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ABSTRACT 
 

 After 9/11, terrorism, especially suicide attacks, became uncontrollable and drastically 

impacted the world. The capability to proactively react against a potential suicide attack 

remained a challenge for law enforcement agencies. There is a dire need to develop a 

geospatial model that can cope with this problem. The main objective of this study is to 

develop an automated geospatial model to analyze suicide attacks in any spatiotemporal 

environment. A geospatial model named as “Suicide Attack Assessment Model” (SAAM) 

was developed using Python Scripting and an ArcGIS environment. A user-friendly 

interface can be used under one platform without any prior knowledge of GIS and will be 

available for users and researchers. SAAM was applied to Pakistan as a case study. The 

results indicate that suicide attacks have partially spread across the country, particularly in 

Khyber Pakhtunkhwa (KPK) Province and Federally Administrated Tribal Areas (FATA). 

Moreover, SAAM predicted hotspots for suicide attacks on a more fine-grained 

geographical unit. Meanwhile, it shows that SAAM combined with geospatial techniques 

has excellent potential for simulating the risk of suicide attacks from simple spatial 

distribution to choropleth maps, raster analysis, complex statistical relationships 

development, and advanced geostatistical research in any space and time on a single click. 
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1. INTRODUCTION 
 

 United Nations General Assembly describes terrorism as party-political violence in an 

uneven conflict that encourages psychic fear and terror through destruction and violent 

victimization. Terrorism is generally worse as compared to torture and war (White, 2016). 
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U.S. Department of Defense (DOD, 2016) defines terrorism as “the planned political 

motivated violence intended against the citizens that are targeted by some sub-national 

groups or alternative state agents”. While Global Terrorism Database (GTD) defines 

terrorism as: “The threatened or actual use of illegal force and violence by a non-state actor 

to attain a political, economic, religious, or social goal through fear, coercion, or 

intimidation.” (START, 2016).  
 

 In the recent era, of terrorist activities, suicide bombing has become one of the best 

tools for terrorists. Suicide bombing is the most dangerous form of terrorism where a 

suicide bomber ends his life for a so-called noble cause resulting in damage on a large 

scale. In general, a suicide bombing is defined as "a terrorist attack where the bomber's 

death is the attack's success." Most of the research on suicide bombing has converged on 

the bomber's death as a requirement for meeting a suicide bombing classification. Terrorist 

groups use suicide bombing as a protuberant weapon against a nation, as it creates 

significantly more extensive collateral damage than other attacks (Horowitz, 2015). 

Suicide bombing may be traced back to Africa and Middle Eastern regions, and the Greek 

era (Preti, 2006). In India and Sri Lanka, Tamil Tigers used suicide attacks to complete 

their purposes (Apter & Kerkhof, 2006). The history of suicide bombing includes the 

suicide attack by Hezbollah militants against the U.S. embassy in Beirut, causing 69 

fatalities in 1981, and Hezbollah suicide attacks in Lebanon, causing 299 death toll in 1983 

(Haddad, 2004). While in Pakistan, suicide attacks played a terrible role, as a deadly suicide 

attack was reported on December 27, 2007, in Rawalpindi, resulting in the death of former 

Prime Minister of Pakistan Benazir Bhutto with 130 Fatalities and 450 injured people. 

After the Red Mosque Complex operation in the Federal Capital Territory of Islamabad, 

Pakistan, in July 2007, 13 suicide attacks were reported within 16 days, with 300 deaths 

(Kazim et al., 2008).  
 

 Studying terrorism, particularly suicide attacks concerning space and time scenarios, 

may help to mitigate this manic. Multiple spatiotemporal studies on terrorism have been 

conducted internationally identifying different problems as (Braithwaite & Li, 2007; Webb 

& Cutter, 2009; Nemeth et al., 2014; Memon & Larsen, 2006; Medina et al., 2011). Memon 

& Larsen (2006) studied the changes in events over space and time and the different 

activities of terrorist organizations. Medina et al. (2011) studied spatiotemporal patterns of 

terrorist incidents in Iraq from 2004-2009 and characterized the geography of general 

incident distributions, terrorist attack patterns over space and time, and temporal clusters 

of high and low incidents activity. In comparison, La Free et al. (2012) state that terrorist 

attacks are often lucid and explore the possibility that the longitudinal and spatial patterns 

of attacks may provide important information about the tactics used by terrorists. Siebeneck 

et al. (2009) also used GIS for spatiotemporal analyses of terrorist attacks in Iraq during 

2004–2006 and focused on incidents and the human damage during each episode. Spatial 

clusters of high terrorist activity for every six months during 2004–2006 and time-based 

sets of attacks surrounding holidays and symbolic anniversaries were spotted, and space-

time clusters within the three years were also identified. Braithwaite and Johnson (2012) 

focused on space-time clusters of Improvised Explosive Device (IED) and non-IED attacks 

in Iraq from January to June 2005. They found that attacks cluster in space and time due to 

IED and non-IED, and there was a period of increased risk following attacks in the same 

region for IED attacks and proximal regions for non-IED attacks. Beck (2003) explained 
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that GIS could also recognize and evaluate the network of terrorists in natural and social 

spaces. 
 

 Furthermore, geographical analysis and GIS have been recognized as valued assets in 

the fight against terrorism, mainly as the approaches for selecting different targets and 

countering terrorism. Medina & Hepner (2008) describe that the geographical analysis of 

the terrorist forms could identify the terrorist activity spaces and also deliver critical 

information about the spatial outlines of terrorist processes and their comparative locations, 

while Henkin et al. (2020) offer a method of empirically mapping of spatial arrangements 

of radicalization in Malaysia in their study. Youngblood (2020) used an epidemiological 

method called two-component spatiotemporal intensity modeling to data from 416 far-right 

extremists exposed in the United States between 2005 and 2017. 
 

