 

  



7. TEW in Oman 

Overarching issues 

Coordination / steering mechanism: Involved agencies are the Public Authority for Civil Aviation 

(PACA), the Directorate General of Meteorology (DGMET), the National Committee for Civil Defence 

(NCCD), the Public Authority for Civil Defence and Ambulance (PACDA), the Public Authority for Radio 

and TV, the Royal Police of Oman (DGOPS/ROP) and the Ministry of Education. Coordination 

mechanism between DGMET and NCCD need to be improved. 

A periodical gap evaluation and assessment of the end to end warning system infrastructure and 

SOP’s including those pertaining to the stakeholders in the warning chain has been proposed to 

assure the sustainability of the system. 

Integrated SOPs: NTWC has an internal SOP. A national tsunami SOP has still to be completed. 

Multi-hazard approach: After the 2004 Indian Ocean tsunami, a committee (Ministry of Foreign 

Affairs, Environment and Climate Affairs, Transport and Communication, National Committee for Civil 

Defence, University) recommended to establish a National Multi Hazard Early Warning Center 

(NMHEWC) embedded within the Meteorological Service. The recommendation was guided by 

considerations on the frequency of hazards affecting Oman, cost effectiveness, sustainability, 24/7 

service as well as the statements and recommendations of the Hyogo Framework for Action (HFA) 

and WMO. Besides tsunami early warning, the NMHEWC provides tropical cyclone early warning and 

flash flood guidance. 

Risk knowledge 

Hazard assessment: The Makran region is regarded as primary source area for the tsunami threat to 

Oman. A tsunami hazard assessment and a database for scenarios has been developed by the 

University of Cantabria / Spain in 2014. 

Hazard maps showing inundation length and run-up 

heights have been developed on national scale (270 m 

resolution) and local scale (45 m resolution for 9 major 

cities) based on the analysis of tsunami propagation of 7 

scenarios in the Makran region which have been 

considered as “worst credible” (with a maximum of Mw 

9.25). In the subsequent discussions within the scientific 

community and with the Oman authorities, the probability 

of a Mw 9.25 event was questioned and considered very 

low. On this background, PACA decided to develop new 

scenarios based on Mw 8.25, which are still under 

development. The new scenarios will lead to smaller 

inundations zones and will certainly affect evacuation 

strategies and policies, which still need to be developed. 

Figure15: Run-up and inundation length at the Omani coast (University of Cantabria). 

Risk assessment: A Hazard, Vulnerability and Risk Atlas, has been developed by the University of 

Cantabria at national and local scale (9 major cities). The risk analysis includes a catalogue of 

mitigation measures, a methodology for the recommendation of mitigation measures at particular 

locations and a Mitigation Handbook for the coast of Oman (considering also storm surge risks).  



Monitoring and Warning Services 

Monitoring: The seismic network consists of 21 broadband stations. Sea level monitoring is done by 

10 tide gauges along the Makran coast. Near real time data are available in GTS with 1 minute 

sampling rate and 5 minutes transmission. The GPS network comprises 10 GPS units (7 at Meteo-

stations, 3 near tide gauges) and is operational since 2014. Wave Radar has been established with 6 

WERA stations at the east coast plus 2 refurbished at the north coast. Data from sea level monitoring 

is shared with UNESCO and recently a bilateral agreement with the Islamic Republic of Iran has been 

signed to share data for 2 seismic stations. 

Warning provider: Directorate General of Meteorology (DGMET). The NMEWS has been established 

at PACA in 2015 and has an internal SOP on tsunami warning.  

Analysis and forecasting: The NMHEWC counts with a Situation Assessment and Decision Support 

System (TOAST) integrating information from the sensor systems and a tsunami scenario database. 

Warning levels for defined coastal forecast zones (CFZ) are established using estimated maximum 

tsunami wave amplitude (EWA) and tsunami travel times (ETA) derived from pre-calculated 

scenarios: 

 

Figure 16: Warning levels 

Warning bulletins are issued after 5 minutes (Bulletin 1 providing EQ parameter) and 6-7 minutes 

(Bulletin 2 with threat estimation derived from the selected scenario) after EQ occurrence. As soon 

as tide gauge information, GPS data or wave radar information gets available Update-Bulletins are 

disseminated. 

