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Abstract: Geographical circumstances are the fundamental background for all kinds of geo-
political events. The geopolitical environment system (GES) refers to a system that combines 
both physical and anthropogenic subsystems. Research on the geopolitical environment 
system simulation is a key to understanding the international geopolitical phenomenon. The 
theory of GES arose from the integration of the traditional geopolitics and earth system sci-
ences. As an interdisciplinary system composed of many different fields, integrated reviews 
and a metadata study of GES are urgently needed. This paper presents a comprehensive 
view into the origination and advance of the GES theory. The conceptual framework of the 
GES is described in detail. The methodology for simulating and forecasting geopolitical 
events is also provided. It is proposed that the core topics of the GES science may include, 
but are not limited to, issues as data acquisition technologies; principles on the interactions 
between multiple subsystems (or factors) at different scales; evaluating and mitigating the 
global geopolitical risks, including the political risks, economic risks, the social risks, the en-
vironmental risks and the technological risks; and forecasting the geopolitical events with 
machine learning and artificial intelligence techniques. 
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1  Introduction 

Geographical settings are the basis of all kinds of political actions. As demonstrated one 
hundred years ago by H. J. Mackinder, the actual balance of political power at any given 
time is the product of geographical, economic and strategic conditions (Mackinder, 1904). 
The term geopolitical environment refers to the combination of natural and social environ-
ments. A geopolitical environment system (GES) is a gigantic and complex system that con-
sists of physical elements (topography, geomorphology, water and land resources, meteoro-
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logical conditions, etc.) and socio-economic elements (demography, society, ethnicity, cul-
ture, politics, etc.) (Ge et al., 2017). The theory of GES arose from the integration of the 
traditional geopolitics and earth system sciences. Political geography is concerned with the 
study of the inter-relationships between people, state, and territory (Painter, 1995). “Geo-
politics”, a branch of ‘political geography’, is a method of studying foreign policy to under-
stand, explain and predict international political behavior through geographical variables 
(Evans and Newnham, 1998). It is common sense that the origination and development of 
regional/global political or economic patterns were influenced by geographical factors 
(Erickson et al., 2014). In 1899, Rudolf Kjellén first mentioned the term ‘geopolitics’ and 
defined it as a theory of looking at the state as a geographic organ or spatial phenomena 
(Cohen, 2014). The development of GES theory, which was affected by the conditions of the 
productivity, science and technology of a certain era, might be divided into three stages: the 
classical geopolitics before the World War II, geopolitics in the Cold War period, and geo-
politics in the post-Cold War period (Lu and Du, 2013; Kong, 2010).  

Power and control of the nation are the main concern of the classical GP. The expansion 
of the nation was controlled by the power of the nation which was affected by the geo-
graphical issues, such as location and distance. The ‘power’ varied among different eras, 
according to the productivity of that era. Theories on the organic characters of the states, 
such as ‘Land Power Theory’ (Chen, 2009), ‘Sea Power Theory’ (Mahan, 2006), ‘Airpower 
Theory’ (Seversky, 1950), have successively appeared. From this point of view, the world 
could be divided into a central region (the Eurasian continent) and a marginal area. In 1904, 
H. J. Mackinder presented the ‘Heartland Theory’ in his paper, ‘The Geographical Pivot of 
History’ (Mackinder, 1904). He suggested that the control of Eastern Europe was vital to the 
control of the world. N. J. Spykman proposed the Rimland Theory in 1942 and thought that 
the ‘Rimland’ was more important than the ‘Heartland’ (Central Asia) for the control of the 
Eurasian region (Spykman, 1965). The dominating political ideology is the confrontation 
between the West and the East for the geopolitics during the Cold War period. The world 
was divided into two geopolitical regions: the West and the East. It was suggested that the 
geopolitical strategy on each conflict point should be analyzed under the global view (Kiss-
inger, 2012), the transitional zones (Spykman, 1965) and the key zones (Brzezinski, 2012). 
The concept of ‘power’ of the nation has changed with the ecological globalization and the 
revision of the global geopolitical patterns after the Cold War. The theory of geopolitics be-
came richer and balanced, meanwhile, the ‘Central Empire’ and ‘Two Poles’ have been re-
placed by the multiple polar geopolitical entities. The means of a geopolitical relationship 
changed from confrontation to multiple types of competition and mutualistic symbiosis 
(Mao, 2013). Studies on geo-economics and geopolitical civilization have caught the pub-
lic’s attention. 