 Studies on terrorism and suicide bombings also have been conducted in Pakistan 

(Rasheed & Khalid 2016; Afridi, Yousufi, and Khan, 2014; Afsar et al., 2012; Burnham, 

2011; Bhatti et al., 2011; Hussain, 2010; Lanche, 2009; Kazim et al., 2008), but all these 

lacks in analyzing suicide attacks by using Geospatial Modeling. These studies deal 

primarily with simple spatial or statistical analysis specific to a particular space and time 

while do not consider modeling.  
 

 Keeping in view the missing gaps in the studies mentioned above, the present study is 

designed to fill those gaps, mainly through geospatial automated terrorism assessment 

modeling. This study mainly focuses on geospatial modeling and assessment for suicidal 

attacks at any spatiotemporal level and it may provide one window solution for multiple 

analyses at a single click. Furthermore, the main objective of this study is to analyze the 

suicide attacks in a detailed structural hierarchy for any space and time (local to national 

as well as international level in any time span) for planning and mitigation of suicide 

attacks. 

 

2. MATERIALS AND METHODS 
 

 The literature for geospatial modeling for suicide attacks is limited. Different 

researchers tried to develop models for terrorism and crime study according to the 

prevailing circumstances, but there are still limitations in these models, i.e., Hao et al. 

(2019) conducted a study to analyze terrorist attacks by developing a model using machine 

learning random forest (RF) method combined with GIS for Indo-China peninsula. This 

model can analyze and simulate terrorist data for any geographical area without 

considering the impact of the timescale. If the time scale is considered, the study can only 

be carried out at the national scale, creating a limitation for this model. The present study 

may cover this research gap while developing GIS-based suicide attacks assessment model 

(SAAM) that can be performed at any geographical and temporal scale. This research 

consists of different steps following significant steps. 
 

i. Data Acquisition  

ii. Data Standardization 

iii. Geospatial Modeling 
 

 Different datasets and software were used i.e., Suicide attacks data from 1995-2016 

Global Terrorism Database from START USA, administrate boundaries data from UN 
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OCHA, road network data (primary, secondary, and tertiary level roads, etc.) from WFP 

important events information from the literature. These data were standardized accordingly 

as per model requirement, as comma-separated values (CSV) standardized template was 

designed for suicide attacks. To keep the model simple and easy to use for non-GIS 

professionals, all attack data were placed (CSV) format, and ArcGIS software platform and 

python script were used to develop the model. While analyzing suicide attacks geospatially 

district-level administrative boundary was used as a study unit, but users may use other 

study units.  
 

 To study terrorism in Pakistan as a case study, there was only one available 

comprehensive database, i.e., Global Terrorism Database (GTD). Overall, 14 variables 

have been used for this study; the detail of GTD used variables is given in Table 1. GTD 

is an open-source database including information on terrorist events around the world from 

1970 to 2016. Unlike many other event databases, the GTD includes systematic data on 

domestic as well as transnational and international terrorist incidents that have occurred 

during the 1970-2016 time period. For each GTD incident, information is available on the 

date and location of the incident, the weapons used and nature of the target, the number of 

Fatalities, and if identified, the information of the group or individual responsible. It 

contains information on 5770 suicide attacks and includes information on at least 45 

variables for each case, with more recent incidents including data on more than 120 

variables. Statistical information contained in the GTD is based on reports from a variety 

of open media sources. The National Consortium for the Study of Terrorism and Responses 

to Terrorism (START) makes the GTD available via an online interface to increase 

understanding of terrorist violence to be more readily studied and defeated (START, 2016). 

The general layout of the overall research methodology is given in Figure 1. 

 

Table 1 

GTD Data Variables Used 

S# Variable Remarks 

1 Date Date of terrorist attack 

2 Location Provides the detail of region as Province, District etc.) 

3 Latitude & Longitude Lat long of each incident 

4 Vicinity 
Describes the status of the attack either happened in 

the city or its vicinity 

5 Suicide nature The attack is suicide or not 

6 Attack Success Whether either attack was successful or not 

9 Group Name Name of terrorist Group involved in the attack 

10 Target/Victim information 
Information on up to three targets/victims is recorded 

for each incident 

11 Incident Claim Responsibility is taken by some group or not 

12 No of Fatalities Total number of fatalities in each attack 

13 No of Injuries Total number of fatalities and injured in each attack 

14 No of Hostages Total number of hostages/kidnapping in each attack 
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Figure 1: Overall Research Methodology (Source: author) 

 

2.1 Geospatial Modelling and Development of SAAM 

 Modeling can be characterized by geographic information systems (GIS) as happening 

at whatever point tasks of the GIS endeavor to imitate forms in reality at one point in time 

or over an all-inclusive period. Models are helpful and utilized in a vast range of GIS 

applications, from basic assessment to the likelihood of a phenomenon (Goodchild, 2005). 

In this research, SAAM was developed using Python Scripting ArcGIS and structured 

query language (SQL). ArcGIS software has a component for the construction of batch 

processing data that is called Model Builder. Model Builder is an application used to create, 

edit, and manage models in the ArcGIS environment. SAAM consists of a workflow that 

strings together sequences of geoprocessing tools, feeding the output of one tool into 

another tool as input. Model Builder can also be considered a visual programming language 

(VPL) for building workflows (ESRI, 2016). In model builder, tools can be used 

interactively or can be used in models by scripting languages or by adding geoprocessing 

tools, layers, datasets, and other data types, and then can be connected to do a process. 

Model Builder produces a program called “model” that can be converted to Python 

scripting language on-demand basis (Dobesova, 2012). The conceptual framework of 

SAAM consists of four core components, which are given below: 

i. Data inputs (attacks data, roads, administrative boundaries, etc.) 

ii. Platform (ArcGIS Model builder along with Python Script and SQL) 

iii. Processing Unit (includes all types of GIS-based, geostatistical, and statistical 

tools, etc., which are clubbed together). 
 