Thresholds: > 6.5 Mw in areas of MSZ, Owen Ridge, Arabian Sea 

Dissemination and Communication 

Institutions involved: Warning dissemination is operated by the NMHEWC. 

Decision making process on reaction: Is by NCCD and need to be consulted with higher authorities in 

line with the established national rules for other natural hazards. The NMHEWC and NCCD are aware 

that this arrangement needs to be changed. 

Warning dissemination is operated by the NMHEWC dissemination system (GDS) which has been 

visualized as follows (Figure 17 / 18). Warning dissemination by cell broadcasting is under 

preparation. 



 

Figures 17 and 18: National dissemination system and dissemination technologies for TEW in Oman (DGMET) 

Response Capability 

Disaster preparedness and response mechanism and plans: After the successful launching of the 

Oman MHEWS in March in 2015, Oman planned to enhance the effectiveness of the system by 

implementing the required downstream processes and strengthening community preparedness.  

Evacuation planning: There are no evacuation plans available yet at community level. Schools have 

been designated to be used as evacuation shelter during an emergency. Oman is interested in getting 

support for the development of tsunami evacuation procedures. 

Knowledge and Awareness: A tsunami awareness raising programme in Oman is implemented by 

Ministry of Education (MOE). MOE established a Natural Hazard Policy Planning Team in May 2014. 

The team's achievements so far include a review and analysis of natural hazard concepts in all 

curriculums, the collection of references about natural hazard concepts and a start to work on the 

hazard concepts policy. Oman expressed interest in further support from IOTIC in developing and 

enhancing public awareness in the country. 

Experience IOWave16: Involvement of 6 schools (700-900 students in each school with grade 5 to 10) 

from four provinces. Evacuation was to the roof of the schools. Target time was less than 20 minutes. 

Lesson learnt from the exercise included the need to re-design the schools to allow for evacuation to 

roof tops or to identify alternative buildings for evacuation. Safety officers at the schools should be 

trained using the expertise of PACDA. Furthermore, it was recommended that such exercises should 

be implemented at all schools twice a year. 

International and regional cooperation 

Oman participates in IOTWS tsunami communication tests and IOWave exercises.  

Participation in IOC projects: Assessment and Awareness of Makran Tsunami Hazards, 1945 Makran 

Tsunami ESCAP Project 

Future priorities: 

 Updating and completion of national and internal SOPs, integrated SOPs 

 Downstream dissemination system including cell broadcasting 

 Public knowledge and awareness 

 Exercises and drills 

 Risk assessment for remaining cities 

 Exchange real time data of seismic, sea level and GPS with neighbouring countries for a 

better monitoring around the Makran Zone 



 Collaboration with neighbouring counties to study the behaviour of Makran Subduction Zone 

for a better understanding the tsunami source in the region including research on paleo-

tsunamis 

On the occasion of the inauguration of the NMHEWS in 2015, Oman announced to start the second 

development phase of the system focusing on the downstream part. The intended second phase has 

not materialized yet and is currently on hold. 

  



8. TEW in Pakistan 

Overarching issues 

Coordination / steering mechanism: The NTWC and disaster management authorities are working 

under different administrative authorities. Most of the disaster management authorities think that 

the NTWC is responsible for both (a) issuing tsunami warning and (b) to carry out evacuation at 

community level. However, the NTWC is neither mandated for conducting such exercises nor has any 

such experience. This considered as the main gap in warning chain. 

Integrated SOPs: not available yet 

Multi-hazard approach: no information available 

Risk knowledge 

Hazard assessment: 1100 km of Pakistan’s coastline, with the port cities of Gwadar, Pasni, Ormara, 

Jiwani and Karachi, is considered at high risk from tsunami due to the MSZ. 

Seismic zoning and inundation modelling in Pakistan have been developed. Inundation maps for 

Gwadar and Pasni were developed using worst case scenario with maximum magnitude 9.0. Further, 

an initiative for the mapping of tsunami hazard in Karachi has been reported. 

A research project “Mapping of Tsunami Hazard along Makran Coast of Pakistan” in collaboration 

with NORSAR & NGI at Oslo has been implemented (2012). 