In addition to economic globalization, a series of global problems about resources and the 
environment resulting from global warming, ozone depletion and population pressures, etc., 
exceeded the boundary of a single discipline. Treating the Earth as an integrated system, 
Earth system science (ESS) is about the interactions of the lithosphere, hydrosphere, bio-
sphere and atmosphere, as well as the impact of human societies on these components. ESS 
studies the Earth system at multiple scales and from a systematic point of view that helps us 
to achieve a better understanding of the nature of what we depend on for our survival (Zheng 
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and Chen, 2001). The global change researches aimed to explore the dynamics of climate 
change and its impacts on physical environment as well as social society worldwide (Ma et 
al., 2014). Regulated by the global integrated research program, such as Global Environment 
Outlook (UNEP, 2017) and ‘Future Earth’ (Future Earth, 2017), Earth observation tech-
niques (data mining, machine learning, big data analysis, etc.) have been adopted in a tran-
scending, disciplinary boundaries approach. This approach promotes the GES study from 
being a single element or regional study to an integrated simulation of multiple elements at 
multiple scales. 

Globalization will not terminate the influence of the geographic factors. Instead, it will 
cause a much more complicated geopolitical system (Xin, 2016). In the new millennia, it 
was found that stable societies were becoming fragmented in many regions of the world 
(WEF, 2017). Regional geopolitical risks may cause significant effects worldwide (Ge et al., 
2007). Simulating the GES, the assessment of the risk and forecasting geopolitical events by 
combining physical and social sciences has attracted much attention in recent years. The 
concern of this paper is to present a comprehensive review of the progress of the theory and 
methodology in the geopolitical environment system, to introduce the state-of-the-art ap-
proaches to geopolitical events modeling and to provide an in-depth perspective of the 
prospect of GES science. 

2  Theoretical basis for the geopolitical environment system 

2.1  Conceptual framework of the geopolitical environment system 

Saul Cohen studied the dramatic geopolitical changes since the 1990s in the context of the 
physical and social settings (Cohen, 2014). It has been expected since the end of the 19th 
century that the formula that applies equally to history and to present politics will be dis-
covered (Mackinder, 1904). According to the general systems theory, a geopolitical system 
is a collection of interdependent parts enclosed within a defined boundary. Consequently, a 
GES is made up of three components: geopolitical actors (agents), relationships among these 
agents and the geographical environment (formula 1) (Bertalanffy, 1972). 
 S = f (N, R, G) (1) 
where S equals the GES, and N stands for the geopolitical operators. The nation is a typical 
type of geopolitical agent. International, political or economic organizations, together with 
the sub-regions within nations, could also be considered as geopolitical agents. R is the rela-
tionship among different geopolitical agents. G stands for all outside environments in which 
the geopolitical agents exist. G consists of not only the physical environment but also 
socio-economic environments, including topographical, meteorological, natural resources, 
political, social, economic, and cultural elements (Ge et al., 2017).  

One of the fundamental characters of the GES is that it has multiple scales. A GES is 
composed of some geopolitical elements (subsystems), and each subsystem itself may be 
composed of several little subsystems as well (Bertalanffy, 1972). The principles and dy-
namics of the GES vary at different scales. For example, Koen presented a multiple-level 
world model, which suggested that a GES could be divided into the geopolitical jurisdiction, 
geopolitical zones and nations (Cohen, 2014). The International Institute for Applied Sys-
tems Analysis (IIASA) divided the world into five regions for global energy security as-
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sessment: Organization for economic cooperation and development (OECD90); Eastern 
Europe and Russia (REF); Asia (except for OECD90 countries, ASIA); the Middle East and 
Africa (MAF); and Latin America and Caribbean countries (LAC) (GEA, 2012). The GES at 
each scale is controlled by several key factors, including physical and socio-economic fac-
tors. The research of GES relies on the integration of natural science and the humanities and 
should focus on the interdisciplinary theories and methodologies.  

A system is an organic entity, and its function is the output of the interaction of all kinds 
of inner factors. The GES could be described with n factors (state variables, Qi, i=1–n) from 
three categories (N, R, G) mentioned in formula 1. The variation of each variable Qi is the 
function of all indices. The dynamic of the system can be described with a group of 
first-order differential equations (formula 2) (Bertalanffy, 1972): 

 1 2( , , , )i
i n

dQ
f Q Q Q

dt
   (2) 

where Qi stands for the ith state variable of a GES. The transformation of the GES may be 
described as the trajectory of the state variables in the n dimension state space (Bertalanffy, 
1987). Assuming that a GES stays stable over time, formula 2 is equal to zero. Then, a series 
of initial values of the state variables can be achieved.  