 Products (point distribution maps, Choropleth maps, raster maps, heat maps, hotspots, 

geostatistical outputs, proximity-based outputs networking statistical complex 

relationships development reports, etc., for any space and time). The SAAM conceptual 

diagram is given in Figure 2. 
 

Data Acquisition 
 Suicide Attacks Data 

 District Level Boundary Map 

 Road Network 

 Important Events Info 

Data Standardization  

Geospatial 

Modeling 

Statistical Analysis  

Results & Conclusion  

GIS Analysis  

Reporting  
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Infrastructure Data 
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ARCGIS 
(Python & SQL) 
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Spatial Distribution 
Assessment of Suicide Attacks 

Directional Trend 

Temporal Assessment 

Incident Density Mapping 

Statistical Assessment 

Data Aggregation 

Suicide Attacks Network 
Assessment 

Proximity Analysis 

Spatial Autocorrelation 
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Graphical Reporting 

 
 

 
 

Products 
 

Spatial Distribution of Incidents 
(Maps of Attacks, Injuries, Fatalities) 

Directional Trend of Attacks  (Maps) 

Temporal  Classification & Analysis (Charts 
(Yearly, Monthly, Weekly) &  Maps 1995-2016) 

Heat Maps (Incidents,  
Fatalities & Suicides) 

Statistical Summaries & Tables (Incidents, 
Fatalities, Injuries, District Count, etc.) 

Temporal Choropleth Maps (Incidents, 
Fatalities  Injuries & Suicides Attacks) 

Assessment of Terrorist Attacks Network 
Group Wise (Maps & Reports) 

Proximity Maps of  
Road Side Attacks 

Correlation Assessment, Clusters & Outliers 
Analysis (Maps & Reports) 

Maps & Reports of Threat Prone 

Graphical Reports of Results 

 

 

Figure 2: Conceptual Diagram of Suicide Attack Assessment Model (SAAM) (Source: author) 
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2.2 SAAM Processing Unit 

 The SAAM processing unit has different components for data processing and 

computation, a brief detail regarding components and processing capabilities is given 

below:  

 

2.2.1 SAAM for Spatial Distribution and Directional Trend Assessment  

 According to O'Sullivan & Unwin (2003), point pattern analysis can describe patterns 

of locations of point events and test whether there is a significant occurrence of clustering 

patterns in any space or not. SAAM performs all analyses very systematically step by step 

within no time. In the first stage, SAAM maps all point data of suicide attacks spatially and 

temporally with a user-defined coordinate system, symbology, selected spatial extent, and 

temporal window along with directional trend. The directional trend creates Standard 

Deviation Ellipses to study the dispersion and orientation of terrorist attacks in the study 

area. A common way of measuring the trend for a set of point data or areas is to calculate 

the standard distance separately in the x- and y-directions. Wang et al. (2015) say that 

standard deviational ellipse (SDE) is a vital GIS analysis for delineating the spatial spread 

of features under study. This analysis is mainly used to measure average location, 

orientation, dispersion, or concentration. It is generally employed to understand spatial 

distribution trends. 

. 

 

2.2.2 Temporal Assessment  

 SAAM tracks suicide attacks annually, monthly, and weekly basis for identifying trends 

and cycles in attacks. For mapping purpose SAAM splits data into four classes at different 

time periods in this study it created Class-I (1995-2004) represented with a green dot, 

Class-II (2005-2008) with a yellow dot, Class-III (2009-2012) with blue and Class-IV 

(2013-2016) represented with a red dot. It also creates a data clock along with spatial and 

temporal distribution of incidents. The data clock is a two-dimensional chart; it permits 

analyzing trends in the temporal distribution of data at two different levels (ESRI, 2016). 

 
2.2.3 Statistical Assessment 

 In SAAM, the statistical assessment tool creates summaries and pivot tables of 

prerequisite variables from point data and aggregated data and provides output for further 

analysis for choropleth maps, report generation, hotspot analysis, etc. It creates a summary 

for yearly attacks, district-level count, provincial-level count, casualty count, the weapon 

used count, attack type tactics summaries and target selection count, etc. 

 
2.2.4 Proximity Analysis 

 SAAM performs proximity analysis to identify the occurrence of suicide attacks along 

the roadsides across at any location within 100 m, 250m, 500m, 750m, and 1000m radii. 

SAAM considers four types of roads, i.e., highways, primary, secondary and tertiary roads. 

This analysis generates different buffers of variable length, calculates the occurrence of 

attacks within each buffer zone, and creates correlation graphs. 
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2.2.5 Terrorist Network Tracking 

 SAAM can analyze the terrorist attacks of specified terrorist groups concerning the 

pattern of the attack considering each incident's dates and spatial location and creates 

network incident to incident. It also calculates the distance between consecutive attacks 

and penetration of terrorist groups within each province or district. It also calculates total 

distance, average distance, minimum distance, and maximum distance among all attacks. 

 
2.2.6 Incidents Density Mapping 

 To estimate suicide attack density and casualty density, the kernel density estimations 

technique was used employing SAAM. Levine (2007) stated that kernel density calculation 

developed a powerful method for hotspot analysis and quickly visualized trends over large 

areas. In this research, kernel density was used to interpolate suicide attacks and mortality 

data to analyze the impact of terrorism with respect to the number of attacks and deaths. 

Cell size was kept at 1x1 km for the whole study area, which means during this analysis, 

minor detail was also incorporated. 