Monitoring and Warning Services 

Monitoring: The National Seismic Monitoring Centre in Islamabad has few stations along Makran 

coast. Five new seismic monitoring stations near Makran coast are being installed now. SeisComP3 is 

used for data processing. Sea level monitoring is done by 3 tide gauges along the Makran coast 

(Gwadar, Ormara, Karachi). The GNSS system includes five new differential GPS units. PMD has 

planned to establish a tsunami wave detection radar at Gwadar which may cover radius of 400 km. 

Warning provider: The NTWC in Karachi is located at the Pakistan Meteorological Department (PMD). 

The NTWC is operational (24/7) and SOPs have been prepared and are being implemented. In 

addition, the tsunami messages from IOTWMS TSP are received by PMD through Global 

Telecommunication System (GTS). PMD has developed timeline-based SOPs for processing and 

dissemination of tsunami bulletins to stakeholders. Tsunami Focal Point is the National Seismic 

Monitoring Centre in Islamabad to receive and disseminate tsunami information from the IOTWMS 

TSP according to established national SOP). 

Analysis and forecasting: Thresholds are 6.5-7.5 (local tsunami), 7.6-7.9 (regional tsunami), > 8.0 

(ocean-wide tsunami). The NTWC uses the GUITAR application of tsunami scenario simulation to 

calculate tsunami arrival times and expected wave heights at locations of interest. 

Dissemination and Communication 

Institutions involved: Besides the NTWC, there are a number of organizations involved in the warning 

chain, including the National Disaster Management Authority (NDMA), the Provincial Disaster 

Management Authorities (PDMAs) in Sindh & Balochistan, the nuclear power plant in Karachi, 

Local/District authorities (DDMAs) of Gwadar, Lasbela, Karachi, Thatta and Badin, electronic media 

and NGOs. 



Decision making process on reaction: NTWC is responsible to advice on evacuation based on the 

threat evaluation. Local authorities are responsible to manage the onsite evacuation. All clear 

decision is left to local authorities. Warning messages include guidance to communities at risk. 

Warning dissemination: A contact list of organizations involved 

in warning chain and media representatives is maintained and 

updated from time to time. Tsunami warning is disseminated 

through SMS and FAX to the above mentioned organizations. In 

case of distant tsunami only earthquake information (based on 

local network & IOTWS TSPs messages) is issued to authorities 

and media. 

Warning dissemination is based on fax, SMS, satellite phone 

emails and PMD website. Solar panels can be used in areas 

where electricity is not available and linked to HF/VHF radio. 

One siren has been established at Gwadar shore. There are plans 

for three more sirens along the coast. Although feedback from 

IOWave14 showed that message dissemination through fax is 

inappropriate, it is still considered as one of the dissemination 

channels.  

Figure 19: Time line for near-field tsunamis from MSZ 

Response Capability 

Disaster preparedness and response mechanism and plans: An emergency response centre has been 

established at the Commissioner Karachi office as “Rescue 1299”, which is operational on 24/7 basis, 

for any type of disaster including earthquake/tsunami. District DRM plans have been developed at 

local level for Gwadar, Lasbella, Thatta and Badin. 

Evacuation planning: a tsunami evacuation plan is available for Gwadar 

Knowledge and Awareness: Drills & exercises were conducted a number of times with the purpose to 

check the operational capability of the system (like IOWave14, IOWave16). During IOWave14, 

feedback from the NDMA, Pakistan Navy and Karachi nuclear power plant was timely but all other 

agencies including Provincial Disaster Management Authorities (PDMAs) and DDMAs remained idle. 

Public media was not involved actively but some news channels misapprehend the event as an actual 

one and created panic which was immediately controlled by issuing a clarification from NTWC. Print 

media also highlighted the event. 

A three days tsunami & earthquake awareness training programme (basic knowledge of earthquake 

and tsunami, how to react in the event of tsunami and earthquake) was organized by the NTWC in 

Karachi in 2014 with the coordination of Education Department and Commissioner Karachi. On this 

occasion 350 senior teachers of Government schools were trained and given the status of master 

trainers. They were assigned to train other teachers about earthquake and tsunami disaster. An 

“Awareness Walk” was arranged in the city of Karachi on 19 November 2014, organized by Rescue 

1299 with participation of teachers, students, government officials and general public. Banners and 

posters were displayed and brochures published in Urdu & English were distributed.   

