
Agent-based model for simulation of terrorism in 

Russia’s Caucasus 

Valery L. Makarov, Albert R. Bakhtizin 

Central Economics and Mathematics Institute of Russian Academy of Sciences. 47, 

Nakhimovsky Prospect, Moscow 117418, Russia. 

e-mail: makarov@cemi.rssi.ru, albert@cemi.rssi.ru. 

Abstract. The purpose of our research is to develop an instrument for searching 

the possibilities of decreasing the threat of terrorist acts and diminishing the 

number of terrorists. Recent terrorist acts, which caused death of innocent 

people, make the issue extremely urgent. We develop an agent-based model, 

which belongs to the class of models based on individual behavior of people. 

So, it is a known class of agent based models. 
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1. Short overlook on the related literature. 

Not a wide literature describes a number of agent-based models which study 

various aspects of terrorist phenomena.  It should be noted, that research is commonly 

based on artificial, not empirical  data. Indeed, according to the developers of the 

models, it is problematic to find reliable, ordered and detailed statistical data, which 

would enable adequate specification of the model’s equations. 

Researchers of Sandia National Laboratories (California, USA) constructed an 

agent-based model with two categories of agents and various types of social networks 

uniting agents (Ko and Berry, 2004). The first type is traditional agents (humans) and 

the second one is conceptual agents. The conceptual agent category introduces social 

networks in the model. Networks embrace religious communities and fraternities, and 

may transform into terrorists groups. Computations demonstrated that increase in 

tolerance level inside community leads to decrease in the number of potential 

terrorists. 

In another agent-based model, developed in Michigan Technological University, 

the medium for agents’ interactions is represented by a two-dimensional grid, with 

agents situated in its cells, and by resources, necessary for agents’ survival (Bulleit 

and Drewek, 2005). In case of a terrorist attack, destruction of resources and agents 

occurs in the radius, determined by the developers. 

Principles for modeling agents are based on the earlier work (Epstein, 2002), where 

conflicts among two ethnic groups are simulated with the help of an agent-based 
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model. Civil agents move in the medium searching for resources, necessary for their 

survival. Agents have memory about coordinates of the cells with maximum amount 

of resources. Agents are divided into men and women. Upon reaching a certain age 

and in case of having enough resources, agents may have children. Each agent has a 

peculiar feature. This is a number, which value is set at agent’s birth and may change 

in the course of interaction with other agents. With particular values of the above 

number, an agent may become a terrorist. In this case s/he loses stimuli for personal 

enrichment. The goal for agent’s existence becomes the search for cells with 

resources, in order to destroy them. In the course of a series of computational 

simulations it was revealed that the cells terrorists commonly attack are not the ones 

with the maximal amount of resources. The attacked cells are the points that 

correspond to routes, according to which agents most often move in search for 

resources. The authors link these routes to objects in real life, to which they attribute 

airports and railway stations. Consequently, the results of calculations become more 

realistic. 

The research by Weaver et al. (2001) describes behavior of a terrorist organization 

and of an individual agent-terrorist in terms of Markov processes, specified through 

the analysis of the large amount of available data (mainly, Internet news). 

The scientists from Cornell University developed an agent-based model, which 

considers a large number of parameters, divided into three categories: structural, 

individual and network (Genkin and Gutfraind, 2008). Structural parameters include 

population, tolerance level and the level for openness of the society (the ratio of 

people joining and leaving community to the total population). Two additional 

parameters – “social magnets” which are the place for agents’ interaction – are also 

considered among structural parameters. Social magnets are interest groups of the two 

types: extreme social magnets (closed sects or closed societies with extremist 

ideology) and neutral social magnets (e.g., yacht clubs). Individual parameters of the 

model are divided into the two types: invariant (gender, ethnicity etc.) and varying 

(political preferences, hobby etc.). 

Network parameter determines the tightness of links in the social network. This 

tightness is the average number of people with whom an agent keeps friendly 

relations (the default value of this parameter equals 5). One of the results of the model 

is the fact that the excess number of neutral social magnets in the society creates 

favorable conditions for the increase in extremist mood, and therefore, for existence 

of terrorists. 

Social networks and terrorist networks in particular are thoroughly studied by 

researchers of George Mason University. The paper of Tsvetovat (2007) demonstrates 

that topology and characteristics of terrorist networks are determined according to the 

following types of individual agents’ behavior: 1) work for executing terrorist act; 

2) plan of future actions; 3) exchange of objects and information between terrorists. 

2. Agent based model for the Northern Caucasus region. 

Taking into consideration the international experience, in 2010 the Central 

Economics and Mathematics Institute starts to develop an agent-based model for 
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spread of terrorism in North Caucasian Federal District. This District was singled out 

of Southern Federal District by the Decree of the President of the Russian Federation 

(Jan 19, 2010). North Caucasian Federal District includes the following regions 

(subjects of RF): 

1. Dagestan Republic; 

2. Ingushetia Republic; 

3. Kabardino-Balkaria Republic; 

4. Karachaevo-Cherkesskaya Republic; 

5. Republic Severnaya Osetia-Alania; 

6. Chechen Republic; 

7. Stavropolsky krai. 

The model is created on the basis of geographic information system (GIS). Note 

that GIS is in fact the system that allows constructing data bases, combining graphic 

and attributive presentation of diverse information. GIS enables spatial analysis of 

data and presentation of results in the form, habitual to users (graphs, diagrams, 

tables, maps etc.). General methodology for creating agent-based models according to 

GIS consists of the three major stages: 

I. Drawing the medium for functioning of the agents (e.g., the map of the country). 

The environment, where the agents act, can be more complex then pure map.  