 
2.2.7 Data Aggregation 

 According to Eck (1997), the vector data method is the best method to represent 

irregular object boundaries (at the district level or state level) with more accuracy than 

raster data. SAAM creates aggregated maps of attacks and fatalities at any user-defined 

area of interest (AOI) and temporal extents. The choropleth maps at the localized level 

explain a number of attacks and fatalities in a well-defined and discrete way, which can 

easily differentiate administrative boundaries and help understand the terrorism pattern at 

a more localized level. 

 

2.2.8 Spatial Autocorrelation, Clustering, and Outlier Analysis  

 SAAM also performs Spatial Autocorrelation, Clustering, and Outlier Analysis for the 

number of attacks vs. the number of fatalities and injured, etc., using different geostatistical 

techniques at one go, especially Moran’s I statistic and Anselin Local Moran’s I statistic. 

It identifies clusters and outliers among aggregated as well as point data. Spatial 

autocorrelation finds if there is clustering or dispersion exists in a map. While a positive 

Moran’s I hint if the data is clustered, a negative Moran’s I imply dispersed data. The 

values of Moran’s I remain in positive and negative domains, indicating positive and 

negative spatial autocorrelations, respectively. According to Mitchell (2005), the z-score‖ 

and the p-value‖ are two significant statistical parameters in spatial autocorrelation. Global 

Moran’s I statistic was used to analyze spatial autocorrelation further by utilizing an 

already developed model. Global Moran’s I calculate spatial autocorrelation based on both 

incidents locations and relevant values simultaneously. This statistic evaluates whether the 

pattern is dispersed, clustered, or random based on user-provided features and the attached 

attribute. Then it calculates the Moran’s I Index value, z-score, and p-value to analyze the 

significance of that Index. P-values are arithmetic approximations of the area under the 

curve for a given distribution, limited by the test statistic. When there is a positive Moran’s 

I, it means data is clustered; a negative Moran’s I result in data is dispersed. (ArcGIS 

Resource Center, 2012) 
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2.2.9 Hotspot analysis  

 SAAM also identifies hotspots and uses Getis Ord Gi* statistics at any space and time. 

Getis &Ord (2010) state that hotspot analysis identifies the locations and sizes of clusters 

based on the relative risk ratio according to their significance. It considers the expected and 

observed cases of a phenomenon, such as terrorist incidents, and determines if a specific 

location is experiencing a statistically significant high or a low number of attacks.  

 
3. RESULT AND DISCUSSION 

 

 Counter-terrorism may begin with an understanding of terrorists and terrorist groups 

and deep knowledge about dynamic terrorist networks and the inner working of terrorist 

systems. Siebeneck et al. (2009) describe that the world community is fighting terrorism 

globally in the present age of information and knowledge. Theoretically, spatial and 

temporal trends display the dynamics of cultural processes across the physical landscape. 

Thus, analysis of terrorist activities may provide information regarding geographic spaces 

and the underlying behavior of terrorists. In this research for assessing terrorism data, a 

complex GIS-based model was developed using ArcGIS model builder and Python script.  

 
3.1 SAAM a Tool for Counter-Terrorism 

 SAAM has multiple benefits law enforcement agencies develop counter-terrorism 

plans by analyzing attacks spatially and temporally without prior knowledge of GIS 

analysis. This model allows the user to analyze data efficiently within no time. The model 

displays workflow sequence as an easy-to-understand diagram; run a model step-by-step 

up to a selected point, or run the entire model. The model can be used as a geoprocessing 

tool shared with other users on a web platform or used in Python and another scripting. 

SAAM computed more than 25 types of different outputs, i.e., point data maps, choropleth 

maps summaries, tables, raster maps, and geostatistical results in the form of maps, etc. 

The detail of the structural hierarchy, which includes modules of SAAM, processes, 

techniques, and tools used, detail of input variables, primary output, and additional outputs, 

is given in Table 2, and the physical hierarchy is shown in Figure 3. SAAM also has a very 

user-friendly interface. This interface has user-defined inputs and output options and other 

functions for any space and time. The view of the user interface is given in Figure 4. 
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Table 2 

Structural Hierarchy of Suicide Attack Assessment Model (SAAM) 

Input Modules Process Techniques/Tools Used Variables Primary Output Additional Output 

Suicide 

Attacks 

Point 

Data 

Spatiotemporal 

Assessment of 

Suicide Attacks 

Spatial 

Distribution of 

Suicide Attacks 

SQL, Clip Data, Point 

Distribution, Statistical 

Summary & Specified 

Symbology 
Space, Time & 

Suicide 

Attacks info 

Map of Spatial 

Distribution Assessment 

of Suicide Attacks 

Graph & Reports of 

Provincial Suicide 

Attacks 

District 

Boundary 

Directional 

Distribution 

Suicide Attacks Point Distribution, 

Directional Trend & 

Specified Symbology 

Map of Spatial 

Distribution Assessment 

of Suicide Attacks with 

Directional Trend 

N/A 

Roads 

Data 

Spatial 

Distribution of 

No of Fatalities 

per Attack 

Space, Time, 

Suicide 

Attacks & 

Fatalities info 

Map of Fatalities per 

Suicide Attack 
 

Temporal 

Assessment of 

Attacks 

Point Distribution, 

Statistical Summary, 

Specified Symbology 

&Tracking Analysis 

 

Space, Time & 

Suicide 

Attacks 

Temporal Distribution 

Map, Histogram & Data 

Clocks 

Graph & Reports of 

Yearly, Monthly & 

Weekly Suicide 

Attacks 

Spatiotemporal 

Assessment of 

Terrorist Target 

Selection 

Space, Time, 

Suicide 

Attacks & 

Target Types 

Map of Spatial 

Distribution of Target 

Types for Specific Time 

Period 

Graph & Reports of 

Target Type vs. 