Several booklets have been developed, translated for students from booklets available 

internationally. 50,000 tsunami cartoon books have been distributed to approximately 100 primary 

schools. Brochures are also being distributed among the passengers with the coordination of 

Pakistan International Airlines (PIA) and Pakistan Railways. 



Initiatives to commemorate the 70th anniversary of the 1945 Makran Tsunami with support from 

UNESCO,  IOTIC, Oxfam in 2016 as well as the study on the impacts of that tsunami based on 

eyewitness accounts by UNESO-IOC / ESCAP in 2015 helped to increase awareness on tsunami hazard 

in Pakistan. 

International cooperation (UNDP, OXFAM) has implemented projects to strengthen preparedness in 

Gwadar. 

All in all, the level of awareness at community level is considered still relatively low compared with 

other hazards such as flood and earthquake. 

Experience IOWave16: The exercise was done with involvement at community level (school 

community, local residents, and fishermen). Approximately 200 peoples participated in the event. All 

the arrangements were made by the NGO Trust for Conservation of Coastal Resources (TCCR) in 

collaboration with Oxfam GB. 

Lesson learnt from the exercise indicate that the role of LDMO need to be increased, rather than the 

NDMO. There were concerns about the dissemination of warning bulletins. These need to be sent 

automatically rather than manually. Permanent warning infrastructure should be installed. 

Regarding the exercise itself, it was highlighted to improve preparations (more time for preparation, 

more involvement of organizations and communities, more training and table top exercises).  

International and regional cooperation 

Pakistan participates in IOTWS tsunami tests and IOWave exercises.  

PMD has planned to cooperate with OMAN regarding tsunami detection and warning. A draft of 

contract agreement is submitted to Government of OMAN. 

Recommendations for further development (based on IOWave16): 

 There should be joint team of NTWC & Disaster Management for the organization of future 

IOWave exercises. 

 NGOs may be encouraged to enhance the public awareness 

 Regional cooperation may also be extended to enhance the capacity of NTWCs in terms of 

equipment and human resource. 

 There is prerequisite to map the presence of all organizations involve and SOP’s that define 

roles and responsibilities based on their resources for making more effective outcomes. 

 Training of media 

 Providing warnings in local language 

 Land use management  

 Strengthening the legal, economic, financial and technical capacities for handling the 

situation 

  



9. Set-up of National Warning Chains in the Makran region 
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10. Findings & Conclusions 

Overarching issues 

The threat of near-field tsunamis from the MSZ with ETA of less than 30 minutes for the Islamic 

Republic of Iran, Pakistan and Oman represents the main challenge for TEW in the region. The 

previous analysis of the national TEWS indicates that the systems are not yet capable to cope with 

these conditions. 

To manage such conditions, the setup of the national TEWS and the related processes must be 

oriented on these short timelines in a stringent way. In general, the following issues need to be 

considered: 

 Monitoring systems must be able to detect a tsunami threat within the shortest possible 

time. A quick approach is the detection of co-seismic movements by GPS. 

 Data acquisition, processing and analysis must be automatized and allow the generation of 

warning products within minutes (Indonesia has set and manages a threshold of 5 minutes 

after the occurrence of an EQ for the issuance of the first warning) 

 Using TSP services for near-field events is not feasible, as their timelines are not fast enough 

 Warning chains need to be kept as short as possible 

 Warning chains should be set up in a way that any additional decision-making process (on 

evacuation) in the downstream process is avoided. This implies that the initial warning 

provides guidance to local authorities and communities how to react. 

 Evacuation strategies must be built around the short time lines. Evacuation procedures must 

be realistic in this regard. 

 Solid evacuation plans must be available at local level. The plans need to provide clear 

guidance on safe areas and places for immediate shelter, evacuation modes (horizontal or 

vertical evacuation, by foot, use of vehicles, etc.), triggering signals for evacuation (strong 

ground shaking, sound of siren, etc.). 

 Communities at risk must have a high level of awareness and sufficient knowledge to react 

independently and properly during a tsunami threat. Local authorities must provide all 

necessary references to enable the communities for this. Self-protection arrangements must 

be prioritized. 

This set of conditions requires a strategic approach to design the 

TEWS in consistent way. A steering and coordination mechanism with 

participation of NTWC, (N)DMO and users is regarded necessary to 

adapt the overall setup of system, the roles & responsibilities of the 

involved actors as well as the procedures (SOPs) for this challenge.  