In fact, it is difficult to achieve a resolution from formula 2. For GES simulation, nu-
merical analysis methods might be adopted to obtain an approximate resolution with a ra-
tional assumption and simplification of the geopolitical relationship and the boundary of the 
system.  

2.2  Modeling the dynamic of the GES 

It is not applicable to directly use conventional modeling methods for GES simulation. The 
high dimension complicates relevance and produces multiple objectives of the GES. Studies 
suggest that the concepts of multiple representation modeling and large-scale system de-
composition could be adopted, according to the system theory and contemporary control 
theory. J. David Singer created a statistical index, the Composite Index of National Capabil-
ity (CINC), for evaluating national power (Kim, 2010). The CINC score, which takes into 
account both military factors and economic and cultural factors for national power evalua-
tion has been widely used in recent studies.  

Ari Litwin and Jimmy Allen Davis designed a conceptual structure of a geopolitical in-
formation system, which combined multiple geopolitical indices with a geographic informa-
tion system (GIS). Mazis presented a theoretical paradigm of Systemic Geopolitical Analy-
sis. A geopolitical system might be divided into four key elements: military, economy, poli-
tics, and information (Mazis, 2014). Therefore, Nicholas J. Daras gave two common models 
to predict geopolitical incidents in a certain GES (Daras and Mazis, 2015). Beatriz Munoz 
focused on the energy security within certain geopolitical environments. The GES was sim-
plified as an energy agent (the producing, transit and consuming countries), energy rela-
tionship, and geographical environment (energy supply corridors, etc.). Thirteen indices 
from four categories (economic, energy specific, social political and EU relations) were se-
lected. A composite geopolitical energy supply risk index (GESRI) was computed for 122 
countries based on those indices (Muñoz et al., 2015). The Global Risk Report (GRR) by the 
World Economic Forum defined global risk as an uncertain event or condition that can cause 
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significant negative impacts on regional or national groups within the next decade. Twenty- 
nine global risks were defined and classified into five categories: economic, environmental, 
geopolitical, societal and technological (WEF, 2017).  

In general, a large, complicated GES could be decomposed into three scales, i.e., macro-
scopic scale (global), mesoscopic scale (national) and microscopic scale (local). A universal 
model may be composited from the integration of multiple models at different scales (Hirsch 
et al., 2008). The steps are as follows:  

1) Determine the study area and boundary of the system; 
2) Identify the key geopolitical environment elements; 
3) Progressively analyze the variation of the key geopolitical elements during certain 

geopolitical events; 
4) Explore the mechanism of the interaction among multiple key elements and determine 

the triggering points of forcing factors. 

3  Global network for geopolitical environment monitoring 

3.1  Observation systems for natural and social circumstance 

Qualified and timely data are critical to the geopolitical environment system research. To 
understand the geographical relationship scientifically, comprehensive analysis and deep 
mining of scientific data with relatively complete time series data are necessary. A geo-
graphical-based, in situ observation network has been established for natural ingredients 
monitoring. Those networks include the Global Climate Observation System (GCOS) and a 
global network of micrometeorological tower sites (Fluxnet), etc. (Qin, 2014). Various 
comprehensive global plans have also been performed aiming at the study goals from the 
different angles and discipline backgrounds and have provided plenty of the datasets of the 
Earth System (energy and water cycle, climate and cryosphere, land use cover, atmosphere, 
oceans, human security and biodiversity, etc.) on a global scale for the geopolitical system 
research.  

With the development of remote sensing, geo-information and computer technology, there 
are various global and regional spatial data of population-based, on-land use and nighttime 
lighting: Gridded Population of the World (GPW), LandScan population data of Oak Ridge 
Laboratory with the resolution of 30 seconds, AfriPOP, AsiaPop, AmeriPop in the Global 
Information Database of the United Nations Environment Program (http://www.clas. 
ufl.edu/), and the global GDP spatial distribution dataset G-Econ built by the Yale Univer-
sity in the United States with the observation data of 27,500 administrative units worldwide 
(http://gecon.yale.edu/). The World Bank (WB) developed the urbanization datasets for dif-
ferent countries of the world for the period from 1960 to 2014. (http://issuu.com/world. 
bank.publications/docs/9781464803635_465fe137eeee15).  