Fatalities& Injuries 

for Specific Time 

Period 

Spatiotemporal 

Assessment of 

Terrorist Group 

wise 

Space, Time, 

Suicide 

Attacks & 

Terrorist 

Groups 

Map of Spatial 

Distribution of Group 

Types for Specific Time 

Period 

Graph & Reports of 

Attack Groups Wise 

vs. Fatalities& 

Injuries for Specific 

Time Period 
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Input Modules Process Techniques/Tools Used Variables Primary Output Additional Output 

Proximity 

Analysis of 

Suicide Attacks 

Proximity 

Analysis for 

Suicide Attacks 

Along Roadside 

Buffer Analysis & 

Specified Symbology 

Space, Time, 

Suicide 

Attacks & 

Buffer 

Distance 

Map of Proximity 

Analysis of Road 

Graph & Reports for 

Buffer Distance vs. 

No of Suicide 

Attacks 

Density 

Analysis of 

Suicide Attacks 

Heat mapping 

of Suicide 

Attacks 
Kernel Density & 

Specified Symbology 

Space, Time, 

Suicide 

Attacks, 

Population 

Field, Search 

Radius & Cell 

Size 

Heat maps on Basis of 

Density of No of Suicide 

Attacks 

N/A 

Heat mapping 

of No of 

Fatalities 

Heat maps on Basis of 

Density No of Fatalities 

by Suicide Attacks 

N/A 

Data 

Aggregation of 

Suicide Attacks 

Data 

Aggregation for 

Suicide Attacks 
Choropleth Map 

Technique, Statistical 

Summary & Specified 

Symbology 

Space, Time, 

Suicide 

Attacks 

District Profile Map of 

Suicide Attacks 

Graph & Reports of 

District Profile of 

Suicide Attacks 

Data 

Aggregation for 

No of Fatalities 

Space, Time, 

Suicide 

Attacks & 

Fatalities info 

District Profile Map No 

of Fatalities by Suicide 

Attacks 

Graph & Reports of 

District Profile of No 

of Fatalities 

Spatial 

Autocorrelation

, Clustering & 

Outlier 

Analysis of 

Suicide Attacks 

Spatial 

Autocorrelation 

for Suicide 

Attacks 
Global Moran's I 

statistic, Statistical 

Summary & Choropleth 

Map Technique 

Space, Time, 

Suicide 

Attacks 

Tabular Results 

Graph & Reports of 

Global Moran's I 

statistic for Suicide 

Attacks 

Spatial 

Autocorrelation 

of No of 

Fatalities 

Space, Time, 

Suicide 

Attacks & 

Fatalities info 

Tabular Results 

Graph & Reports of 

Global Moran's I 

statistic for No 

Fatalities by Suicide 

Attacks 
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Input Modules Process Techniques/Tools Used Variables Primary Output Additional Output 

Clustering & 

Outlier Analysis 

for Suicide 

Attacks 
Anselin Local Moran's I 

statistic, Statistical 

Summary & Chloropleth 

Map Technique 

Space, Time, 

Suicide 

Attacks 

District Profile Map of 

Anselin Local Moran's I 

Statistic Result for No of 

Suicide Attacks 

Tabular Results 

Clustering & 

Outlier Analysis 

of No of 

Fatalities 

Space, Time, 

Suicide 

Attacks & 

Fatalities info 

District Profile Map of 

Anselin Local Moran's I 

Statistic Result for No of 

Fatalities 

Hotspot 

Analysis of 

Suicide Attacks 

Hotspot 

Analysis of 

Suicide Attacks 
Getis-Ord Gi* statistic, 

Statistical Summary & 

Chloropleth Map 

Technique 

Space, Time, 

Suicide 

Attacks 

District Profile Map of 

Getis-Ord Gi* statistic 

Result for No of Suicide 

Attacks 

Hotspot 

Analysis of No 

of Fatalities 

Space, Time, 

Suicide 

Attacks & 

Fatalities info 

District Profile Map of 

Getis-Ord Gi* statistic 

Result for No of 

Fatalities 
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Figure 3: Physical Hierarchy of SAAM (Source: author)
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Figure 4: User Interface of SAAM (Source: author) 

 

3.2 Spatial Distribution Assessment of Suicide Attacks  

 SAAM analyzed the spatial distribution of suicide attacks along with directional trend. 

Results showed that 476 suicide attacks were recorded with 28 annual mean and 79 attacks 



Shahid Imran et al. 341 

highest in a year with 23 standard deviations. These attacks had affected Pakistan’s peace 

badly resulted in 6536 deaths and 12546 injured. The further details of descriptive statistics 

of suicide attacks are given in Table 3.  
 

Table 3 

Descriptive Statistics of Suicide Attacks from 1974-2016 

VARIABLE SUM MEAN MIN MAX RANGE STD 

No of Suicide Attacks 476 28 1 79 78 23 

No of Fatalities 6536 384.5 3 1017 1014 319 

No of Injured 12546 738 10 1872 1862 626.9 
 

 Analysis of the spatial distribution of suicide attacks resulted that terrorist attacks had 

partial spread across Pakistan but were more concentrated in the Northwest region of 

Pakistan which was KPK and FATA. The directional trend was also elongated more 

towards the Northern side from the center and covered 72% of all suicide attacks in 

Pakistan during the studied period 1995-2016 (Table 4). During 1995-2016, KPK remained 

at the top of the province-wise distribution having 203 suicide attacks (42.6%), while AJK 

witnessed only 2 attacks (Figure 5). 
 

