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SCIENCE BETWEEN DISORDER AND ORDER

Guided by the similarity or identity of the external manifestations, sci-
ence will sooner or later bring the obtained objective results to our sub-
jective world, and will at once illuminate our mysterious nature, will
explain the mechanisms and the vital meaning of that which eternally
occupies the human mind–its conscience, and its tribulations.

Ivan Petrovich Pavlov1 1 Ivan Petrovich Pavlov. Lectures on Con-
ditioned Reflexes: Volume I. Lawrence &
Wishart Ltd., London, 1928

AT TARQEQ , OUR WORK IS DRIVEN BY THREE FUNDAMENTAL BELIEFS

about the world:

1. Aggregate human behaviour (that is, collective behaviour of a large number
of individuals in a given situation) is governed by yet-undiscovered laws
that can be mathematically stated and empirically verified. From this, it
follows that such laws also determine conflicts within and between human
groups.

2. While we do not understand what the exact laws governing aggregate hu-
man behaviour are–and how observed political, social, and economic be-
haviour follow from them–existing research across a range of mathematical,
computational, and natural sciences provides us with concepts, methods,
and tools that help us determine the contours of those laws, and understand
subnational, national, and transnational security challenges in novel ways.

Figure: Protests in Yemen during the 2011
Arab Spring. Image credit: Wikimedia Com-
mons/AlMahra

3. Judicious combinations of said concepts, methods, and tools applied to
quantitative open-source data and qualitative case studies can be used to
produce analyses relevant to a wide range of consumers–including gov-
ernmental and non-governmental organizations and businesses–that can be
independently verified and replicated.

The goal of this White Paper is three-fold. First, we explain why we hold the
above-mentioned beliefs to be true, and how our approach substantially differs
from existing lines of efforts in other security risk firms and research institu-
tions. Second, we show, by way of three select potential use-cases, how certain
advances in various sciences allow us to tackle current and emerging security
problems. Third and finally, we argue that Tarqeq is uniquely placed to lever-
age these new (and not-so-new!) intellectual technologies to serve the needs
of a range of consumers of security analyses by virtue of our past professional
experience, research, and academic training.

https://commons.wikimedia.org/wiki/File:Protest_Aden_Arab_Spring_2011.jpg
https://commons.wikimedia.org/wiki/File:Protest_Aden_Arab_Spring_2011.jpg
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Figure: Burning hashish seized in Operation
Albatross, a joint operation of Afghan officials,
NATO and the DEA, 2008. Image credit: Wiki-
media Commons/DEA

The Emerging Science of Human Conflict

Over the past four decades or so, a set of techniques, ideas, and theories have
emerged from multiple academic disciplines that seek to understand how com-
plex systems come to being and evolve with time. In particular:

• The mathematics of stochastic processes, nonlinear dynamical systems, and
networks,

• the physics of phase transitions, critical phenomena and statistical mechan-
ics,

• mathematical and computational models in evolutionary biology and ecol-
ogy,

• game theory, behavioural, and complexity economics,

coupled with inexpensive powerful computers and open-source programming
environments, have led scientists to posit theories of complexity that examine
systems and phenomena as diverse as insect colonies, evolution of life on earth,
the human brain, financial markets, and rise and fall of civilizations. Complex
systems are composed of interacting, networked units, and are characterized
by the ability to adapt and coevolve, show path-dependence, emergence, and
intelligence, and fit certain specific statistically-regular patterns despite their
rich behaviour.2 While a single “theory of everything” when it comes to com- 2 Stefan Thurner, Rudolf Hanel, and Peter

Klimek. Introduction to the Theory of Complex
Systems. Oxford University Press, New Delhi,
2018; and John H. Miller. A Crude Look at
the Whole: The Science of Complex Systems
in Business, Life, and Society. Basic Books,
New York, 2015

plex systems still eludes scientists, it is clear that for a complex system to be
treated as such, it must exhibit behaviour that lies somewhere in the middle of
the complete order-complete disorder spectrum, to have high “effective com-
plexity,” to use a notion of physics Nobelist and a pioneer of complexity science
Murray Gell-Mann.3

