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1. INTRODUCTION 
 
A strong earthquake (ML=7.3) occurred on November 12, 2017, at 9:48 p.m. in the border region 

between Iraq and Iran, a well-known active seismic zone in Iran [1]. One foreshock struck the area 

few minutes before the event measuring ML=4.6 resulted in many people abandoning their 

homes and setting up tents away from built-up areas. Around 1200 aftershock was also recorded 

up to four weeks after the event. The earthquake claimed around 620 lives with a further 7000 

injured, and partially destroyed or damaged many rural and urban areas in the Ezgeleh and Sar-

Pol-Zahab regions. At least eight cities including Ghasr Shirin, Ezgeleh, Salaas Babajaani, Gilan 

Gharb, Sar-pol Zahab, Dalahou, Eslamabad Gharb and Javaanrood and few hundred of villages 

were affected by this earthquake. Figure 1 depicts the map for the assumed rupture plane along 

with the known trace of MFF fault.  

 

 
 

Figure 1 Plan view of assumed rupture plane and MFF fault known trace 

 
2. MAIN CHALLENGES 

Various issues can be mentioned in regard to disaster management and emergency response 
efforts in this earthquake, some of which can be summarized as follows:  

- Lack of enough and exact information on the number of casualties and the extent of 

damage: Due to the lack of evaluation systems for quick loss estimation and modeling, it 

was impossible to evaluate the effects of the earthquake immediately after the disaster. This 

caused some delays in providing necessary assistance to the victims. However, after the 

event, some research was carried out in order to prepare a GIS-based inventory for loss 

modeling. For this purpose, "population" and "building" data sets are required. Since 

accurate distribution map of buildings were not available or accessible, a dasymetric 

mapping technique has been employed to develop a spatial building database by merging 

LandScan global population database [2] with the coarse national census data sets. Such 

rigorous and time consuming computations must be completed for the seismically active 

zones of the country and to make accessible of–the-shelf whenever needed right after a 

disastrous event.  



  

 

- Need for rapid damage mapping according to the ground shaking and building inventory: 

There was no rapid damage system to be utilized after the event in the region. This can 

assist in optimal search and rescue operations and prioritizing resource allocation. As a 

preliminary solution, GEM-EMME fragility and vulnerability curves for Iran  [3, 4] were 

selected to estimate the consequences of simulated scenario. OpenQuake engine was 

utilized to simulate the ground motion field and consequently to assess the physical 

damage. The expected physical loss ratio of buildings was assessed based on the 

estimated PGA distribution from earthquake scenario modeling. The total physical loss ratio 

has been estimated to be 45 percent for this case, Figure 2. The results was compared 

with the actual observed data and showed relatively a proper match. 

 

               
             

  Figure 2. Parcel-based distribution of expected physical loss ratio of region under study 

 
- Issues related to acquiring online and rapid data from satellite (semi-automated and 

desirably automated):  This needs to be operational by analyzing high quality satellite 

images immediately after the disaster in order to find the location, the extent and the 

severity of high hit areas. In spite of challenges, Chinese TRIPLESAT_2 and SV1 satellites 

were acquired for both before and after this event. The specifications of these satellites are 

listed in Table 1. Parts of the satellite images for both pre-EQ and post-EQ showing the 

study area are presented in Figures 3 and 4. 

 

 
Table 1. Satellite data general specification 

 
 

Satellite 
Spatial Resolution 

Acquisition Date 
PAN(m) MS(m) 

TRIPLESAT_2 0.89 3.2  Pre-event: 2016-06-04 

SV1  0.5  2 Post event: 2017-11-16 

 



  

 

    

           

 

(a) 
 

Figure 3. Pre-event panchromatic image of study  area  
(courtesy of TRIPLESAT_2) 

 
                                     (b) 

 
Figure 4. Post-event panchromatic image of study  
                   area (courtesy of SV1) 