Table 4 

The attribute of SDE to Suicide Attacks 

Center 

X 

Center 

Y 

X Std 

Dist 

Y Std 

Dist 
Rotation 

No. of 

Incidents 

in Ellipse 

Total 

Incidents 
Percentage 

2995113 893268.2 184879.5 479688.9 31.612 343 472 72.66 
 

 
Figure 5: Spread of Suicide Attacks along with Directional Trend  

in Pakistan since 1995-2016 
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 While to assess the number of deaths per incident, a point distribution map was 

prepared using proportional point symbology as used by Jennifer et al. (2010) for terrorism 

assessment in the USA. The number of injured persons and fatalities per incident was 

divided into six and five classes respectively. The range of classes is given in Table 5 and 

the number of injured per incident is given in Figure 6.  

 

Table 5 

Classification Detail of Number of Fatalities & Injured per Incident 

S# Class Name Fatalities Per Incident Injured Per incident 

1 Class-1 1-10 1-10 

2 Class-2 11-20 11-25 

3 Class-3 21-40 26-50 

4 Class-4 41-80 51-100 

5 Class-5 Greater Than 80 101-200 

6 Class-6 - Greater Than 200 

 

 During the period of 1995-6, a total of 12546 persons were injured due to suicide attacks 

with a maximum of 351 injured per attack, which occurred in Lahore in 2016. The mean 

injured per incident rate was 30 during the period (1995-2016), the highest number of 

injured persons (4402) was registered in KPK province which was 35% of total injured 

persons. The lowest number of injured persons (82) were registered in AJK. Total Fatalities 

in suicide attacks for the study period (1995-2016), were 6536. The maximum number of 

fatalities per incident was 157 which occurred in a suicide attack in Peshawar in 2014. The 

average fatality rate per incident was 13.7. The spatial distribution of deaths per incident 

during 1995-2016 is shown in Figure 6. The deadliest attacks mostly occurred in KPK and 

FATA, whereas Punjab, Sindh, and Balochistan provinces witnessed only a few deadliest 

attacks. The worst suicide attack was witnessed in Peshawar City in 2014 with 131 death 

tolls (Figure 7). During the above-mentioned period, KPK remained on top owing to 2590 

deaths (39% of total Fatalities) and 4402 injured persons (35% of total injured), 

respectively. While AJK remained at the lowest having only 13 fatalities 0.2% (Table 6). 

The main reason for maximum fatalities in KPK province was suicide attacks from TTP. 
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Figure 6: Spatial Distribution of Number of Injured & Fatalities  

per Incident by Suicide Attacks in Pakistan 
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Figure 7: Top 10 Deadliest Suicide Attacks in Pakistan (Source: author) 

 

Table 6 

Provincial Comparison of Fatalities and Injured by Suicide Attacks 

S# Province No of Attacks Fatalities Percentage Injured Percentage 

1 KPK 203 2590 39.63 4402 35.09 

2 Punjab 71 1160 17.75 3023 24.10 

3 FATA 77 1018 15.58 1416 11.29 

4 Balochistan 62 904 13.83 1625 12.95 

5 Sindh 42 565 8.64 1196 9.53 

6 ICT 19 286 4.38 802 6.39 

7 AJK 2 13 0.20 82 0.65 

 

3.3 Temporal Analysis 

 SAAM tracked and mapped suicide attacks on months of the year, days of the month, 

and days of the week to identify trends and cycles of attacks during 1995-2016. There was 

a prominent pattern starting from the year 2007 and declining after the year 2013. 

Maximum numbers of attacks (183 with 38.45%) were observed in class –IV (Figure 8) 

and most of the suicide attacks occurred in FATA and KPK regions. In the identified 

classes based on years, 2013-2016 witnessed the highest number of incidents, and 1995-

2004 has the lowest number of incidents as shown in Table 7. Suicide attacks started from 

the year 1995 and increased rapidly after 9/11. The highest number of attacks occurred in 

2013 i.e. 79 with 824 fatalities. The year 1998 witnessed only 01 attack. The annual trend 

of suicide attacks along with Fatalities is given in Figure 8. 
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Figure 8: Temporal Distribution of Suicide Attacks from 1995-2016,  

along with Yearly Trend (Source author) 

 

 While months of year data clock resulted that the maximum attacks in the month of 

December i.e. 54 attacks resulted in 862 deaths, while August and September witnessed 

the minimum number of attacks i.e. 30. Days of month data clock resulted in maximum 

attacks on the 20th of each month i.e. 25 and with 243 fatalities while the least number of 

incidents occurred on the 22nd of each month i.e. 6. On weekly basis, maximum attacks 

were witnessed on Friday (91) with 1359 deaths and least attacks on Sunday (50) with 738 

Fatalities (Figure 9). 

 

Table 7 

Periodic Classification of Suicide Attacks 

S# Time Period No. of Incidents Percentage of Total 

1 1995-2004 13 2.7% 

2 2005-2008 105 22% 

3 2009-2012 175 36.76% 

4 2013-16 183 38.45% 
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Figure 9: Data Clocks of Suicide Attacks Months by Year,  

Days of Month and Days of Week (Source: author) 

 

3.4 Proximity Analysis  

 Sumathipala & Wijesekera, (2008) state that the GIS model can be effectively used to 

plan and deploy security for road users. In this research, SAAM performed proximity 

analysis to identify the occurrence of suicide attacks along the roadsides across Pakistan. 

The analysis of 1995-2016 data resulted in a linear pattern along the roadside with a 

maximum standard deviation at a 500 m buffer (Figure 10).  
 

 During the 1995-2016 period, a total of 476 suicide attacks were reported with a linear 

pattern along roadsides in which 147 suicide attacks occurred within 100 m buffer of roads 

i.e. 30% of total suicide attacks, 247 suicide attacks occurred within 250 m buffer of roads 

i.e. 51.5% of total suicide attacks and 347 suicide attacks within 500 m buffer i.e. 73% of 

total attacks. These results depicted that during 1995-2016, the maximum incident occurred 
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along the roadsides within a 500 m radius The R2 value (0.8685) showed a positive 

correlation between distance from road and number of attacks (Figure 11). 