3 Murray Gell-Mann. Plectics: The study of
simplicity and complexity. europhysics news,
pages 17–20, January/February 2002

At the same time, and quite relatedly, works of mathematical biologists
and social scientists–beginning with John Maynard Smith and William Hamil-
ton to Robert May, Robert Axelrod, Joshua Epstein, Karl Sigmund, and Mar-
tin Nowak–have shown how simple computational and dynamical models–
repeated Prisoner’s Dilemma games in a variety of settings, agent-based mod-

https://commons.wikimedia.org/wiki/File:Burning_hashish_seized_in_Operation_Albatross.jpg 
https://commons.wikimedia.org/wiki/File:Burning_hashish_seized_in_Operation_Albatross.jpg 
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els, or even very simple mathematical equations–not only exhibit extremely
rich “emergent” behaviour but also provide insights into crucial biological and
social problems such as evolution of cooperation and other norms, behaviour of
ecosystems, and even mass uprisings and revolutions. (See Sigmund’s book for
an accessible introduction to a few of these models.4) What is equally surpris- 4 Karl Sigmund. Games of Life: Explorations

in Ecology, Evolution and Behavior. Dover
Publications, Inc., Mineola NY, 2017

ing is that some of such models have been shown to be applicable to a variety
of unrelated phenomena. As but one example: May along with a collaborator
showed in an influential 2011 paper how analogies between ecological webs
and spread of infectious diseases, and banking networks can be fruitfully used
to understand systemic risk in financial markets, a topic that rose to the fore in
finance and policy communities following the 2007-08 global financial crisis.5 5 Andrew G. Haldane and Robert M. May.

Systemic risk in banking ecosystems. Nature,
469:351–355, 2011

Mathematicians and theoretical physicists posit the existence of “universal-
ity” across a large class of disparate systems despite each of them being com-
posed of large number of different units. As Fields Medal-winning mathemati-
cian Terence Tao points out, what is truly surprising is that macroscopic laws
governing these systems are more-or-less independent of the microscopic laws
that govern the behaviour of the constituent units.6 As one illustration of this 6 Terence Tao. E pluribus unum From Com-

plexity, Universality. Dædalus, the Journal of
the American Academy of Arts & Sciences,
141(3):23–34, Summer 2012

phenomena, we point to a simple mathematical model of motor coordination in
humans, developed by Haken, Kelso, and Bunz (HKB), which predicts experi-

Technically, the HKB model draws on a
branch of statistical physics called synerget-
ics, and is, in its simplest formulation, a differ-
ential equation which models an observable
order parameter

mentally observed behaviour without drawing on any details of the numerous
neuro-muscular substrates involved in the process.7

7 H. Haken, J.A.S. Kelso, and H. Bunz. A
Theoretical Model of Phase Transitions in Hu-
man Hand Movements. Biological Cybernet-
ics, 51:347–356, 1985

This feature of universality–that we need not understand in detail the laws
determining how individual units in a given system behave to understand the
dynamics of the system as a whole–is key to the enterprise Tarqeq has under-
taken. Despite dramatic advances in electronic surveillance capabilities and the
ensuring high volume data streams, behaviour of individual malign actors re-
main next to impossible to predict, as security and intelligence services around
the world would attest. However, group dynamics–as a scientific matter–is
more tractable, not so much with the goal of prediction in mind, but to under-
stand broad trends which might facilitate development of offensive and defen-
sive countermeasures ahead of time.

In some ways, it is intuitively easy to understand why group dynamics
of networked actors shaping–and in turn, being shaped by–their environment
may be easier to understand than actions of individual actors. After all, groups
are collectively shaped by material factors–shared geography and environment,
and competition over resources–which, in turn, lead to certain behavioural
norms and conduct and shape preferences of individual actors. At a time when
many fear the rise of security polycrises–where political factors interact with
natural and economic ones, such as climate change and rapid urbanization, in
unexpected ways to disrupt public order and precipitate international conflict–
a focus on evolutionary dynamics of interacting groups of actors and institu-
tions provides us with an invaluable new way of thinking about potential fu-
tures.8 Another happy corollary of the focus on collective behaviour is that an 8 Abhijnan Rej. The Quad needs a futures fo-

cus. The Interpreter, July 18 2022ecological approach goes hand-in-hand with how classical geopoliticians–who
focus on material factors (geography, primarily) as drivers of conflict–view the
world. A perspective based on evolving group dynamics is also a powerful way
to think about transnational security challenges. After all, natural factors–and
the incentives and disincentives they provide to individuals and groups–never
respect artificial lines drawn on political maps.