3.2  Geopolitical incidents recording and monitoring 

Many important changes in natural systems and human socio-economic systems often ap-
pear suddenly and unexpectedly. These were defined as unexpected geopolitical events, in-
cluding natural disasters, accident catastrophes, public health incidents and social security 
incidents. Recording and monitoring such events are of vital importance to the GES study. 
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Extreme weather events and natural disasters occur more frequently, and their intensity and 
impact continue to increase. The increasing trend of weather disasters (storms), hydrological 
disasters (floods, debris flows, and landslides) and climate disasters (extreme temperatures, 
droughts, and forest fires) will cause the instability of societies and potentially cause riots, 
insurgencies, urban violence, or war. The research of rapid monitoring and evaluating disas-
ter events have been performed for a long time. As a case in point, the Disaster Risk Index 
(DRI) presented by the United Nations Development Program (UNDP) is the representative 
of natural disaster risk management. On the national scale, HAZUS is widely used in the 
United States. In addition, on the local and community scales, there is CBDRM (Community 
based disaster risk management) in Asia and CDM (Community disaster management) in 
Europe (http://www.grid.unep.ch/activities/earlywarning/DRI/). 

Conflicts triggered by disasters, terrorism, regional conflicts and ethnic conflicts will 
cause a significant impact on geopolitical relations and affect the security of resources and 
energy. Because of this, all kinds of conflicts should be monitored in time and space. For 
this purpose, some programs have 
been conducted, such as the Centre 
for the Study of Civil War data 
(CSCW)(https://www.prio.org/Data/ 
Datasets/), the Uppsala Conflict Data 
Program (UCDP) Dataset (http:// 
www.pcr.uu.se/research/ucdp/dataset
s/), the Armed Conflict Location and 
Events Dataset (ACLED) (http:// 
www.acleddata.com/) and the Global 
Terrorism Database (GTD) (http:// 
www.start.umd.edu/gtd/). The varia-
tion of global geopolitical conflicts 
can be derived from those datasets 
(Figure 1). 

4  Methods for geopolitical events simulating and forecasting 

4.1  Identifying the characteristics of the GES actors 

The characteristics of GES operators, countries and international organizations, may sig-
nificantly influence the progress of the GES. Alesina et al. (2010) suggested that the size of 
a nation was determined by the trade-off between scale economies and the costs of popula-
tion heterogeneity that favor smaller countries. Klaus Desmet et al. (2011) quantitatively 
explored the breakup of nations in the EU region. The nations were characterized as a set, 
which consisted of multiple regions with cultural or economic heterogeneity. They used 
cultural distance and income distance as the main driving forces and found that ‘economic 
differences’ determined the order of disintegration and ‘cultural differences’ were the keys 
to the national instability (Miller, 2016). Recent studies revealed that a terrorist activity 
could be conceptualized as a social network and, in turn, a terrorist network. Simulation of a 
terrorist-organization structure may help to understand its properties and characteristic ac-

 

 

Figure 1  The number and frequency of injured persons caused 
by armed conflicts worldwide (1989–2015) 
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tions (Joshua, 2012). Kiruthiga et al. (2015) described the hub-spoke terrorist organization 
structure with a graphical, computer-aided, experimental modeling method. Clauset and 
Gleditsch (2012) identified the principle of terrorist attacks. They found that the influences 
of violent events tended to accelerate with increased size and experience. To address the 
patterns of the Islamic State of Iraq and Levant (ISIL) related to terrorism, a recently pub-
lished report from START classified the terrorist attacks into four ISIL-related perpetrator 
categories: ISIL predecessor, ISIL, ISIL affiliate and ISIL-inspired. The report illustrated the 
variations of ISIL-related terrorism over time and space (Miller, 2016). 

In recent years, agent-based models have been widely adopted to simulate actions of na-
tions in the world. Cederman et al. (2012) established the GeoSim, which is a model family 
which can well explain geopolitical phenomena. Weidmann and Girardin (2006) presented 
a software toolbox GROWLab (Geographic Research on War Laboratory), which pro-
vides a set of tools to support GES research. 