 

 
 

Figure 10: Proximity of Suicide Attacks along Roadsides (Source: author) 

 

Figure 11: Graph of Proximity of Terrorist Attacks along Roadsides (Source: author) 
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3.5 Network Analysis 

 SAAM analyzed the terrorist attacks of the specified terrorist groups by tracking the 

dates and spatial location of each incident and created an ‘attack to attack’ network. Besides 

this, it also calculated the Euclidean distance between consecutive attacks and penetration 

of terrorist groups at the province or district level. It also calculated total distance, average 

distance, minimum distance, and maximum distance among all attacks with respect to their 

geographic location of occurrence. This analysis for the period of 1995-2016 revealed that 

maximum penetration of suicide attacks was observed in KPK with 203 attacks. The mean 

Euclidean distance between locations of suicide attacks was 355 km; the maximum 

Euclidean distance was 1241 km, (Table 8). The mean duration between attacks remained 

16 days and the maximum of 1500 days. The networking of attacks by terrorist groups is 

shown in Figure 12. It was also observed that maximum suicide attacks i.e. 162 (32%) were 

conducted by TTP. 

 

 
Figure 12: Suicide Attacks Network in Pakistan 1995-2016 (Source: author) 
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3.6 Incident Density Mapping 

 SAAM used Kernel Density Estimation for fatalities and injured density assessment 

because it was one of the best available techniques for trend and hotspot analysis at a large 

scale as illustrated by Levine (2007b). This analysis depicted that suicide attacks had an 

impact across Pakistan in different regions but the most of high density of incidents and 

fatalities was observed in North Waziristan Agency, Khyber Agency, Mohmand Agency, 

Bajour Agency, Orakzai Agency, Fr Peshawer, Fr Bannu, and Fr Kohat in FATA and 

Peshawer, Charsadda, Mardan, Lowe Der, Hangu, Kirk, Swat, Bannu, and D.I. Khan 

districts in KPK province. Federal Capital Islamabad showed a high density of suicide 

attacks along with a high fatality rate while Punjab province has hotspots in Lahore district 

and its adjoining areas and in the city of Rawalpindi. This higher density of mortalities was 

result of the higher number of suicide attacks. In Islamabad, mostly suicide attacks 

occurred after Lal Masjid Operation in 2007.  
 

 On the other hand, Quetta region in Balochistan province faced high density and a 

number of attacks resulting in a high rate of fatalities. While Sindh province mainly 

observed suicide attacks in Karachi city with the highest density of attacks and number of 

fatalities. The suicide attacks density and Fatalities have almost similar pattern with few 

exceptions (Figure 13). 
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Figure 13: Heat Map of Suicide Attacks Density and Fatality Density  

(Source: author) 

 

3.7 Data Aggregation 

 SAAM performed data aggregation and resulted that a total of 476 suicide attacks 

occurred during 1995-2016, where Peshawar city was ranked at the top with 67 (14%) 

suicide attacks and 829 (12.68%) fatalities. Quetta city from Balochistan province reported 

44 suicide attacks and 716 fatalities, Karachi city from Sindh province reported 33 suicide 

attacks and 462 fatalities, North Waziristan from FATA reported 24 suicide attacks and 
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196 fatalities and Lahore district from Punjab province reported 27 suicide attacks and 597 

fatalities, respectively. During 1995-2016, the mean number of suicide attacks per district 

remained at 3 with 45 mean deaths per district (Figure 14). District profile of suicide attacks 

and fatalities have shown the highest rate of both parameters in Peshawar followed by 

Quetta, Lahore, Karachi, and Charsada, respectively. 

 

 
 

 
 

Figure 14: District Profile Maps of Suicide Attacks and Fatalities 1995-2016  

(Source: author) 
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3.8 Spatial Autocorrelation, Clustering, and Outlier Analysis 

 SAAM revealed that there was a clustering pattern among terrorist attacks with Moran's 

Index value of 0.13, z-score 5.09, and p–value 00. Suicide attacks during 1995-2016 

rejected the null hypothesis and showed the presence of clusters in data (Figure 15). 

Similarly, fatalities as a result of suicide attacks and clustering among data showed there 

were areas where more fatalities occurred repeatedly. Moran's Index value for fatalities is 

0.13, z-score,5.07 ,and p-value 00. Hence in both cases, suicide attacks data during 1995-

2016 is not randomly distributed (Figure 15, Table 9). 

 

 
 

Figure 15: Spatial Autocorrelation Report of Suicide Attacks & Fatalities  

by Suicide Attacks (Source: author) 
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Table 9 

Summary Statistic of Global Moran’s I for Suicide Attacks and Fatalities 

S# 
Global Moran's I  

Statistics 

Values for  

Suicide Attacks 

Values for  

Fatalities 

1 Moran's Index 0.132631 0.135344 

2 Expected Index -0.006944 -0.006944 

3 Variance 0.000752 0.000786 

4 z-score 5.090357 5.074120 

5 p-value 0.000000 0.000000 

 

 To analyze the clusters by Spatial Autocorrelation for this period, and their relevant 

spatial locations, Anselin and Local Moran's statistic was used in SAAM which identified 

clusters and outliers in data (Figure 16). As a result of this analysis, most of the clusters 

were found in FATA and KPK regions (which include Kuram Agency, Kyber Agency, 

Mohmand Agency, Bajur Agency, Fr Kohat, Charsada and Nowshera, Hangu, Kohat, 

Malakand, Sawabi, Mardan, Bunir Lower, Peshawar, Lower Dir, Upper Dir, and Lakki 

Marwat) and districts from Punjab (Attock and Lahore) and were depicted in red color in 

Figure 16. Similarly, SAAM used Anselin and Local Moran's I statistic for fatalities data 

as a result of attacks during 1995-2016 to analyze the most suffered areas with respect to 

fatalities (Figure 16). Results depicted that most of the clusters were found in FATA and 

KPK regions (Kuram Agency, Kyber Agency, Mohmand Agency, Bajur Agency, Fr Kohat, 

Charsada and Nowshera, Hangu, Kohat, Malakand, Mardan, Lower, Peshawar, Lower Dir) 

and one district from Punjab (Attock), while Lahore District was found as an outlier. 