Because of this focus on groups and collective behaviour, we contra certain
realist traditions in security studies, need not make any of the assumptions
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about rational behaviour of constituent actors of interest, assumptions that
have long been challenged by specialists in behavioural economics–beginning
with economics Nobelist Daniel Kahneman and his collaborator the late Amos
Tversky–in any event. As recent work on complexity science show, intelligent
behaviour can arise in groups without any assumption about intelligence of the
constituent units.

Figure: Bees working collectively exhibit sur-
prisingly intelligent behaviour. Image credit:
Wikimedia Commons/Merdal

However, it is important to note that this accent on macro-behaviour does
not mean we ignore the manifest richness of the geopolitical world. Rather, it
is this very richness that acts as source of inspiration for us as we seek to ex-
plain the “why” behind what we see as security analysts and researchers. As
an aside, we note that natural scientists who have developed mathematical and
computational models of biological and physical phenomena have often done
so by maintaining close contact with their colleagues who perform detailed
fieldwork and experiments. At Tarqeq, we seek to maintain balance between
mathematical and computational modelling and execution of empirically-
rich case studies that inform them.

It would be disingenuous of us to claim that the work Tarqeq does has no
precedence. After all, mathematical and computational modelling of conflict
rose to the fore in the early decades of the Cold War largely due to the efforts
of specialists at the RAND Corporation and John F. Kennedy’s Secretary of De-
fense Robert McNamara.9 More recently, to name just a few major contributors 9 Abhijnan Rej. The other legacy of Robert

McNamara. War on the Rocks, June 10 2016to the line of work being pursued by us (without discounting the important
work done by many others): Political scientist Joshua Epstein’s work on math-
ematical and computational modelling of conflict is pioneering.10 Another 10 Joshua M. Epstein. Nonlinear Dynamics,

Mathematical Biology, and Social Science,
volume IV of Santa Fe Institute Studies in
the Sciences of Complexity Lecture Notes.
Addison-Wesley Publishing Company, Inc.,
Reading MA, 1997; and Joshua M. Epstein.
Modeling civil violence: An agent-based com-
putational approach. PNAS, 99:7243–7250,
May 14 2002

early proponent of application of complexity science to international politics
was Robert Jervis, even though his account and approach were purely qualita-
tive and his accent was on structural international-political issues.11 Computer

11 Robert Jervis. System Effects: Complexity
in Political and Social Life. Princeton Univer-
sity Press, Princeton NJ, 1997

scientist Aaron Clauset continues to make fundamental advances in the statis-
tical study of interstate war trends.12 RAND’s Aaron Frank has persuasively

12 Aaron Clauset. Trends and fluctuations in
the severity of interstate wars. Science Ad-
vances, 4(eaao3580), February 21 2018

argued for the need to incorporate agent-based modelling in intelligence anal-
ysis.13

13 Aaron Frank. Computational social science
and intelligence analysis. Intelligence and Na-
tional Security, 32(5):579–599, 2017

The late Rafe Sagarin, an ecologist, was instrumental in developing a pro-
grammatic approach to security issues based on ideas from biology.14 In a

14 Raphael D. Sagarin and Terence Taylor, ed-
itors. Natural Security: A Darwinian Approach
to a Dangerous World. University of California
Press, Berkeley CA, 2008

related vein, Dominic Johnson and collaborators have developed quantitative
models of insurgency growth inspired by population biology.15 More recently,