SOPs are core elements in operating a tsunami warning chain and 

need to be developed at various levels and institutions. Good SOPs are 

“down to earth” and describe exactly what has to be done by whom 

and how, providing step-by-step instructions, pre-defined message 

templates and flow charts for decision-making processes. SOPs at 

different institutions and levels need to be synchronised to allow for 

the seamless flow of information along the warning chain from the 

NTWC to a community at risk (Fig. 20). 

Figure 20: Synchronised SOPs 



As concluded in the summary statement of the international conference to commemorate the tenth 

anniversary of the Indian ocean tsunami "The Indian Ocean Tsunami Warning and Mitigation System 

10 years after the Indian Ocean Tsunami: Achievements, Challenges, Remaining Gaps and Policy 

Perspectives" (IOC/BRO/2015/2), the tsunami warning systems should link to the disaster 

management community and form part of a multi-hazard warning system including tropical cyclones 

and storm surges to achieve the long term sustainability of IOTWMS.  

Furthermore, it was concluded that a stronger downstream part will enhance the sustainability of the 

entire IOTWMS. This would require a more strategic approach focusing on stronger integration of 

tsunami early warning into national and local disaster management and other public and private 

sectors, and a stronger client orientation for tsunami warning services. 

Political commitment is essential. Master plans for tsunami early warning systems with mandated 

budgets are necessary for all countries at national and regional scales. To maintain the commitment 

of governments and donors to sustaining the IOTWMS in the long term, national tsunami 

programmes should be codified in law and the key functions should be institutionalised. 

The ICG/IOTWMS session 2015 decided to develop performance indicators for all aspects of the 

IOTWS in consultation with the TOWS-WG. The ICG/IOTWMS session requested the Steering Group 

to oversee the reassessment of the capacity and capability of Member States to respond to the 

tsunami threat by repeating the original assessment made in 2005 (IOC/INF-1219), subject to 

availability of funding. 

Risk knowledge:  

It is essential to achieve a better understanding of the seismo-tectonic setting and dynamics of the 

MSZ. A refined understanding of the tsunami hazard in the region is considered vital in order to 

generate more realistic risk assessments for the region and the affected countries. Improved risk 

assessments will allow to optimize warning processes and to develop more realistic preparedness 

strategies at national and local levels.  

During the ICG/IOTWMS meeting in 2015 the importance of clarifying the earthquake and tsunami 

potential of the Makran subduction zone was noted and Member States were encouraged to acquire 

new datasets such as the GNSS, seismic and other geological data. ICG/IOTWMS achievements in this 

regards so far include the development and publishing of risk assessment guidelines and 

methodologies, an Indian Ocean probabilistic hazard map as well as a report on assessment and 

awareness of Makran tsunami hazards. 

The NWIO-WG proposed the following objectives in the field of risk knowledge: 

 Obtain clear understanding of the current status of risk assessment methods and practices 

adopted in Member States and progress made (current status) 

 Develop a refined understanding of the tsunami hazard assessment (hazard assessment) 

 Develop a regional vulnerability model considering the regional national needs (vulnerability 

assessment) 

 Review and improve the risk assessment process and its management (risk assessment & 

management) 

International scientific cooperation includes the ongoing initiative of the Islamic Republic of Iran, 

Oman and Germany to acquire seismic profiles across the western part of the MSZ. The German 

Research Centre for Geoscience (GFZ) has proposed an initiative for “modelling of the seismic cycle 

at the MSZ”. Furthermore, a PhD research proposal to generate realistic rupture and tsunami 



propagation models of future mega-event complemented by extensive inundation and vulnerability 

analysis at selected coastal locations. 

The ESCAP support could help to build a regional community for joint collaboration to develop a 

unified tsunami hazard map for the Makran region. 

Monitoring and Warning Service 

Data exchange between the Member States in the NWIO region has been identified as a critical issue 

to be addressed in order to improve capacities for tsunami detection. The ICG/IOTWMS meeting in 

2015 encouraged Member States, especially in the NWIO, to provide all relevant real-time seismic 

data. The NWIO-WG strongly recommended as a conclusion of its first meeting, to make the data 

available in real time to the Member States. 