 
Two methods of remote sensing change detection were developed in this study: 1) by comparing 

the post-event with the pre-event VHR satellite images, and 2) using the after image only. In first 

method, both pre-event and post-event data were exploited and the damage detection algorithm 

tends to reflect within object changes. The input change indices were set as the relative 

differences (from pre_ and post_ data) of seven textural features per every individual building 

objects. In the second method, only the post-event data has been utilized; therefore, the change 

indices were considered as the pure Haralick features and the comparison in between different 

objects has been sought. To assess the accuracy of the damage classification (collapsed and 

non-collapsed), the confusion matrix suggested an overall accuracy of 72% when both before and 

after images were utilized and 75% for the case where only after image was employed. The 

remote sensing damage mapping from pre-event and post-event data revealed an overall 

damage ratio of 0.37 for the two villages under study situated north-west of Sar-Pol-Zahab. One 

major justification for the fact that both methods resulted similarly is that the pre-event data 

suffered from lower spatial resolution (about half of the SV1 data), and poorer image quality and it 

is believed to have affected the damage index calculation accuracy. 

 

- Lack of trained teams in the area and also delay in dispatching skillful groups: Due to the issues 

such as information dissemination, lack of initial action plans, etc., there were considerable 

delays in response to the affected sites. Additionally, another main challenge was the shortage of 

professional teams for help. Only few of these groups had the training, while mobilizing them was 

done with delays. In addition, there was no unified plan for sending the search and rescue to 

many stricken villages.  

 

- Lack of awareness of local people for undertaking necessary provisions for search and rescue. In 

fact, due to the delay in dispatching professional teams to the area, the local people were the first 

responders to this earthquake. The locals helped those people who were trapped under the 

rubble. However, in some cases, their unfamiliarity with the first aid and how to transfer and move 

the affected people resulted in disastrous situation.    

 
 



 

Further challenges can also be mentioned in regard to temporary settlement and reconstruction: 

 

- The distribution of prefabricated houses was specified first to those who have lost their 

families in the earthquake. The next priority was ones with destroyed houses. These 

ready houses were distributed by governmental organizations. Many survivors believed 

that the houses were not distributed fairly. 
 

- Providing clean water for drinking and sanitation purposes was a challenge in the 

emergency shelters especially during the first week after the event, Figure 5.  
 

                     
 

Figure 5. Providing water for drinking as a major challenge 
 

- Many of the survivors were settled in tents and this was not very ideal due to the 

weather condition in that area, Figure 6.  
 

 
 

Figure 6. Some tents were not installed in appropriate places 
 

- Prefabricated houses were also not appropriate for the area due to the local weather 

condition. Some of those houses were moved from their places due to the strong wind.  
 

- Cultural problems also existed as various groups of people were placed in tents 

randomly without considering their tribal culture.  

 

 

 

 

 



 

- Some prefabricated houses were installed in grounds which belonged to different 

people and this made a lot of tensions between the owners and those who stayed 

temporarily.  

 

- There was unequal distribution of temporary houses between people. Some were 

settled in tents and at the same time some others used prefabricated houses. These 

houses were given to people by governmental organizations or sent by people as a 

donation. 

 

 

3. LESSONS LEARNT AND RECOMMENDATIONS 
 

The most important lessons for the improvement of preparedness and emergency response can 

be listed as follows: 

- Increasing public awareness and preparedness: The analysis of data gathered after this 

earthquake demonstrated that most of those people living in the affected areas were not 

familiar with the culture of safety. They were unaware about the importance of living in safe 

building and what is appropriate behavior during and after an earthquake. Therefore, 

necessary training should be provided using all available means and media. Additionally 

preparedness level has to be monitored and measured occasionally during public drills and 

practices. Such programs may improve public awareness and participation in risk reduction 

and response management and may resolve many challenges observed after this earthquake. 

 

- Improving local capacities: The first responders in this event are usually the family 

members and neighbors. Therefore, appropriate training to residents can be provided at local 

level and necessary tools and material can be kept at each community in order to improve the 

effectiveness of local activities. If a safe public building (such as school or mosque) is 

available at each community, this can be considered as local base for disaster management 

and local people can be responsible to manage this base using local and governmental 

financial and technical assistance. In this line, a program is now under study in Iran called as 

“Safe School – Resilient Community”. The main purpose of this program is to reduce risk and 

to improve capacity for response using local resources for increasing the resilience of each 

community. Additionally, necessary incentives and encouragement should be provided by 

municipalities or other related officials to motivate the active participation of local people in 

disaster management issues, including risk reduction and emergency response.  