15 Dominic D.P. Johnson and Joshua S.
Madin. Population models and counterin-
surgency strategies. In Raphael D. Sagarin
and Terence Taylor, editors, Natural Secu-
rity: A Darwinian Approach to a Dangerous
World, pages 159–185. University of Califor-
nia Press, Berkeley CA, 2008

Australian irregular warfare expert David Kilcullen has advocated the use of
ideas from ecology and complex adaptive systems to understand contempo-
rary security challenges.16 Mathematical biologist and historian Peter Turchin

16 David Kilcullen. The Dragon and the
Snakes: How the Rest Learned to Fight the
West. Hurst & Company, London, 2020

has developed mathematical models of rise and fall of societies and other po-
litical units that make striking–and gloomy–predictions about the future of the
United States.17

17 Peter Turchin. Political instability may be
a contributor in the coming decade. Nature,
463(26-32):608, 2010; and Peter Turchin.
War and Peace and War: The Rise and Fall
of Empires. PLUME, New York, 2007

The Uniqueness Proposition

In order to understand the uniqueness of the value Tarqeq brings to its con-
sumers, we outline four ways in which our approach to security analysis differs
from apparently-similar lines of effort in other firms and research institutions.

1. We are not a predictive analytics firm even though our toolkit includes vari-
ants of artificial intelligence methods (agent-based modelling and multi-
agent systems) and we heavily draw on computational modelling. While
Big Data has indeed proved to be quite useful in developing what is now

https://commons.wikimedia.org/wiki/File:Honey_comb.jpg
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called computational social science, leading proponents of the discipline
agree that looking for regularities in large data sets to predict behaviour is
often insufficient to explain the behaviour at hand.18 18 Jake M. Hofman et al. Integrating expla-

nation and prediction in computational social
science. Nature, 595:181–188, July 8 20212. We do not mechanically deploy what has come to be “core” quantitative

methods in social science: statistical modelling, and formal mathematical
models based on rational choice. We generally eschew the former because
a lot of statistical analyses in political science rely on suspect assumptions
and make dubious causal inferences19; in case of the latter, while we rec- 19 Adam M. Lauretig and Bear F. Brau-

moeller. Statistics and international secu-
rity. In Alexandra Gheciu and William C.
Wohlforth, editors, The Oxford Handbook of
International Security, pages 133–151. Ox-
ford University Press, Oxford, 2018

ognize its intrinsic value in order to set conceptual baselines for further
investigation–and Tarqeq provides extensive training to individuals and in-
stitutions in these methods–we remain mindful of the underlying assump-

For Tarqeq training solutions, see: https:
//tarqeqresearch.com

tions behind rational choice models while respecting their utility.

3. Similarly, while much of our work is driven by the study of complex adap-
tive systems, as the discussion in the previous section shows, we also de-
velop and deploy models based on other, related, approaches, such as non-
linear dynamics and basic “static” network analysis. We also supplement
such modelling with more traditional methods such as table-top simulation
exercises and scenario planning when necessary.

4. Finally, as ultimately fundamental as that quest may be, we do not research
general laws underlying human behaviour and conflict, leaving that task to
the able hands of leading academic researchers. We instead focus on specific The Santa Fe Institute remains the pioneer in

the search for general laws driving complex
adaptive systems

cases that serve the needs of our consumers.

A Note on Data

While we use specially-curated and often hand-crafted data sets for some of
our products–such as the Tarqeq Quarterly Report series–we are careful to only
use data that is publicly available and/or provided to us by our clients who
are legally authorized to possess it. At a more conceptual level, we do not rely
on source-based interviews for data collection since such a method comes in
the way of verifiability and replicability of our work, a guiding principle for
Tarqeq and scientific work in general. We reiterate that while quantitative data
may sometimes be necessary for our in-house and client projects, it is almost
never sufficient for the work we do.

The next chapter will illustrate our approach using specific potential use-cases.

https://tarqeqresearch.com
https://tarqeqresearch.com
https://www.santafe.edu/




FROM SCIENCE TO SOLUTIONS

In pursuing a ’why’ or a ’what if’ question about a complicated situation,
it can be helpful to ask whether particular factors may be more important
than others, and to see if such insight or guesswork does indeed provide
testable explanations. Mathematical models can be precise tools for do-
ing this, helping us make our assumptions explicit and unambiguous,
and to explore ’imaginary worlds’ as metaphors for such hypothetical
simplicity underlying apparent complexity.