The NWIO-WG proposed the following goals in the field of detection and warning: 

 Stock taking of the capacity of the monitoring system in the region (seismic, GNSS, sea level), 

and institutions that operate the systems 

 To find the best configuration for monitoring earthquake tsunami in the region of MSZ 

 To find the best way to share the data in real time 

 Stock taking of the processing systems (seismic, GNSS, sea level) 

 To conduct activities to build the capacity of the staff of the NTWC in the region. 

Using GPS data on land is a relatively new approach to obtain quick information on rupture 

characteristics, and especially the slip distribution of an earthquake. Real-time monitoring of GPS 

data providing information on co-seismic crustal deformation can be used as a rapid tool for tsunami 

prediction and has a high potential to reduce the time span to assess an existing tsunami threat. To 

advance, the extension of the observational network is required to allow a better observation of the 

deformation process and the respective analysis for tsunami forecasting. 

 

Dissemination and Communication 

Tsunami warnings must reach those at risk on time. Linking the warning provider to communities at 

risk is a complex task, requiring the involvement of numerous actors from different levels and 

backgrounds, as well as the development and implementation of concepts, procedures and 

technology. Time is the most critical factor. 

Near-field tsunamis represent a huge challenge for the development and operation of tsunami 

warning chains as their short travel time limits warning and evacuation times to a few dozen 

minutes, and sometimes even less. Warning processes in the context of near-field tsunamis are 

related to a high level of uncertainty, as warnings need to be disseminated quickly, even though 

there may be no confirmation whether a tsunami has been generated or not.  

Issuing a warning without providing guidance is not effective. A core task in the warning chain is to 

decide whether to officially call for evacuation and trigger public alert systems, like sirens. Clarifying 

the roles and responsibilities of the actors involved is a crucial step in designing and setting up 

national and local warning chains. It also involves establishing coordination mechanisms between 

different administrative areas (District-District) and levels (National-Provincial-District).  

Tsunami warning chains include at least two main decision-making processes. The first process 

usually takes place at the NTWC and leads to a decision on issuing warnings and the respective 

warning levels. The second process relates to the decision on whether to call officially for an 



evacuation. There should be a clear and legally-supported agreement defining who is responsible for 

making such a decision. Besides clarifying the mandate, it is important to ensure that the designated 

decision-maker has the required capacities and resources to fulfil this task.  

The deficiencies in the existing SOPs for warning dissemination and decision making as well as the 

lack of integrated SOPs has been identified as mayor obstacles in providing effective warnings to the 

communities in the short time frame available. As mentioned already above, this requires national 

assessment processes on these issues in the WG-NWIO countries to revise existing processes and 

policies under consideration of the challenging timeline requirements due to the existing near field 

tsunami threat and to adapt or develop new ones where required. 

During the NWIO-WG meeting it was suggested to use cell broadcast to avoid missing messages 

during an event. The gaps of those areas that cannot receive information should be assessed, 

particularly in areas that have no electricity available. Radio broadcasting systems and satellites are 

also seen as options for the dissemination network. NWIO-WG proposed a stock taking of the 

capacity of dissemination systems. It was suggested that the Member States can learn from each 

other about the pros and cons of different dissemination system. 

Response Capability 

Effective tsunami early warning requires (1) timely and accurate threat information, (2) timely and 

succinct advice to the public about what to do and (3) public education and preparedness to know 

how to respond.  

As concluded in the summary statement of the international conference to commemorate the tenth 

anniversary of the Indian Ocean tsunami, a stronger downstream part is needed and requires a more 

strategic approach focusing on stronger integration of tsunami early warning into national and local 

disaster management and other public and private sectors, and a stronger client orientation for 

tsunami warning services. 

Within such an approach, evacuation plans have been identified as core elements for community 

preparedness.  