 

- Developing disaster management capacities and tools: As discussed, during the first 

couples of hours after the Sar-Pol-Zahab earthquake, there was no clear picture about its 

potential impacts. This showed the necessity for developing decision support tools in each 

province and cities. One of the most important tools for such purpose is to develop quick 

damage and loss assessment systems. By using this tool, the first estimation about potential 

casualties and damage can be provided based on data gathered by seismographs or 

accelerometers during the first couple of minutes after an earthquake and it can help to 

understand the priorities for dispatching the rescue teams to the most stricken areas as 

quickly as possible. 

 

 

 

 



 

- Expanding disaster management plans and instructions: It is very important that each 

organization knows its responsibilities immediately after an earthquake to provide necessary 

services in most appropriate time and suitable manner. Therefore, Standard Operation Plans 

(SOPs) and well as Initial Action Plans (IAPs) should be prepared for different organizations 

for different time intervals based on the potential earthquake scenarios. By having such plans 

immediately after an earthquake (even before organizing Disaster Management Taskforce 

meeting), each organization knows its duties and may provide necessary service. This can 

avoid overlap in responsibilities. Such plans should be prepared at each city based on socio-

cultural considerations; 

 

- Acquiring online and rapid data acquisition from satellite imagery providers: A major 

difficulty was to obtain high quality satellite images (both before and after) right after the event. 

Acquiring both before and after high quality imagery was not always possible. A systematic 

data acquisition or operating a dedicated satellite constellation for the country is 

recommended. 

 

- Mobile-GIS data collection system development: This is necessary in compiling ground 

data (i.e. damage data for empirical fragility curves etc.) and also to direct optimal ground 

activities. 

 

- Developing national building inventory: This can be done according to different sources of 

data and exploring methods in fusing the data together for augmenting the quality (i.e. spatial 

resolution, reliability, etc.) of the information regarding elements at risks (i.e. buildings and 

population). Producing high spatial resolution data (i.e. at building level) is sought ideally. 

 
- Developing online and rapid damage mapping techniques: This is important for citywide, 

region-wide and country-wide quick loss estimation. 

 
- Capacity building for search and rescue: It is clear that in case of a big earthquake in a 

high populated area, the Red Crescent Society (RCS) does not have enough capacity to 

respond to all needs during the first couples of days. Therefore, it is necessary to make plans 

to use the capacities of local people, military forces and other volunteers in advance. Such 

plans should be prepared and practiced based on local conditions and available resources to 

clearly shows the roles of each group in the aftermath of an earthquake;  

 

- Improving emergency medical care: Since the medical care centers are considered as the 

most important facilities after the earthquake, it is important to retrofit all structural and non-

structural elements in such facilities to be assured about their correct and functional 

performance after an earthquake. Additionally, the medical staff should be trained about the 

potential impacts of an earthquake and what they should expect to do in such disastrous 

conditions. It is also necessary to prepare Hospital Incident Command System (HICS) as well 

as Hospital Disaster Plan (HDP). In order to prevent overwhelming of the hospitals by 

outpatient, it is necessary to make appropriate plans such as implementing Mass Casualty 

Management (MCM) procedures. 

 

- Considering local conditions in providing emergency and temporary shelters: Almost after 

all earthquakes in Iran, tents are used for emergency sheltering and some types of 

prefabricated houses are provided for temporary housing. Considering the variety of climates 

in different parts of Iran, local and traditional methods for providing such services to victims 

should be studied and developed.  

 
 

 



 

- Considering local conditions in providing emergency and temporary shelters: Almost after 

all earthquakes in Iran, tents are used for emergency sheltering and some types of 

prefabricated houses are provided for temporary housing. Considering the variety of climates 

in different parts of Iran, local and traditional methods for providing such services to victims 

should be studied and developed. 

 

-  Providing socio-economic recovery solutions: It is important to recover socio-economic as 

well as cultural consequences. Such aspects may be normally neglected during the 

reconstruction phase. Considering the experiences of last Iran’s earthquakes, it can be 

predicted that lack of sufficient attention to such aspects in reconstruction of damaged cities 

and villages by Sar-Pol-Zahab earthquake may result in irrecoverable negative socio-

economic impacts. Additionally, it is important that physiological treatment be continuously 

provided to those who lost their families or properties, especially children and the elders. 
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