Angela R. McLean and Robert M. May20 20 Angela R. McLean and Robert M. May. In-
troduction. In Robert M. May and Angela R.
McLean, editors, Theoretical Ecology: Princi-
ples and Applications, page 2. Oxford Univer-
sity Press, New Delhi, third edition, 2007

WE BRIEFLY OUTLINE how combinations of concepts, methods, and tools21

21 Scott E.. Page. The Model Thinker: What
You Need to Know to Make Data Work for You.
Basic Books, New York, 2018
Complexity scientist Scott Page terms this the
“many-model approach"

flowing from the science described in the previous chapter can be used to present
solutions to security problems faced by a range of consumers by way of three
illustrative potential use-cases: insurgencies in South Asia, future of urban con-
flict, and organized crime and counternarcotics. Before we do so, a note on ter-
minology: concepts refer to general overarching ideas and theories, methods
refer to techniques, and tools refer to specific modelling and other technical so-
lutions; see table below for examples to understand the difference between the
three.

Concepts Methods Tools
Emergence and self-organization Computer experiments Agent-based models
Phase transitions Mathematical models Nonlinear differential equations
Small worlds Data-driven Network analysis

Insurgencies in South Asia

When it comes to insurgencies, resource distribution conflicts, and civil unrest
in general in South Asia, population heterogeneity continues to be a driving
factor, as scholar Navnita Chadha Behera has persuasively argued in the con-
text of the Kashmir conflict.22 This is where agent-based modelling (ABM) 22 Navnita Chadha Behera. Demystifying

Kashmir. The Brookings Institution, Washing-
ton, D.C., 2006

plays a vital role since handling heterogenous agents is a key strength of that
approach. Specifically, ABM and spatial games techniques can be used to un-
derstand the extent to which insurgencies could coalesce and their tipping
points, as well as evolution of small local bands of malign actors into coher-
ent insurgent groups. Qualitative studies about the rise and fall of insurgent
groups–spatio-temporal dynamics, in other words–in South Asia (for example,
Staniland’s work23) can also be recast using models from population biology as 23 Paul Staniland. Networks of Rebellion: Ex-

plaining Insurgent Cohesion and Collapse.
Cornell University Press, Ithaca and London,
2014
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Figure: US Army personnel conducting
search of vehicles and people near Kakrak,
Uruzgan, Afghanistan, October 2011. Image
credit: Wikimedia Commons/United States
Army

well as nonlinear dynamics, building on the work of Johnson and Madin24 for 24 Dominic D.P. Johnson and Joshua S.
Madin. Population models and counterin-
surgency strategies. In Raphael D. Sagarin
and Terence Taylor, editors, Natural Secu-
rity: A Darwinian Approach to a Dangerous
World, pages 159–185. University of Califor-
nia Press, Berkeley CA, 2008

example. Here the relevant concept is phase transitions, the methods are com-
putational and mathematical, and tools include ABM, spatial games and games
on networks, and differential equations (possibly with stochastic components).
Potential CONSUMERS: Government security agencies; multinational organi-
zations interested in peacebuilding efforts.

Future of Urban Conflict

Figure: Rio de Janeiro–a quintessential con-
nected, coastal city–has long battled extreme
levels of urban violence. Image credit: Wiki-
media Commons/dabldy

A persistent theme that has emerged in the recent years in security and de-
fence circles globally is the possibility of large-scale urban conflict, especially in
connected, coastal cities.25 Climate change and rapid urbanization are widely 25 David Kilcullen. Out of the Mountains: The