In the field of awareness and reaction a more structured approach is considered necessary in order 

to provide basic references for the community at risk (individuals, families and institutions) to 

strengthen their capacities for proper reaction and self-protection during a tsunami emergency. Local 

evacuation plans, describing safe zones and evacuation strategies as well as local warning procedures 

are core elements of any tsunami preparedness approach. Good evacuation plans are linked to the 

results of risk assessments and the provision of warning services 

and represent a solid base for building tsunami awareness and 

knowledge at village and household or individual level. Providing 

such references is a task and responsibility of local authorities, but 

requires the participation of numerous stakeholders. A structured 

approach for capacity development to build tsunami preparedness 

in local communities has been developed during the 

GITEWS/PROTECTS project in Indonesia leading to the 

development of a step-by-step approach towards tsunami 

preparedness across multiple levels (Annex A3). The experiences 

from Indonesia can be considered as a reference and resource for 

the Makran region as they were designed to address conditions of 

near-field tsunamis (www.gitews.org/tsunami-kit). 

Figure 21: Proposed indicators for the International Tsunami Ready imitative  



A structured approach with the provision of basic references (hazard and evacuation maps, local 

warning services) is also considered by TOWS regarding the introduction of a set of established best 

practice guidelines and indicators to meet a standard level of tsunami preparedness (“International 

Tsunami Ready”).  

Promoting and strengthening school safety within a tsunami preparedness approach is already on 

the agenda in some of the NWIO countries. Tsunami related information has been included in school 

curricula and learning materials. Schools have been targeted during drills and IOWave exercises and 

are supported in their efforts to build school preparedness plans and evacuation procedures. 

Learning from exercises (simulations and drills) is considered essential to test and improve the 

degree of preparedness of the involved institutions and communities in order to react efficiently and 

in a timely manner to an event, to test the soundness of SOPs, to improve inter-institutional 

coordination mechanisms and to promote awareness of response procedures. IOWave exercises can 

play an important role in further developing and improving these mechanism. Although, it could be 

observed that preparations for these exercises often generate conditions, which do not represent 

“real life” conditions or introduce mechanism which are not permanent or sustainable.  

 

Figure 22: Tsunami exercises as part of a learning and improvement cycle  

Experiences from IOWave16 have been documented through a Regional Tsunami Portal and a 

Regional Information Book of IOWav16 with support from ESCAP including country reports, key 

lessons learnt and recommendations for IOWave18. 

Recommendations for future exercises include: 

 Regarding schedules, timing and preparation time: fixed dates to implement regular 

exercises every year in connection with International Day for Disaster Reduction or the 

World Tsunami Awareness Day, with sufficient preparation time and adequate timing to 

allow participation of communities 

 Align exercises with national and regional SOP trainings 

 Establishment of national contacts and task teams for IOWave exercises, manuals and 

templates for evaluations as well as observer mechanism 

 Involvement of media to cover as well as to participate in the exercises 

 Strengthen community participation in IOWave exercises 
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12. Annexes 

A1: Summary of recommendations and Actions from NWIO-WG Meeting 2015 

 

The WG-NWIO agreed to start on implementation of the following actions as soon as possible: 

 To develop a knowledge-based database of risk assessment studies conducted by the 

Member States cataloguing the various approaches adopted for hazard, vulnerability and risk 

assessment 

 

training materials and conduct a risk assessment workshop based on the methodology of 

Oman’s risk assessment study to empower the Member States to undertake such studies 

 WG-NWIO Member States to participate in the IOWave16 exercise to community level 

 Three seismic and GNSS stations from each WG-NWIO Member State to be shared in real 

time among the WG-NWIO Member States for better coverage of Makran seismic activities. 

 Stock taking of monitoring, processing and dissemination capacity to be shared among the 

WG-NWIO Member States for efficient communication and to learn from each other's 

experience. 

 Capacity building: (1) to conduct a sub-regional SOP workshop for the WG-NWIO Member 

States including a tsunami drill and (2) to conduct on the job training of operators and 

technicians in the warning centres of the WG-NWIO Member States. 

 To identify focal group for awareness and response in each WG-NWIO Member State (NTWC, 

DMO, academia) 

 Stock taking of Information Education and Communication (IEC) material on tsunami 

awareness and response 

 To organise "Training of Trainers" for community level emergency, preparedness and 

response and teachers for tsunami safe school. 

 To organise a workshop on developing guidelines for primary and secondary school students 

to be included in curriculum by each WG-NWIO Member State 

 India and Pakistan (Oxfam) to organise community drills at same schedule using same 

scenario involving respective NTWCs. Evaluation to be shared  

 To prepare a proposal for initiatives on community preparedness for identified most 

vulnerable coastal communities of each country 

 To develop a common knowledge-sharing portal and success stories/good examples of 

adaptation and replication at country level 

The WG-NWIO strongly recommends as a conclusion of this meeting, to share data in real time as 

one of the primary goals of the WG-NWIO. 