4.2  Simulating and forecasting the geopolitical events 

Quite a few previous studies indicated that geopolitical events occurred in non-random ways 
(White et al., 2013). A special section was published in Science in early 2017 for discussing 
the prediction and its limits. Ryan Kennedy et al. (2017) believed that with the aid of new 
techniques and data sources, elections and other geopolitical events will be predictable. 
Jasny and Stone (2017) developed prediction models using a dataset covering 86 nations and 
more than 500 elections. The results indicated that their method could predict 80% to 90% 
of elections in out-of-sample tests. 

Climate variability has been considered to have a close relationship with armed conflict. 
Nina von Uexkull assessed the relationship between civil conflict and growing-season 
drought. They found that for agriculturally dependent groups and politically excluded groups 
in poverty-stricken nations, a local drought is found to increase the risk of social violence 
(Von et al., 2016). Hsiang et al. (2013) quantified the impacts of climate on the social con-
flict. The results indicated that variation of precipitation and temperature systematically in-
creased the probability of local conflict.  

Literatures on the characters of conflicts and their relation to socio-economic conditions 
increased quickly in recent years. Economic elements, such as oil scarcity, may become the 
driving forces for geopolitical violence (Cotet and Tsui, 2013; Schneider and Troeger, 2011). 
Funke et al. (2015) studied the political fall-out from systemic financial crises over the past 
140 years based on a long time series dataset of about 800 elections. The result indicated 
that far-right parties increased their vote share by 30% after a financial crisis; José No-
guera-Santaella (2016) conducted a time series analysis to examine the influences of 32 geo-
political incidents on real oil prices from the American Civil War (1859) to the Arab Spring 
episodes (2011). The results suggested that geopolitical incidents influenced oil prices posi-
tively before 2000 but had little impact afterward.  

In 2013, Mayer-Schonberger and Cukier (2013) noted that the development of big data 
will have a dramatic impact on the economy, science, and society as a whole. Big data 
analysis based on intensive data has become the fourth paradigm of scientific research. In 
addition to mathematic modeling, the big data method has proven to be an efficient alterna-
tive approach for GES simulation (Fernández-Delgado et al., 2014). Based on the dataset 
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from the GTD, White et al. (2013) presented an empirical method for exploring terrorist 
activity from 2000 to 2010 in three Southeast Asian countries including Indonesia, the Phil-
ippines and Thailand. One of the main shackles of big data based modeling is identifying 
valuable information from noise (Jasny and Stone, 2017). Machine learning is good at han-
dling enormous numbers of predictors and combining them in a nonlinear and highly inter-
active way (Athey, 2017). Data mining and machine learning methods, which take into ac-
count both physical and socio-economic datasets, have proven to be more efficient for fore-
casting geopolitical incidents. Gao et al. (2013) presented a data-mining approach for mod-
eling geopolitical incidents. This method used prospective space-time scan statistics and 
could detect outbreaks of terrorist events at an early stage. Ding et al. (2017) demonstrated a 
deep learning method to evaluate risks of terrorist attacks on a global scale based on GTD 
dataset and other multiple resources datasets. The method performed well in predicting the 
terrorism incidents with a precision of 96.6%.  

5  Conclusions 

It has been more than a century since the origination of the concepts of geopolitics and po-
litical geography. Today, the theory of GES, which pays much attention to the integration 
and interdisciplinary study, has developed rapidly. According to the demands of application 
and the new advance in GEP and related techniques, the core topics of GES science may 
include issues as follows: 

(1) Data acquisition technologies. It is necessary to establish a seamless observation sys-
tem for geopolitical elements by combining multiple data acquisition approaches. Geo-
graphical Information System (GIS), along with remote sensing and other spatial informa-
tion techniques, will play an important role for geopolitical data management, data mining 
and data visualization.  

(2) Principles of the interactions between multiple subsystems (or factors) at different 
scales. These principles not only include the interactions between the five Earth spheres but 
also the global flows of people, resources and information.  

(3) Evaluating and mitigating the global geopolitical risks, including the political, eco-
nomic, social, environmental and technological risks. 

(4) Forecasting the geopolitical events with machine learning and artificial intelligence 
techniques. The existing physical models, such as the land surface model, climate model and 
ocean model, should be coupled at regional and global scales. Additionally, the 
socio-economic models, including international trade, urban development, etc., should also 
be simulated. 

With the progress of related science and technologies, the aforementioned techniques will 
play significant roles in geopolitical system research. 
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