Coming Age of the Urban Guerrilla. Oxford
University Press, New Delhi, 2013

believed to increase the probability of such conflicts. One way in which Tar-
qeq provides solutions to stakeholders interested in this complex of issues is
the following. Take a specific city and look at existing resource depletion and
socio-economic trends quantitatively. From that, we can extrapolate to a set
of possible alternative futures after fixing a time horizon of interest. Once we
have decided on the set of futures–possibly through stakeholder consultations
and other traditional analytical methods–we can examine how each of them
will play out using ABM-based computer simulations. Here, the concept that

 https://commons.wikimedia.org/wiki/File:Flickr_-_The_U.S._Army_-_Bike_search.jpg
 https://commons.wikimedia.org/wiki/File:Flickr_-_The_U.S._Army_-_Bike_search.jpg
https://commons.wikimedia.org/wiki/File:Urbanization_of_Rio_de_Janeiro.jpg
https://commons.wikimedia.org/wiki/File:Urbanization_of_Rio_de_Janeiro.jpg
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we are interested in leveraging is emergent phenomena (how can conflict situa-
tions spontaneously arise in any of them?), using experimental and data-driven
methods. The tools we would use would involve basic data analysis, quali-
tative scenario planning, and ABM. Potential CONSUMERS: Subnational and
national governments; real estate developers; civic organizations.

Organized Crime and Counternarcotics

Figure: Drugs seizure through Operation
Martillo, a joint, interagency and multina-
tional collaborative effort led by the United
States, 2012. Image credit: Wikimedia Com-
mons/United States Navy

The deep links between narcotics trafficking, insurgencies, and terrorism in
South and Southeast Asia as well as Latin America are evident, which makes
an ostensible organized-crime problem acquire strategic significance. It is also
a fact that narcotics-related organized crime often tends to concentrate in ge-
ographies where there are other, legal, commercial interests in natural com-
modities. Narcotics networks are easily amenable to analysis using quantita-
tive network-analysis tools, where nodes are individual actors or groups, and
edges connecting the nodes are pre-existing relations between them. Key net-
work measures can be used for comparative study of trafficking networks and
design of potent offensive countermeasures. The spatial evolution of narcotics-
trafficking groups can be studied using spatial games and ABM. (A multidis-
ciplinary group of scientists have combined detailed datasets with sophisti-
cated ABM techniques to understand the effects of interdiction efforts on nar-
cotics traffickers in Central America.26) Here the concept we want to explore 26 Nicholas R. Magliocca et al. Modeling co-

caine traffickers and counterdrug interdiction
forces as a complex adaptive system. PNAS,
116(16):7784–7792, 2019

is self-organization and adaptative behaviour of these groups, using compu-
tational and data-driven methods through network analysis and evolution-
ary game theory. Potential CONSUMERS: National law-enforcement agencies;
businesses with interest in affected geographies.

https://commons.wikimedia.org/wiki/File:Martillo_120717-N-IC228-001.jpg
https://commons.wikimedia.org/wiki/File:Martillo_120717-N-IC228-001.jpg




WHY TARQEQ?

Establishing discontinuities is not an easy task even for history in general.
And it is certainly even less so for the history of thought. We may wish to
draw a dividing-line; but any limit we set may perhaps be no more than
an arbitrary division made in a constantly mobile whole.

Michel Foucault27 27 Michel Foucault. The Order of Things: An
Archaeology of the Human Sciences. Vintage
Books, New York, 1994

WE CONCLUDE THIS WHITE PAPER with a brief description of why Tarqeq
is uniquely placed to undertake the research and advisory work outlined else-
where by way of a biography of the Founder as well as an annotated list of his
publications most relevant to the firm’s operations.

About the Founder

Abhijnan Rej is a security analyst and mathematician. He focuses on mathe-
matical and computational modelling of conflict, Asian security and geopoli-
tics, Indo-Pacific defence policies, and geopolitical risk, futures, and trends.
Rej has also worked on mathematical physics, economic policy, finance, and
technology in course of a unique 16+ year career that sets him apart from his
peers globally. Author of more than 30 research papers, reports, and briefs,
and more than 330 media articles and essays, his analytical work on interna-
tional security issues is deeply informed by disparate intellectual perspectives.
Rej was previously Security & Defense Editor at The Diplomat and Director of
Research at Diplomat Risk Intelligence, the magazine’s research and consulting
division. He was also a Senior Fellow in the Strategic Studies Programme at the
Observer Research Foundation, New Delhi, India’s leading public policy think
tank. Before transitioning to research and advisory work on strategic affairs,
he worked as the resident Economist at the JustJobs Network, a public-policy
start-up, and as a scientist and innovation evangelist at the Tata Consultancy
Services’ Corporate Technology Office. Rej has also been Visiting Faculty at the
Institute of Mathematics & Applications, Bhubaneswar where he taught under-
graduate courses in advanced mathematics.