II. Setting properties and methods for each element of the map. These properties 

and methods are initialized before the start of the model with the help of 

corresponding queries to GIS database. 

III. Creating the number of replications of objects of the “agent” type for each 

element of the map. 

The agent-based model for the spread of terrorism in North Caucasian Federal 

District was created on the basis of the scheme below (Fig. 1). 

The conceptual description of the model. 

1. Life cycle of an agent consists of the two major stages (birth and death) and 

intermediate states, traced at each step of the work of the model. 

2. From birth till a certain age (default value is 18) an agent does not contribute to 

gross regional product. Yet, upon reaching working age, agent starts to work. 

3. An agent may migrate among regions within the Federal District, with 

probability which depends on the level of salary and on agent’s propensity to move. 

4. With certain probability (calculated on the basis of statistical data) agents may 

have children. 

5. In the course of his/her life, agent may become a terrorist. In this case she/he 

stops working and the main life goal becomes preparation and execution of terrorist 

act. 

6. Agent may become a terrorist in a number of cases: 

• With high probability (0.7 by default), if relatives of the agent died in 

terrorist act or due to measures on elimination of terrorists, conducted by 

authorities. This imitates natural desire for revenge as well as dissatisfaction by 

well-being of standard agents. 

• With high probability (0.9 by default), if agent’s parent is terrorist. This 

models succession of generations. However, ability to conduct terrorist acts 

appears only upon reaching the age of 18. 
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• With low probability (0.2 by default), if the salary of the agent is low 

(relative to the average salary in the society) within a long period of time. This 

imitates dissatisfaction by well-being of other agents. 

• With low probability (0.1 by default), if the number of agents-terrorists in the 

society exceeds a certain threshold. In this way terrorists influence a macro 

parameter of the medium – the level of extremist mood. 

 

 
Fig. 1. Implementation of agent-based model in the program AnyLogic (see www.xjtek.com). 

7. If an ordinary agent transforms into terrorist, s/he starts creating links with other 

agents-terrorists. The more time an agent-terrorist exists, the larger number of links 

s/he has. With growing number of links, agent-terrorist increases his/her  level of 
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knowledge about incomes of ordinary citizens. This property is realized through the 

variable, which determines the “radius of visibility” for agent’s complete knowledge 

about other agents. Fig.2 demonstrates agents in the medium. Links are drawn 

between the agents; the number of these links differs, as was noted above. 

8. The probability of terrorist act depends on the time of existence of the agent-

terrorist (the time the agent conducts terrorist activity). In case of terrorist act agent-

terrorist destroys all agents in the proximity, with radius of this proximity being a 

function of the number of terrorist’s links with other agents-terrorists. In this way we 

imitate the level of preparation of terrorist act, which depends on the experience of 

agent’s communication and on possible help on the part of other agents. 

 

 
Fig. 2. Presentation of agents in the model (detailed part of the map) 

 

Specification of the model was done with consideration of the following 

parameters: 

o age; 

o ethnicity; 

o life expectancy; 

o types of parents (terrorist or not); 

o region of inhabitation; 

o level of knowledge about income of ordinary agents (for agents-terrorists);  



6      Valery L. Makarov, Albert R. Bakhtizin 

o income (for ordinary agents). 

 

Specification of regions (elements of GIS) was conducted with regard to the 

following parameters: 

� geographic borders; 

� population; 

� unemployment level; 

� gross regional product; 

� investments; 

� average salary; 

� average life expectancy at birth; 

� population growth. 

3. Simulations. 

The plan of the simulations is to find effective measures to diminish terrorist 

activity by varying basic parameters of the model and seeing the results of 

calculations.  

The basic finding of the calculations is related to a so called “radius of vision” of 

agents-terrorists. One can give different interpretations of the parameter. First of all it 

connects to a volume of information, terrorists obtain. Secondly, it is related to the 

level of easiness to reach a certain point and thirdly, it can be interpreted as a number 

of links between members of terrorist organizations. The simulations show that the 

parameter “radius of vision”  has a strong influence on the number of victims of 

terrorist acts. Less dependence on the quantities of terrorist acts itself. So, intelligence 

services should consider seriously the named parameter. 

Needless to say, that we state dependence of terrorists' activity on a number of 

other parameters as rate of unemployment, level of inequality in income distribution, 

institutional organization of the society like a spread of clans' structure. But the listed 

parameters are less controlled directly, and to change its a lot of time needs.  

One should take into account the some of the essential parameters of the model are 

not based on statistical or empirical data. We forced  to introduce its values artificially 

taking  help of a common sense. Hence some of the particular dependencies we 

calculated one should take under given conditions. 
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