 

 
 

 



Geospatial Modelling & Analysis of Suicide Attacks in Pakistan 354 

 
Figure 16: Cluster and Outlier Assessment of Suicide Attacks & Fatalities Pakistan 

using Anselin Local Moran’s I Statistics (Source: author) 

 

3.9 Hotspot Analysis 

 SAAM used a geo-statistical technique called Getis- Ord Gi* Statistics for hotspot 

identification. This technique was also used by Nemeth et al. (2014), to identify the terrorist 

Hotspots. They used hotspot analysis to uncover those local areas that were more prone to 

domestic terrorism. SAAM resulted in 8 strong hotspots; among these is Peshawar with the 

highest z-score (7.58) and DI Khan with the lowest z-score (1.87) as shown in Table 10. 

Overall, hotspot analysis revealed that all the provinces had faced some impact of suicide 

attacks (Figure 17). Similarly, hotspot analysis of fatalities due to suicide attacks revealed 

6 strong hotspots at different places. Among these, Peshawar has the highest z-score (6.47) 

for fatalities and Rawalpindi has the lowest z-score (1.75) as shown in Table 11. 
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Figure 17: Hotspot Analysis of Suicide Attacks & Fatalities (Source: author) 
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Table 10 

Getis- Ord Gi* Statistics Result for Suicide Attacks 

Values Karachi Quetta 
D.I 

Khan 
Lahore Rawalpindi Islamabad Peshawar NWA 

GiZ Score 3.534 4.84 1.87 2.82 1.99 1.87 7.58 2.46 

GiP Value 0.00 0.00 0.06 0.00 0.05 0.06 0.00 0.01 

Neighbors 9 12 20 15 36 32 32 19 

Gi_Bin 3 3 1 3 2 1 3 2 

 

Table 11 

Getis- Ord Gi* Statistics Result for Fatalities by Suicide Attacks 

Values Karachi Quetta Lahore Rawalpindi Islamabad Peshawar Charsada 

GiZScore 3.53 5.54 4.55 1.75 1.99 6.47 2.16 

GiPValue 0.00 0.00 0.00 0.08 0.05 0.00 0.03 

Neighbors 9 12 15 36 32 32 30 

Gi_Bin 3 3 3 1 2 3 2 

 

4. CONCLUSION 
 

 GIS-based modeling using the Model builder is user-friendly, easy, interactive, and 

efficient for spatiotemporal assessment of terrorist attacks especially suicide attacks in any 

space and time. This model has the ability to analyze data from simple spatial distribution 

to choropleth maps, raster analysis, complex statistical relationships development, and 

advanced geostatistical analysis as per user requirements along with reports and graphs on 

a single click. Besides this model has the ability to operate from local level to country and 

global level and can be replicated. SAAM model can be used as a geoprocessing tool that 

can be shared with others or can be used in Python scripting, ArcGIS Desktop environment, 

and in Web GIS.  
 

 Spatial analysis of Suicide Attacks for the period of 1995-2016 revealed that a total of 

476 attacks occurred resulting in 6536 fatalities and 12546 injuries respectively., it is 

concluded that the spread of suicide attacks was partially spread all across Pakistan with 

maximum concentration in KPK Province while minimum in AJK. The major reason for 

these attacks in KPK and FATA is the presence of TTP and allied organizations in these 

areas. 
 

 On a temporal basis, it further revealed that year 2013 witnessed maximum suicide 

attacks, where the month of December with the highest rate of attacks and Aug and Sep 

with minimum attacks. Similarly, on the days of week analysis, Friday witnessed the 

maximum number of attacks and Sunday observed the minimum numbers. 
 

 Road Proximity analysis of suicide data depicted a linear pattern along the roadside 

with maximum standard deviation at a 500m buffer zone, it has further revealed that the 

maximum 347 (73%) suicide attacks occurred within just 500m proximity of roads. The 

easy access to targets may have enabled the attacks along the roadside where the major 
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population is based and faces maximum collateral damage. This also indicated that the law 

and order situation along the roadsides was poor during the period and no proper 

mechanism existed to counter suicide attacks. 
 

 Other analyses including the Density Analysis and Data Aggregation technique of 

suicide attacks during 1995-2016 depicted that the impact of suicide attacks was across 

Pakistan in different regions, but the highest density of suicide attacks and fatalities was 

observed in KPK Province with Peshawar City on top. Spatial Autocorrelation of Suicide 

Attacks and fatalities depicted that there was a clustering pattern with Moran's Index value 

of 0.13 and these clusters were mostly found in KPK, FATA, and Punjab regions with the 

highest value of Peshawar city with respect to attacks as well as fatalities. Similarly, 

Hotspot analysis has highlighted 8 areas that were more prone to suicide attacks among 

these Peshawar with the highest z-score i.e., 7.58, and D.I Khan with the lowest z-score 

i.e., 1.87. 
 

 Location-based analysis of terrorism especially suicide attacks is getting popularity 

these days among Law enforcement agencies of the world. GIS-based models especially 

SAAM can be very helpful to analyze such attacks in any geographical territory with any 

time scale requirement. This model is useful for administrative quarters and decision 

makers to adopt a mitigation and preparedness approach to fight against terrorist activities 

in the contemporary world. It further leads the research community to develop more 

advanced and sophisticated techniques for making society more peaceful.  
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