Publications

Rej’s work has appeared in The Washington Quarterly (thrice), the US Army War
College’s online journal War Room, War on the Rocks, The Interpreter, Africa Portal,
The Diplomat Magazine, National Interest (online), Journal of Physics: A and in
the Contemporary Mathematics book series, among other publications. He has Rej’s publications are available from his per-

sonal website: https://abhijnanrej.
com

https://abhijnanrej.com
https://abhijnanrej.com
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also published in virtually all major Indian English-language media outlets,
including Times of India, Hindustan Times, Hindu, Firstpost, and Open.

Media Apperances, advisory work, and lectures

Rej has been quoted by the Economist, Reuters, Voice of America, CNBC, The Na-
tion, The Australian, South China Morning Post, Deutsche Welle and Dawn, among
others. He has also been interviewed for the United States Senate India Caucus
by the National Bureau of Asian Research. Rej’s public policy work has also
involved developing and hosting strategic tabletop exercises involving a cross
section of stakeholders. He has participated in a variety of Track 1.5 and Track
2 diplomatic dialogues, and has provided policy inputs to the Government of
India. Rej has lectured at the Indian Army’s Directorate of Military Intelligence,
the Indian Air Force’s College of Air Warfare, the Indian Ministry of External
Affairs’ Foreign Service Institute, and at numerous academic and policy fora on
security and scientific issues across the Asia-Pacific, Europe, and the Americas.

Education, scientific activities, and awards

Rej obtained his undergraduate degree in mathematics in 2003 from the Univer-
sity of Connecticut as University Scholar, one of the highest academic honours
the university awards to graduating seniors. In course of his undergraduate
studies, Rej was deeply involved in work on complexity science and human
behaviour as a researcher with UConn’s Center for the Ecological Study of Per-
ception & Action. He obtained his Master’s degree in 2005, also in mathemat-
ics and also from the University of Connecticut, after having written a thesis
on quantum algebra and noncommutative geometry. Between 2006 and 2010,
Rej pursued doctoral research in mathematical physics at the Max Planck In-
stitute for Mathematics, Bonn.28 He was also a Scientific Researcher at the 28 Matilde Marcolli and Abhijnan Rej. Su-

permanifolds from Feynman Graphs. Jour-
nal of Physics A: Mathematical and Theo-
retical, 42(315402), 2008; and Abhijnan Rej
and Matilde Marcolli. Motives: An Introductory
Survey for Physicists. In Kurusch Ebrahimi-
Fard, Matilde Marcolli, and Walter D. van Sui-
jlekom, editors, Combinatorics and Physics,
volume 539 of Contemporary Mathematics,
pages 377–415. American Mathematical So-
ciety, Providence RI, 2011

Fields Institute, Toronto. In Bonn and Toronto, Rej researched new mathemat-
ical structures in high-energy physics and string theory. He has also been a
visiting researcher at several renowned scientific institutions in Europe and In-
dia, including Institut des Hautes Études Scientifiques outside Paris and the Er-
win Schrödinger International Institute for Mathematics and Physics, Vienna.
Rej was awarded a Marie Curie Early-Stage Research Fellowship by the Eu-
ropean Commission in 2007 and a special Junior Research Scholarship by the
Clay Mathematics Institute in 2008.

Relevant Work

Quantitative trends in Indian national security

In a widely-acclaimed 2019 article, Rej analysed decadal trends in India’s de-
fence spending by curating a data set built from a few dozen different Indian
defence budget documents—the first of its kind in Indian national security
studies.29 A similar approach was used by him in a 2020 article, this time 29 Abhijnan Rej. Death by a thousand cuts.