  



A2: Recommendations for actions in the field of Awareness and Response from NWIO-

WG Meeting 2015 

 

 Sharing of best practices on awareness and response experiences among the region. 

 Develop Terms of Reference on engagement among the region based on common - joint 

initiative. 

 Identify focal points in each country for response, awareness, preparedness. 

 Link to other regional initiatives and networks. Making sure that the output of the initiative 

under the WG-NWIO is pushed to these other regional networks and initiatives. 

 Awareness raising events can be useful. Designate 5 November as International Tsunami Day 

 Action points (do-able) for the next 1 – 2 years, i.e IOWave16 develop - activities for the 

region; training of trainers 

 Develop joint protocol and initiatives among the Member States on cooperation in capacity 

building, response, preparedness. 

 Develop agenda for 2-3 year considering there are other activities in different initiatives, how 

can the WG-NWIO add value to the existing fora / initiatives? Use IOTIC website as platform 

for building and sharing information on awareness, education and preparedness in the 

region. 

 – 3-5 

persons - in the villages. 

 Regional – national – local tsunami response cooperation. 

 Train responder to train community in coastal villages prone to tsunami on self-

regional workshop on how to train responders and stakeholders on building preparedness on 

self-evacuation.  

 Develop training video on how to train community in tsunami preparedness and self-

evacuation process 

 Provide advice on community alerting system in coastal villages prone to tsunami in the 

region 

 Regional training courses in the Makran region, i.e. at regional level conduct training of 

trainers and follow up with in country training. Develop guidelines and training modules on 

building community preparedness. 

 Additional attention to people with disabilities 

Regarding specific activities that can be implemented over the next 2 years and longer timescales, 

the group recommends the following: 

 Identification of country focal groups (NTWC, DMO and Academia) (3 months) 

 Stock taking/compilation of country information of ongoing initiatives on tsunami 

preparedness. (6-9 months) 

 Stock taking of available IEC (Information Education and Communication) material on 

tsunami awareness & emergency response from each country for knowledge sharing (6-9 

months) 

 Organize Training of Trainers (ToT) for community level emergency preparedness and 

response & ToT of teachers for tsunami safe schools 

 Maintenance of record/data ensuring retention of such trainees at country level 

 Workshop on developing guidelines for primary and secondary school students to be 

included in curriculum (after adaptation) by each Member State (12 months) 



 Stocktaking of national capacity on response and development of protocol for sharing of 

resources during the golden hour of response in the event of a possible tsunami. 

 India and Pakistan (Oxfam) to organize community drills (in coming months) at same 

schedule using same scenario involving respective NTWC and share evaluation (SOP, 

coordination and response mechanism) 

 Joint proposal (1-2 years and 3-5 years) for initiatives on community preparedness for 

identified most vulnerable coastal communities of each country (training, exercises, capacity 

building of civil servants and media) 

 Development of common knowledge sharing portal and success stories/good examples for 

adaptation and replication at country level. (18 months) 

 

  



A3: Tsunami Preparedness in Local Communities - A Structured Approach  

The rationale for this approach is based on the assumption that the chances to survive a near-field 

tsunami depend very much on the capacities of the affected people to quickly assess the situation 

and take the right decisions and actions based on basic but solid knowledge of local tsunami risks and 

preparedness plans, even in the case of the failure of warning services or in the absence of guidance 

from local authorities during an emergency. 

Therefore people in risk areas need to be aware about tsunami hazard and risks and understand local 

warning and evacuation procedures. Furthermore, individuals and families should be encouraged to 

discuss and agree on own emergency procedures within their families or households (Red Level). 

To provide people in communities at risk with more than thumb rules or general instructions on how 

to react to a tsunami threat, it is necessary to develop specific local evacuation maps and procedures 

as well as warning arrangements in a participatory way and communicate them to all community 

members (Green Level).  

Developing such plans at village or institutional level usually requires references regarding hazard 

and safe zones and recommended evacuation strategies, as well as the development of local warning 

services.  

 

Source: http://www.gitews.org/tsunami-kit/en/id_structured_approach.html 
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