FirstPost, March 23-29 2019to derive trends in India-US defence trade.30 Finally, Rej’s 2018 quantitative
30 Abhijnan Rej. Dalliance no more: How
India-US defence trade relationship matures
over years. News18, February 21 2020

analysis of India’s two-front threat from China and Pakistan drew from data
collated from 10 IISS Military Balance volumes and a simple metric to assess
relative military power.31

31 Abhijnan Rej. The Sobering Arithmetic of a
Two-Front War, volume 67 of Special Report
series. Observer Research Foundation, New
Delhi, 2018
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Game theory and qualitative case studies

While game theory has traditionally been identified with development of elab-
orate models, the work of Cold War defence strategist and economics Nobelist
Thomas Schelling shows its utility in qualitatively understanding security sit-
uations without recourse to mathematical formalism. Schelling’s notion of a
“focal point”–which can be formally understood as a way to optimally chose
between multiple equilibria in a game–was used by Rej in a 2019 research paper
in the context of the India-Pakistan conflict.32 Specifically, Rej demonstrated 32 Abhijnan Rej. S(c)helling in Kashmir: Bar-

gaining under the Nuclear Shadow. The
Washington Quarterly, 42(2):163–186, 2019

how Schelling’s theory makes testable predictions about the circumstances un-
der which a general war between the two countries could break out. In a 2016
paper, Rej qualitatively applied some recent results from evolutionary game
theory to present a new understanding of intra-state dynamics in Pakistan and
the country’s role in supporting global Islamist terrorism.33 33 Abhijnan Rej. Games Pakistanis Play, vol-

ume 96 of Occasional Paper series. Observer
Research Foundation, New Delhi, 2016

Simulation exercises and scenario planning

Table-top simulation exercises (SIMEX) involving a wide range of experts re-
main a vital tool to understand conflict. In the past, Rej had co-designed two
SIMEX to study how weaponization of outer space could interact with terres-
trial conflict between major powers. He co-authored a 2018 report which de-
scribed and analysed the results from a 2017 SIMEX he co-designed and co-
organized involving leading international space experts.34 Another tool that 34 Rajeswari Pillai Rajagopalan and Abhijnan

Rej. Space Crises in a Multipolar World:
Lessons from a Simulation Exercise, vol-
ume 58 of Special Report series. Observer
Research Foundation, New Delhi, 2018

can be equally valuable in drawing the contours of how a given political or
economic crisis could evolve in real time is scenario planning; Rej authored
a 2015 report on Greece’s sovereign debt crisis and its impact on jobs in that
country as the crisis was playing out which utilized the scenarios method.35

35 Abhijnan Rej. Emerging from Debt, Cre-
ating Jobs: Lessons from Greece. JustJobs
Network, New Delhi, 2015Networks and complexity science

Networked, systemic risks are everywhere—as the COVID-19 pandemic as well
as the 2007-08 global financial crisis have painfully demonstrated. In a 2013
conference paper, Rej presented a new high-level algorithm to measure sys-
temic risk using network and probability theories.36 But as previous chapters 36 Abhijnan Rej. Modeling systemic risks in

financial markets. 9th Global TACTiCS–Tata
Consultancy Services Technical Architects’
Conference, 2013

of this White Paper have argued, networks are only a part of the burgeon-
ing science of complex systems. In a 2012 magazine article marking the first
death anniversary of Osama bin Laden, Rej argued that another notion related
to complexity science–path dependence–can be fruitfully used to understand
the improbable rise of the slain al Qaeda leader.37 Rej’s research interest in 37 Abhijnan Rej. Resizing Osama bin Laden.

Open, May 14 2012complexity science goes back to his undergraduate studies at the University of
Connecticut when he developed a new mathematical approach to understand
multi-scale dynamics, a key feature of bio-behavioural systems.38 38 Abhijnan Rej. A Dynamical Similarity Ap-

proach to the Foundations of Complexity and
Coordination in Multiscale Systems. Univer-
sity Scholar Thesis. University of Connecticut,
Storrs CT, 2003
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